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SUMMARY 

Spent nuclear fuel owned by the U.S. Department of Energy (DOE) 
includes diverse fuels from various experimental, research, and production 
reactors. These fuels currently reside at several DOE sites, universities, and 
foreign research reactor sites. In accordance with the Record of Decision, 
Department of Energy Programmatic Spent Nuclear Fuel Management and Idaho 
National Engineering Laboratory Environmental Restoration and Waste 
Management Programs (May 1995), all DOE spent nuclear fuel will be 
consolidated at the Hanford Site, the Savannah River Site, and the Idaho National 
Engineering and Environmental Laboratory for storage until final disposition at 
the national repository, which is currently under development. 

Safe storage, transportation, and ultimate disposal of these spent nuclear 
fuels will require safety analyses to support design and licensing of the necessary 
equipment and facilities. These safety analyses will require radionuclide 
inventories to represent the radioactive source term that must be accommodated 
during handling, storage, and disposition of these fuels. 

This report provides the results and summarizes the analytical processes 
employed to estimate the radiological inventories associated with DOE-owned 
spent nuclear fuels. Based on these estimates, the heat loading and photon 
emission spectrum for each spent nuclear fuel are also provided. 

Subsequent to the original March 2003 issue of this report, the National 
Spent Nuclear Fuel Program Spent Fuel Database has been updated to 
Version 5.0.1. This revision incorporates information from Version 5.0.1 of the 
Spent Fuel Database. The net impact of the changes on the total estimated 
radionuclide inventory was an - 2% decrease for the bounding case and an 
-14% decrease for the nominal case. An assessment of the impacts concluded 
that these changes are not expected to impact the repository licensing basis. A 
comprehensive list and discussion of the changes are documented in EDF-036, 
"DOE/SNF-REP-078 Revision 1 Impact Assessment." 
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Source Term Estimates for DOE Spent Nuclear Fuels 
1. PURPOSE 

This report provides the results and summarizes the analytical processes employed to estimate the 
radiological source terms for spent nuclear fuels (SNFs) owned by the U.S. Department of Energy (DOE). 
Based on the source term estimates, the heat loading and photon spectrum for each SNF are also 
provided. The results of this analysis will provide isotopic information with a consistent and documented 
basis for all DOE-owned SNF intended for repository disposal. This information will facilitate analyses 
that support safe storage, handling, transportation, and eventual disposition of these fuels. The results of 
this report are adequate to be used for preclosure and postclosure safety analysis at Yucca Mountain. 
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2. BACKGROUND 
::n accordance with the Record of Decision for Programmatic Spent Nuclear Fuel Management 

and Idaho National Engineering Laboratory Environmental Restoration and Waste Management 
Programs, I DOE SNF will be consolidated at the Hanford Site, the Savannah River Site, and the Idaho 
National Engineering and Environmental Laboratory. Each storage site is responsible for the safe 
handling, storage, and final disposition of the DOE SNF in its custody. The National Spent Nuclear Fuel 
Program (NSNFP) consolidates SNF information from each site and makes it available to support DOE 
planning and scoping activities as well as design and licensing efforts to enable final repository disposal 
ofDOESNF. 

:JOE is responsible for storage and final disposition of nuclear fuel that spans several decades of 
nuclear research and defense-related material production. To support nuclear nonproliferation objectives, 
DOE has also taken custody of many foreign research reactor fuels. The SNF presently in DOE custody 
consists of many different fuel types. Although historical data, such as fuel fabrication, operations, and 
storage records, are incomplete or questionable for some of these fuels, these fuels have been safely 
handled and stored for many years at DOE storage facilities. 

The fuel information currently availabRe at the DOE storage sites is often determined by the 
records requirements and the intended disposition path at the time the fuel was placed into storage. These 
requirements and disposition paths were often unique to each site and evolved over time. As a result, the 
availability and completeness of the radionuclide inventories and associated documentation varies 
considerably for DOE SNFs. If directly relied on to demonstrate compliance with repository licensing 
criteria, much of the available historical information for these fuels will not meet current quality 
assurance requirements without additional characterization. Costly characterization of these fuels can be 
avoided by employing a credible means to obtain a conservative source term estimate for use in repository 
design, analyses, and licensing activities. 

A process for creating a conservative estimate of these SNF source terms was developed by a 
team of experts representing each of the DOE SNF storage sites. The process relies on precalculated 
results that provide radionuclide inventories for typical SNFs at a range of decay times. These results are 
used as templates that are scaled to estimate radionuclide inventories for other similar fuels. The 
templates were generated using ORIGEN-based calculational techniques described in 
DOE/SNFIREP-055/ which includes discussion and references to relevant experimental data and 
validation studies. Additional validation stuc1ies3.4,S,6 have been performed that further demonstrate the 
validity of the model and underlying codes. 

To estimate an SNF source term, an appropriate template is selected to model the production of 
activation products and transuranics by matching the reactor moderator, fuel cladding and compound, and 
beginning-of-life (BOL) enrichment. Precalculated radionuclide inventories are extracted from the 
appropriate template for the desired decay period and then scaled to account for differences in fuel mass 
and specific burnup. By modeling various combinations of reactor moderator, fuel enrichment, fuel 
compound, and fuel cladding, templates have been developed to reasonably model a broad range of DOE 
SNFs. 

The template methodology enables a source term estimate to be completed for virtually any DOE 
SNF for decay dates up to 100 years following reactor shutdown. This process, which was introduced in 
DOElSNFIREP-0597 and further refined in this report, uses available information, conservative 
assumptions, and similarity principles to estimate SNF radiological inventories. A similar approach that is 
employed on a more limited scale to estimate radionuclide inventories needed to support shipment and 
acceptance of foreign research reactor fuels is documented in Reference 8. 
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By employing the template methodology to estimate DOE SNF radionuclide inventories, needless 
expense and personnel exposure associated with characterization are avoided. The scope of this report 
includes all DOE-owned SNF destined for the repository except for navy SNF. The Navy will provide 
source term information separately. Sodium-bonded SNF that is projected to be treated is not included in 
this report. 
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3. QUALITY ASSURANCE 

The radionuclide inventory estimates presented here have been developed to support preclosure 
and postclosure licensir:g and design considerations at the proposed Monitored Geologic Repository near 
Yucca Mountain, Nev~da. 

Preliminary dose calculations and scoping studies have indicated that repository performance is 
relatively insensitive to the form and composition of DOE SNFs. There are three reasons for this. First, 
DOE SNFs comprise a relatively small fraction (-3% by MTHM) of the total SNF that will be placed in 
the repository. Second, DOE SNFs are primarily from research, test, and production reactors that are 
typically low burnup fuels and are thus less Ekely to have high concentrations of radionuclides. Third, the 
DOE standard canister serves as an engineered barrier that provides additional confinement. 

A recent study concluded that the DOE SNF standard canister and the canister handling 
equipment and facilities could be designed such that an accident resulting in a breach (i.e., any release) is 
not a credible event.9 The Yucca Mountain Project strategy that demonstrates that a preclosure release 
from a DOE standard canister is not credible is outlined in Reference 10. Nonetheless, preliminary dose 
calculations that assume a breach, even though a breach is not credible, have shown that radiological 
doses remain well below the regulatory limit. II Similarly, even though analyses show that a postclosure 
release from DOE SNFs is not expected during the 10,000-year regulatory period, calculations again 

12 indicate that doses would remain well below the regulatory limit. Because of these relatively large 
margins of safety, additional fuel characterization is not justified, and existing DOE SNF information is 
considered sufficient for demonstrating compliance with repository preclosure and postclosure safety 
requirements. 

The NSNFP procedures applied to this activity implement DOEIRW-0333P, Revision 13, 
"Quality Assurance Requirements and Description,"13 and are part of the NSNFP QA program. The 
NSNFP QA Program has been assessed and accepted by representatives of Office of Quality Assurance 
within the Office of Civilian Radioactive Waste Management for the work scope of the NSNFP. The 
NSNFP work scope extends to the work represented in this report. The NSNFP work scope is generally 
described by DOE, Memorandum of Agreement for Acceptance of Department of Energy Spent Nuclear 
Fuel and High Level Radioactive Waste, Revision 1, between the Assistant Secretary for DOE-EM, 
Washington, D. c., and the Director of DOE-RW, Washington D.C. This document is also known as the 
Comprehensive Memorandum of Agreement. 

NSNFP procedure PSO 3.03, "Engineering Analyses," requires the validation of models used in 
NSNFP engineering analyses to ensure that processes, systems, and phenomena are represented to an 

14 appropriate level of detail based on the intended use of the results. The estimates provided here rely on 
two models. First, the templates are created by modeling nuclear reactor fuel depletion using 
MCNP-ORIGEN2 Coupled Utility Program Code (MOCUP). Detailed discussion of these codes and 
associated validation is given in Reference 3. Additional studies that further validate the models and 
calculational techniques used to generate the templates and demonstrate the applicability of this 
methodology to a wide variety of DOE SNF are induded with References 3, 4, 5, 6, and 15. Second, the 
template methodology scales precalculated radionuclide inventories from one fuel to model other similar 
fuels. This methodology was developed by a team of experts representing the Idaho National Engineering 
and Environmental Laboratory, the Hanford Site, the Savannah River Site, and the Yucca Mountain 
Project and has been formally documented and reviewed in DOE/SNFIREP-059 (see Reference 7). 

The templates and associated logic used to determine scaling factors and calculate the source term 
estimates were originally codified using software routines and macros within Excel 2000 in accordance 
with NSNFP procedure PSO 19.01, "Software Control."16 These software routines and macros were 
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uniquely identified and have been independently verified to produce correct results. This was achieved 
by: 

1.	 Including on the output sheet a comparison of the ratio of heavy metal mass estimated using the 
methodology to that currently residing in the NSNFP Spent Fuel Database (SFD). These ratios, 
which provide an indication of the reliability of the estimate, remain near unity for fuels when not 
using the "Worst Case" template. This ratio exceeds 1 (often by large amounts) when the Worst 
Case template is used, which is to be expected based on the very conservative construction of this 
template.

2.	 Reviewing results to ensure the calculated results correctly implemented the logic described in 
this report (by a designated technical reviewer who sampled several of the output sheets). 

3. Independently checking implementation of the logic employed for the estimates (Figure 1) by 
comparing results obtained from a different programmer using a different program (Microsoft 
Access) to independently implement the same 10gic.17 

Subsequently, the template methodology for estimating radionuclide inventories has been incorporated 
directly into the NSNFP SFD. SFD Version 5.0.1 has recently been released to provide a consistent basis 
for DOE SNF information that supports repository license application. The radionuclide inventories 
provided here are those generated by SFD Version 5.0.1, which has been checked against the original 
Excel workbook to verify that the methodology documented in the previous revision to this report is 
reproduced by the SFD.18 

Based on the considerations outlined above, the estimates presented here are considered to be 
adequate to support dose calculations for postclosure analyses as well as preclosure beyond design basis 
events analyses. If used for analyses that support conclusions beyond these purposes, responsibility for 
specifying applicable standards and for determining adequacy resides with the user. This report includes 
references and documentation intended to facilitate any such subsequent determinations of adequacy. 
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from the data sources. 
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source term. 0 

o
Convert bumup to
 
consistent units (MWd) if necessary.
 Ifpossible, calculate the burnups using EQ·1 Display the given and 

and EQ-3 and compare to given values. Use calculated burnups with 
the larger burnup values if the calculated associated basis. 
nominal bumup is greater than the given nominal 
burnup.	 CI) 

2/24/03 

NO 

Assume BOL=(2)EOLUse EQ4 and EQ-2Use EQ-1 and EQ-3 and use EQ-1 and EQ-2 toto calculateto calculate nominal calculate nominal and bounding andand bounding /Jounding burnup nominal burnup burnup 

Select a template by m tching the 
following 4parametersr ~ 
-Reactor Moderator 1 W 

I-----~~	 -Cladding ,
-BOL Heavy Metal Constituents 
-% SOL Enrichment ' 
If no template matches the fuel, 
then use worst case te plate. 

Determine decay time column to use on the template
by using the following calculation 

Estimate bounding and nominal inventories for ~ 
DecayTime =Target Year - Year Fuel Discharged each radionuclide using the linear approximation \iii 

y =mx + b (EQ-S). 
Assume 5yr DecayTime if Year Fuel Discharged is If the slope (m) is negative (decreasing with 
blank. For conservatism, check the surrounding time burnup) fora radionuclide, set the fuel bounding 
columns for the greater curie value and use the greater burnup (x) equal to zero for conservatism 
value in the output. 

Display the burnup multiplier on the output sheet. The CD 
burnup multiplier is calculated as shown below: 

Fuel Bumup 
burnup multiplier = Fuel BOl Heavy Metal Mass
 

Template Bumup
 
Template BOl Heavy Metal Mass 

As a check, display the ratio of the estimated burnup over 
the given burnup and display the ratio of estimated EOL 
heavy metal mass over the given EOL heavy metal mass. 

I---~~ 

Calculate heat generation by multiplying the Ci 
values by the Specific Heat per Ci rNICi)
conversion factor corresponding to the radionuclide 
and display results on the output. 

Calculate gamma radiation emission rates by
multiplying the Ci values by the gamma radiation 
emission rates in Table 4 and display results on 
the output. 
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 Figure 1. Logic flow for calculating Fuel Radionuclide Inventory Worksheet Output.
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4. REQUIREMENTS AND CONSTRAINTS 

In accordance with the analysis plan, Update Source Tenn Estimate Using Released LA Version 
of SFD, dated September 16,2003, this report and the supporting analysis were perfonned in accordance 
with NSNFP procedures PSO 3.03, PSO 3.04, and PSO 19.02 (see References 14, 19, and 20).
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5. INPUT 

The input relied on to estimate the radionuclide inventories resides in the NSNFP SFD. These
 
inputs include the precalculated templates and the fuel properties relied on to select an appropriate
 
template and to calculate the scaling factor. These are discussed in Sections 5.1 and 5.2, respectively. 

5.1 Precalculated Templates 

A template contains precalculated (i.e., ORIGEN output) radionuclide inventories at each of
 
10 specified decay periods, ranging from 5 to 100 years following irradiation. Templates include
 
1~5 radionuclides that typically account for over 99.9% of the total curie inventory. 

The source term estimates rely on the availability and proper selection of a template that 
reasonably models the production and destruction of radionuclides (as a function of bumup) within the 
fuel being estimated. The source term is strongly dependent on the neutron energy spectrum and the fuel 
composition. The reactor moderator is a key factor in determining the neutron energy spectrum. Fuel 
composition can be reasonably well characterized by the fuel compound (i.e., uranium, uranium-thorium, 
uranium-plutonium), BOL enrichment, and cladding. These four parameters (i.e., reactor moderator and 
fuel compound, enrichment, and cladding) serve as the basis for identifying a template that reasonably 
models the fuel whose source term is to be estimated. Reference 7 suggests that most DOE SNFs can be 
accommodated by 28 templates, each representing potential combinations of these parameters. In order to 
help conservatively estimate source terms for fuels that do not fit well within one of the 28 suggested 
templates or when sufficient information is not available to determine the appropriate template, a 
bounding or "Worst Case" template is used. 

A hypothetical template was developed with the intention of bounding the actual source term for 
virtually any conceivable SNF. It was produced by using ORIGEN to model a hypothetical fuel with 
properties (reactor and fuel parameters, and cross-section libraries) that maximize the production of 
actinides and activation products. To help ensure that this template would conservatively estimate source 
terms when linearly scaled to account for different bumups, the bumup on this template fuel was adjusted 
to maximize the curies per MWd (for key radionuclides). This template is included in Appendix A as the 
Hypothetical Fuel template. To further ensure conservatism, the resulting radionuclide inventories were 
then normalized to a per MWd/kg basis and, for each radionuclide, were compared to the corresponding 
normalized value from each of the other templates, and the highest was retained. The net result, included 
in Appendix A as Worst Case (Template 29), contains for each radionuclide a normalized! curie content 
equal to the highest of all the templates including the Hypothetical template. The Hypothetical template 
was used in the analysis only as a step in deriving the Worst Case template. 

The 1980 version of ORIGEN2 was used for the generation of all templates (see Reference 21). 
Newer versions of ORIGEN exist, but the 1980 version was used to be consistent with preceding work 
and validation studies. The numerical solution methodology (matrix exponential method) used in the 
ORIGEN code did not change from the 1980 to 1991 code versions. The differences in the versions lie in 
the updated data libraries. The differences in the libraries mainly pertain to updated half-life data for 
radionuclides. These differences were scrutinized, and it was determined that these differences did not 
have a significant effect on the result of this analysis. 

Using the techniques outlined in Reference 2, 15 of the 28 templates proposed in Reference 7 
have been developed and are used in this analysis. The ORIGEN inputs used to generate these 15 
templates are documented in Reference 22. These 15 templates are sufficient to address 99.9% (by heavy 
metal mass) of the DOE spent fuels (95% of the SFD records). The Worst Case template was employed to 
conservatively estimate source terms for the remaining DOE SNFs. The 15 completed templates, along 
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with the worst case template, are included in Appendix A along with a crosswalk table that shows how 
the 29 proposed templates are represented by the 16 templates used. 

5.2 Fuel Properties 

The reactor moderator, the fuel cladding, the fuel compound, and BOL enrichment are used to 
select an appropriate template. The fuel quantity and bumup are used to determine the proper scaling of 
the template results. If necessary, the nominal and bounding bumups are conservatively estimated as 
described in Section 6. The fuel removal or reactor shutdown date is used to account for decay time. If not
known, the fuel storage, shipment, or any other date that confirms that the fuel is out of the core may be 
used. 

Fuel-specific information needed to select a template and to calculate the scaling factor was 
confirmed and collected using a Fuel Information Sheet (PIS). An PIS was prepared for each fuel record 
in the NSNFP SFD.a The PISs were prepopulated with the available information from the SFD and 
provided to each of the three SNF custodial sites (Hanford, Savannah River, and the Idaho National 
Engineering and Environmental Laboratory) to review and make any necessary changes and to provide 
the basis (i.e., references or rationale) for the information included.23 Sites were also asked to provide, 
when available, existing source term information for each fuel. Site responses were indicated in 
References 24, 25, 26, and 27. The SFD was then updated to address any new information provided by 
the sites. 

As noted previously, complete information is not available for many DOE SNFs. In the absence 
of information needed to select a template or to calculate scaling factors, assumptions that tend to predict 
hIgher radionuclide concentrations (i.e., err toward a more conservative result) were used. Table 1 
suggests assumptions that are expected to provide conservative results when substituted for missing 
information. One or more of these parameters may also be used in lieu of known information when such a 
substitution allows selection of a template other than the Worst Case template. When matching a fuel 
record to a template, the order of importance of the four criteria is typically: I-reactor moderator, 2-fuel 
type, 3-cladding, and 4-enrichment. 

a. The Spent Fuel Database (SFD) is owned by the U.S. Department of Energy Office of Environmental Management (DOE-EM) 
and is maintained by the National Spent Nuclear Fuel Program (NSNFP). The SFD contains records for all DOE-owned or 
managed SNF including nuclear fuel at non-ODE-owned domestic research reactors and foreign research reactors. Because the 
SFD is used by several organizations, including the DOE sites, Headquarters, and Yucca Mountain Project personnel who need 
information about SNFs, the SFD records were chosen as the basis for performing the source term estimates. Information used to 
create records in the SFD was obtained from the sites where the SNF is in storage or use. Sources for this information came from 
the best available documentation and include fuel fabrication records, Appendix A data supplied by the irradiating reactor, and 
other technical documents. The sites where the SNF is in storage or use have reviewed the data in the SFD and have updated fuel 
information where appropriate. The data are checked regularly against Nuclear Materials Safeguards and Security records and 
Material Control and Accountability records. The SFD is controlled in accordance with NSNFP procedure PSO 19.02, 
"Management of the Spent Fuel Database." 
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Table I. Conservative assumptions. 

Unknown 
Parameter Conservative Assumption Basis 

Cladding If cladding is unknown, assume it is Stainless steel is more conducive to the 
stainless steel. production of activation products than 

other typical cladding materials (e.g., 
aluminum, zirconium, graphite). 

Fuel compound If end-of-life (EOL) p~utonium Because the majority of spent nuclear 
exceeds 1% by weight, assume a fuels (SNFs) are uranium fuels, this is 
mixed oxide fuel. assumed unless information provides 

evidence of other fuel compounds. If thorium is present at EOL, assume a 
U-Th oxide fuel. 

Otherwise, assume a uranium fuel. 

BOL enrichment Assume the initial fissile mass equals Estimates the lowest possible 
the fissile mass depleted (i.e., 100% enrichment (i.e., will underpredict the 
depletion). actual enrichment) and thus maximizes 

heavy metals available for If needed, the initial uranium inventory transmutation. may be estimated as the EOL heavy 
metal mass plus the initial fissile mass. These correlations assume uranium 

fuels. Uranium fuels compose the 
majority of DOE SNFs. These 
correlations also provide reasonable 
approximations for other fuel types. 

Moderator Heavy water. Heavy water moderation produces a soft 
neutron spectrum that is generally more 
conducive to transmutation of heavy 
metals.
 

Reactor shutdown Date for fuel shipping, storage, or any Use of a later date will produce a
 
or fuel removal other activity that confirms the fuel conservative result for aU radionuclides 
date was no longer in the reactor. of interest except Neptunium-237 and 

Americium-241 because, for a period, 
they may increase rather than decrease 
with decay time. 
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6. ANALYSIS 

The analytical method employed is based on the template methodology described in Reference 7.
 
An appropriate template is selected by matching the fuel compound, BOL enrichment, cladding material,
 
and the reactor moderator to those of a precalculated template fuel with a specified mass and bumup. By
 
matching these parameters, the template fuel provides a reasonable model for the generation of activation
 
products, actinides, and fission products that can be scaled to account for bumup. The template provides
 
radionuclide inventories for 145 radionuclides at 10 decay times ranging from 5 to 100 years. 

After identifying an appropriate template, the SNF radionuclide inventory is estimated by scaling 
the template results to account for differences in burnup. The scaling factor accounts for the ratio of the 
absolute bumup (given in MWd) of the SNF to the absolute bumup of the template fuel. Absolute bumup 
differences result from differences in both the mass and the specific bumup (given in MWdlMTIHM) of 
the SNF relative to the template. It is, therefore, useful to consider the scaling factor as the product of a 
mass multiplier (MM) and a bumup multiplier (MBV)

where 

(Mass of Fuel(kg))

= -;-....:...------'-=;_:_:_~ =mass multiplier 

(Mass of Template(kg )) 

= (BumupofFuel(MWd)/MassofFuel(kg)) b I' I' 
..,---'-----..:..----';-----:--------'-.:::..:.:..,-"""77 = umup mu tip ler 
(Bumupof Template(MWd) / Mass of Template(kg )) 

(Bumupof Fuel(MWd)) scaling factor MM * M Bv = ..,-....:...-----:---....:...-..,...----'-'~ 
(BumupofTemplate(MWd)) 

Although these two component multipliers combine to produce a single scaling factor, each contributes 
differently to the uncertainty in the resulting estimate. 

All radionuclide inventories scale linearly with the mass multiplier. Fission products also scale 
linearly with the bumup multiplier. However, because the buildup and depletion of actinides and 
activation products is not a true linear function of bumup, error may be introduced when linearly scaling 
these radionuclides to account for differences in specific burnup. To aid in assessing the impacts of this 
error, the Fuel Radionuclide Inventory Worksheets (the output of this analysis) include information to 
show the contribution of the bumup multiplier to the overall scaling factor (in the "Checks" block at the 
bottom of the page under Bumup Multiplier). 

Figure 1 shows the equations and associated logic used to prepare a source term estimate for each 
DOE SNF intended for repository disposal. The analytical approach uses available information and, in the 
absence of needed information, conservative assumptions in the estimate. The inputs are gathered as 
explained in Blocks 1 and 2. Blocks 3 through 12 show the logic for using the available information to 
obtain nominal and bounding bumups that will be used to scale the template results. Blocks 13 through 15 
show how applicable template results are selected and scaled to obtain the source term estimate. 
Blocks 16 through 18 show how other output information is calculated. 

The following provides more detailed information for each of the blocks shown in Figure 1. The 
NSNFP SFD was used with a number of imbedded software routines and macros in order to facilitate 
management of the input information, assumptions, and calculations. 
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Block 1: The fuels whose source tenn is to be estimated and the date for the desired source term 
estimate are specified. The date is used in Block 14 to determine the elapsed decay time to the date of the 
source term prediction. For the analyses documented herein, a source term estimate is provided for each 
DOE SNF record in the SFD (marked to go to a repository) for the years 2010 and 2030. These years 
correspond to the projected dates for beginning and completion of shipment of DOE SNF to the 
repository. 

Block 2: For each SNF, available information is obtained from the LA version of the SFD. This 
information includes the fuel name and SFD identification number (SNF ID#), reactor moderator, fuel 
cladding, BOL fuel enrichment, fuel compound, BOL heavy metal mass, bumup, and decay time as well 
as the number and type of canisters expected for this fuel. For the purposes of this document, the heavy 
metal mass is defined as the sum of the masses of all pll'te>nium, uranium, and thorium isotopes. 

Block 3: The nominal and bounding bumup (MWd) of the SNF being estimated are used to 
determine the nominal and bounding bumup multipliers. If only one of the bumups (boun.ding or 
nominal) is known, it is used directly, and the other is estimated as shown in Blocks 4,5, or 6. If neither 
the nominal nor the bounding bumup is available, they are estimated as shown in Blocks 8, 9, or 10. 

Burnup(s) Available in SFD-Blocks 4 Through 7 

Block 4: If the bounding bumup is given but the nominal is not, and the change in heavy metal 
mass is known, the nominal bumup is calculated directly by assuming that the change in heavy metal 
mass resulted from fission (Equation 1 in Figure 1). Equation 1 multiplies the change in heavy metal mass 
by a mass defect factor (specific to the template that will be used for the fuel). The mass defect for each 
template, Mdtemp, is defined as the template bumup divided by the change in heavy metal mass. The 
values for MDtemp calculated from the templates and used in Equation 1 are shown in Table 2. 

Block 5: If the bounding bumup is given but the nominal is not, and if the change in heavy metal 
is not known, the nominal bumup is conservatively estimated to be the same as the bounding bumup. This 
obtains the maximum attainable nominal bumup by presuming there was no power peaking (i.e., flat 
power distribution) within the reactor core. The conservatism of this assumption has a positive correlation 
with the actual peak to average power distribution within the reactor. 

T a bl e 2 M ass d e£ ect va ues oreach template. 

MDtemp MDtemp 
Template (MWd/kg) Template (MWd/kg) 

3 (FFfF) 998.1412 12 (ATR) 947.0194 

5 (FERMI) 881.8022 15 (Pathfinder) 944.6476 

6 (FSY) 945.7257 21 (LWBR) 973.1629 

7 (N-Reactor) 1054.9570 24 (PWR) 950.9527 

8 (HFBR High E) 921.1030 26 (TRIGA AI) 954.5186 

9 (HFBR Med E) 950.4648 27 (TRIGA FLIP) 950.4202 

10 (HFBR Low E) 954.7123 28 (TRIGA SS) 954.6073 

II (HFBRZr) 958.5533 29 (Worst Case) 950.3525" 
a. A default value was used for template 29 (Worst Case) because it is a very conservative nonphysical fuel. The default value comes from the 
following fonnula: 950.3525 MWdlkg =(1.854 x JO,24 MWdlMev)(200 Mev/atom)(6.023 x J023 atom/235 g)(lOOO glkg). 



I 

I 
I 

I 
I 
I
 
I 
I 
I 
I 
I 
I 
I 
I 
I
 
I 
I 
I
 
I
 

DOE/SNFIREP-078 January 2004 
Revision I Page 27 of 44 

Block 6: If the nominal bumup is given but the bounding is not, the bounding bumup is 
conservatively assumed to be twice the nominal bumup because (1) radial power peaking factors in a 
typical nuclear reactor core rarely exceed a factor of two and (2) axial peaking is not a factor because the 
DOE SNF canister cont':lins the full length of the fuel. The conservatism of this assumption has an inverse 
correlation to the peak to average power distribution within the reactor. 

Block 7: The equations used in the estimate are based on absolute bumup using units of MWd. 
Consequently, ifbumups are given per unit fuel (i.e., specific bumup), they are converted to absolute 
bumups by multiplying by the appropriate quantity of fuel. If specific bumups are given as MWd per 
MTIHM but initial heavy metal mass is not given, the absolute bumup is calculated by substituting the 
following relationship into Equation I and solving for the absolute bumup: 

BOL(kg) =[Bumup(MWd)/ Bumups(MWdlMTIHM)] *(1000 kg/MTIHM)
 

Where Bumups is the known specific bumup. 

In the event that the BOL and EOL heavy metal mass in the SFD are equal (indicating very low 
bumup), it is conservatively assumed that 2% of the heavy metal mass was depleted. 

No Burnups Given in SFD--Slocks 8 Through 10 

Block 8: If the change in heavy metal mass is known, the nominal bumup is calculated directly 
by assuming that the change in heavy metal mass resulted from fission (see explanation in Block 4). The 
bounding bumup is then conservatively assumed to be twice the nominal bumup. The basis for this 
assumption is explained in Block 6. In some cases, the given EOL and BOL heavy metal masses are 
equal, which indicates very little bumup. However, all fuels intended for repository disposal are 
conservatively assumed to have some bumup. Consequently, a bumup of 2% of the initial heavy metal 
mass is assumed in the event that the given BOL and EOL heavy metal masses are the same. 

Block 9: If EOL heavy metal mass is not known but BOL heavy metal mass and enrichment are 
known, 100% bumup of all available fissile material is conservatively assumed. Available fissile material 
is estimated as the BOL heavy metal mass times the percent enrichment. The conservatism of this 
assumption is inversely correlated to the actual bumup of the fuel. For fertile fuels, nonconservatism 
could be introduced to the extent that fissile isotopes are produced during reactor operation. 

Block 10: The minimum information needed to estimate bumup (using this methodology) is the
 
EOL heavy metal mass, which is available for virtually all DOE SNFs. If bumup, loss of initial heavy
 
metal mass, or initial fissile mass is unknown, the BOL heavy metal mass is assumed to be twice the EOL
 
heavy metal mass. Having assumed the BOL heavy metal mass to be twice the EOL heavy metal mass,
 
the bumup is calculated directly by assuming that the change in heavy metal mass resulted from fission
 
(see explanation in Block 4). Because of the conservatism introduced by this assumption (described
 
below), this calculated bumup is used for both the bounding and the nominal.
 

Block 11: If bumup information and both BOL and EOL heavy metal mass are available 
directly, a consistency check is performed to ensure that the reported nominal bumup is conservative 
relative to that calculated based on the heavy metal depleted (i.e., Equation 1). If the calculated nominal 
bumup is greater than that provided, it is used in the estimate for conservatism. When this occurs, the 
bounding bumup estimate (i.e., twice the calculated nominal bumup) is also used if it is greater than the 
bounding bumup given. 
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Block 12: To facilitate evaluation of the estimate, the output sheet displays the bounding and the 
nominal bumups given along with the calculated and estimated values for the same. The bases of the 
calculated and estimated values are also displayed with the output. 

Block 13: An appropriate template is selected based on four properties: the reactor moderator, 
the fuel type, BOL enrichment, and cladding. These four properties were selected because they are the 
primary factors for modeling production of activation products and actinides, and also because they are 
either available or can be conservatively estimated for DOE SNFs. When possible, a template is selected 
that matches all four of these parameters. If one or more of these parameters is not known, a conservative 
assumption (see Table 1) may be applied. If a template matching all four parameters is not available, an 
alternative template may be selected in accordance with the template selection guide (see Appendix A), 
an alternative template may be manually selected, or the Worst Case template may be used. The Worst 
Case template was derived in order to conservatively estimate virtually any fuel. The four template
selection parameters are displayed for both the fuel being estimated and the template fuel in Section ill of 
the Fuel Radionuclide Inventory Worksheet along with justification for the template selection if there is a 
mismatch on any of these four parameters. 

Block 14: The precalculated template results include inventories (curies) for 145 radionuclides 
at each of 10 decay times (5, 10, 15,20,25, 35,50,65, 80, and 100 years). The number of years between 
the desired date of the estimated source term and the date the SNF irradiation activities ended (i.e., reactor 
shutdown or fuel removal from the core) determines the decay time used in the estimate. The desired 
source term date is an input. For conservatism, the 5-year decay period is selected if no information is 
available to identify the fuel decay period. 

When the desired decay time falls in the interval between two of the precalculated intervals, the 
higher of the two surrounding values is selected for each radionuclide. For example, if the desired decay 
period is 13 years, the inventory at both the 10 and IS-year decay periods is considered for each 
radionuclide, and the higher of the two inventories is selected. This provides conservatism even for 
radionuclides whose inventory may be building up rather than being depleted with time. The template 
radionuc1ide inventories at the selected decay time are displayed on the Fuel Radionuc1ide Inventory 
Worksheet. 

Block 15: Most SNF radionuclide inventories can be estimated simply by scaling the 
precalculated template result by the ratio of the SNF burnup to the template fuel burnup. However, in 
order to properly account for radionuclides that have nonzero initial values and are depleted rather than 
produced by increasing bumup, the calculations retain the general form of the linear correlation: 

where 

= the estimated inventory (curies) for radionuclidej 

mi = slope of the buildup (~CiJ~Wd) and is determined for each radionuclide from the 
precalculated template inventory 

Note: When the BOL inventory is zero (i.e., bi =0), which is the case for most 
radionuclides of interest, the slope reduces to the precalculated template value at the 
desired decay period divided by the template burnup, mj =Cii/BUr• 

x = burnup of the fuel being estimated 
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Note: Both a nominal and a bounding bumup are used in order to estimate nominal 
and bounding radionuclide inventories. For radionuclides whose inventory decreases 
with bumup (i.e., m is negative), the bounding bumup is set to zero because the 
maximum concentration of these radionuclides occurs prior to irradiation. 

= initial inventory of radionuclidei for the fuel being estimated. If the initial inventory is 
not available for the fuel being estimated (or for uranium fuels cannot be calculated 
using Equations 6 and 7 of Figure 1), it is approximated by scaling the initial 
inventory of the template fuel by the ration of the BOL heavy metal mass of the fuel 
being estimated to that of the template fuel. When a fuel's BOL heavy metal mass is 
not known, it is estimated by adding the heavy metal depleted (computed by using the 
fuel bumup and the mass defect from the selected template) to the EOL heavy metal 
mass. For radionuclides of interest other than Am-241, U-233, U-235, U-238, Th
232, Pu-238, Pu-239, Pu-240, Pu-241, and Pu-242; the BOL inventory, b, is set to 
zero. Consequently, the estimate reduces to Y = rnx, where m = CitiBUt. and x = BUr. 
This can be reformulated as Cir = Cit*(BUr /BUt), where (BUr/BUt ) is the factor used 
to scale the template radionuclide inventories to obtain an estimate of the fuel 
radionuclide inventories. 

Note: Special consideration is taken for Am-243 in one spent fuel record. For SNF 
ID-776 (americium targets), a known initial value of9.5712 Ci =(48 g)(O.1994 Ci/g) 
of Am-243 is entered to account for this special case. 

The resulting estimates, Yi, for 45 key radionuclides are displayed on the Fuel Radionuclide Inventory 
Worksheet (see Section 7). To facilitate checking the calculations, each of the above factors is displayed 
on the Fuel Radionuclide Inventory Worksheet along with the basis for the bumup used and any identified 
issues or discrepancies. 

Block 16: The absolute bumup (i.e., MWd) of the fuel being estimated is the product of its 
specific bumup (i.e., MWdlMTHM) and its mass. Because the buildup and depletion of actinides and 
activation product is not a linear function of bumup, error is introduced when scaling to account for 
differences in specific bumup. Hence, to aid the analyst in assessing any resulting uncertainty in the 
estimate, the ratio of the specific bumup of the SNF being estimated to the specific bumup of the template 
fuel (i.e., the bumup multiplier) is displayed with the output. To further aid the analyst in assessing 
uncertainty associated with the input data and template selection, the ratio of the estimated bumups (see 
explanation in Block 11) to the given bumups is displayed. The ratio of the estimated EOL heavy metal 
mass to the EOL heavy metal mass given in the SFD is also displayed. The estimated EOL heavy metal 
mass is calculated by multiplying the curies of heavy metal (uranium, plutonium, and thorium) in the 
nominal estimate by the appropriate grams to curies conversion factors (see Table 3). 

Block 17: Based on the estimated radionuclide inventories, the decay heat production is also 
calculated and displayed on the worksheet. The total decay heat produced is calculated by summing the 
decay heat from each of the 145 radionuclides. The decay heat from each of the radionuclides is 
calculated by multiplying the estimated curies of each radionuclide by its respective curies to watts 
conversion factor (see Table 4). 

Block 18: Based on the radionuclide inventories estimated using the bounding bumup values, 
the photon emission rates for each of 18 specified energy groups are also summed over each of the 
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Table 3. Specific activity of heavy metals. 

Half-Ufea Specific Activitl
(Years) Atomic Weighth Ci/g g/Ci 

Am24l 4.322E+02 241.0568229 3.431E+00 2.9l4E-01
 

Am243 7.380E+03 243.0613727 1.993E-Ol 5.018E+00
 

Pu236 2.851E+00 236.0460481 5.312E+02 1.882E-03
 

Pu237 1.248E-Ol 237.0484038 1.208E+04 8.278E-05
 

Pu238 8.774E+Ol 238.0495534 1.712E+Ol 5.843E-02
 

Pu239 2.406E+04 239.0521565 6.215E-02 1.609E+Ol
 

Pu240 6.537E+03 240.0538075 2.278E-Ol 4.390E+00
 

Pu241 1.440E+Ol 241.0568453 1.030E+02 9.709E-03
 

Pu242 3.869E+05 242.0587368 3.817E-03 2.620E+02
 

Pu244 8.261E+07 244.064198 1.773E-05 5.640E+04
 

Th227 5. 124E-02 227.027699 3.073E+04 3.254E-05
 

Th228 1.913E+00 228.0287313 8. 195E+02 1.220E-03
 

Th229 7.339E+03 229.031755 2.127E-Ol 4.702E+00
 

Th230 7.700E+04 230.0331266 2.018E-02 4.955E+Ol
 

Th231 2.911E-03 231.0362971 5.315E+05 1.881E-06
 

Th232 1.405E+I0 232.0380504 1.097E-07 9. 120E+06
 

Th234 6.597E-02 234.043595 2.315E+04 4.319E-05
 

U232 7.200E+01 232.0371463 2. 140E+Ol 4.673E-02
 

U233 1.585E+05 233.039628 9.678E-03 1.033E+02
 

U234 2.445E+05 234.0409456 6.247E-03 1.601E+02
 

U235 7.038E+08 235.0439231 2.161E-06 4.627E+05
 

U236 2.341E+07 236.0455619 6.468E-05 1.546E+04 

U237 1.848E-02 237.048724 8.161E+04 1.225E-05 

U238 4.468E+09 238.0507826 3.361E-07 2.975E+06 

a. A. G. Croff, ORIGEN2-A Revised and Updated Version ofthe Oak Ridge Isotope Generation and Depletion Code, 
ORNL-5621, Oak Ridge National Laboratory, July 1980. 

b. J. S. Coursey, D. J. Schwab, and R. A. Dragoset, Atomic Weights and Isotopic Compositions (Version 2.3.1), [Online, 2001], 
Available: http://physics.nist.gov/Comp(JanuaryI7,2oo3),NationalInstituteofStandardsandTechnology,Gaithersburg, 
Maryland. 

c. Specific Activity =Cilg =(3.575 x 105)/[(A)(T)] 

where A =atomic weight, T =half-life in years. 
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Table 4. Conversion factors for curies to watts and photon emission rates. 
Photon Energy Group No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

Lower Photon Energy Group Limit (MeV) 0.0100 0.0200 0.0300 0.0450 0.0700 0.1000 0.1500 0.3000 0.4500 0.7000 1.ססOO 1.5000 2.0000 2.50001 3.0000 4.0000 6.ססOO 8.ססOO 

Upper Photon Energy Group Limit (MeV) 0.0200 0.0300 0.0450 0.0700 0.1000 0.1500 0.3000 0.4500 0.7000 1.ססoo 1.5000 2.0000 2.5000 3.0000 1 4.ססOO 6.ססOO 8.0000 14.0000 

Mean Photon Energy (MeV) 0.0150 0.0250 0.0375 0.0575 

Half-Life Heat Gen. 
0.0850 0.1250 0.2250 0.3750 0.5750 0.8500 1.2500 1.7500 2.2500 2.7500! 3.5000 

I 
 OOסס.11 7.0000 5.0000

(years) (W/Ci) Photonslsec/Ci 

AC227 2.177E+Ol 4.842E-04 2.942E+08 2.405E+06 3.811E+04 2.882E+06 1.913E+07 7.252E+06 6.364E+06 2.738E+05 O.OOOE+OO 1.706E+OO 9.694E-Dl 4.847E-Ol 2.438E-Dl 1.221E-Ol 8.99lE-02 2.679E-02 1.735E-D3 1.095E-04 
AGllO 7.795E-D7 7.183E-D3 2.590E+1O 5.698E+09 3.774E+09 5.587E+09 3.530E+09 2.405E+09 3.504E+09 1.713E+09 2.905E+09 3.774E+08 1.658E+08 3.415E+07 3.363E+06 4.773E* O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO , 
AGllOM 6.84 lE-O1 1.670E-D2 1.284E+09 4.477E+08 1.273E+08 1.558E+08 7.548E+07 7.659E+07 1.01OE+08 1.695E+09 4.884E+IO 5.883E+1O 1.188E+1O 4.588E+09 3.437E+05 O.OOOEX O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
AGlll 2.040E-02 2.240E-03 7.733E+09 1.621E+09 9.953E+08 1.373E+09 
AM241 4.322E+02 3.322E-D2 8. 177E+09 9.36lE+08 7.659E+07 1.376E+1O 

8.214E+08 
9.028E+06 

4.699E+08 
8.62lE+06 

9.657E+08 
4.81OE+05 

2. 165E+09 
4.662E+05 

3.996E+07 4.662E+06 
2.557E+05 7.511E+04 

O.OOOE+OO 
7.067E+Ol 

O.OOOE+OO 
3.537E+Ol 

O.OOOE+OO 
1.776E+Ol 

O.OOOE 0 O.OOOE+OO 

8.917E1o 6.549E+OO 
O.OOOE+OO 
1.957E+OO 

O.OOOE+OO 
1.280E-Ol 

O.OOOE+OO 
8.177E-03 

AM242 1.827E-03 1.162E-03 2.390E+1O 5.402E+08 3.589E+08 4.292E+08 1.806E+09 2.886E+09 9.694E+07 1.228E+07 3.319E+05 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+Oo O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
AM242M 1.520E+02 3.95lE-04 1.635E+1O 2.416E+03 O.OOOE+OO 7.474E+07 1.806E+07 1.976E+07 8.214E+06 O.OOOE+OO O.OOOE+OO 2.490E+Ol 1.166E+Ol 5.698E+OO 3.293E+OO 1.906E+lfO 1.706E+OO 7.289E-Ol 8.325E-D2 9.546E-D3 
AM243 7.380E+03 3.214E-D2 8.62lE+09 O.OOOE+OO 2.405E+09 4.55IE+06 
BA136M 9.760E-09 1.210E-D2 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 

2.157E+1O 
O.OOOE+OO 

2.457E+08 
O.OOOE+OO 

6.623E+05 
O.OOOE+OO 

O.OOOE+OO 
O.OOOE+OO 

5.402E+05 l.51OE+02 
O.OOOE+OO O.OOOE+OO 

8.288E+Ol 
O.OOOE+OO 

4.144E+Ol 
O.OOOE+OO 

2. 128E+O1 
O.OOOE+OO 

I
1.095E+lH 8.399E+OO 

I 
O.OOOE~ O.OOOE+OO 

2.749E+OO 
O.OOOE+OO 

2.187E-Ol 
O.OOOE+OO 

1.865E-02 
O.OOOE+OO 

BA137M 4.85lE-06 3.926E-03 1.754E+08 O.OOOE+OO 2.409E+09 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 3.811E+1O O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+Oo O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
BA140 3.502E-02 2.790E-03 9.509E+09 7.585E+09 1.314E+09 1.084E+09 5.994E+08 4.329E+08 1.883E+09 2.856E+09 6.919E+09 4.699E+05 O.OOOE+OO O.OOOE+OO O.OOOE+OO 

I
O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 

BE10 1.600E+06 1.20lE-03 4.18lE+09 7.955E+08 4.884E+08 6.327E+08 3. 189E+08 1.684E+08 1.295E+08 1.214E+07 7.252E+04 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
I 

0.OOOE1O O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
B1211 4.050E-06 3.989E-D2 3.774E+08 5.587E+03 3.400E+03 4.329E+03 7.88lE+08 1.125E+03 1.169E+03 4.218E+09 8.325E-Ol 1.232E+02 6.993E+Ol 3.51lE+Ol 1.76IE+Ol 8.843E+OO 6.512E+OO 1.935E+OO 1.254E-01 7.918E-03 
BI212 1.15lE-04 1.700E-D2 9.620E+09 1.380E+09 1.336E+09 1.317E+09 
C14 5.729E+03 2.933E-04 8.658E+08 1.225E+08 5.883E+07 4.625E+07 

8.880E+08 
7.585E+06 

5.365E+08 
5.550E+05 

8.99IE+08 
3.297E+Ol 

3.674E+08 
o.oooE+OO 

2.745E+08 4.847E+09 
O.OOOE+OO O.OOOE+OO 

3.297E+08 
O.OOOE+OO 

1.25lE+09 
O.OOOE+OO 

1.077E+Ol 
O.OOOE+OO 

3.182EJo 2.342E+OO 

o.OOOE40 O.OOOE+OO 
6.956E-Dl 
O.OOOE+OO 

4.514E-D2 
O.OOOE+OO 

2.853E-03 
O.OOOE+OO 

CDl13 O.OOOE+OO O.OOOE+OO 1.909E+09 3.282E+08 1.865E+08 2.094E+08 8.177E+07 3.lOIE+07 9.546E+06 3.774E+03 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+Qo O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CDl13M 1.459E+Ol 1.683E-03 3.996E+09 7.585E+08 4.662E+08 5.957E+08 3.00lE+08 1.587E+08 1.247E+08 l.31OE+07 1.528E+05 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 

I
O.OOOE+lIO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 

CDl15M 1.221E-Ol 3.728E-D3 1.336E+1O 2.797E+09 1.828E+09 2.616E+09 1.573E+09 1.014E+09 1.317E+09 5.143E+08 2.708E+08 5.772E+08 2.568E+08 4.292E+02 O.OOOE+OO O.OOOEJo O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CE141 8.901E-02 1.464E-03 3.574E+09 5.698E+08 6.549E+09 4.255E+08 2.005E+08 2.076E+1O 6.475E+07 4.514E+06 3.774E+04 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOEJo O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CE142 1.049E+11 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 

CE144 7.783E-Ol 6.632E-04 1.980E+09 2.738E+08 3.996E+09 2.301E+08 
O.OOOE+OO 
9. 176E+08 

O.OOOE+OO 
4.292E+09 

3.lOIE+02 
6.253E+06 

O.OOOE+OO 
9.36lE+02 

O.OOOE+OO 1.236E+02 
O.OOOE+OO O.OOOE+OO 

7.030E+Ol 
O.OOOE+OO 

3.522E+Ol 
O.OOOE+OO 

1.765E+Ol 
O.OOOE+OO 

8.843E+<lo 6.512E+OO , 
OOOE1 O.OOOE+OO 0.

1.939E+OO 
O.OOOE+OO 

1.258E-D1 
O.OOOE+OO 

7.955E-03 
O.OOOE+OO 

CL36 3.01OE+05 1.462E-D3 5.143E+09 1.01OE+09 6.290E+08 8.399E+08 4.477E+08 2.520E+08 2.338E+08 3.959E+07 1.203E+07 1.184E+Ol 2.054E-D2 O.OOOE+OO O.OOOE+OO O.OOOE O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
I 

CM242 4.468E-Ol 1.162E-D3 6.03lE+09 O.OOOE+OO 1.413E+07 O.OOOE+OO O.OOOE+OO 7.548E+05 3.848E+05 O.OOOE+OO 9.694E+04 2.061E+04 6.068E+03 2.387E+03 1.384E+03 7.992E+02 7.178E+02 3.071E+02 3.526E+Ol 4.070E+OO 

CM243 2.850E+01 3.670E-D2 3.238E+1O O.OOOE+OO 5.291E+07 1.672E+08 6.216E+09 1.092E+1O 1.19IE+1O 2.094E+07 O.OOOE+OO 1.232E+02 6.993E+Ol 3.511E+Ol 1.761E+Ol 8.843E+<!o 6.512E+OO 1.935E+OO 1.254E-Ol 7.918E-03 

CM244 1.81lE+Ol 3.498E-D2 5.550E+09 O.OOOE+OO 1.099E+07 O.OOOE+OO O.OOOE+OO O.OOOE+OO 3. 186E+05 O.OOOE+OO O.OOOE+OO 2.050E+05 9.546E+04 4.662E+04 2.701E+04 1.565E+04 1.410E+04 , 6.031E+03 6.956E+02 7.992E+Ol 

CM245 8.499E+03 3.317E-D2 3.219E+1O O.OOOE+OO 4.292E+07 O.OOOE+OO 6. 179E+09 1.328E+1O 1.887E+09 O.OOOE+OO O.OOOE+OO 1.236E+02 7.030E+01 3.522E+Ol 1.765E+Ol 8.843E+QO 6.512E+OO 1.939E+OO 1.258E-01 7.955E-03 

CM246 4.73lE+03 3.273E-02 4.92lE+09 O.OOOE+OO 1.232E+07 O.OOOE+OO O.OOOE+OO O.OOOE+OO 6. 179E+07 O.OOOE+OO O.OOOE+OO 3.959E+07 1.846E+07 9.028E+06 5.254E+06 3.038E+Q6 2.731E+06 1.169E+06 l.35lE+05 1.554E+04 

CM247 1.560E+07 3.196E-02 5.66lE+09 O.OOOE+OO O.OOOE+OO 3.411E+07 5.402E+08 l.306E+09 2.512E+09 3. 11 5E+10 O.OOOE+OO 1.236E+02 7.030E+Ol 3.522E+Ol 1.765E+Ol 8.843E40 6.512E+OO 1.939E+OO 1.258E-0l 7.955E-03 

C060 5.270E+OO 1.542E-02 1.96lE+09 3.389E+08 1.935E+08 2.1 83E+08 8.584E+07 3.297E+07 1.084E+07 3.041E+06 1.746E+05 2.764E+06 7.400E+1O O.OOOE+OO 3.922E+05 1.214E+lf3 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 

CR51 7.586E-02 2.140E-04 4.144E+09 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 3.093E+09 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+qO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 

CS134 2.062E+OO 1.018E-02 3.360E+09 6.364E+08 6.327E+08 5.069E+08 2.612E+08 1.425E+08 1.306E+08 2.176E+07 4.699E+IO 3.263E+1O 2.157E+09 O.OOOE+OO O.OOOE+OO O.OOOE+</O O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 

CS135 2.300E+06 3.337E-04 1.069E+09 1.617E+08 8.325E+07 7.659E+07 1.950E+07 3.774E+06 1.743E+05 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+lO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 

CS136 3.587E-02 1.364E-D2 2.583E+09 3.700E+08 5.772E+09 5.624E+09 2.475E+09 1.754E+08 l.317E+1O 1.591E+1O 3.448E+08 3.552E+1O 3. 197E+1O 3.737E+07 O.OOOE+OO O.OOOE+l 0 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 

CS137 3.000E+Ol 1.l05E-D3 3.659E+09 6.919E+08 4.218E+08 5.365E+08 2.675E+08 1.402E+08 1.114E+08 1.669E+07 3.134E+06 2.068E+05 7.881E+02 O.OOOE+OO O.OOOE+OO O.OOOE+lO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 

EUl52 l.360E+Ol 7.582E-D3 3.700E+09 1.043E+08 2.346E+1O 4.440E+09 5.143E+07 1.029E+1O 3.363E+09 1.173E+1O 1.41OE+09 1.265E+1O 1.846E+ 10 9.324E+07 O.OOOE+OO O.OOOE+<)O O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 

EUl54 8.600E+OO 8.946E-03 6.771E+09 9.990E+08 9.213E+09 2.472E+09 

EUl55 4.959E+OO 7.273E-04 2.671E+09 2.427E+08 7.770E+09 2.342E+09 
4.736E+08 
1.1 69E+10 

1.506E+1O 
6.438E+09 

3.112E+09 
2.372E+05 

4.958E+08 
O.OOOE+OO 

3.504E+09 1.761E+1O 
O.OOOE+OO O.OOOE+OO 

1.950E+1O 
O.OOOE+OO 

5.846E+08 
O.OOOE+OO 

O.OOOE+OO 
O.OOOE+OO 

I 
O.OOOE+OO O.OOOE+OO 

i 
O.OOOE+qO O.OOOE+OO 

O.OOOE+OO 
O.OOOE+OO 

O.OOOE+OO 
O.OOOE+OO 

O.OOOE+OO 
O.OOOE+OO 

EUl56 4.157E-02 1.032E-02 9.657E+09 1.758E+09 5.587E+09 2.468E+09 4.403E+09 6.327E+08 1.117E+09 4.921E+08 4.181E+09 8.51OE+09 1.580E+1O 3.54lE+09 5.846E+09 0.OOOE+<10 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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Tahle 4. (continued). 
Photon Energy Group No. 2 3 4 5 6 7 S 9 10 11 12 13 14 15 16 

4.0000 

17 

6.0000 

IS 

8.0000 Lower Photon Energy Group Limit (MeV) 0.0100 0.0200 0.0300 0.0450 0.0700 0.1000 0.1500 0.3()()(1 
I 

 OO 2.5000 3.0000סס.OO 1.5000 2סס.1 0.7000 0.4500

Upper Photon Energy Group Limit (MeV) 0.0200 0.0300 0.0450 0.0700 0.1000 0.1500 0.3000 0.45011 0.7000 1.ססOO 1.5000 2.0000 2.5000 3.0000 4.0000 6.0000 8.ססOO 14.0000 

Mean Photon Energy (MeV) 0.0150 0.0250 0.0375 0.0575 0.0850 0.1250 0.2250 0.3751~ 0.5750 0.8500 1.2500 1.7500 2.2500 2.7500 3.5000 5.0000 7.ססOO 11.0000 

Half-Life Heat Gen. 
(years) (W/Ci) 

FE55 2.600E+OO l.375E-03 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 

I 

I 
O.OOOEt-00 

Photonslsec/Ci 
O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 

FE59 1.232E-01 9.324E-03 2.427E+09 4.366E+OS 2.564E+OS 3.067E+OS 1.362E+OS 6.253E+07 3.64SE+07 2.394EK>6 3.5S9E+05 6.216E+04 5.550E+03 5.994E-04 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
FR223 4. 145E-05 2.597E-03 2.3S7E+1O 1.72SE+09 9.39SE+08 1.265E+1O 6. 142E+09 9.5S3E+OS 2.46SE+09 4.292E.k>S 2.9S6E+07 3.07SE+OS 1.069E+02 2. 113E-03 1.05SE-03 5.32SE-04 3.922E-04 1.166E-04 7.54SE-06 4.773E-07 
GDl53 6.626E-01 S.619E-04 5.217E+09 O.OOOE+OO 3.959E+1O S.473E+09 1.265E+1O 6.43SE+09 1.273E+07 O.OOOErO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
H3 1.235E+01 3.366E-05 1.362E+07 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
1129 1.570E+07 4.625E-04 1.954E+09 2.516E+1O 7.363E+09 3.164E+07 4.403E+06 2.39SE+05 2.6S3E-05 O.OOOEtoo O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
1131 2.20lE-02 3.396E-03 3.996E+09 2.461E+09 7.54SE+OS 5.846E+OS 1.21OE+09 1.55SE+OS 3.060E+09 2.93SE+1O 3.1S6E+09 5.66lE+OS O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
IN114 2.278E-06 4.591E-03 1.69lE+1O 3.84SE+09 2.364E+09 3.434E+09 2.105E+09 l.391E+09 1.S87E+09 S.103E+OS 3.922E+08 9.842E+07 9.916E+07 4.699E+05 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
IN114M 1.356E-O1 1.41OE-03 6.43SE+OS l.339E+1O O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 4.S10E+09 O.OOOE+OO 1.5S0E+09 1.365E+09 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
IN115M 4.905E-04 1.994E-03 4. 144E+OS 1.240E+1O 1.092E+06 1.476E+06 S.103E+05 4.736E+05 4.S47E+05 l.550E+1O 5.106E+05 4.551E+Ol O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
KRS5 
LA140 

1.072E+01 
4.58SE-03 

1.497E-03 
1.676E-02 

5.476E+09 
1.206E+10 

1.073E+09 
2.501E+09 

6.697E+OS 
2. 172E+09 

S.954E+OS 
2.346E+09 

4.773E+OS 
1.3S0E+09 

2.70SE+OS 
1.132E+09 

2.549E+OS 
1.513E+09 

4.440Eto7 
I 

7.659E·l-09 
1.447E+08 
1.365E+1O 

O.OOOE+OO 
1.539E+10 

O.OOOE+OO 
5.032E+06 

O.OOOE+OO 
3.226E+1O 

O.OOOE+OO 
3.3S9E+OS 

O.OOOE+OO 
1.22SE+09 

O.OOOE+OO 
1.01OE+07 

O.OOOE+OO 
O.OOOE+OO 

O.OOOE+OO 
O.OOOE+OO 

O.OOOE+OO 
O.OOOE+OO 

MN54 S.556E-Ol 4.979E-03 5.106E+09 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE.\-OO O.OOOE+OO 3.633E+1O O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
M093 3.498E+03 9.344E-05 3.959E+1O O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE·"OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
NB93M l.360E+01 l.771E-04 6.993E+09 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE~ O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
NB94 2.030E+04 1.019E-02 3.0S6E+09 5.69SE+OS 3.419E+OS 4.218E+OS 1.9S7E+OS 9.657E+07 5.994E+07 2.845E+06 1.676E-05 6.845E+1O O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
NB95 9.624E-02 4.795E-03 7.770E+OS 1.062E+OS 5.032E+07 3.885E+07 6.364E+06 4.995E+05 1.565E+02 O.OOOEtOO O.OOOE+OO 3.334E+1O O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
NB95M 9.SS0E-03 1.3S9E-03 2.749E+1O O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 1.006E+1O O.OOOEf>0 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
NDl44 2.099E+15 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 3.1OlE+02 O.OOOE·tOO O.OOOE+OO 1.236E+02 7.030E+01 3.522E+01 1.765E+Ol S.S43E+OO 6.512E+OO 1.939E+OO 1.25SE-01 7.955E-03 
ND147 3.028E-02 2.413E-03 6.623E+09 9.S79E+OS l.S17E+1O S.214E+OS 1.151E+1O 3.922E+OS 6.697E+OS 1.5S4E·t09 5.032E+09 1.332E+03 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
N159 S.OOOE+04 6.366E-03 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE·IOO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
NI63 9.200E+01 3.971E-04 2.046E+OS 1.247E+07 2.527E+06 2.557E+05 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE·!"00 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
NP237 2. 140E+06 3.056E-02 2.905E+1O 4.255E+09 O.OOOE+OO 2.771E+OS 7.474E+09 SA73E+OS 4. 144E+OS 

, 
1.043E+06 S.SSOE+05 1.236E+02 7.030E+01 3.522E+01 1.765E+Ol S.S43E+OO 6.512E+OO 1.939E+OO 1.25SE-01 7.955E-03 

PA231 3.277E+04 3.013E-02 2. 139E+1O 3.S48E+09 1.036E+OS I.595E+OS 7.215E+07 2.646E+07 9.435E+OS 2.720E+09 1.254E+06 1.240E+02 7.030E+01 3.534E+01 l.772E+01 S.SSOE+OO 6.549E+OO I.954E+OO 1.273E-01 8.103E-03 
PA233 7.393E-02 2.270E-03 2.63SE+1O 2.609E+OS 1.362E+OS 1.2S0E+OS 1.169E+1O 2.572E+09 4.070E+08 1.476E+1O 7.733E+03 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PA234 7.643E-04 1.436E-02 6.845E+1O 2. 120E+09 1.369E+09 3. 14lE+09 2.02SE+1O I.31OE+1O 1.243E+1O 2.997E·K>9 I.72SE+lO 5.254E+1O 5.69SE+09 2.494E+09 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PA234M 2.225E-06 4.943E-03 3.64lE+1O 7.733E+09 5.106E+09 7.437E+09 4.699E+09 3.075E+09 4.21SE+09 I.S69E+09 9.546E+08 3.996E+OS 2. 664E+OS 3.534E+07 3. 167E+02 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PB210 2.230E+01 2.317E-04 9.768E+09 2.065E+06 3.737E+05 1.214E+09 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE.~ O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PB211 6.864E-05 2.996E-03 1.01OE+10 2.057E+09 l.328E+09 1.8S3E+09 1.277E+09 6.S45E+OS S.65SE+OS 2.094Eto9 1.0S8E+08 1.306E+09 4.218E+07 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PB212 1.214E-03 1.904E-03 8.25lE+09 3.596E+08 2.072E+08 2.394E+08 1.269E+10 2.475E+08 l.754E+1O 1.018E·\{)9

I 
8.695E+03 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 

PO 107 6.496E+06 5.929E-05 6.03lE+07 3.622E+05 5.217E+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PM 145 l.770E+01 2.550E-04 2.779E+09 O.OOOE+OO 2.801E+1O 2.812E+OS 6.882E+08 O.OOOE+OO O.OOOE+OO O.OOOE+OO , O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PM 147 2.623E+OO 3.588E-04 1.199E+09 1.869E+08 9.842E+07 9.509E+07 2.712E+07 7.437E+06 5. 180E+05 O.OOOEto° O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PM148 1.470E-02 7.698E-03 3.186E+1O 6.771E+09 4.514E+09 6.475E+09 3.996E+09 2.631E+09 3.600E+09 1.587E+09 9.509E+09 5.217E+09 9.694E+09 S.177E+06 5.846E+04 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PM 148M 1.13 lE-O 1 1.268E-02 6.401E+09 1.095E+09 4.107E+09 1.254E+09 2.372E+09 2.031E+08 6.290E+09 1.106E·~1O 7.807E+1O 1.765E+1O 6.031E+09 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
P0212 9.506E-15 5.300E-02 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 3.101E+02 O.OOOE+OO O.OOOE+OO 1.236E+02 7.030E+01 3.522E+01 1.765E+Ol S.843E+OO 6.512E+OO I.939E+OO 1.258E-01 7.955E-03 
P0215 5.640E-11 4.465E-02 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 3.101E+02 1.732E+07 O.OOOE+OO 1.236E+02 7.030E+Ol 3.522E+01 1.765E+Ol 8.843E+OO 6.512E+OO 1.939E+OO 1.258E-01 7.955E-03 
P0216 4.753E-09 4.093E-02 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 3.101E+02 O.OOOElaO O.OOOE+OO 1.236E+02 7.030E+01 3.522E+01 1.765E+Ol 8.843E+OO 6.512E+OO 1.939E+OO I.258E-01 7.955E-03 
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Table 4. (continued). 
Photon Energy Group No. 2 3 4 5 6 7 S 9 10 11 12 13 14 15 16 17 IS 

Lower Photon Energy Group Limit (MeV) 0.0100 0.0200 0.0300 0.0450 0.0700 0.1000 0.1500 0.3000 0.4500 0.7000 1.0000 1.5000 2.0000 2.50001' 3.0000 4.0000 6.0000 8.0000 

Upper Photon Energy Group Limit (MeV) 
Mean Photon Energy (MeV) 

0.0200 

0.0150 

0.0300 

0.0250 

0.0450 

0.0375 

0.0700 

0.0575 

0.1000 

0.0850 

0.1500 

0.1250 

0.3000 

0.2250 

0.4500 

0.3750 

0.7000 1.0000 

0.5750 0.8500 

1.5000 

1.2500 

2.0000 

1.7500 

2.5000 

2.2500 

3.0000\ 
I

2.7500,
I 

 OOסס.4

3.5000 

 OOסס.6

 OOסס.5

8.0000 

 OOסס.7

14.0000 

11.0000 

Half-Life Heat Gen. I 

(years) (W/Ci) PhotonslseclCi I 
PR143 3.714E-02 1.S63E-03 6.SS2E+09 l.376E+09 S.732E+OS 1.191E+09 6.623E+OS 3.922E+OS 4.1SlE+OS 1.032E+OS 1.66lE+07 1.906E+05 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE~O O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PRI44 3.2S6E-05 7.350E-03 2.657E+1O 5.772E+09 3.84SE+09 5.735E+09 3.637E+09 2.4S3E+09 3.626E+09 l.79lE+09 1.724E+09 3.922E+OS 3. 115E+OS 3.615E+07 2.S16E+OS 2.523E 5 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PRI44M 1.369E-05 3.42lE-04 2.054E+09 9.435E+02 l.106E+1O 3.00lE+07 5.217E+02 3.356E+02 4.292E+02 1.617E+02 2.690E+07 2.12SE+07 S.325E-Ol O.OOOE+OO O.OOOE+OO O.OOOE+Oo O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 

i 
PU236 2.S51E+OO 3.4SlE-Q2 6.660E+09 O.OOOE+OO O.OOOE+OO 2.113E+07 O.OOOE+OO 3.SS5E+06 1.795E+05 O.OOOE+OO 1.924E+05 2.453E+02 1.269E+02 6.290E+Ol 3.371E+Ol 1.S17E+t~1 1.4S7E+Ol 5.513E+OO 5.402E-Ol 5.550E-Q2 
PU237 1.24SE-Q1 9.606E-Q5 
PU23S S.774E+Ol 3.315E-02 

O.OOOE+OO 
5.S09E+09 

O.OOOE+OO 
O.OOOE+OO 

O.OOOE+OO 
1.672E+07 

O.OOOE+OO 
O.OOOE+OO 

O.OOOE+OO 
3.215E+06 

O.OOOE+OO 
O.OOOE+OO 

1.025E-Q2 
2.560E+05 

O.OOOE+OO 
O.OOOE+OO 

O.OOOE+OO 4.070E-03 
O.OOOE+OO 1.S06E+04 

2.316E-Q3 
7.363E+02 

1.162E-Q3 
9.S79E+Ol 

5.846E-Q4 
5.476E+Ol 

2.923E-M 
i 

3.027E11 

2.150E-Q4 
2.575E+Ol 

6.40lE-05 
1.02lE+Ol 

4.144E-06 
1.077E+OO 

2.620E-Q7 
1.173E-Ol 

PU239 2.406E+04 3.0S2E-02 2.113E+09 O.OOOE+OO 2.309E+06 7.S07E+06 7.844E+05 3. 123E+06 4.440E+05 2.36lE+06 S.695E+04 7.91SE+03 S.S06E+Ol 3.537E+Ol 1.776E+Ol S.917E+Qo 6.549E+OO 1.96lE+OO 1.2S0E-Ol S.214E-03 
PU240 6.537E+03 3.113E-02 5.550E+09 O.OOOE+OO O.OOOE+OO 1.31OE+07 O.OOOE+OO 2.16lE+06 1.32SE+05 O.OOOE+OO 6.956E+03 7.955E+03 3.60SE+03 1.765E+03 1.021E+03 5.920EJ2 5.29lE+02 2.264E+02 2.597E+Ol 2.9S2E+OO 
PU241 1.440E+Ol 3.l0lE-Q5 2.S12E+07 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 7.5S5E-Q5 O.OOOE+OO O.OOOE+OO 3.027E-Q5 1.72lE-Q5 S.621E-Q6 4.329E-Q6 2.172E± 1.595E-Q6 4.736E-Q7 3.07SE-QS 1.946E-Q9 
PU242 3.S69E+05 2.954E-Q2 4.366E+09 O.OOOE+OO 1.517E+07 O.OOOE+OO O.OOOE+OO 2.272E+06 1.425E+06 O.OOOE+OO O.OOOE+OO S.436E+05 3.922E+05 1.920E+05 1.114E+05 6.475E 

I 
5.S09E+04 2.490E+04 2.S6SE+03 3.300E+02 

PU244 S.26lE+07 2.900E-Q2 3.922E+09 O.OOOE+OO 1.05SE+07 O.OOOE+OO O.OOOE+OO O.OOOE+OO 2.S3SE+OS O.OOOE+OO O.OOOE+OO 1.S24E+OS S.5lOE+07 4.144E+07 2.409E+07 1.395E+'7 1.254E+07 5.402E+06 6.216E+05 7.14lE+04 
RA223 3. 130E-Q2 3.56lE-Q2 
RA224 1.002E-Q2 3.431E-Q2 

1.05SE+1O 
1.695E+OS 

O.OOOE+OO 
O.OOOE+OO 

3.119E+04 
O.OOOE+OO 

O.OOOE+OO 
O.OOOE+OO 

1.S9SE+1O 
1.5S0E+OS 

1.S54E+09 
O.OOOE+OO 

7.844E+09 
1.550E+09 

3.13SE+09 
1.617E+06 

9.324E+07 1.084E+06 
2;930E+06 1.236E+02 

7.030E+Ol 
7.030E+Ol 

3.522E+Ol 
3.522E+Ol 

1.765E+Ol 
1.765E+Ol S.843E 

S.843E4 6.512E+OO 
6.512E+OO 

1.939E+OO 
1.939E+OO 

1.25SE-Ol 
1.25SE-Ql 

7.955E-03 
7.955E-Q3 

RA226 1.600E+03 2.SS7E-Q2 3.4S2E+OS O.OOOE+OO O.OOOE+OO O.OOOE+OO 2.2S7E+OS O.OOOE+OO 1.OO6E+09 2.794E+05 2.357E+05 1.236E+02 7.030E+Ol 3.522E+Ol l.765E+Ol S.843E 6.512E+OO 1.939E+OO 1.25SE-Ql 7.955E-Q3 

RA22S 6.700E+OO 7.706E-Q5 4.292E+07 5.513E+05 6.5 12E+03 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
RBS7 4.696E+1O S.35SE-Q4 1.5S0E+09 2.616E+OS 1.447E+OS 1.539E+OS 5.365E+07 1.72SE+07 3.271E+06 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
RH103M 1.067E-Q4 2.302E-04 4.033E+OS 2.33SE+09 2.745E+07 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
RH106 9.475E-Q7 9.592E-03 
RN219 1.255E-Q7 4.149E-02 

3.097E+IO 
4.144E+OS 

6.S0SE+09 
O.OOOE+OO 

4.551E+09 
O.OOOE+OO 

6.S0SE+09 
O.OOOE+OO 

4.366E+09 
6. 179E+OS 

3.012E+09 
4.995E+07 

4.477E+09 
4.440E+09 

2.3S3E+09 
2.657E+09 

1.243E+1O 7.437E+OS 
2.409E+07 9.435E+05 

9.472E+OS 
l.S76E+05 

1.765E+OS 
3.522E+Ol 

5.439E+07 
1.765E+Ol 

7.955E 68M31 1.040E+06 
6.512E+OO 

O.OOOE+OO 
1.939E+OO 

O.OOOE+OO 
1.25SE-Ql 

O.OOOE+OO 
7.955E-03 

RN220 1.762E-Q6 3.797E-Q2 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 3.lOlE+02 O.OOOE+OO 2.475E+07 1.236E+02 7.030E+Ol 3.522E+Ol l.765E+Ol S.S43E 0 6.512E+OO 1.939E+OO 1.25SE-Ql 7.955E-Q3 

RU103 1.075E-Ol 3.345E-Q3 1.439E+09 5.069E+OS 1.31OE+OS 2.70SE+OS 5.365E+07 2.616E+07 1.450E+OS 1.476E+OS 3.134E+1O O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 

RU106 1.00SE+OO 5.947E-05 1.476E+OS 2.035E+06 2.S19E+04 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+00 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 

SB124 1.64SE-Ol 1.32SE-02 S.362E+09 1.843E+09 1.136E+09 1.573E+09 9.2S7E+OS 5.920E+OS 7.696E+OS 7.030E+OS 4. 144E+10 5.957E+09 3.452E+09 1.769E+1O 2.035E+09 1.4S7EJ6 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 

SB125 2.770E+OO 3. 127E-03 2.453E+09 1.565E+1O 4.292E+09 2.0S3E+OS 9.324E+07 1.621E+OS 2.250E+09 1.336E+1O 1.717E+1O O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 

SB126 3.394E-02 I.S4SE-Q2 

SB126M 3.612E-Q5 1.274E-Q2 
5.957E+09 
1.132E+1O 

1.665E+09 
2.S0lE+09 

S.362E+OS 
1.62lE+09 

1.036E+09 
2.227E+09 

5.846E+OS 
1.35lE+09 

4.847E+OS 
S.S06E+OS 

4.403E+09 
1.166E+09 

3.604E+10 
3.552E+1O 

1.121E+11 2.S16E+1O 
7.437E+1O 5.661E+OS 

1.606E+09 
S.695E+OS 

S.177E+03 
4.55lE+04 

O.OOOE+OO 
O.OOOE+OO 

M~E~ 
O.OOOE 0 

O.OOOE+OO 
O.OOOE+OO 

O.OOOE+OO 
O.OOOE+OO 

O.OOOE+OO 
O.OOOE+OO 

O.OOOE+OO 
O.OOOE+OO 

SE79 6.496E+04 2.4S9E-Q4 1.014E+09 1.499E+OS 7.474E+07 6.290E+07 1.lSOE+07 1.040E+06 2.S31E+02 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 

SM145 9.3lOE-Ol 5.527E-04 4.995E+09 O.OOOE+OO 5.550E+1O 5.032E+09 O.OOOE+OO 5.365E+05 O.OOOE+OO O.OOOE+OO S.SSOE+05 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOEJO 
I 

O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 

SM147 1.070E+11 1.369E-02 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 3.101E+02 O.OOOE+OO O.OOOE+OO 1.236E+02 7.030E+Ol 3.522E+Ol 1.765E+Ol S.843E+?0 6.512E+OO 1.939E+OO 1.25SE-O1 7.955E-03 

SM151 S.999E+Ol 1.172E-04 2.S12E+OS 2.S75E+07 4.95SE+06 9.5S3E+05 S.621E-02 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE:ro O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 

SN119M 6.70SE-Ql 5.16SE-Q4 1.521E+09 1.621E+1O O.OOOE+OO 2.535E+07 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE 0 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 

SN121M 4.997E+Ol 2.004E-03 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE~O O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 

SN123 3.536E-Ol 3. 124E-Q3 1.166E+1O 2.416E+09 1.569E+09 2.227E+09 1.3 17E+09 S.399E+OS 1.051E+09 3.S4SE+OS 1.39lE+OS 1.976E+07 2.050E+OS O.OOOE+OO O.OOOE+OO O.OOOE 0 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 

SN125 2.639E-02 6.627E-03 l.795E+1O 3.84SE+09 2.546E+09 3.737E+09 2.313E+09 1.547E+09 2.220E+09 1.524E+09 9.620E+OS 3.630E+09 5.032E+09 9.620E+07 7.SS1E+OS O.OOOE-H?0 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 

SN126 1.000E+05 1.247E-03 3.600E+09 1.465E+1O 4.21SE+OS 4.2 1SE+09 1.75SE+1O 4.070E+07 1.52SE+07 6.660E+04 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 

SRS9 l.3S3E-Ol 3.457E-03 l.302E+I0 2.720E+09 1.772E+09 2.535E+09 1.517E+09 9.731E+OS 1.251E+09 4.773E+OS l.S69E+OS 3.774E+07 2.427E+06 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 

SR90 2.912E+Ol 1.161E-03 S.473E+09 1.617E+09 9.916E+OS 1.2S4E+09 6.512E+OS 3.463E+OS 2.73SE+OS 2.701E+07 1.369E+05 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOEiO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 

TBI60 1.9S0E-Q1 S.145E-Q3 6.993E+09 S.547E+OS 5.29lE+OS 7.030E+09 5.365E+09 1.99lE+OS 1.650E+1O 9.36lE+OS 2.S05E+OS 2.66SE+1O 1.117E+1O 7.326E-07 O.OOOE+OO O.OOOE+OO 
I 

O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
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I 
I radionuclides and displayed on the worksheet. The conversion factors used for each of the 18 energy 

groups for each radionuclide are shown in Table 4. The data in Tables 3 and 4 are from the ORIGEN2 
library files (see Reference 21) and includes the bremstrahlung effects associated with V02• Because of 
space constraints, only the average values are shown on the output sheets, but the values shown 
correspond to a range (as shown in Table 4). The inventory of each radionuclide (Ci) is multiplied by its 
respective photon/sec/Ci value in Table 4 to get a photon/sec value. These values are then summed across 
all isotopes for each energy group and displayed on the output sheet. I 
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RESULTS 

For each fuel, the results of the estimate are presented on a Fuel Radionuclide Inventory 
Worksheet. Appendixes C and D provide Fuel Radionuclide Inventory Worksheets for the years 2010 and 
2030 for each DOE SNF record in the SFD. These dates, respectively, represent the estimated timeframes 
for packaging and shipment of fuels to the repository and for completion of emplacement of fuels in the 
repository. The results include a nominal and bounding source term estimate along with the associated 
heat generation rates and photon emission spectra. Appendix B provides an index by fuel name that 
supplies the SNF ill number, Total System Performance Assessment category, design basis event 
category, and page number for the 2010 and 2030 source term estimates. Appendix C also includes tables 
summarizing the total DOE SNF radionuclide inventory, broken down by canister type and design basis 
event groUp.18.19 Appendix D also includes tables summarizing the total DOE SNF radionuclide inventory, 
broken clown by type and Total System Performance Assessment group (see Reference 29). 

To facilitate checking and to aid the an.alyst in determining the uncertainty associated with the 
estimate, the worksheet displays all input used within the estimate, including any assumptions that were 
necessary in order to compensate for lack of information. Each Fuel Radionuclide Worksheet contains 
three sections. Section I includes header information that identifies and provides key information for both 
the fuel being estimated and the template used in the estimate. 

Section II shows for each of the 45 radionuclides of interest the factors used in the linear estimate 
(Y =mx+b) where m represents the change in curies relative to the change in burnup; x is the burnup; b is 
the initial curie content; and Y is the resulting estimate. Although estimates are performed for each of the 
145 radionuclides in the precalculated template, the Fuel Radionuclide Worksheet displays only the 45 
shown in Table 5. These 45 radionuclides include those identified as important for Total System 
Performance Assessment and preclosure safety analysis. The remaining 100 radionuclides are also 
estimated. The sum of the curies from the remaining radionuclides is also displayed on the Fuel 
Radionuclide Worksheet. 

Section ill includes subsections for Template Selection Summary, Burnup Summary, and Checks. 
The Template Selection Summary subsection provides the information relied on to select an appropriate 
template (i.e., the reactor moderator, the fuel cladding, the fuel compound, and the fuel enrichment). A 
table is provided that identifies these parameters as given for the fuel along with those of the template 
selected and the basis for any differences. 

The Burnup Summary subsection provides a table that identifies both the given (i.e., burnup values in the 
SFD) and estimated burnup. For conservatism, the larger of the given and estimated is used for the 
estimates given in Section II. The table also contains a basis section that documents the source and the 
method used to estimate the burnup. The basis section may include one or more of the following 
messages. 

Nominal burnup calculatedfrom the heavy metal mass destroyed. This message indicates that 
the nominal burnup was calculated by converting the fission energy for the heavy metal atoms 
fissioned to MWd. In other words, the nominal burnup was calculated using Equation I of 
Figure 1. (See discussion of Blocks 4 and 8 in Section 6 of this report.) 

Nominal burnup set equal to bounding burnup. This message indicates that information is not 
available to support an estimation of the nominal burnup, but the bounding burnup was either 
provided or estimated. In this case, the nominal burnup is conservatively assumed to be the same 
as the bounding burnup. (See discussion of Blocks 5 and 9 in Section 6 of this report.) 

I
 
I
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Table 5. List of radionuclides shown on output. 
Total System Performance Assessment (TSPA)" 

Dose Contribution 
Radionuclides Up to 1 X 104 yr c > 1 X 104 to 108 yr c 

Preclosure Safety Analysis 
(PSA)b 

AC227 0.95 0.95 X 
AM241 0.95 X 
AM242M X 
AM243 0.95 0.95 X 
C14 0.95 0.95 
CL36 0.99 0.95 
CM243 X 
CM244 0.99 X 
C060 X 
CS134 X 
CS135 0.95 0.95 
CS137 0.95 X 
EU154 X 
EU155 X 
FE55	 X 
H3 X 
1129 0.95 0.95 X 
KR85 X 
NP237 0.95 0.95 X 
PA231 0.95 0.95 X 
PB210 0.99 0.95 
PM147 X 
PU238 0.95 X 
PU239 0.95 0.95 X 
PU240 0.95 0.95 X 
PU241 0.99 X 
PU242 0.99 0.95 X 
RA226 0.95 (EPA) 0.95 (EPA) 
RA228 EPA EPA 
RU106 X 
SE79 0.95 
SN126 0.99 0.95 
SR90 0.95 X 
TC99 0.95 0.95 
TH229 0.95 0.95 X 
TH230 0.95 
TH232 0.99 0.95 X 
TL208d 

U232 0.95 X 
U233 0.95 0.95 X 
U234 0.95 0.95 X 
U235 0.99 0.99 
U236 0.99 0.95	 X 
U238 0.95 0.95	 X 
Y90	 X
 

a.	 Office of Civilian Radioactive Waste Management. "Radionuclide Screening," ANL-WIS-MD-OOOOO6 Rev. 01, August 2002, Tables 10 and II. 
MOL,20020923.0177. 

b. Office of Civilian Radioactive Waste Management, "Significant Radionuclides Detennination," CAL-WHS-SE-OOOOO2 Rev. 00, July 2001, Table 5.
 
MOL,20010905.0143.
 

c. 0.95 =For postclosure analysis, the doses from the radionuclide total to 0.95 fraction 
0.99 = For postclosure analysis, the additional doses from the radionuclide totals to 0.99 fraction 
EPA = Additional isotopes required by EPA 1OCFR 197.30 and IOCFR63.331 for ground water protection standard. 

d. Thallium-208 is shown on the list, because it is the dominant contributorto Group 14 of the photon emission spectra oUlto 100 years. 
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Nominal (or bounding)Burnup taken from SFD and converted to MWd using BOL = 
XX.xxx kg (where XX.xxx is the estimated BOL heavy metal mass). This message indicates that 
the BOL heavy metal mass was estimated from the fuel's specific bumup (MWdlMTIHM) and 
the EOL heavy metal as described in the discussion of Block 7 in Section 6 of this report. Using 
this estimated BOL value, the given specific bumup was then converted to an absolute bumup 
(Le., MWd). 

Bounding burnup assumed to be twice nominal burnup. This message indicates that information 
is not available to support an estimation of the bounding bumup but the nominal bumup was 
either provided or estimated. In this case, the bounding bumup was conservatively assumed to be 
twice the nominal bumup. In other words, the bounding bumup was estimated using Equation 3 
of Figure 1. (See discussion of Blocks 6 and 8 in Section 6 of this report). 

Bounding burnup estimated using BOL heavy metal and enrichment. This message indicates 
that the bounding bumup was conservatively estimated by assuming 100% depletion of the initial 
fissile inventory. This allows bumup estimates to proceed in the event that only BOL information 
is available. In other words, the bounding bumup was conservatively estimated using Equation 4 
of Figure 1. (See discussion of Block 9 in Section 6 of this report.) 

Nominal burnup assumed 2% ofBOL Heavy Metal mass. This message indicates that the BOL 
and EOL heavy metal masses were equal, and therefore, nominal bumup was conservatively 
estimated by assuming 2% bumup of the initial heavy metal mass. (See discussion of Block 8 in 
Section 6 of this report.) 

Nominal (or Bounding) burnup taken directly from SFD (converted to MWd). This message
 
indicates that the bumup was given (from SFD) in MWdlMTIHM and was converted to MWd
 
using BOL heavy metal mass. (See discussion of Block 7 in Section 6 of this report.)
 

Bounding burnup estimated by assuming BOL heavy metal mass was twice EOL This message 
indicates that the nominal bumup was calculated using Equation 1 of Figure 1 after assuming that 
half the original heavy metal mass has fissioned. The estimate assumes that BOL heavy metal 
mass was twice the EOL heavy metal mass, which is equivalent to assuming that the heavy metal 
destroyed is equal to the heavy metal remaining. This is a conservative assumption for virtually 
all DOE SNF (see discussion included in Appendix E) and allows bumup estimates to proceed in 
the event that only EOL information is available. Because of the conservatism of this assumption, 
the bounding bumup is set equal to the nominal bumup when it is estimated by assuming that 
BOL heavy metal was twice the EOL heavy metal. 

The Checks subsection provides the bumup multiplier and, when possible, the ratios of the 
estimated (i.e., calculated nominal and bounding) bumups and the estimated EOL heavy metal mass with 
those provided from the SFD. The bumup multiplier is the ratio of the specific bumup (i.e., bumup per 
MTIHM) of the fuel being estimated over the specific bumup of the template fuel. A bumup multiplier 
indicates the portion of the linear scaling that accounts for differences in specific bumup. For example, a 
bumup multiplier of 1 indicates that any scaling accounts for a different mass of fuel with the same 
specific bumup. As noted previously, error is not introduced when scaling to account for different masses 
of fuel. Scaling to account for different specific bumups, however, introduces error when estimating 
inventories of actinides and activation products. The bumup multiplier provides an indication of both the 
magnitu:de and the direction of the potential error associated with this linear approximation. The 
magnitu:de of this error is a function of the nonlinearity of the buildup of each radionuclide with respect to 
bumup (reference) and the magnitude of the scaling factor. The direction of this error is determined by 
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whether the curvature of the radionuclide buildup is positive or negative and whether the bumup 
multiplier is more or less than one. 

When the heavy metal masses at BOL and EOL are provided, the nominal burnup is 
back-calculated from the depleted heavy metal mass. This calculated nominal value as well as the 
estimated bounding value is compared against the burnups (nominal and bounding) given in the SFD.
 
This ratio gives an indication of the integrity (i.e., internal self-consistency) of the input data. 

Similarly, the heavy metal masses in the estimated radionuclide inventory are summed and 
compared to the EOL heavy metal mass given in the SFD. The ratio between the estimated and the given 
EOL heavy metal mass of the fuel is another cross-check that may alert the analyst of potential 
uncertainty associated with the data or the estimate. If the ratio of the estimated EOL over the given EOL 
is 1 (or close to 1), then the estimated EOL radionuclide inventories for the fuel's heavy metal 
constituents are consistent with SFD values. SFD EOL heavy metal values have been cross-checked 
against Nuclear Materials Safeguards and Security records and Material Control and Accountability 
records. A deviation in this heavy metal mass ratio is an indication that the heavy metal loadings of the 
template are not consistent with those of the fuel. For example, because the construction of the Worst 
Case template maximizes the EOL value of all radionuclides, the EOL heavy metals are artificially 
inflated often to nearly 600 times the actual values. Table 6 shows the distribution of the predicted heavy 
metal mass relative to the heavy metal mass values in the SFD for each of the fuels. As illustrated by the 
table, the heavy metal mass ratios are quite good with the exception of those fuels whose radionuclide 
inventories were estimated using the Worst Case template and for some of the HWCTR and CANDU
fuels estimated using an HFBR template. As a result, the total estimated EOL heavy metal for all DOE 
SNF in the 2030 nominal bumup case is about 2,469 MTHM while the total EOL heavy metal for all 
DOE SNFs included in this analysis is about 2,406 MTHM. 

Table 6. Distribution of predicted versus SFD heavy metal mass ratios. 

EOLIEOL Range 

0.7--0.9

No. of SNF Records 

4 

HFBR 

Template Used 

Worst Case Other 

4 

0.9-1.1 509 37 472 

1.1-2 13 2 11 

2-3 16 15 I 

3-10 1 1 

10-20 1 1 

30-40 4 4 

40-100 1 1 

100-200 1 1 

590-610 18 18 
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Each fuel record identifies the type and estimated number of canisters that will be needed for the fuel 
associated with the record. The radionuclide content of a canister is estimated simply by dividing the 
inventories shown on the worksheet by the number of canisters. The cumulative number of DOE SNF 
canisters is projected! to be approximately 3,500. This projection includes the standardized canisters 
required for high integrity cans. As explained in Appendix F, there are numerous uncertainties that could 
significantly affect the number of DOE SNF canisters that are ultimately used. For analyses that rely on 
either the total number of DOE SNF canisters or on the content of an individual canister, a range of 2,500 
to 5,000 DOE SNF canisters should be considered to account for these uncertainties and to assess the 
importance of the canister count. Appendix F also reports the number of standardized canisters of each 
size required for each DOE SNF group. 
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8. UNCERTAINTY AND ERROR 

This report provides the results and summarizes the analytical processes employed to estimate the 
radiological inventories associated with DOE-owned SNF. The accuracy of the estimates is affected both 
by the accuracy of the input data relied on as well as the simplifications introduced by the methodology 
itself. A brief discussion of the overall accuracy of the estimates is given below. A more thorough 
discussion of each of these uncertainties and of the conservative nature of the methods used to account for 
missing or questionable input information is given in Appendix E. 

Sources of uncertainty in the template methodology include those associated with the ORIGEN 
calculations used to generate the templates, the ORIGEN input used in the template calculations, and 
those associated with selecting and scaling a template. The uncertainty associated with scaling a template 
can be further broken down into (a) uncertainty associated with the bumup of the fuel being estimated and 
(b) uncertainty associated with using the linear scaling to account for the difference in bumup between the 
template fuel and the fuel being estimated. The contribution of each of these uncertainties depends on the 
radionuclide being estimated, and the quality and availability of the information used to select and scale a 
template. Hence, based on the radionuclide of interest and the fuel being estimated, one of 16 different 
uncertainty ranges may apply. Table 7 shows the combined standard deviation for each of the 16 potential 
paths along with the percentage of the total estimated curie inventory associated with each path. A 
weighted standard deviation is also shown in order to estimate the net uncertainty contribution from each 
path on the total estimated curie from all DOE SNFs. 

Table 7. Overall standard deviations. 

Case # 
1 

TerrpIate 
Fuel 
;ES 

Radioru:lide 
fissioo pucld 

TerrpIate Selection 
Basis 

NA-T€r'T"Pate Fuel 
Bun~Basis 
SFD Information 

Standard Deviation 

1<Mer LQJer 
-6.12% 6.12"1. 

%ofO 

Ion 
(weigted) 

1<Mer ~ 
-3.00"/0 3.00"1. 50.40% 

2 ;ES fission pucld NA-T€r'T"Pate Fuel Ac3sured En.=2*Ea... -49.63% 6.12"1. 0.00% 0.00% 0.00"1. 
3 ;ES 001 fissioo pucld NA-T€!'T"Pate Fuel SFD Information -33.91% 55.00"1. 4.48% -1.52% 2.46"1. 
4 ;ES 001 fissioo p-od.d NA-T€r'T"Pate Fuel Ac3sured En.=2*Ea... -59.79'/0 55.00"1. 0.00"/0 0.00"/0 0.00"1. 
5 no fissioo pucld SFD Information SFD Information -25.62% 50.31°1. 15.96% -4.00"/0 8.03"1. 
6 no fissioo pucld SFD Information Ac3sured En.=2*Ea... -55.51% 50.31°1. 0.00"/0 0.00"/0 0.00"1. 
7 no fission pucld Table 1 ~ons SFD Information -13.69"10 25.62"1. 5.88% -0.81% 1.51°1. 
8 no fissioo pucld TaIje 1~ons Ac3sured En.=2*Ea... -51.12"/0 25.62"1. 5.88% -3.01% 1.51°1. 
9 no fission pucld IMlrSl ca:;e t€r'T"Pate SFD Informatioo -45.35% 7.'3:1'1. 420% -1.00"/0 0.32'% 
10 no fissioo pucld IMlrSl ca:;e t€r'T"Pate Ac3sured En.=2*Ea... -66.94% 7.'3:1'1. 1.68% -1.12"/0 0.1~1. 

11 no ncn-fissioo pucld SFD Information SFD Informatioo -40.93% 73.6501. 1.12"/0 -0.46"/0 0.62"1. 
12 no ncn-fissioo pucld SFD Information Ac3sured En.=2*Ea... -64.03"/0 73.6501. 0.00"/0 O.(X)"/o 0.00"1. 
13 no ncn-fissioo prod.d TaIje 1~ons SFD Informatioo -34.73% 59.58"1. 2.72% -0.94% 1.62"1. 
14 no ncn-fissioo prod.d Table 1 ~ons Ac3sured En.=2*Ea... -OO~/o 59.58"1. 1.12"/0 -0.67% 0.67"1. 
15 no ncn-fissioo prod.d IMlrSl ca:;e t€r'T"Pate SFD Information -55.45% 21.79'1. 5.44% -3.02% 1.19% 
16 no ncn-fissioo PI'ClC1d IMlrSl ca:;e terre!ate Ac3sured En.=2*Ea... -74.16% 21.79'1. 1.12"/0 -0.83% 0.24°1. 

-0.2146 0.2158 100.00"1. 

Lastly, for analyses in which the source term per canister or the total number of DOE SNF 
canisters is important, the uncertainty associated with the projected canister count must be taken into 
consideration. Although the canister count is estimated at approximately 3,500 (including the 
standardized canisters required for high integrity cans), a potential range of 2,500 to 5,000 canisters 
should be considered in order to account for uncertainty and to assess the importance of the canister 
count. The bases for this uncertainty and a summary of the number of standardized canisters of each size 
required for each DOE SNF group is included in Appendix F and further discussed in Reference 28. 
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Appendix A 

Template Selection Guide and Templates 
On the following page a table is provided listing each of the templates as outlined in report 

DOE/SNFIREP-059. The templates that were not completed have a TBD (to be determined) in the Page 
Number column and have a crosswalk to an acceptable completed template. An appropriate template is 
selected based on the reactor moderator, the fuel compound, BOL enrichment, and cladding. When 
possible, a template is selected that matches all four of these parameters. If one or more of these 
parameters is not known, a conservative assumption may be applied. If a template matching all four 
parameters is not available, an alternative template may be applied in accordance with the template 
selection guide. When matching a fuel record to a template, the order of importance of the four criteria is: 
I-reactor moderator, 2-fuel type, 3-cladding, and 4-enrichment. 

Following the template table is a detailed writeup of each of the completed templates. (The page 
numbers of each template are shown in the template table.) Some templates use 365.25 days per year for 
the decay calculations, and some templates use 365 days per year. This should produce a very minimal 
error in the output. 
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Templates and Template Selection Guide 

Reactor Type 
(moderator) Fuel Clad 

BOL 
Enrichment 

BOL 
Heavy Metal 
Constituents 

Template 
No. Template Fuel 

Alternate 
Template 

No. a 
Page 
No. 

Fast Stainless Steel 60 to 100% Pu and U 1 TBDh 3 TBDh 

Fast Stainless Steel 30 to 100% U 2 TBD 5 TBD 

Fast Stainless Steel 10 to 30% Pu and U 3 FFTF NA A-5 

Fast Stainless Steel Oto5% U 4 TBD 5 TBD 

Fast Zirconium 10 to 40% U 5 Fermi NA A-20 

Graphite Graphite 60 to 100% Thand U 6 Ft. St. Vrain NA A-39 
Graphite Zirconium Oto 5% U 7 N-Reactor NA A-51 

Heavy Water Aluminum 40 to 100% U 8 HFBR NA A-64 

Heavy Water Aluminum 10 to 20% U 9 Modified HFBR NA A-74 
Heavy Water Stainless Steel Oto 5% U 10 Modified HFBR NA A-84 
Heavy Water Zirconium Oto 5% U 11 Modified HFBR NA A-96 
Light Water Aluminum 60 to 100% U 12 ATR NA A-108 
Light Water Aluminum 40 to 60% U !3 TBD 12 TBD 
Light Water Aluminum 10 to 20% U 14 TBD 12 TBD 
Light Water Stainless Steel 60 to 100% U 15 Pathfinder NA A-121 
Light Water Stainless Steel 60 to 100% Th and U 16 TBD 21 TBD 

Light Water Unclad 40 to 60% U 17 TBD 15 TBD 
Light Water Stainless Steel 10 to 20% U 18 TBD 15 TBD 
Light Water Stainless Steel 5 to 10% Th and U 19 TBD 21 TBD 
Light Water Stainless Steel Oto5% U 20 TBD 15 TBD 
Light Water Zirconium 60 to 100% Thand U 21 LWBR NA A-134 
Light Water Zirconium 60 to 100% U 22 TBD 15 TBD 
Light Water Zirconium 5 to 20% U 23 TBD 24 TBD 
Light Water Zirconium Oto5% U 24 PWR NA A-lSI 
Light Water Zirconium Oto5% Pu and U 25 TBD 29 TBD 
LW/U-Zrxc Aluminum 10 to 20% U 26 TRIGA-Al NA A-162 
LW/U-Zrxc Stainless Steel 60 to 100% U 27 TRIGA-FLIP NA A-174 
LW/U-Zrxc Stainless Steel 10 to 20% U 28 TRIGA-SS NA A-187 

Inconel and 
Stainless Steel 

U-Pu-Th Hypothetical NA A-200 

All Else Composited Composited Composited 29 Worst Case NA A-211 
a. This column specifies the available template that was used in this analysis. 
b. The templates with a TBD designation were not completed due to time and funding constraints. 
c. Light water and uranium-zirconium-hydride (LWIU-Zrx) moderated reactor. 
d. This template does not represent any real or postulated fuel. It includes the maximum normalized (per MWd per kg) radionuclide content for 
each radionuclide from each of the other templates. 
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Template 3 

Fuel-Specific Source Term Calculations 
Fast Flux Test Facility (FFTF) Fuel 

Introduction 

The Fast Flux Test Facility (FFTF) spent nuclear fuel (SNF) currently resides at the U.S. 
Department of Energy (DOE) Hanford Site. The total FFTF SNF inventory represents approximately 
0.25% of the total uranium mass in the DOE SNF inventory. 

The radionuclide inventory or source term useci for the FFTF template is based on a radionuclide 
inventory calculated by the Hanford site personnel (References 1 and 2). The Hanford calculation 
represents a relatively comprehensive list of radionuclides; however, the reported inventory does not 
provide activity estimates for all of the radionuclides identified in the "Guide for Estimating DOE Spent 
Nuclear Fuel Source Terms" (Reference 3). In order to provide these additional radionuclide activity 
estimates, a complementary FFTF fuel assembly depletion calculation was performed by the Idaho 
National Engineering and Environmental Laboratory (lNEEL) National SNF Program personnel. 

The INEEL complementary calculation was designed to use the same input data as the Hanford 
calculation and match the reported Hanford radionuclide activities. Matching activities provided the 
verification basis for using the INEEL calculated additional radionuclides in the template inventory here. 
The INEEL FFTF fuel assembly depletion calculation used the same input data, namely bumup 
(152,230 MWd/MTHM), assembly heavy metal isotopic masses, assembly structural masses, assembly 
geometry, and FFTF reactor data. 

In order to reproduce the Hanford calculation, the INEEL calculational methodology 
(Reference 4) was invoked to generate beginning-of-life (BOL) FFTF fuel assembly neutron cross 
sections and perform the depletion calculation. Good agreement was obtained between the Hanford and 
INEEL depletion calculation results. As a consequence, the additional radionuclide activity estimates 
were taken directly from the INEEL output and used to supplement the Hanford data as needed. 

Fast Flux Test Facility 

The FFTF was a 400-MW(th), liquid sodium-cooled, fast flux test reactor, which is owned by 
DOE and located on the Hanford Site. The FFTF mission was to provide testing capability for US 
advanced reactor programs and the production of medical radioisotopes. In 1993, the FFTF was ordered 
into a safe shutdown condition, and in 2002 the FFTF was ordered to be permanently shut down and 
defueled. During its lO-year operation, the FFTF irradiated a wide variety of fuels, including the FFTF 
driver fuel, potential driver fuels, and related advanced fuel systems. 

Fast Flux Test Facility Fuel Assembly Data 

An FFTF driver assembly is 144 inches long and is a hexagonal bundle of 217 wire-wrapped fuel 
pins, encased in a stainless steel duct. Figures 1 and 2 show an FFTF standard driver fuel assembly with 
the major features and dimensions identified. 

The FFTF fuel is a mixed oxide (MOX) of uranium and plutonium oxides. The uranium 
enrichment is 0.2% U-235 (or depleted uranium), and the plutonium enrichment is 86% Pu-239. The 
plutonium heavy metal mass fraction is 29% PU/[U+PU]. Over the course of the FFTF operation, there 
were four different types of driver assemblies. These assemblies differed in fissile load, but maintained 
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the same basic physical geometry. Of these four assemblies, the assembly with the highesi plutonium 
content (Type 4.1) was chosen for the Hanford high burnup depletion calculation. 

The cladding and duct material for the driver assembly are 316 stainless steel (SS-316). The 
depletion calculations were performed using material masses that encompass only the active 36-in. 
(91.44-c::n) long core region. Hence, the structural material, the small Inconel or depleted uranium 
spacers, and the SS-316 end fixtures were ignored because of the relatively low neutron fluence and 
minimal expected activation in these regions above and below the fuel column. 

Selected FFfF standard driver fuel assembly design characteristics are listed below: 

Fuel Bundle:
 Hexagonal array of 217 wire-wrapped pins 
Fuel Pin Pitch:
 Triangular, O.726-cm pin-to-pin centers 

Fuel Pel~et Diameter:
 0.494 cm 
Fuel Material:
 Mixed UIPu oxide 
U Enrichment:
 0.2% U-235 BOL (depleted uranium) 
Pu Enrichment:
 86% Pu-239 BOL 
Pellet Density [%TD]:
 90.4 
Smeared Density [%TD]:
 85.5 
Oxygen/Metal Atom Ratio:
 1.96 

Active Fuel Length:
 91.44 cm 
Fuel Pin Length:
 237.5 cm 
Assembly Length:
 365.8 cm 

Cladding Outer Diameter:
 5.84mm 
Cladding Thickness:
 0.38 mm
 
Cladding Material:
 Stainless Steel 316 (SS-316)
 
Pellet-Cladding Gap Thickness:
 0.14 mm (diametral) 

Wire Diameter:
 1.422 mm 
WirelDuct Material:
 SS-316 

Coolant:
 Liquid Sodium 
Average Coolant Density:
 0.846 g/cc (443.5°C) 

Fast Flux Test Facility Assembly Fuel Compositions/Masses 

Table 1 lists the Hanford-supplied FFfF fuel assembly compositions/masses that include the 
heavy metal uranium and plutonium isotopic masses in a single assembly. In addition, the oxygen in the 
MOX fuel is given along with the total SS-316 structural mass for a single assembly. These data are part 
of the ORIGEN input data and are used in both the Hanford and INEEL activation/depletion calculations. 
Note: These masses differ slightly from the descriptive text in Reference 2. 

Fast Flux Test Facility Assembly Structural Constituents and Impurities 

Table 2 lists the major SS-3l6 constituent elements and impurities needed for the activation 
calculation. Column 1 lists both the major constituents and impurity elements in the SS-316. Column 2 is 
the Hanford-supplied element weight percents for the major constituents. These Column 2 data are used 
in both the Hanford and INEEL calculations. The Column 3 data are the impurity concentrations in ppm 
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per Reference 5. The INEEL calculation in addition includes these impurity data in the activation 
calculation. 

Burnup 

The bumup chosen for this template is 152,230 MWdlMTHM as specified by the Hanford
 
calculation (Reference 2). This encompasses all the spent FFfF driver fuel assemblies as well as the Test
 
Driver fuel assemblies. The 275 Test Driver fuel assemblies are basically the same in terms of geometry
 
'.lnd heavy metal loading as the standard driver assemblies, with the exception of minor variations in the
 
55-316 cladding composition (such as titanium additions to the generic 55-316 cladding alloy). Most of
 
the standard driver assemblies have bumups in the range of 70,000 to 90,000 MWd/MTHM. Only three
 
FFTF experiments exceeded the 150,000-MWd/MTHM bumup value. For calculational purposes here,
 
the FFfF fuel assembly bumup is assumed to be continuous over 928 equivalent full power days (EFPDs)
 
at an assembly power of 5.4 MW. 

The relatively high bumup (152,230 MWd/MTIHM) is conservative for the buildup of fission 
products, activation products, and minor actinides in the source term and nonconservative with regard to 
criticality safety and fissile isotope concentrations, in particular Pu-239. 

Cross Sections 

The Hanford calculations used here were performed in 1991. An independent review of the
calculations was performed in 1999 by Hanford personnel. The Hanford reviewers were familiar with 
both the FFfF and the ORlGEN code (Reference 6). The calculations were found to be consistent and 
correct based on available information. However, the available ORlGEN output does not specifically list 
the cross sections used in the calculations, and therefore, they are not independently verifiable. 

The corresponding INEEL depletion calculation generated BOL cross sections based on the FFfF 
data given above and the methodology described in Reference 4. These neutron cross sections were used 
in the INEEL bumup or depletion calculation for the generation of activity estimates for the additional 
radionuclides required for the single FFfF fuel assembly source template inventory. Cross sections for 
37 actinides were updated in a standard ORlGEN21iquid metal fast reactor library. The FFfF specific 
cross sections take into account neutron flux spectral and spatial characteristics of the FFfF and assembly 
geometry and materials. 

An explicit triangular pitch unit cell model with reflective boundary conditions was developed for 
the MCNP4B computer code (Reference 7) to represent an FFfF fuel assembly. This model was used to 
calculate the volume-averaged fluxes and reaction rates for the 37 actinides. These data were then 
converted into I-group cross sections for use in the ORlGEN2 depletion or activation calculation. 

Burnup Calculation 

Table 3 summarizes the power or exposure history used in the INEEL bumup or source term
 
calculations for a single FFfF fuel assembly. Following the bumup or exposure period, the radionuclide
 
activities are decayed for 5, 10, 15, 20, 25, 35, 50, 65, 80, and 100 years. These decay or cooling times
 
correspond to the specified time periods in Reference 3. The radionuclides and their corresponding
 
activities included in the Hanford calculations are incorporated directly into the template. The Hanford

provided radionuclide inventory is given only for decay times of 5, 10, 20, 50, and 100 years. Therefore,
 
interpolation of these data were required in order to provide estimates for the other five decay dates. The
 
INEEL calculation was used to supplement the Hanford data by providing activity estimates for the 
radionuclides not reported in Reference 2. The radionuclides/activities reported in Reference 2 and the 



DOE/SNF/REP-078 January 2004
 
Revision 1 Page A-8 of A-212
 I 

I 
I 
I
I 
I 
I 
I 
I
I 
I 
I 
I

interpolated values are designated separately in the table as are the INEEL-generated 
radionuclides/activities. 

The goal for the FFTF template was to use the Hanford-provided data where possible and not try 
to reproduce these data. The simplest means of interpolation was the linear interpolation in order to fill in 
the othe: missing decay time vectors not supplied by Hanford. With the exception of a few low 
concentration daughter decay products, the relatively long-lived 41 radionuclides decay in a nice smooth 
exponential fashion. Linear interpolation is a reasonable approach to estimating the intermediate time 
vector activities. Any error introduced from linear interpolation results in an estimated activity that is 
greater than the actual value. This is in line with the basic template philosophy of erring conservatively. 

The Hanford depletion calculation used the ORJGEN2 code to calculate the radionuclide 
concentrations that follow in the attached template. The source terms are for a single 217 pin FFTF MOX 
assembly. Masses of material, burnup, and power level are as indicated above. Radionuclide activities in 
the template are presented as a function of decay time after shutdown. 

Similarly, the INEEL depletion calculation also used the ORIGEN2 computer code to calculate 
radionuclide inventory for a single FFTF fuel assembly. The fuel element masses and impurities 
(graphite, uranium, and thorium), neutron cross sections, burnup, power history, and power level as 
discussed above are input data for the ORIGEN2 calculation. 
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Table 1. FFfF driver fuel isotopic constituents and masses in a single assembly. 

Mass Heavy Metal 
IsotopelElement (g) Mass Fraction 

Pu-239 8382.9 0.254660 

Pu-240 1162.5 0.035316 

Pu-24 I
 115.4 0.003504 

Pu-242
 18.5 0.000563 

Total Pu 9679.3 0.294042 

Am-24 I
 18.5 0.000561 

U-235
 49.5 0.001504 

U-238
 23170.8 0.703892 

Total U
 23220.3 0.705396 

Total heavy metal
 32918.1 1.000000 

Oxygen
 4347.6 

55-316
 21327.8 

Total 58593.5 
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Table 2. FFTF SS-316 structural material constituent and impurity concentrations. 
SS-316 Cladding SS-316 Cladding 

Constituent Concentration Concentration (Ref. 5) 
or Impurity (wt%) (ppm) 

H 
Li 0.18 
Be 
B 0.002 
C 0.06 
N 0.01 
o 
F 

Na
 6 
Mg
 
Al
 0.05 
Si
 0.75 
P 0.04 
S 0.01 
Cl 
K 3 
Ca 14 
Sc 
Ti 200 
V 0.04 
Cr 18.00 
Mn 2.00 
Fe 61.848 
Co 0.05 
Ni R4.00 
Cu 0.04 
Zn 71 
Ga 60 
As 0.03 
Se 9 
Br 2 
Rb 
Sr 0.23 
y 5 
Zr 6 
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Table 2. (continued). 

Constituent 
or Impurity 

SS-316 Cladding 
Concentration 

(wt%) 

SS-316 Cladding 
Concentration (Ref. 5) 

(ppm) 

Nb 0.05 
Mo 3.00 
Ag 5 
Cd 
In 
Sn 

Sb 13 
Cs 
Ba 
La 0.2 
Ce 
Pr 
Nd 
Sm 0.2 
Eu 0.07 
Gd 
Tb 9 
Dy 
Ho I 
Er 
Tm 
Yb 2 
Lu 0.8 
Hf 
Ta 0.02
 
W 218
 
TI 
Pb 30
 
Bi 
Th 
U 5 
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Table 3. Assumed power and decay history for the FFfF fuel assembly used in the INEEL template 
depletio::l calculation. 

Duration Cumulative Duration Time-Averaged Power 
(days) (days) (MWth) 

928 928 5.4
 

1826.25 2754.25 0.0
 

1826.25 4580.50 0.0
 

1826.25 6406.75 0.0
 

1826.25 8233.00 0.0
 

1826.25 10059.25 0.0
 

3652.5 13711.75 0.0
 

5478.75 19190.50 0.0
 

5478.75 24669.25 0.0
 

5478.75 30148.00 0.0
 

7305.00 37453.00 0.0 

The ten dates with zero associated power represent the ten different cooling or decay dates after exposure. 
These ten dates are specifically the 5, 10, 15,20,25,35,50,65,80, and 100-year decay times in 
accordance with the template format. 
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Figure 1. Fast Flux Test Facility fuel pin bundle cross section. 
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Figure 2. Fast Flux Test Facility standard driver fuel assembly. 
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Fast Flux Test Facility Element 
Stainless Steel Cladding, MOX Fuel 

Coolant: Liquid Sodium 
Fuel Meat: MOX 
Clad: Stainless Steel 316 
Burnup: 152,230.0 MWd/MTHM 
Burnup: 5,011.2 MWd/single assembly (high burnup) 
Basis of Calculation: Single fuel assembly 
BOl U-235: 49.5 grams U-235 per assembly 
BOl U-238: 23,170.8 grams U-238 per assembly 
BOl Total U per Assembly: 23,220.3 grams U per assembly 
BOl Pu-239 8,382.9 grams Pu-239 per assembly 
BOl Pu-240 1,162.5 grams Pu-240 per assembly 
BOl Pu-241 115.4 grams Pu-241 per assembly 
BOl Pu-242 18.5 grams Pu-242 per assembly 
BOl Am-241 18.5 grams Am-241 per assembly 
BOl Total Pu/Am per Assembly 9,697.8 grams Pu/Am per assembly 
BOl U Enrichment 0.2% U-235 
BOl Pu Enrichment: 86.4% Pu-239 

DECAY TIMES (years out of core) 
(Activities* in Ci/assembly) 

Radionuclide 5 10 15 20 25 35 50 65 80 100 
AC227 8.726E-l0 2.297E-09 4.321 E-09 6.883E-09 9.928E-09 1.729E-08 3.098E-08 4.729E-08 6.579E-08 9.343E-08 
AGll0 1.505E-Ol 9.491 E-04 5.988E-06 3.778E-08 2.383E-l0 9.486E-15 2.382E-21 5.982E-28 1.502E-34 2.379E-43 
AGll0M 1.131E+Ol 7.136E-02 4.502E-04 2.840E-06 1.792E-08 7.132E-13 1.791 E-19 4.497E-26 1.129E-32 1.789E-41 
AGlll O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
AM241 2.150E+02 3.190E+02 3.905E+02 4.620E+02 4. 880E+02 5.400E+02 6.180E+02 6. 186E+02 6. 192E+02 6.200E+02 
AM242 1.100E+01 1.070E+01 1.050E+01 1.030E+01 1.007E+01 9. 620E+OO 8.940E+OO 8. 394E+OO 7. 848E+OO 7.120E+OO 
AM242M 1.100E+01 1.080E+01 1.055E+01 1.030E+01 1.008E+01 9. 645E+OO 8.990E+OO 8.441E+OO 7. 892E+OO 7.160E+OO 
AM243 5.397E-Ol 5.394E-Ol 5.392E-Ol 5.389E-Ol 5.387E-Ol 5.382E-Ol 5.374E-Ol 5.366E-Ol 5.359E-Ol 5.349E-Ol 
BA136M O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
BA137M 1.250E+04 1.120E+04 1.003E+04 8.850E+03 8. 113E+03 6. 638E+03 4.425E+03 3.516E+03 2.606E+03 1.394E+03 
BA140 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
BE10 1.382E-06 1.382E-06 1.382E-06 1.382E-06 1.382E-06 1.382E-06 1.382E-06 1.382E-06 1.382E-06 1.382E-06 
81211 8.729E-l0 2.298E-09 4.326E-09 6.892E-09 9.941E-09 1.730E-08 3.101 E-08 4.734E-08 6.586E-08 9.351 E-08 
BI212 4.124E-03 6.614E-03 7.349E-03 7.354E-03 7.119E-03 6.504E-03 5.632E-03 4.875E-03 4.220E-03 3.484E-03 
C14 1.310E-Ol 1.310E-01 1.310E-01 1.310E-01 1.308E-01 1.305E-01 1.300E-01 1.300E-01 1.300E-01 1.300E-01 
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DECAY TIMES (years out of core) 
(Activities* in Ci/assembly) 

Radionuclide 5 10 15 20 25 35 50 65 80 100 
CD113 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CD113M 1.378E+01 1.087E+01 8.569E+00 6.757E+OO 5.328E+00 3.313E+00 1.625E+00 7.966E-01 3.906E-01 1.510E-01 
CD115M 2.210E-10 1.039E-22 4.884E-35 2.296E-47 1.080E-59 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CE141 2.920E-12 3.596E-29 4,429E-46 5,455E-63 6.718E-80 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CE142 3,496E-06 3,496E-06 3.496E-06 3,496E-06 3,496E-06 3,496E-06 3,496E-06 3,496E-06 3,496E-06 3,496E-06 
CE144 1.510E+03 1.760E+01 8.801E+OO 2.380E-03 1.983E-03 1. 190E-03 5.930E-15 4.151E-15 2.372E-15 2.710E-34 
CL36 1.716E-06 1.716E-06 1.716E-06 1.716E-06 1.716E-06 1.716E-06 1.716E-06 1.716E-06 1.716E-06 1.716E-06 
CM242 1.160E+01 8.880E+OO 8. 680E+OO 8.480E+OO 8.300E+OO 7. 940E+OO 7.400E+OO 6. 947E+OO 6.494E+OO 5.890E+OO 
CM243 4.224E+00 3.741E+00 3.312E+00 2.933E+OO 2.597E+OO 2.036E+OO 1,414E+00 9.818E-01 6.817E-01 4.191 E-01 
CM244 2.160E+01 1.780E+01 1.500E+01 1.220E+01 1.081E+01 8.030E+OO 3.860E+OO 2.873E+OO 1.885E+OO 5.690E-01 
CM245 8.881 E-03 8.877E-03 8.873E-03 8.870E-03 8.866E-03 8.859E-03 8.848E-03 8.837E-03 8.826E03 8.812E-03 
CM246 4.769E-04 4.765E-04 4.762E-04 4.758E-04 4.755E-04 4.748E-04 4.737E-04 4.727[-04 4.717E-04 4.703E-04 
CM247 3.033E-09 3.033E-09 3.033E-09 3.033E-09 3.033E-09 3.033E-09 3.033E-09 3.033E-09 3.033E-09 3.033E-09 
C060 2.430E+02 1.260E+02 7. 985E+O 1 3.370E+01 2.819E+01 1.718E+01 6.520E-01 4.567E-01 2.613E-01 9.080E-04 
CR51 5.593E-17 8.069E-37 1.164E-56 1.679E-76 2,423E-96 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CS134 2.410E+03 4.490E+02 2.323E+02 1.560E+01 1.300E+01 7.800E+OO 6.490E-04 4.543E-04 2.596E-04 3.260E-11 
CS135 2.390E-01 2.390E-01 2.390E-01 2.390E-01 2.390E-01 2.390E-01 2.390E-01 2.390E-01 2.390E-01 2.390E-01 
CS136 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CS137 1.320E+04 1.180E+04 1.058E+04 9.360E+03 8.580E+03 7. 0 19E+03 4.678E+03 3. 717E+03 2. 755E+03 1.473E+03 
EU152 5.655E+OO 4.383E+OO 3.397E+OO 2.633E+OO 2.040E+00 1.226E+00 5.707E-01 2.657E-01 1.237E-01 4,463E-02 
EU154 4.980E+02 3.330E+02 2.410E+02 1.490E+02 1.264E+02 8. 110E+01 1.320E+01 9.311E+OO 5.421E+OO 2.350E-01 
EU155 1.110E+03 5.500E+02 3.430E+02 1.360E+02 1. 137E+02 6.903E+01 2.053E+OO 1.438E+OO 8.223E-01 1.890E-03 
EU156 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
FE55 2.080E+02 5.480E+01 2.931E+01 3.810E+OO 3. 175E+OO 1.906E+OO 1.280E-03 8. 960E-04 5. 120E-04 2.080E-09 
FE59 7.510E-11 4.559E-23 2.767E-35 1.680E-47 1.020E-59 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
FR223 1.204E-11 3.169E-11 5.964E-11 9,499E-11 1.370E-10 2.385E-10 4.275E-10 6.526E-10 9.079E-10 1.289E-09 
GD153 1.082E-01 5.791 E-04 3.098E-06 1.658E-08 8.870E-11 2.539E-15 3.890E-22 5.959E-29 9.129E-36 7,483E-45 
H3 7.550E+01 5.700E+01 4.475E+01 3.250E+01 2.809E+01 1.927E+01 6.040E+OO 4. 338E+OO 2.635E+OO 3.650E-01 
1129 6.460E-03 6.460E-03 6. 460E-03 6.460E-03 6. 460E-03 6. 460E-03 6.460E-03 6.460E-03 6.460E-03 6.460E-03 
1131 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
IN114 5.629E-12 4,440E-23 3.502E-34 2.762E-45 2.178E-56 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
IN114M 5.882E-12 4.639E-23 3.659E-34 2.886E-45 2.276E-56 O.OOOE+OO O.OOOE+OO ·O.OOOE+OO O.OOOE+OO O.OOOE+OO 
IN115M 1.553E-14 7.301 E-27 3,433E-39 1.614E-51 7.587E-64 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
KR85 6.450E+02 4.670E+02 3.555E+02 2.440E+02 2.092E+02 1.396E+02 3.510E+01 2.499E+01 1.487E+01 1.390E+OO 

- - ,,::: 
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DECAY TIMES (years out of core) 
(Activities* in Ci/assembly) 

Radionuclide 5 10 15 20 25 35 50 65 80 100 
MN54 1.690E+02 2.930E+OO . 1.465E+00 8.890E-04 7.408E-04 4.445E-04 2.480E-14 1. 736E-14 9.920E-15 6.330E-32 
M093 2.980E-02 2.977E-02 2.974E-02 2.971E-02 2.968E-02 2.962E-02 2.953E-02 2.945E-02 2.936E-02 2.924E-02 
NB93M 5.116E-02 8.077E-02 1.037E-Ol 1.215E-01 1.353E-Ol 1.543E-01 1.695E-01 1.766E-01 1.799E-01 1.817E-01 
NB94 1.384E-Ol 1.384E-01 1.384E-01 1.384E-01 1.383E-01 1.383E-Ol 1.382E-01 1.381 E-01 1.381 E-01 1.380E-01 
NB95 1.176E-03 3.005E-12 7.682E-21 1.964E-29 5.019E-38 3.279E-55 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
NB95M 3.929E-06 1.004E-14 2.567E-23 6.561 E-32 1.677E-40 1.096E-57 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
ND144 1.41 OE-1 0 1.416E-10 1.416E-l0 1.416E-10 1.416E-10 1.416E-10 1.416E-10 1.416E-10 1.416E-l0 1.416E-10 
ND147 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
NI59 1.115E+00 1.115E+00 1.115E+00 1.115E+00 1.115E+00 1.115E+00 1.114E+00 1.114E+00 1.114E+00 1.114E+00 
NI63 2.090E+Ol 2.010E+Ol 1.940E+0 1 1.870E+Ol 1.807E+01 1. 680E+0 1 1.490E+01 1. 349E+0 1 1.208E+01 1.020E+Ol 
NP237 1.160E-02 1.210E-02 1.270E-02 1.330E-02 1.422E-02 1.605E-02 1.880E-02 2. 186E-02 2.492E-02 2.900E-02 
PA231 7.779E-09 1.320E-08 1.879E-08 2.454E-08 3.047E-08 4.281E-08 6.258E-08 8.385E-08 1.066E-07 1.393E-07 
PA233 9.701 E-03 1.012E-02 1.068E-02 1.136E-02 1.212E-02 1.384E-02 1.668E-02 1.965E-02 2.266E-02 2.662E-02 
PA234 9.062E-06 9.062E-06 9.062E-06 9.062E-06 9.062E-06 9.062E-06 9.062E-06 9.062E-06 9.062E-06 9.062E-06 
PA234M 6.971 E-03 6.971 E-03 6.971 E-03 6.971 E-03 6.971 E-03 6.971 E-03 6.971 E-03 6.971 E-03 6.971 E-03 6.971E-03 
PB210 1.110E-09 9.814E-10 9.566E-10 1.111 E-09 1.540E-09 3.685E-09 1.213E-08 0.041 E-08 6.267E-08 1.345E-07 
PB211 8.729E-10 2.298E-09 4.326E-09 6.892E-09 9.941 E-09 1.730E-08 3.101E-08 4.734E-08 6.586E-08 9.351 E-08 
PB212 4.124E-03 6.614E-03 7.349E-03 7.354E-03 7.119E-03 6.504E-03 5.632E-03 4.875E-03 4.220E-03 3.484E-03 
PD107 3.263E-02 3.263E-02 3.263E-02 3.263E-02 3.263E-02 3.263E-02 3.263E-02 3.263E-02 3.263E-02 3.263E-02 
PM145 2.559E-06 2.134E-06 1.755E-06 1.443E-06 1.186E-06 8.020E-07 4.458E-07 2.477E-07 1.377E-07 6.292E-08 
PM147 8.270E+03 2.210E+03 1. 184E+03 1.570E+02 1.308E+02 7. 853E+01 5.670E-02 3.969E-02 2.268E-02 1.040E-07 
PM148 7.326E-11 3.568E-24 1.737E-37 8.461 E-51 4.121 E-64 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PM148M 1.301 E-09 6.334E-23 3.085E-36 1.502E-49 7.316E-63 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
P0212 2.642E-03 4.238E-03 4.708E-03 4.712E-03 4.561E-03 4.167E-03 3.609E-03 3.123E-03 2.704E-03 2.232E-03 
P0215 8.729E-10 2.298E-09 4.326E-09 6.892E-09 9.941 E-09 1.730E-08 3.101E-08 4.734E-08 6.586E-08 9.351 E-08 
P0216 4.124E-03 6.614E-03 7.349E-03 7.354E-03 7.119E-03 6.504E-03 5.632E-03 4.875E-03 4.220E-03 3.484E-03 
PR143 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PR144 1.510E+03 1.760E+Ol 8.801E+00 2.380E-03 1.983E-03 1. 190E-03 5.930E-15 4. 151E-15 2.372E-15 2.710E-34 
PR144M 1.810E+01 2.110E-Ol 1. 055E-0 1 2.860E-05 2. 383E-05 1.430E-05 7.110E-17 4.977E-17 2.844E-17 3.250E-36 
PU236 5.526E-02 1.639E-02 4.859E-03 1.441 E-03 4.276E-04 3.794E-05 1.358E-06 4.038E-07 3.789E-07 3.782E-07 
PU237 2.949E-12 2.592E-24 2.278E-36 2.002E-48 1.760E-60 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PU238 1.550E+02 1.490E+02 1. 435E+02 1.380E+02 1. 169E+02 7.455E+01 1.110E+01 3.081E+01 5. 052E+0 1 7.680E+01 
PU239 3.430E+02 3.430E+02 3.430E+02 3.430E+02 3. 430E+02 3.430E+02 3.430E+02 3.427E+02 3.424E+02 3.420E+02 
PU240 3.690E+02 3.690E+02 3.690E+02 3.690E+02 3. 688E+02 3.685E+02 3.680E+02 3. 674E+02 3. 668E+02 3.660E+02 
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DECAY TIMES (years out of core) 
(Activities* in Ci/assembly) 

Radionuclide 5 10 15 20 25 35 50 65 80 100 
PU242 1.260E-01 1.260E-01 1.260E-01 1.260E-01 1.262E-01 1.265E-01 1.270E-01 1.270E-01 1.270E-01 1.270E-01 
PU244 5.621 E-09 5.621E-09 5.621E-09 5.621 E-09 5.621 E-09 5.621 E-09 5.621 E-09 5.621 E-09 5.621 E-09 5.621 E-09 
RA223 8.729E-10 2.298E-09 4.326E-09 6.892E-09 9.941 E-09 1.730E-08 3.101E-08 4.734E-08 6.586E-08 9.351E-08 
RA224 4.124E-03 6.614E-03 7.349E-03 7.354E-03 7.119E-03 6.504E-03 5.632E-03 4.875E-03 4.220E-03 3.484E-03 
RA226 6.989E-11 4.202E-10 1.283E-09 2.880E-09 5.427E-09 1.418E-08 3.935E-08 8.319E-08 1.500E-07 2.812E-07 
RA228 3.162E-14 9.100E-14 1.736E-13 2.754E-13 3.941E-13 6.770E-13 1.207E-12 1.858E-12 2.630E-12 3.845E-12 
RB87 1.853E-06 1.853E-06 1.853E-06 1.853E-06 1.853E-06 1.853E-06 1.853E-06 1.853E-06 1.853E-06 1.853E-06 
RH103M 2.761 E-09 2.793E-23 2.826E-37 2.859E-51 2.892E-65 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
RH106 4.550E+03 1.460E+02 7.308E+01 1.510E-01 1.258E-01 7. 550E-02 1.660E-10 1. 162E-10 6.640E-11 1.940E-25 
RN219 8.729E-10 2.298E-09 4.326E-09 6.892E-09 9.941 E-09 1.730E-08 3.101E-08 4.734E-08 6.586E-08 9.351E-08 
RN220 4.124E-03 6.614E-03 7.349E-03 7.354E-03 7.119E-03 6.504E-03 5.632E-03 4.875E-03 4.220E-03 3.484E-03 
RU103 3.063E-09 3.098E-23 3.134E-37 3.171 E-51 3.208E-65 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
RU106 4.550E+03 1.460E+02 7.308E+01 1.510E-01 1.258E-01 7. 550E-02 1.660E-10 1. 162E-10 6.640E-11 1.940E-25 
SB124 3.254E-07 2.398E-16 1.767E-25 1.302E-34 9.590E-44 5.206E-62 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SB125 1.160E+03 3.310E+02 1. 791E+02 2.710E+01 2.259E+0 1 1. 356E+O 1 1.490E-02 1.043E-02 5.960E-03 5.470E-08 
SB126 3.081 E-02 3.081E-02 3.081 E-02 3.081 E-02 3.081 E-02 3.080E-02 3.080E-02 3.080E-02 3.079E-02 3.079E-02 
SB126M 2.201 E-01 2.201E-01 2.201 E-01 2.201 E-01 2.200E-01 2.200E-01 2.200E-01 2.200E-01 2.200E-01 2.199E-01 
SE79 5.080E-02 5.080E-02 5.080E-02 5.080E-02 5.o78E-02 5.o75E-02 5.070E-02 5.070E-02 5.070E-02 5.070E-02 
SM145 6.827E-07 1.650E-08 3.989E-10 9.641 E-12 2.330E-13 1.361E-16 1.923E-21 2.715E-26 3.834E-31 1.309E-37 
SM147 8.211 E-07 9.674E-07 1.006E-06 1.017E-06 1.020E-06 1.021 E-06 1.021 E-06 1.021E-06 1.021E-06 1.021E-06 
SM151 5.060E+02 4.870E+02 4. 690E+02 4.510E+02 4. 355E+02 4.045E+02 3.580E+02 3.238E+02 2.896E+02 2.440E+02 
SN119M 3.524E-01 2.011 E-03 1.147E-05 6.545E-08 3.734E-10 1.216E-14 2.258E-21 4.195E-28 7.791 E-35 8.258E-44 
SN121M 1.625E-01 1.516E-01 1.415E-01 1.320E-01 1.231 E-01 1.072E-01 8.706E-02 7.071 E-02 5.743E-02 4.351 E-02 
SN123 5.659E-02 3.138E-06 1.740E-10 9.644E-15 5.347E-19 1.643E-27 2.800E-40 4.772E-53 8.131 E-66 7.681 E-83 
SN125 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SN126 2.201 E-01 2.201E-01 2.201 E-01 2.201 E-01 2.200E-01 2.200E-01 2.200E-01 2.200E-01 2.200E-01 2.199E-01 
SR89 1.068E-06 1.386E-17 1.799E-28 2.335E~39 3.031E-50 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SR90 4.820E+03 4.280E+03 3.825E+03 3.370E+03 3.083E+03 2.510E+03 1.650E+03 1.306E+03 9.618E+02 5.030E+02 
TB160 1.971 E-05 4.914E-13 1.225E-20 3.051 E-28 7.602E-36 4.721E-51 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
TC99 1.975E+00 1.975E+00 1.975E+00 1.975E+OO 1.975E+00 1.975E+00 1.975E+00 1.975E+00 1.974E+00 1.974E+00 
TE123M 1.210E-04 3.083E-09 7.856E-14 2.003E-18 5.103E-23 3.314E-32 5.486E-46 9.082E-60 1.504E-73 6.342E-92 
TE125M 2.820E+02 8.070E+01 4. 366E+O 1 6.610E+OO 5.509E+OO 3.307E+OO 3.630E-03 2.541E-03 1.452E-03 1.340E-08 
TE127 3.032E-02 2.743E-07 2.482E-12 2.246E-17 2.032E-22 1.664E-32 1.233E-47 9.134E-63 6.767E-78 4.537E-98 
TE127M 3.095E-02 2.801E-07 2.534E-12 2.293E-17 2.075E-22 1.699E-32 1.259E-47 9.325E-63 6.909E-78 4.632E-98 
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DECAY TIMES (years out of core) 
(Activities* in Ci/assembly) 

Radionuclide 5 10 15 20 25 35 50 65 80 100 
TE129M 3.892E-13 1.691 E-29 7.349E-46 3.193E-62 1.387E-78 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
TH227 8.608E-10 2.267E-09 4.266E-09 6.797E-09 9.804E-09 1.706E-08 3.058E-08 4.668E-08 6.495E-08 9.223E-08 
TH228 4.124E-03 6.611 E-03 7.343E-03 7.348E-03 7.113E-03 6.503E-03 5.632E-03 4.875E-03 4.220E-03 3.484E-03 
TH229 7.254E-09 7.479E-09 7.808E-09 8.247E-09 8.804E-09 1.030E-08 1.364E-08 1.852E-08 2.522E-08 3.746E-08 
TH230 7.875E-08 2.630E-07 5.523E-07 9.432E-07 1.432E-06 2.690E-06 5.232E-06 8.490E-06 1.239E-05 1.849E-05 
TH231 5.042E-05 5.201 E-05 5.360E~05 5.519E-05 5.678E-05 5.995E-05 6.471 E-05 6.947E-05 7.423E-05 8.057E-05 
TH232 1.203E-13 2.298E-13 3.528E-13 4.891 E-13 6.388E-13 9.783E-13 1.588E-12 2.317E-12 3.166E-12 4.484E-12 
TH234 6.971E-03 6.971E-03 6.971 E-03 6.971 E-03 6.971 E-03 6.971E-03 6.971 E-03 6.971 E-03 6.971 E-03 6.971E-03 
TL206 5.435E-16 5.435E-16 5.435E-16 5.435E-16 5.435E-16 5.435E-16 5.435E-16 5.435E-16 5.435E-16 5.435E-16 
TL207 8.704E-10 2.292E-09 4.314E-09 6.873E-09 9.914E-09 1.725E-08 3.092E-08 4.720E-08 6.568E-08 9.325E-08 
TL208 1:482E-03 2.376E-03 2.640E-03 2.642E-03 2.558E-03 2.337E-03 2.024E-03 1.752E-03 1.516E-03 1.252E-03 
U232 6.177E-03 7.383E-03 7.479E-03 7.259E-03 6.957E-03 6.333E-03 5.483E-03 4.745E-03 4.107E-03 3.388E-03 
U233 3.736E-07 5.899E-07 8.169E-07 1.058E-06 1.314E-06 1.880E-06 2.879E-06 4.070E-06 5.456E-06 7.610E-06 
U234 2.898E-03 5.275E-03 7.570E-03 9.786E-03 1.193E-02 1.599E-02 2.157E-02 2.661 E-02 3.115E-02 3.652E-02 
U235 5.270E-05 5.440E-05 5. 615E-05 5.790E-05 5.958E-05 6.295E-05 6.800E-05 7.307E-05 7.814E-05 8.490E-05 
U236 4.170E-04 4.713E-04 5.255E-04 5.798E-04 6.340E-04 7.423E-04 9.045E-04 1.066E-03 1.228E-03 1.443E-03 
U237 3.612E-03 2.839E-03 2.232E-03 1.754E-03 1.379E-03 8.522E-04 4.139E-04 2.011E-04 9.767E-05 3.729E-05 
U238 6.890E-03 6.890E-03 6.890E-03 6.890E-03 6. 890E-03 6.890E-03 6.890E-03 6. 890E-03 6. 890E-03 6.890E-03 
XE131M O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
XE133 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
Y90 4.820E+03 4.280E+03 3.825E+03 3.370E+03 3.083E+03 2.510E+03 1.650E+03 1.306E+03 9. 618E+02 5.030E+02 
Y91 4.549E-05 1.826E-14 7.329E-24 2.942E-33 1.181 E-42 1.903E-61 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
ZN65 1.011 E-02 5.627E-05 3.132E-07 1.744E-09 9.709E-12 3.010E-16 5.194E-23 8.963E-30 1.547E-36 1.486E-45 
ZR93 1.924E-01 1.924E-01 1.924E-01 1.924E-01 1.924E-01 1.924E-01 1.924E-01 1.924E-01 1.924E-01 1.924E-01 
ZR95 5.296E-04 1.354E-12 3.460E-21 8.844E-30 2.261 E-38 1.477E-55 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 

* Four decimal places of accuracy are as reported by ORIGEN2 output and are not significant for many radionuclides. 
Bold text denotes data supplied by Hanford. 
Italicized text denotes data interpolated from the Hanford data. 
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Template 5 

Fuel-Specific Source Term Calculations 
FERMI Subassembly Fuel 

Introduction 

The following data have been used in the Idaho National Engineering and Environmental 
Laboratory (INEEL) spent nuclear fuel source term calculational methodology to generate a source term 
template for a single FERMI spent nuclear fuel subassembly. This single subassembly source term uses a 
core average bumup based on the 101 driver subassemblies from Core A-2. The data sources for the 
analysis are documented herein, and the INEEL calculational methodology is described in Reference 1. 

FERMI Reactor History 

Over the lifetime of the FERMI liquid metal fast breeder reactor (LMFBR), two separate cores 
were operated. These two cores are designated as Cores A-I and A-2. Both cores contained fuel 
subassemblies of similar design and uranium loading, but each core had a slightly different number of 
total driver subassemblies. Core A-I operated from August 23, 1963, to October 6, 1966, and 
accumulated a total core bumup of approximately 636.7 MWD. Core A-2 operated from 
September 23, 1970, to December 2, 1971, and! accumulated a total core bumup of approximately 
5,926.0 MWD, or more than nine times that of Core A-I. 

From the INEEL inventory record data (Reference 2), there are 104 driver fuel subassemblies of 
low bumup and 101 subassemblies with a relatively higher bumup currently stored at the INEEL. These 
data suggest that the 104 subassemblies are from Core A-I and the 101 higher bumup subassemblies are 
from Core A-2. 

FERMI Reactor Data 

The FERMI reactor core and fuel elements are described in some detail in Reference 3. Data from 
this reference has been used to develop reactor physics models needed to develop neutron cross sections 
for the fue] depletion and radionuclide inventory analysis. 

The FERMI subassemblies consist of a stainless steel can containing a 12-x-12 array of rods. The 
2.646 x 2.454 x 34.594-in. steel can has a O.096-in. thick wall. Inside the can, the 12-x-12 array consists 
of 140 fuel pins and 4 comer pins (stainless steel). The fuel pin meat is a uranium-molybdenum (U-Mo) 
metal rod with 10 wt% molybdenum metal. The fuel pin clad is zircaloy and is bonded to the fuel meat. 
The fuel meat and pin diameters are 0.148 in. and 0.158 in., respectively. The uranium metal is medium 
enriched at 25.6 wt% U-235 at beginning-of-life (BOL). The pin pitch within the subassembly is 0.2 in.,
 
and the subassembly pitch in the core is approximately 2.693 in.
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The following data provide specific fuel element dimensions, materials, densities, enrichment, 
etc., which are typical for a FERMI driver subassembly. The BOL data below were used in the fuel 
depletion calculation for the FERMI subassembly source term generation. 

Fuel subassembly: 12-x-12 array of fuel pins in stainless steel can 

No. of Rods: 140 fuel rods, 4 stainless steel corner pins 

Fuel Rod Meat: Uranium/molybdenum metal alloy 
Fuel Meat Density: 17.32 g/cc (10 wt% Mo) 

Fuel Rod Meat Diameter: 0.148 in. 
Fuel Rod Meat Length: 30.5 in. 

Uranium Enrichment: 25.6 wt % U-235 

Heavy Metal Loading per rod: 34.33 g/rod U-235/rod (BOL) 
99.77 g/rod U-238/rod mOL) 
134.10 g/rod TOTAL U 

Heavy Metal Loading per subassembly: 

4,806.144 g/rod U-235/subassembly (BOL) 
13,967.856 g/rod U-238/subassembly (BOL) 
18,774.000 g/subassembly TOTAL U 

Molybdenum Metal Loading: 14.90 g/rod Mo (BOL) 

Molybdenum Metal Loading: 2,086.00 glsubassembly Mo (BOL) 

Clad: Zircaloy 
Clad Outer Diameter: 0.158 in. 

Clad Pin Length:
 32.06 in. 
Clad Density:
 6.44 g/cc 

Clad Thickness:
 0.005 in.
 
Total Zircaloy Mass: 1,138.48 g/subassembly
 

Can Dimensions: 2.646 X 2.454 x 34.594 in.
 
0.96-in. wall thickness
 

Can Material: Stainless Steel 304
 
Steel Density: 7.92 glcc 

Can Steel Mass:
 4,382.89 g/subassembly 
Steel Corner Pins (4) Mass:
 325.35 g/subassembly 

Total Steel Mass:
 4,708.24 glsubassembly 

Coolant:
 Liquid metal sodium 
Coolant Temperature:
 800°F 

Coolant Density:
 0.85 g/cc 

From the above data (materials, enrichments, and densities), material masses and number 
densities were calculated for the material components in a single FERMI subassembly. In addition, for the 
ORIGEN2 (Reference 4) depletion calculation, conservative and detailed impurity concentrations were 
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added for the zircaloy clad (References 6 and 7) and the stainless steel 304 can/corner pins (References 8, 
9, and 10). Table 1 lists the impurities and corresponding concentrations used in the calculations. 

Burnup 

The core burnup sustained by the Core A-2 subassemblies was chosen for this template. The 
Core A-2 burnup was substantially higher than Core A-I. The Core A-2 subassemblies accumulated a 
total core burnup of approximately 5,926.0 MWD or an average subassembly burnup of approximately 
58.67 MWD per subassembly for the 101 subassemblies in this core. This subassembly average bumup 
translates into a 1.4% U-235 depletion, or a 3,125.1 MWDIMTU per subassembly. This burnup is 
conservative with respect to the buildup of fission products, activation products, and minor actinides in 
the source term, but nonconservative with regard to criticality safety, in particular U-235 and U-238 end
of-life concentrations. 

The Core A-2 power history profile is based on Reference 5. Table 2 gives the accumulated days 
over which Core A-2 operated along with the corresponding accumulated bumup in megawatt-days and 
the reactor thermal power in megawatts (MWth) for the 101 core subassemblies. In Table 2 that there are 
many time periods in which the reactor power is zero; these represent reactor shutdowns. Also, the single, 
average-burnup FERMI subassembly burnup is based on 11101 of the total reactor power and forms the 
basis the FERMI template. 

Cross-Section Development 

The neutron cross sections used in the burnup or depletion calculation for the source term 
generation of a single average-burnup FERMI subassembly are based on the methodology described in 
Reference 3. Cross sections from a standard ORIGEN2 LMFBR library were updated once using BOL 
cross sections specifically developed to account for the unique FERMI neutron flux spatial and spectral 
characteristics to ensure accurate calculation of the fission product and actinide production as a function 
of bumup. 

In order to calculate the BOL FERMI neutron cross sections, an explicit FERMI lI8-core model 
was developed with reflective boundary conditions on the radial surfaces. The reflective surfaces created 
the transport effect of a full core. Figures 1 and 2 show cross sectional views of the MCNP computer 
model (Reference 11). 

FERMI SUbassembly Exposure History 

Table 2 summarizes the FERMI total core power or exposure history. In the actual depletion 
calculation for the single, average-burnup FERMI subassembly, 11101 st of the total core power was used 
as the subassembly power output in the bumup or source term calculations. Following the burnup or 
exposure period, the radionuclide activities are decayed for 5, 10, 15, 20, 25, 35,50, 65, 80, and 
100 years. 

Burnup Calculation 

The ORIGEN2 computer code was used to perform the depletion or bumup calculation for a 
single FERMI subassembly. The fuel subassembly masses and impurities, neutron cross sections, burnup, 
power history, and power level as discussed above are input data for the ORIGEN2 calculation. The 
ORIGEN2 output or radionuclide concentrations are given as a function of time in the attached template 
table representing a single average-burnup FERMI subassembly. 
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The 145 radionuclides listed in the template represent greater than 99.99% of the total curie 
inventory had all 684 activation products, 880 fission products, and 127 actinide/daughter isotopes from 
the ORIGEN2 output been included in the template. 
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Table I. Zircaloy and stainless steel 304 material constituent and impurity concentrations.
 

Consi; .Ient or 
____Im__Jrity 

Zircaloy Concentration 
(wt%) 

Stainless Steel Concentration 
(ppm) 

H 0.002497 
Li 0.13 
Be 
B 0.00005 
C 0.026968 0.08 wt%
 
N 0.00799 525
 
o 0.094887 
Na
 37
 
Mg
 
Al
 0.007491 200
 
Si
 0.011986 1.00 wt% 
P 0.009988 
S 0.003496 
CI 130
 
K 3
 
Ca 19
 

Sc 0.03
 
Ti 0.004994 600
 
V
 0.004994 690
 
Cr
 0.124851 18.40 wt% 
Mn
 0.004994 1.53 wt% 
Fe
 0.224731 68.99 wt%
 
Co
 0.001998 2570
 
Ni
 0.006992 10.00 wt%
 
Cu
 0.004994 8150
 
Zn
 0.009988 2230
 
Ga
 450
 

As
 1010
 
Se
 70
 
Br
 8
 
Rb
 10
 
Sr
 0.2
 
y 5
 
Zr 97.789992
 20
 
Nb 0.006992
 300
 
Mo 0.004994
 5500
 



I 
I 
I 
I 

I 

I 

I 
I 
I 

I 

I 

I 

I 
I 

I
I 
I 
I 
I 

DOE/SNFIREP-078 
Revision 0 

January 2004 
Page A-25 of A-212 

Table 1. (continued). 

Constituent or 
Impurity

Zircaloy Concentration 
(wt%) 

Stainless Steel Concentration 
(ppm) 

Ag 2 

Cd 0.000050 

In 
Sn 1.598089 

Sb 17 

Cs 0.3 

Ba 500 

La 2.1 

Ce 550 

Pr 

Nd 

Sm 0.000999 0.15 

Eu 0.02 

Gd 0.000499 

Tb 0.71 

Dy 1 

Ho 1 

Er 

Tm 

Yb 2 

Lu 0.8 

Hf 0.003496 2 

Ta 0.019976 

W 0.009988 520 

TI 

Pb 0.009988 139 
Bi 

Th 0.000699 1 

U 0.000350 2 
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TahIe 2 FERMICore A2. power h'IstOry. 
Cumulative Cumulative Total Core Cumulative Cumulative Total Core 
Operational Burnup Power Operational Bumup Power 

(days) (MPD) (MWth) (days) (MWD) (MWth) 

1 1.3 1.30 132 2922.8 0.00 
2 11.1 9.80 133 2925.3 2.50 
4 37.1 13.00 135 3061.2 67.95 
5 37.1 0.00 139 3061.2 0.00 
6 61.7 24.60 140 3067.8 6.60 
7 68.8 7.10 211 3067.8 0.00 
8 68.8 0.00 213 3223.2 77.70 
10 137.6 34.40 247 3223.2 0.00 
16 137.6 0.00 248 3242.1 18.90 
18 289.6 76.00 254 3242.1 0.00 
19 289.6 0.00 258 3806.2 141.03 
20 336.0 46.40 261 3806.2 0.00 
22 382.8 23.40 263 3971.1 82.45 
23 382.8 0.00 275 3971.1 0.00 
27 974.1 147.83 279 4363.3 98.05 
52 974.1 0.00 423 4363.3 0.00 
59 2157.7 169.09 426 4675.0 103.90 
61 2170.9 6.60 427 4675.0 0.00 
62 2238.9 68.00 435 5926.0 156.38 
65 2238.9 0.00 2261.25 5926.0 0.00 
67 2346.3 53.70 4087.5 5926.0 0.00 
73 2346.3 0.00 5913.75 5926.0 0.00 
74 2346.7 0.40 7740 5926.0 0.00 
77 2495.2 49.50 9566.25 5926.0 0.00 
103 2495.2 0.00 13218.75 5926.0 0.00 
107 2863.6 92.10 18697.5 5926.0 0.00 
110 2863.6 0.00 24176.25 5926.0 0.00 
111 2864.1 0.50 29655 5926.0 0.00 
112 2869.0 4.90 36960 5926.0 0.00 
113 2922.8 53.80 

The ten dates with zero associated power represent the ten different cooling or decay dates after exposure. 
These ten dates are specifically the 5, 10, 15,20,25,35,50,65,80, and 100-year cooling times 
designated for the template methodology. 
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Driver Subassemblies ~ 

Reflector Subassemblies ~ 

Figure 1. MCNP lI8-core model cross-sectional view of the FERMI core. 

Fuel Pin 

Steel Can -----.J!:2lt 

Moderator 

Steel Pin 

Figure 2. MCNP model cross-sectional view of a FERMI driver fuel assembly. 
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FERMI Subassembly Fuel 
Zircaloy Cladding, 10 to 40%-Enriched U-235 Fuel 

Reactor Moderator/Coolant: Liquid metal sodium 
Fuel Meat: Uranium/molybdenum metal alloy 
Clad: Zircaloy 
Burnup: 3,125.2 MWD/MTU 
Burnup: 58.67 MWD/subassembly (average burnup) 
Burnup: 1.4% U-235 depletion (fissioned and transmuted) 
Basis of Calculation: Single subassembly 
Subassemblies 101 subassemblies in core 
BOL U-235: 4,806.144 g U-235 per subassembly 
BOL U-238: 13,967.856 g U-238 per subassembly 
BOL Total U per element: 18,774.000 g U per subassembly 
BOL Fuel Enrichment: 25.6 wt% U-235 

~-~~ ~-~~------------------------------------------

DECAY TIMES (years out of core) 
(Activities* in Ci/subassembly) 

Radionuclide 5 10 15 20 25 35 50 65 80 100 
H3 1.118E+00 8.444E-01 6.378E-01 4.817E-01 3.639E-01 2.076E-01 8.943E-02 3.853E-02 1.660E-02 5.403E-03 
BE10 7.874E-09 7.873E-09 7.873E-09 7.873E-09 7.873E-09 7.873E-09 7.873E-09 7.873E-09 7.873E-09 7.873E-09 
C14 1.279E-03 1.278E-03 1.277E-03 1.276E-03 1.276E-03 1.274E-03 1.272E-03 1.269E-03 1.267E-03 1.264E-03 
CL 36 3.238E-06 3.238E-06 3.238E-06 3.238E-06 3.238E-06 3.238E-06 3.238E-06 3.238E-06 3.238E-06 3.237E-06 
CR 51 1.282E-18 1.849E-38 2.668E-58 3.849E-78 5.554E-98 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
MN 54 1.259E+00 2.191E-02 3.815E-04 6.642E-06 1.156E-07 3.505E-11 1.849E-16 9.757E-22 5.148E-27 4.729E-34 
FE 55 2.474E+00 6.525E-01 1.721 E-01 4.537E-02 1.196E-02 8.319E-04 1.525E-05 2.797E-07 5.128E-09 2.479E-11 
FE 59 1.249E-12 7.580E-25 4.601 E-37 2.793E-49 1.695E-61 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CO 60 6.360E+OO 3.295E+00 1.707E+00 8.842E-01 4.581E-01 1.229E-01 1.709E-02 2.377E-03 3.304E-04 2.380E-05 
NI59 3.985E-03 3.985E-03 3.985E-03 3.984E-03 3.984E-03 3.984E-03 3.983E-03 3.983E-03 3.982E-03 3.982E-03 
NI63 9.690E-02 9.332E-02 8.987E-02 8.655E-02 8.335E-02 7.730E-02 6.904E-02 6.166E-0? 5.507E-02 4.737E-02 
ZN 65 2.294E-03 1.277E-05 7.111 E-08 3.959E-10 2.204E-12 6.832E-17 1.179E-23 2.035E-30 3.512E-37 3.374E-46 
SE 79 9.677E-04 9.676E-04 9.676E-04 9.675E-04 9.675E-04 9.674E-04 9.672E-04 9.671 E-04 9.669E-04 9.667E-04 
KR85 1.576E+01 1.140E+01 8.254E+00 5.974E+OO 4.324E+00 2.265E+00 8.587E-01 3.256E-01 1.234E-01 3.387E-02 
RB87 4.841E-08 4.841E-08 4.841 E-08 4.841 E-08 4.841E-08 4.841 E-08 4.841E-08 4.841E-08 4.841 E-08 4.841E-08 
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DECAY TIMES (years out of core) 
(Activities* in Ci/subassembly) 

Radionuclide 5 10 15 20 25 35 50 65 80 100 
SR90 1.444E+02 1.282E+02 1.138E+02 1.010E+02 8.971 E+01 7.071E+01 4.948E+01 3.462E+01 2.423E+01 1.505E+01 
Y90 1.444E+02 1.282E+02 1.138E+02 1.011 E+02 8.973E+01 7.072E+01 4.949E+01 3.463E+01 2.423E+01 1.505E+01 
Y 91 3.555E-06 1.427E-15 5.728E-25 2.299E-34 9.229E-44 1.487E-62 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
ZR93 3.859E-03 3.859E-03 3.859E-03 3.859E-03 3.859E-03 3.859E-03 3.859E-03 3.859E-03 3.859E-03 3.859E-03 
ZR95 2.492E-05 6.371 E-14 1.628E-22 4.163E-31 1.064E-39 6.951 E-57 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
NB93M 9.163E-04 1.535E-03 2.015E-03 2.386E-03 2.674E-03 3.070E-03 3.389E-03 3.537E-03 3.607E-03 3.645E-03 
NB94 4.869E-04 4.868E-04 4.867E-04 4.866E-04 4.865E-04 4.864E-04 4.861E-04 4.859E-04 4.856E-04 4.853E-04 
NB95 5.533E-05 1.415E-13 3.615E-22 9.241E-31 2.362E-39 1.543E-56 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
NB95M 1.849E-07 4.727E-16 1.208E-24 3.087E-33 7.893E-42 5.157E-59 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
M093 2.133E-03 2.130E-03 2.128E-03 2.126E-03 2.124E-03 2.120E-03 2.114E-03 2.107E-03 2.101 E-03 2.093E-03 
TC99 2.631E-02 2.631 E-02 2.631 E-02 2.631 E-02 2.631 E-02 2.630E-02 2.630E-02 2.630E-02 2.630E-02 2.630E-02 
RU103 7.758E-11 7.849E-25 7.940E-39 8.033E-53 8.126E-67 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
RU106 1.653E+01 5.310E-01 1.706E-02 5.479E-04 1.760E-05 1.816E-08 6.017E-13 1.994E-17 6.610E-22 7.036E-28 
RH103M 6.994E-11 7.075E-25 7.158E-39 7.241 E-53 7.326E-67 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
RH106 1.653E+01 5.310E-01 1.706E-02 5.479E-04 1.760E-05 1.816E-08 6.017E-13 1.994E-17 6.610E-22 7.036E-28 
PD107 7.454E-05 7.454E-05 7.454E-05 7.454E-05 7.454E-05 7.454E-05 7.454E-05 7.454E-05 7.454E-05 7.454E-05 
AG110 8.574E-06 5.409E-08 3.413E-10 2.153E-12 1.358E-14 5.406E-19 1.357E-25 3.410E-32 8.561E-39 1.356E-47 
AG110M 6.447E-04 4.067E-06 2.566E-08 1.619E-10 1.021 E-12 4.065E-17 1.021 E-23 2.563E-30 6.437E-37 1.020E-45 
AG111 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CD113M 9.607E-02 7.576E-02 5.974E-02 4.711E-02 3.715E-02 2.310E-02 1.133E-02 5.554E-03 2.723E-03 1.053E-03 
CD113 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CD115M 9.489E-12 4.461 E-24 2.097E-36 9.861E-49 4.636E-61 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
IN114 3.257E-15 2.569E-26 2.025E-37 1.598E-48 1.260E-59 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
IN114M 3.402E-15 2.684E-26 2.117E-37 1.670E-48 1.317E-59 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
IN115M 6.669E-16 3.135E-28 1.474E-40 6.930E-53 3.258E-65 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SN119M 1.230E-02 7.017E-05 4.004E-07 2.284E-09 1.303E-11 4.243E-16 7.881 E-23 1.464E-29 2.719E-36 2.882E-45 
SN121M 6.085E-04 5.678E-04 5.297E-04 4.942E-04 4.611 E-04 4.014E-04 3.260E-04 2.648E-04 2.150E-04 1.629E-04 
SN123 1.442E-03 7.994E-08 4.432E-12 2.457E-16 1.362E-20 4.186E-29 7.134E-42 1.216E-54 2.071 E-67 1.957E-84 
SN125 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SN126 2.205E-03 2.204E-03 2.204E-03 2.204E-03 2.204E-03 2.204E-03 2.204E-03 2.204E-03 2.203E-03 2.203E-03 
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DECAY TI MES (years out of core) 
(Activities* in Ci/subassembly) 

Radionuclide 5 10 15 20 25 35 50 65 80 100 
8B125 1.421 E+01 4.065E+OO 1.163E+00 3.329E-01 9.524E-02 7.799E-03 1.827E-04 4.282E-06 1.003E-07 6.726E-10 
8B126 3.086E-04 3.086E-04 3.086E-04 3.086E-04 3.086E-04 3.086E-04 3.085E-04 3.085E-04 3.085E-04 3.084E-04 
8B126M 2.205E-03 2.204E-03 2.204E-03 2.204E-03 2.204E-03 2.204E-03 2.204E-03 2.204E-03 2.203E-03 2.203E-03 
TE123M 4.825E-09 1.230E-13 3.134E-18 7.987E-23 2.036E-27 1.322E-36 2.189E-50 3.623E-64 5.997E-78 2.530E-96 
TE125M 3.466E+00 9.917E-01 2.838E-01 8.121 E-02 2.324E-02 1.902E-03 4.459E-05 1.044E-06 2.448E-08 1.641E-10 
TE127 6.284E-04 5.686E-09 5.145E-14 4.656E-19 4.213E-24 3.449E-34 2.556E-49 1.893E-64 1.403E-79 O.OOOE+OO 
TE127M 6.416E-04 5.805E-09 5.253E-14 4.753E-19 4.301 E-24 3.522E-34 2.609E-49 1.933E-64 1.432E-79 O.OOOE+OO 
TE129 1.103E-14 4.792E-31 2.082E-47 9.047E-64 3.931 E-80 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
TE129M 1.694E-14 7.362E-31 3.199E-47 1.390E-63 6.039E-80 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
1129 6.704E-05 6.704E-05 6.704E-05 6.704E-05 6.704E-05 6.704E-05 6.704E-05 6.704E-05 6.704E-05 6.704E-05 
1131 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
XE131M O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
XE133 O.OOOE+OO ·O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
C8134 8.785E-01 1.636E-01 3.047E-02 5.673E-03 1.056E-03 3.664E-05 2.366E-07 1.528E-09 9.869E-12 1.187E-14 
C8135 2.640E-03 2.640E-03 2.640E-03 2.640E-03 2.640E-03 2.640E-03 2.640E-03 2.640E-03 2.640E-03 2.640E-03 
C8136 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
C8137 1.616E+02 1.440E+02 1.283E+02 1.143E+02 1.018E+02 8.082E+01 5.714E+01 4.041E+01 2.857E+01 1.800E+01 
BA136M O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
BA137M 1.529E+02 1.362E+02 1.214E+02 1.081 E+02 9.632E+01 7.645E+01 5.406E+01 3.822E+01 2.703E+01 1.703E+01 
BA140 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
LA140 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CE141 1.809E-13 2.228E-30 2.744E-47 3.379E-64 4.163E-81 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CE142 5.505E-08 5.505E-08 5.505E-08 5.505E-08 5.505E-08 5.505E-08 5.505E-08 5.505E-08 5.505E-08 5.505E-08 
CE144 4.304E+01 5.010E-01 5.833E-03 6.790E-05 7.904E-07 1.071 E-10 1.690E-16 2.666E-22 4.206E-28 7.726E-36 
PR143 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PR144 4.304E+01 5.010E-01 5.833E-03 6.790E-05 7.905E-07 1.071 E-10 1.690E-16 2.666E-22 4.207E-28 7.726E-36 
PR144M 5.165E-01 6.012E-03 6.999E-05 8.148E-07 9.485E-09 1.285E-12 2.028E-18 3.200E-24 5.048E-30 9.271E-38 
ND144 2.239E-12 2.255E-12 2.255E-12 2.255E-12 2.255E-12 2.255E-12 2.255E-12 2.255E-12 2.255E-12 2.255E-12 
ND147 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PM145 1.609E-07 1.349E-07 1.110E-07 9.124E-08 7.502E-08 5.071 E-08 2.818E-08 1.566E-08 8.706E-09 3.978E-09 
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- - .. - .. ... - .. .. .. - .. - - .. .. 
DECAY TIMES (years out of core) 

(Activities* in Ci/subassembly) 

Radionuclide 5 10 15 20 25 35 50 65 80 100 
PM148M 1.826E-12 8.893E-26 4.331 E-39 2.109E-52 1.027E-65 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PM148 1.029E-13 5.009E-27 2.439E-40 1.188E-53 5.785E-67 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SM145 5.828E-08 1.409E-09 3.405E-11 8.230E-13 1.989E-14 1.162E-17 1.641E-22 2.317E-27 3.272E-32 1.117E-38 
SM147 1.564E-08 1.902E-08 1.992E-08 2.016E-08 2.023E-08 2.025E-08 2.025E-08 2.025E-08 2.025E-08 2.025E-08 
SM151 4.711 E+OO 4.533E+00 4.362E+OO 4.197E+00 4.038E+00 3.739E+00 3.331E+OO 2.968E+00 2.644E+OO 2.266E+OO 
EU152 1.429E-03 1.108E-03 8.587E-04 6.656E-04 5.159E-04 3.099E-04 1.443E-04 6.717E-05 3.127E-05 1.129E-05 
EU154 1.220E-01 8.151 E-02 5.447E-02 3.641 E-02 2.433E-02 1.086E-02 3.244E-03 9.684E-04 2.891 E-04 5.767E-05 
EU155 5.504E+00 2.736E+00 1.360E+00 6.763E-01 3.363E-01 8.310E-02 1.021E-02 1.255E-03 1.542E-04 9.419E-06 
EU156 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
GD153 4.863E-06 2.602E-08 1.392E-10 7.448E-13 3.986E-15 1.141E-19 1.748E-26 2.677E-33 4.102E-40 3.362E-49 
TB160 4.540E-09 1.131E-16 2.819E-24 7.025E-32 1.751 E-39 1.087E-54 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
TL206 3.190E-19 3.190E-19 3.190E-19 3.190E-19 3.190E-19 3.190E-19 3.190E-19 3.190E-19 3.·190E-19 3.190E-19 
TL207 1.264E-07 3.892E-07 7.729E-07 1.260E-06 1.834E-06 3.195E-06 5.628E-06 8.370E-06 1.130E-05 1.538E-05 
TL208 3.846E-07 4.231 E-07 4.126E-07 3.948E-07 3.765E-07 3.418E-07 2.959E-07 2.562E-07 2.218E-07 1.832E-07 
PB210 1.038E-12 6.477E-12 1.970E-11 4.358E-11 8.055E-11 2.019E-10 5.253E-10 1.044E-09 1.778E-09 3.108E-09 
PB211 1.267E-07 3.903E-07 7.750E-07 1.263E-06 1.839E-06 3.204E-06 5.643E-06 8.393E-06 1.133E-05 1.543E-05 
PB212 1.070E-06 1.178E-06 1.148E-06 1.099E-06 1.048E-06 9.513E-07 8.236E-07 7.130E-07 6.174E-07 5.100E-07 
BI211 1.267E-07 3.903E-07 7.750E-07 1.263E-06 1.839E-06 3.204E-06 5.643E-06 8.393E-06 1.133E-05 1.543E-05 
BI212 1.070E-06 1.178E-06 1.148E-06 1.099E-06 1.048E-06 9.513E-07 8.236E-07 7.130E-07 6.174E-07 5.100E-07 
P0212 6.857E-07 7.545E-07 7.357E-07 7.039E-07 6.714E-07 6.095E-07 5.277E-07 4.568E-07 3.956E-07 3.267E-07 
P0215 1.267E-07 3.903E-07 7.750E-07 1.263E-06 1.839E-06 3.204E-06 5.643E-06 8.393E-06 1.133E-05 1.543E-05 
P0216 1.070E-06 1.178E-06 1.148E-06 1.099E-06 1.048E-06 9.513E-07 8.236E-07 7.130E-07 6.174E-07 5. 100E-07 
RN219 1.267E-07 3.903E-07 7.750E-07 1.263E-06 1.839E-06 3.204E-06 5.643E-06 8.393E-06 1.133E-05 1.543E-05 
RN220 1.070E-06 1.178E-06 1.148E-06 1.099E-06 1.048E-06 9.513E-07 8.236E-07 7.130E-07 6.174E-07 5.100E-07 
FR223 1.749E-09 5.382E-09 1.068E-08 1.741E-08 2.535E-08 4.417E-08 7.781 E-08 1.157E-07 1.562E-07 2.127E-07 
RA223 1.267E-07 3.903E-07 7.750E-07 1.263E-06 1.839E-06 3.204E-06 5.643E-06 8.393E-06 1.133E-05 1.543E-05 
RA224 1.070E-06 1.178E-06 1.148E-06 1.099E-06 1.048E-06 9.513E-07 8.236E-07 7.130E-07 6.174E-07 5.100E-07 
RA226 1.795E-11 6.332E-11 1.364E-10 2.372E-10 3.657E-10 7.054E-10 1.421 E-09 2.384E-09 3.593E-09 5.584E-09 
RA228 6.568E-10 9.525E-10 1.129E-09 1.234E-09 1.297E-09 1.357E-09 1.383E-09 1.389E-09 1.391 E-09 1.392E-09 
AC227 . 1.267E-07 3.900E-07 7.743E-07 1.262E-06 1.837E-06 3.201 E-06 5.639E-06 8.385E-06 1.132E-05 1.541E-05 
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DECAY TIMES (years out of core) 
(Activities* in Ci/subassembly) 

Radionuclide 5 10 15 20 25 35 50 65 80 100 
TH228 1.070E-06 1.177E-06 1.147E-06 1.098E-06 1.047E-06 9.512E-07 8.235E-07 7.130E-07 6.174E-07 5.100E-07 
TH229 2.933E-10 5.563E-10 8.211E-10 1.088E-09 1.356E-09 1.899E-09 2.727E-09 3.572E-09 4.434E-09 5.609E-09 
TH230 1.455E-08 2.741 E-08 4.028E-08 5.316E-08 6.605E-08 9.185E-08 1.306E-07 1.695E-07 2.084E-07 2.603E-07 
TH231 1.025E-02 1.025E-02 1.025E-02 1.025E-02 1.025E-02 1.025E-02 1.025E-02 1.025E-02 1.025E-02 1.025E-02 
TH232 1.389E-09 1.389E-09 1.389E-09 1.389E-09 1.389E-09 1.390E-09 1.390E-09 1.391E-09 1.391E-09 1.392E-09 
TH234 4.689E-03 4.689E-03 4.689E-03 4.689E-03 4.689E-03 4.689E-03 4.689E-03 4.689E-03 4.689E-03 4.689E-03 
PA231 1.359E-06 2.444E-06 3.529E-06 4.614E-06 5.698E-06 7.866E-06 1.112E-05 1.437E-05 1.762E-05 2.195E-05 
PA233 1.942E-04 1.942E-04 1.942E-04 1.942E-04 1.942E-04 1.942E-04 1.942E-04 1.942E-04 1.942E-04 1.942E-04 
PA234M 4.689E-03 4.689E-03 4.689E-03 4.689E-03 4.689E-03 4.689E-03 4.689E-03 4.689E-03 4.689E-03 4.689E-03 
PA234 6.096E-06 6.096E-06 6.096E-06 6.096E-06 6.096E-06 6.096E-06 6.096E-06 6.096E-06 6.096E-06 6.096E-06 
U232 i.234E-06 i.i76E-06 i.i2iE-06 i.068E-06 1.018E-06 9.246E-07 8.003E-07 6.927E-07 5.996E-07 4.946E-07 
U233 5.551 E-07 5.593E-07 5.636E-07 5.678E-07 5.720E-07 5.805E-07 5.932E-07 6.059E o 07 6.i86E-07 6.355E-07 
U234 2.856E-04 2.858E-04 2.861 E-04 2.863E-04 2.865E-04 2.869E-04 2.875E-04 2.881 E-04 2.886E-04 2.892E-04 
U235 1.025E-02 1.025E-02 1.025E-02 1.025E-02 1.025E-02 1.025E-02 1.025E-02 1.025E-02 1.025E-02 1.025E-02 
U236 7.411 E-04 7.411 E-04 7.412E-04 7.412E-04 7.412E-04 7.412E-04 7.412E-04 7.412E-04 7.412E-04 7.412E-04 
U237 2.548E-10 2.003E-10 1.574E-10 1.238E-10 9.729E-11 6.012E-11 2.920E-11 1.418E-11 6.890E-12 2.631E-12 
U238 4.689E-03 4.689E-03 4.689E-03 4.689E-03 4.689E-03 4.689E-03 4.689E-03 4.689E-03 4.689E-03 4.689E-03 
NP237 1.942E-04 1.942E-04 1.942E-04 1.942E-04 1.942E-04 1.942E-04 1.942E-04 1.942E-04 1.942E-04 1.942E-04 
PU236 3.377E-09 1.170E-09 5.155E-10 3.214E-10 2.638E-10 2.417E-10 2.396E-10 2.395E-10 2.395E-10 2.395E-10 
PU237 2.519E-16 2.214E-28 1.946E-40 1.710E-52 1.503E-64 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PU238 1.275E-02 1.226E-02 1.179E-02 1.133E-02 1.089E-02 1.006E-02 8.939E-03 7.940E-03 7.053E-03 6.022E-03 
PU239 1.143E+OO 1.143E+OO 1.143E+OO 1.143E+OO 1.142E+OO 1.142E+OO 1.142E+OO 1.141E+OO 1.141E+OO 1.140E+OO 
PU240 3.998E-03 3.996E-03 3.993E-03 3.991 E-03 3.989E-03 3.985E-03 3.979E-03 3.972E-03 3.966E-03 3.958E-03 
PU241 1.039E-03 8.164E-04 6.418E-04 5.045E-04 3.966E-04 2.451 E-04 1.190E-04 5.782E-05 2.809E-05 1.072E-05 
PU242 2.567E-11 2.567E-11 2.567E-11 2.567E-11 2.567E-11 2.567E-11 2.567E-11 2.567E-11 2.567E-11 2.566E-11 
PU244 4.073E-22 4.073E-22 4.073E-22 4.073E-22 4.073E-22 4.073E-22 4.073E-22 4.073E-22 4.073E-22 4.073E-22 
AM241 9.985E-06 1.728E-05 2.293E-05 2.730E-05 3.067E-05 3.518E-05 3.849E-05 3.959E-05 3.962E-05 3.894E-05 
AM242M O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
AM242 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
AM243 4.929E-13 4.927E-13 4.924E-13 4.922E-13 4.920E-13 4.915E-13 4.908E-13 4.901E-13 4.894E-13 4.885E-13 
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DECAY TIMES (years out of core) 
(Activities* in Ci/subassembly) 

Radionuclide 5 10 15 20 25 35 50 65 80 100 
CM243 1.886E-12 1.670E-12 1.479E-12 1.309E-12 1.159E-12 9.092E-13 6.313E-13 4.383E-13 3.043E-13 1.871 E-13 
CM244 9.687E-14 8.000E-14 6.606E-14 5.456E-14 4.505E-14 3.073E-14 1.730E-14 9.746E-15 5.489E-15 2.553E-15 
CM245 1.252E-19 1.251E-19 1.251E-19 1.250E-19 1.250E-19 1.249E-19 1.247E-19 1.246E-19 1.244E-19 1.242E-19 
CM246 4.105E-23 4.102E-23 4.099E-23 4.096E-23 4.093E-23 4.087E-23 4.078E-23 4.069E-23 4.060E-23 4.048E-23 
CM247 1.985E-30 1.985E-30 1.985E-30 1.985E-30 1.985E-30 1.985E-30 1.985E-30 1.985E-30 1.985E-30 1.985E-30 

SUBTOTAL** 9.686E+02 6.191 E+02 5.102E+02 4.422E+02 3.896E+02 3.066E+02 2.158E+02 1.525E+02 1.081 E+02 6.872E+01 
TOTAL*** 9.686E+02 6.192E+02 5.102E+02 4.422E+02 3.896E+02 3.066E+02 2.158E+02 1.525E+02 1.081E+02 6.872E+01 

* Four decimal places of accuracy are as reported by ORIGEN2 output and are not significant for many radionuclides. 
** Subtotal: total activity of the 145 isotopes listed in the table. 
*** Total: total activity of the ORIGEN2 output isotopes. 
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Template 6 

Fuel-Specific Source Term Calculations 
Fort Saint Vrain Graphite Fuel 

Introduction 

The following data have been used in the Idaho National Engineering and Environmental 
Laboratory (INEEL) spent nuclear fuel source term calculational methodology to generate a source term 
template for a single Fort Saint Vrain (FSV) spent nuclear fuel element. This single-element source term 
is intended to bound all 2,208 irradiated FSV highly enriched, uranium-thorium-graphite spent nuclear 
fuel elements. The data sources for the analysis are documented in References 1 through 6, and the 
INEEL calculational methodology is described in Reference 7. 

Fort Saint Vrain Reactor Data 

The FSV reactor core and fuel elements are described in some detail in References I through 5. 
Data from these references have been used to develop reactor physics models needed to support the 
depletion/activation analysis. 

The FSV fuel element is a hexagonal graphite block with 210 axial fuel rods and! 108 helium gas 
channels. In addition, there is a centrally located fuel handling pickup hole and six peripheral burnable 
poison rods. The cylindrical fuel rods are composed of spherical fuel particles bound together in a 
graphite binder matrix. There are two types of spherical fuel particles, namely a fissile particle (Th,U)C2 
and a fertile particle ThC2• The uranium enrichment in the fissile particle is 93.13 wt% U-235. The fertile 
particle contains 100% natural thorium (Th-232). 

The following data provide specific fuel element dimensions, materials, densities, enrichment, 
etc., for a typical FSV fuel element. However, in order to achieve a bounding burnup for all FSV spent 
nuclear fuel elements, the uranium and thorium element loadings are based on the heaviest heavy-metal
loaded FSV elements that are installed and irradiated in the FSV core. Specifically, the heavy metal 
loadings are based on the element with ill number 1-5718. The beginning-of-life (BOL) data below were 
used in the burnup calculation for the FSV fuel element source term generation. 

Fuel Element:
 Hexagonal graphite block 
Flat-to-flat :
 14.17 in. 

Length:
 31.22 in.	 
Bulk graphite density:
 1.74 glee 

Material:
 H-451 graphite 
Graphite Mass:
 154,794 glelement 

Fuel Rod: (Th,U)C2 anCl ThC2 spherical particles in a graphite binder matrix 
Uranium Enrichment: 0.6389 wt% U-234 

93.133	 wt% U-235 
0.2711 wt% U-236 
5.957 wt% U-238 
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Heavy Metal Loading: 7.978 g/element U-234 (BOL)
 
1,163.000 g/element U-235 (BOL)
 

3.385 g/element U-236 (BOL) 
74.388 g/element U-238 (HOL) 

1,248.752 g/element Total U 

11,454.000 g/element Th-232 (BOL) 

1.2702752E-2 Total MTIHMlelement (BOL) 

Coolant: Helium gas
 
Coolant Temperature: 1535°F
 

Coolant Pressure: 700 psig
 
Coolant Density: 0.0021 glee
 

From the above data (materials, enrichments, and densities), material masses and number 
densities were calculated for all the material components in a single FSV fuel element. In addition, for the 
ORIGEN2 (Reference 8) depletion calculation, conservative and detailed impurity concentrations were 
added for H-451 graphite. For conservatism, a graphite mass (154.8 kg) equal to the entire fuel element 
volume was input along with the corresponding impurity masses for maximum activation. Table 1 lists 
the impurities and concentrations for graphite H-451. 

Burnup 

The bumup chosen for this template is 100,000 MWdlMTIHM, 1,270.275 MWd, and 
approximately 1,019 g of U-235 depleted for a single FSV element. Because the BOL uranium loading 
was 1,163 g ofU-235, this bumup represents an 88% depletion of the BOL uranium. This relatively high 
bumup is needed to ensure the entire FSV element inventory is bounded. 

Based on Reference 1 data, the entire FSV element inventory has:::;; 88% U-235 depletion with the 
exception of one element that has a 97% depletion. The vast majority of the FSV elements are between 
40 and 70% U-235 depletion. Perhaps more importantly are the total grams of U-235 depleted. The 
heavily loaded template element here depletes 1,019 g ofU-235. The highest FSV element depletion is 
approximately 800 g of U-235 (Reference 1). From this perspective, the template radionuclide inventory 
would definitely be bounding with approximately 20% higher levels of concentrations for fission 
products, activation products, and actinides other than U-235, U-238, and Th-232. 

For the template analysis here, the bumup period in the analysis is assumed to start 
February 1, 1979, (start of Cycle 2) and end August 18, 1989, (FSV shutdown). The corresponding fuel 
element output power for the 100,000 MWdlMTIHM is approximately 330 kW and is assumed to be 
continuous over the bumup period (3,851 days) with no refueling shutdowns (see Table 2). The relatively 
high bumup (100,000 MWdlMTIHM) is conservative for the buildup of fission products, activation 
products, and minor actinides in the source term and nonconservative with regard to criticality safety, i.e., 
fissile concentrations of U-235. 

Cross-Section Development 

The neutron cross sections used in the bumup or depletion calculation for the source term 
generation of a single FSV fuel element are based on the methodology described in Reference 7. Cross 
sections from a standard ORIGEN2 high-temperature gas-cooled graphite reactor library were updated 
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five times over the bumup period to ensure accurate FSV production and activity levels for actinides, 
fission products, and activation products. The first update developed cross sections for BOL conditions 
followed by four subsequent updates every 730 days of fuel element exposure. These cross-section 
updates take into account changes in the neutron flux spectrum and spatial profiles as a function of 
bumup and are essentially element-average cross sections. An explicit FSV fuel block (with reflective 
boundary conditions on the element peripheral surfaces) was used to determine volume-averaged flux and 
reaction rate profiles for the cross-section development (see Figure 1). 

Fort Saint Vrain Single Element Exposure History 

Table 2 summarizes the power or exposure history used in the burnup or source term calculations 
for a single FSV fuel element. Following the bumup or exposure period, the radionuclide activities are 
decayed for 5, 10, 15,20,25,35,50,65,80, and 100 years. 

Burnup Calculation 

The ORIGEN2 computer code (Reference 8) was used to perform the depletion or bumup 
calculation for the FSV fuel element. The radionuclide inventory or source term template is for a single 
FSV fuel element or block. The fuel element masses and impurities (graphite, uranium, and thorium), 
neutron cross sections, bumup, power history, and power level discussed above are input data for the 
ORIGEN2 calculation. The radionuclide concentrations are given as a function of time in the template 
table. 

The 145 radionuclides listed in the template represent greater than 99.99% of the total curie 
inventory had all 684 activation products, 880 fission products, and 127 actinide/daughter isotopes from 
the ORIGEN2 output been included in the template. 
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Table 1. H-451 graphite constituent and impurity concentrations for the Fort Saint Vrain fuel element. 
Graphite Concentration 

Constituent or Impurity (ppm) 
H
 
Li 0.45
 
Be 0.005
 
B
 2.5
 
C
 100 wt%
 
N
 
o 
Na 10.4 
Mg 1 
Al 4.1 
Si 26 
P
 1
 
S 9.4
 
Cl 3
 
K
 3

Ca 22.5 
Sc 0.01 
Ti 16 
V 18.9
 
Cr 1
Mn 1
 
Fe 11.1
 
Co 4
 
Ni 4.6
 
Cu 0.47
 
Zn 1
 
Ga 
As 
Se 
Br 
Rb 1 
Sr 0.47 
y 
Zr 0.5 
Nb 1.74 
Mo 1 
Ag 0.5 
Cd 0.5 
In 1
Sn 1 
Sb 1
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Table 1. (continued). 
Graphite Concentration 

Constituent or Impurity (ppm) 
Cs 1 
Ba 2.9 
La 1.38 
Ce 0.56 
Pr 0.64 
Nd 0.36 
Sm 0.61 
Eu 
Gd 0.08 
Tb 0.26 
Dy 0.16 
Ho 0.08 
Er 0.04 
Tm 0.04 
Yb 0.06 
Lu 0.02 
Hf 0.17 
Ta 0.35 
W 25.5 
Tl 1 
Pb 6.9 
Bi 1 
Th 
U 
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Table 2. Bumup or power history for a 100,000 MWd/MTIHM bumup Fort St. Vrain fuel element. 

I
I
I
I 
I
I
I
I
I
I 
I
 ,
 
I

I,
 
I
 

I
 
J
 

II 

Duration Cumulative Duration Time-Averaged Power 
(days) (days) (MWth) 

365 365 0.3299
 

366 731 0.3299
 

365 1096 0.3299
 

365 1461 0.3299
 

365 1826 0.3299
 

366 2192 0.3299
 

365 2557 0.3299
 

365 2922 0.3299
 

365 3287 0.3299
 

564 3851 0.3299
 

1825 5676 0.0
 

1825 7501 0.0
 

1825 9326 0.0
 

1825 11151 0.0
 

1825 12976 0.0
 

3650 16626 0.0
 

5475 22101 0.0
 

5475 27576 0.0
 

5475 33051 0.0
 

7300 40351 0.0
 

The ten dates with zero associated power represent the ten different cooling or decay dates after exposure.
 
These ten dates are specifically the 5, 10, 15, 20, 25, 35, 50, 65, 80, and 100-year cooling times
 
designated for the template methodology.
 

I 



Coolant hole 
0.625 dia. (102) 
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Bu.mabl:-. _____ 
polson 
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Figure 1. Standard Fort St. Vrain fuel eleme::lt. 
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Fort Saint Vrain Reactor Element 
Graphite Cladding, 60 to 100%-Enriched U-235/Th-232 Fuel 

Reactor Moderator Graphite 
Reactor Coolant: Helium Gas 
Fuel Meat: (Th,U)C2 
Clad: Graphite 
Burnup: 100,000 MWd/MTIHM 
Burnup: 1,270.28 MWd/element (high burnup) 
Burnup: 88% U-235 depletion (fissioned and transmuted) 
Basis of Calculation: Single fuel element 
BOl U-235: 1,163.000 grams U-235 per element 
BOl U-238: 74.388 grams U-238 per element 
BOl U-234: 7.978 grams U-234 per element 
BOl U-236: 3.385 grams U-236 per element 
BOl Total U: 1,248.752 grams U per element 
BOl Th-232: 11,454.000 grams Th-232 per element 
BOl Total Heavy Metal: 12,702.752 grams Th + U per element 
BOl U Enrichment: 93.13 wt% U-235 

DECAY TIMES (years out of core) 
(Activities* in Ci/element) 

Radionuclide 5 10 15 20 25 35 50 65 80 100 
H 3 2.675E+01 2.020E+01 1.526E+01 1.153E+01 8.705E+00 4.966E+00 2.139E+00 9.219E-01 3.972E-01 1.293E-01 
BE10 8.043E-04 8.043E-04 8.043E-04 8.043E-04 8.043E-04 8.043E-04 8.043E-04 8.043E-04 8.043E-04 8.043E-04 
C 14 2.948E-02 2.946E-02 2.945E-02 2.943E-02 2.941 E-02 2.937E-02 2.932E-02 2.927E-02 2.921 E-02 2.914E-02 
CL36 1.355E-03 1.355E-03 1.355E-03 1.355E-03 1.355E-03 1.355E-03 1.355E-03 1.355E-03 1.355E-03 1.355E-03 
CR 51 5.382E-21 7.813E-41 1.120E-60 1.616E-80 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
MN54 1.207E-03 2.103E-05 3.658E-07 6.369E-09 1.109E-10 3.361 E-14 1.773E-19 9.356E-25 4.937E-30 4.535E-37 
FE 55 1.689E-01 4.455E-02 1.175E-02 3.097E-03 8.168E-04 5.679E-05 1.041 E-06 1.909E-08 3.501E-10 1.693E-12 
FE59 1.542E-14 9.395E-27 5.681 E-39 3.448E-51 2.093E-63 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CO 60 2.958E+01 1.532E+01 7.938E+00 4.113E+00 2.131 E+OO 5.718E-01 7.950E-02 1.105E-02 1.537E-03 1.107E-04 
NI59 4.721 E-04 4.721 E-04 4.721 E-04 4.721 E-04 4.721 E-04 4.720E-04 4.720E-04 4.719E-04 4.718E-04 4.718E-04 
NI63 6.261 E-02 6.029E-02 5.806E-02 5.592E-02 5.385E-02 4.994E-02 4.460E-02 3.984E-02 3.558E-02 3.060E-02 
ZN65 1.209E-03 6.738E-06 3.749E-08 2.087E-10 1.162E-12 3.601E-17 6.215E-24 1.073E-30 1.851E-37 1.779E-46 
SE79 2.678E-02 2.678E-02 2.678E-02 2.678E-02 2.678E-02 2.678E-02 2.677E-02 2.677E-02 2.676E-02 2.676E-02 
KR85 3.492E+02 2.528E+02 1.829E+02 1.324E+02 9.583E+01 5.020E+01 1.903E+01 7.216E+00 2.736E+00 7.506E-01 
RB87 1.328E-06 1.328E-06 1.328E-06 1.328E-06 1.328E-06 1.328E-06 1.328E-06 1.328E-06 1.328E-06 1.328E-06 
SR89 1.996E-07 2.599E-18 3.362E-29 4.363E-40 5.663E-51 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SR 90 3.285E+03 2.917E+03 2.589E+03 2.299E+03 2.041E+03 1.609E+03 1.126E+03 7.876E+02 5.512E+02 3.424E+02 
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DECAY TIMES (years out of core) 
(Activities* in Ci/element) 

Radionuclide 5 10 15 20 25 35 50 65 80 100 
Y 91 6.795E-06 2.736E-15 1.095E-24 4.395E-34 1.764E-43 2.842E-62 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
ZR93 8.560E-02 8.560E-02 8.560E-02 8.560E-02 8.560E-02 8.560E-02 8.560E-02 8.560E-02 8.560E-02 8.560E-02 
ZR95 4.363E-05 1.118E-13 2.851 E-22 7.287E-31 1.863E-39 1.217E-56 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
NB93M 3.269E-02 4.363E-02 5.211 E-02 5.868E-02 6.377E-02 7.078E-02 7.641 E-02 7.903E-02 8.025E-02 8.093E-02 
NB94 6.255E-04 6.254E-04 6.253E-04 6.252E-04 6.251 E-04 6.249E-04 6.246E-04 6.243E-04 6.239E-04 6.235E-04 
NB95 9.687E-05 2.483E-13 6.329E-22 1.618E-30 4.135E-39 2.702E-56 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
NB95M 3.237E-07 8.296E-16 2.115E-24 5.406E-33 1.382E-41 9.028E-59 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
M093 1.318E-05 1.317E-05 1.315E-05 1.314E-05 1.313E-05 1.310E-05 1.306E-05 1.302E-05 1.298E-05 1.293E-05 
TC99 4.234E-01 4.234E-01 4.234E-01 4.234E-01 4.234E-01 4.234E-01 4.233E-01 4.233E-01 4.233E-01 4.233E-01 
RU103 6.513E-11 6.618E-25 6.666E-39 6.744E-53 6.822E-67 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
RU106 4.072E+01 1.309E+00 4.201 E-02 1.350E-03 4.335E-05 4.472E-08 1.482E-12 4.912E-17 1.628E-21 1.733E-27 
RH103M 5.872E-11 5.966E-25 6.009E-39 6.079E-53 6.150E-67 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
RH106 4.072E+01 1.309E+00 4.201E-02 1.350E-03 4.335E-05 4.473E-08 1.482E-12 4.912E-17 1.628E-21 1.733E-27 
PD107 6.831 E-04 6.831 E-04 6.831 E-04 6.831 E-04 6.831 E-04 6.831 E-04 6.831 E-04 6.831 E-04 6.831 E-04 6.831 E-04 
AG110 1.411 E-03 8.908E-06 5.616E-08 3.543E-10 2.235E-12 8.897E-17 2.234E-23 5.610E-30 1.409E-36 2.232E-45 
AG110M 1.061 E-01 6.698E-04 4.222E-06 2.664E-08 1.681 E-10 6.689E-15 1.680E-21 4.218E-28 1.059E-34 1.678E-43 
AG111 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CD113M 4.052E-01 3.195E-01 2.520E-01 1.987E-01 1.567E-01 9.742E-02 4.777E-02 2.342E-02 1.149E-02 4.441 E-03 
CD113 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CD115M 2.404E-12 1.134E-24 5.313E-37 2.497E-49 1.174E-61 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
IN114 3.480E-12 2.754E-23 2.164E-34 1.708E-45 1.346E-56 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
IN114M 3.635E-12 2.878E-23 2.261 E-34 1.784E-45 1.407E-56 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
IN115M 1.679E-16 7.924E-29 3.711 E-41 1.745E-53 8.202E-66 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SN119M 6.468E-03 3.693E-05 2.106E-07 1.202E-09 6.854E-12 2.231E-16 4.144E-23 7.698E-30 1.430E-36 1.516E-45 
SN121M 7.842E-03 7.317E-03 6.826E-03 6.369E-03 5.942E-03 5.173E-03 4.201 E-03 3.412E-03 2.771 E-03 2.100E-03 
SN123 1.323E-03 7.344E-08 4.066E-12 2.254E-16 1.249E-20 3.841 E-29 6.545E-42 1.115E-54 1.900E-67 1.795E-84 
SN125 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
8N126 2.820E-02 2.820E-02 2.820E-02 2.820E-02 2.820E-02 2.819E-02 2.819E-02 2.819E-02 2.819E-02 2.818E-02 
8B124 2.230E-08 1.648E-17 1.211 E-26 8.921E-36 6.573E-45 3.568E-63 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
8B125 6.457E+01 1.848E+01 5.287E+00 1.513E+00 4.329E-01 3.545E-02 8.306E-04 1.946E-05 4.560E-07 3.058E-09 
8B126 3.948E-03 3.948E-03 3.948E-03 3.948E-03 3.948E-03 3.947E-03 3.947E-03 3.946E-03 3.946E-03 3.945E-03 
8B126M 2.820E-02 2.820E-02 2.820E-02 2.820E-02 2.820E-02 2.819E-02 2.819E-02 2.819E-02 2.819E-02 2.818E-02 
TE123M 1.220E-05 3.113E-10 7.923E-15 2.019E-19 5.146E-24 3.342E-33 5.532E-47 9.158E-61 1.516E-74 6.395E-93 
TE125M 1.575E+01 4.509E+00 1.290E+00 3.692E-01 1.056E-01 8.649E-03 2.026E-04 4.749E-06 1.112E-07 7.460E-10 
TE127 1.906E-03 1.728E-08 1.561E-13 1.412E-18 1.278E-23 1.046E-33 7.753E-49 5.744E-64 4.255E-79 2.853E-99 
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DECAY TIMES (years out of core)
(Activities* in Ci/element)

Radionuclide 5 10 15 20 25 35 50 65 80 100
TE127M 1.946E-03 1.764E-08 1.594E-13 1.442E-18 1.305E-23 1.068E-33 7.915E-49 5.864E-64 4.344E-79 2.912E-99
TE129 1.897E-14 8.285E-31 3.581 E-47 1.556E-63 6.761 E-80 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO
TE129M 2.914E-14 1.273E-30 5.502E-47 2.390E-63 1.039E-79 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO
1129 1.282E-03 1.282E-03 1.282E-03 1.282E-03 1.282E-03 1.282E-03 1.282E-03 1.282E-03 1.282E-03 1.282E-03
1131 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO
XE131M O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO
XE133 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO
CS134 1.160E+03 2.160E+02 4.022E+01 7.490E+00 1.394E+00 4.838E-02 3.123E-04 2.018E-06 1.303E-08 1.567E-11
CS135 3.139E-02 3.139E-02 3.139E-02 3.139E-02 3.139E-02 3.139E-02 3.139E-02 3.139E-02 3.139E-02 3.139E-02
CS136 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO
CS137 3.373E+03 3.005E+03 2.677E+03 2.385E+03 2.125E+03 1.686E+03 1.192E+03 8.431E+02 5.962E+02 3.756E+02
BA136M O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO
BA137M 3.191 E+03 2.842E+03 2.532E+03 2.256E+03 2.010E+03 1.595E+03 1.128E+03 7.976E+02 5.640E+02 3.553E+02
BA140 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO
LA140 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO
CE141 2.145E-13 2.656E-30 3.253E-47 4.006E-64 4.934E-81 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO
CE142 1.178E-06 1.178E-06 1.178E-06 1.178E-06 1.178E-06 1.178E-06 1.178E-06 "1.178E-06 1.178E-06 1.178E-06
CE144 1.566E+02 1.824E+00 2.123E-02 2.471 E-04 2.877E-06 3.898E-10 6.150E-16 9.703E-22 1.531 E-27 2.812E-35
PR143 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO
PR144 1.566E+02 1.825E+00 2.123E-02 2.471 E-04 2.877E-06 3.899E-10 6.151E-16 9.704E-22 1.531 E-27 2.812E-35
PR144M 1.880E+00 2.189E-02 2.547E-04 2.965E-06 3.452E-08 4.678E-12 7.381E-18 1.164E-23 1.837E-29 3.374E-37
ND144 7.244E-11 7.249E-11 7.250E-11 7.250E-11 7.250E-11 7.250E-11 7.250E-11 7.250E-11 7.250E-11 7.250E-11
ND147 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO
PM145 5.580E-04 4.613E-04 3.793E-04 3.118E-04 2.564E-04 1.733E-04 9.633E-05 5.354E-05 2.975E-05 1.360E-05
PM147 5.328E+02 1.422E+02 3.794E+01 1.013E+01 2.702E+00 1.924E-01 3.656E-03 6.948E-05 1.320E-06 6.695E-09
PM148M 1.482E-11 7.245E-25 3.514E-38 1.711 E-51 8.333E-65 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO
PM148 8.345E-13 4.081 E-26 1.979E-39 9.638E-53 4.693E-66 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO
SM145 5.473E-05 1.323E-06 3.197E-08 7.728E-10 1.868E-11 1.091 E-14 1.541 E-19 2.176E-24 3.073E-29 1.049E-35
SM147 1.179E-07 1.275E-07 1.300E-07 1.307E-07 1.309E-07 1.310E-07 1.310E-07 1.310E-07 1.310E-07 1.310E-07
SM151 1.041 E+01 1.002E+01 9.636E+00 9.271E+00 8.921 E+OO 8.260E+00 7.359E+00 6.555E+00 5.841E+00 5.006E+00
EU152 5.129E-01 3.976E-01 3.082E-01 2.388E-01 1.851 E-01 1.111 E-01 5.176E-02 2.410E-02 1.122E-02 4.049E-03
EU154 2.239E+02 1.497E+02 1.000E+02 6.684E+01 4.467E+01 1.995E+01 5.956E+00 1.778E+00 5.307E-01 1.059E-01
EU155 8.762E+01 4.356E+01 2.166E+01 1.077E+01 5.354E+00 1.323E+00 1.625E-01 1.997E-02 2.455E-03 1.500E-04
EU156 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO
GD153 5.970E-03 3.197E-05 1.709E-07 9.144E-10 4.893E-12 1.401E-16 2.145E-23 3.287E-30 5.036E-37 4.128E-46
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DECAY TI MES (years out of core) 
(Activities* in Ci/element) 

Radionuclide 5 10 15 20 25 35 50 65 80 100 
TB160 2.368E-07 5.915E-15 1.471 E-22 3.665E-30 9.130E-38 5.669E-53 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
TL206 8.711 E-09 8.711 E-09 8.711 E-09 8.711E-09 8.711 E-09 8.711 E-09 8.711 E-09 8.711E-09 8.711 E-09 8.711 E-09 
TL207 1.459E-03 2.130E-03 2.702E-03 3.189E-03 3.605E-03 4.260E-03 4.923E-03 5.335E-03 5.589E-03 5.783E-03 
TL208 9.283E-01 9.492E-01 9.152E-01 8.739E-01 8.331 E-01 7.562E-01 6.545E-01 5.665E-01 4.904E-01 4.049E-01 
PB210 9.730E-07 8.953E-07 8.635E-07 8.757E-07 9.304E-07 1.162E-06 1.803E-06 2.782E-06 4.089E-06 6.338E-06 
PB211 1.463E-03 2.136E-03 2.709E-03 3.198E-03 3.615E-03 4.272E-03 4.937E-03 5.350E-03 5.605E-03 5.799E-03 
PB212 2.584E+00 2.642E+00 2.547E+00 2.432E+00 2.319E+00 2.105E+00 1.822E+00 1.577E+00 1.365E+00 1.127E+00 
BI211 1.463E-03 2.136E-03 2.709E-03 3.198E-03 3.615E-03 4.272E-03 4.937E-03 5.350E-03 5.605E-03 5.799E-03 
BI212 2.584E+00 2.642E+00 2.547E+00 2.432E+00 2.319E+00 2.105E+00 1.822E+00 1.577E+00 1.365E+00 1.127E+00 
P0212 1.655E+00 1.693E+00 1.632E+00 1.558E+00 1.486E+00 1.348E+00 1.167E+00 1.010E+00 8.745E-01 7.221E-01 
P0215 1.463E-03 2.136E-03 2.709E-03 3.198E-03 3.615E-03 4.272E-03 4.937E-03 5.350E-03 5.605E-03 5.799E-03 
P0216 2.584E+00 2.642E+00 2.547E+00 2.432E+00 2.319E+00 2.105E+00 1.822E+00 1.577E+00 1.365E+00 1.127E+00 
HN219 1.463E-03 2.136E-03 2.'709E-03 3.198E-03 3.615E-03 4.272E-03 4.937E-03 5.350E-03 5.605E-03 5.799E-03 
RN220 2.584E+00 2.642E+00 2.547E+00 2.432E+00 2.319E+00 2.105E+00 1.822E+00 1.577E+00 1.365E+00 1.127E+00 
FR223 2.017E-05 2.943E-05 3.733E-05 4.406E-05 4.980E-05 5.887E-05 6.805E-05 7.373E-05 7.724E-05 7.994E-05 
RA223 1.463E-03 2.136E-03 2.709E-03 3.198E-03 3.615E-03 4.272E-03 4.937E-03 5.350E-03 5.605E-03 5.799E-03 
RA224 2.584E+00 2.642E+00 2.547E+00 2.432E+00 2.319E+00 2.105E+00 1.822E+00 1.577E+00 1.365E+00 1.127E+00 
RA226 3.214E-07 5.458E-07 8.031E-07 1.094E-06 1.418E-06 2.167E-06 3.547E-06 5.239E-06 7.249E-06 1.043E-05 
RA228 9.265E-04 1.024E-03 1.082E-03 1.117E-03 1.138E-03 1.157E-03 1.166E-03 1.168E-03 1.168E-03 1.168E-03 
AC227 1.462E-03 2.133E-03 2.705E-03 3.193E-03 3.609E-03 4.266E-03 4.931 E-03 5.343E-03 5.597E-03 5.792E-03 
TH227 1.443E-03 2.106E-03 2.672E-03 3.154E-03 3.565E-03 4.213E-03 4.869E-03 5.276E-03 5.528E-03 5.719E-03 
TH228 2.582E+00 2.640E+00 2.545E+00 2.430E+OO 2.317E+00 2.104E+00 1.822E+00 1.577E+00 1.365E' 1.127E+00 
TH229 2.390E-03 3.624E-03 4.859E-03 6.092E-03 7.325E-03 9.789E-03 1.348E-02 1.717E-02 2.085E-02 2.575E-02 
TH230 9.635E-05 1.117E-04 1.272E-04 1.429E-04 1.587E-04 1.908E-04 2.398E-04 2.899E-04 3.410E-04 4.103E-04 
TH231 3.102E-04 3.102E-04 3.102E-04 3.102E-04 3.102E-04 3.102E-04 3.102E-04 3.102E-04 3.102E-04 3.102E-04 
TH232 1.168E-03 1.168E-03 1.168E-03 1.168E-03 1.168E-03 1.168E-03 1.168E-03 1.168E-03 1.168E-03 1.168E-03 
TH234 1.788E-05 1.788E-05 1.788E-05 1.788E-05 1.788E-05 1.788E-05 1.788E-05 1.788E-05 1.788E-05 1.788E-05 
PA231 6.022E-03 6.021 E-03 6.021E-03 6.020E-03 6.019E-03 6.018E-03 6.016E-03 6.015E-03 6.013E-03 6.010E·03 
PA233 1.589E-02 1.589E-02 1.589E-02 1.590E-02 1.590E-02 1.591 E-02 1.593E-02 1.595E-02 1.597E-02 1.600E-02 
PA234M 1.788E-05 1.788E-05 1.788E-05 1.788E-05 1.788E-05 1.788E-05 1.788E-05 1.788E-05 1.788E-05 1.788E-05 
PA234 2.324E-08 2.324E-08 2.324E-08 2.324E-08 2.324E-08 2.324E-08 2.324E-08 2.324E-08 2.324E-08 2.324E-08 
U232 2.733E+00 2.604E+OO 2.482E+00 2.365E+OO 2.254E+00 2.047E+00 1.772E+00 1.534E+00 1.327E+00 1.095E+00 
U233 2.618E+00 2.618E+OO 2.618E+00 2.617E+OO 2.617E+00 2.617E+00 2.617E+OO 2.617E+00 2.617E+00 2.617E+00 
U234 3.395E-01 3.432E-01 3.467E-01 3.500E-01 3.532E-01 3.593E-01 3.676E-01 3.749E-01 3.814E-01 3.890E-01 
U235 3.102E-04 3.102E-04 3.102E-04 3.102E-04 3.102E-04 3.102E-04 3.102E-04 3.102E-04 3.102E-04 3.102E-04 .. ,- .. - -.. , <.WIII> a"} ~ . ~ - - .. .. .. .. .. - .. 
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Radionuclide 5 10 15 

DECAY TIMES (years out of core) 
(Activities* in Ci/element) 

20 25 35 50 65 80 100 
U236 
U237 
U238 
NP237 
PU236 
PU237 
PU238 
PU239 
PU240 
PU241 
PU242 
PU244 
AM241 
AM242M 
AM242 
AM243 
CM242 
CM243 
CM244 
CM245 
CM246 
CM247 

1.096E-02 
2.554E-05 
1.788E-05 
1.589E-02 
5.247E-04 
1.727E-14 
2.616E+02 
1.725E-01 
2.876E-01 
1.041 E+02 
4.937E-03 
3.070E-09 
1.139E+00 
3.491E-03 
3.473E-03 
5.869E-02 
4.576E-02 
6.681E-02 
2.581 E+01 
5.110E-03 
2.016E-03 
1.325E-08 

1.096E-02 
2.008E-05 
1.788E-05 
1.589E-02 
1.556E-04 
1.524E-26 
2.515E+02 
1.725E-01 
2.999E-01 
8.184E+01 
4.937E-03 
3.070E-09 
1.869E+00 
3.412E-03 
3.395E-03 
5.866E-02 
2.827E-03 
5.916E-02 
2.132E+01 
5.108E-03 
2.015E-03 
1.325E-08 

1.096E-02 
1.578E-05 
1.788E-05 
1.589E-02 
4.614E-05 
1.334E-38 
2.417E+02 
1.725E-01 
3.100E-01 
6.433E+01 
4.937E-03 
3.070E-09 
2.435E+00 
3.335E-03 
3.319E-03 
5.863E-02 
2.746E-03 
5.239E-02 
1.760E+01 
5.106E-03 
2.014E-03 
1.325E-08 

1.096E-02 
1.241 E-05 
1.788E-05 
1.590E-02 
1.368E-05 
1.173E-50 
2.324E+02 
1.725E-01 
3.183E-01 
5.057E+01 
4.937E-03 
3.070E-09 
2.872E+00 
3.260E-03 
3.244E-03 
5.860E-02 
2.684E-03 
4.639E-02 
1.454E+01 
5.104E-03 
2.012E-03 
1.325E-08 

1.096E-02 
9.753E-06 
1.788E-05 
1.590E-02 
4.059E-06 
1.031 E-62 
2.234E+02 
1.725E-01 
3.252E-01 
3.976E+01 
4.937E-03 
3.070E-09 
3.208E+00 
3.187E-03 
3.171 E-03 
5.858E-02 
2.623E-03 
4.108E-02 
1.201 E+01 
5.102E-03 
2.011 E-03 
1.325E-08 

1.096E-02 
6.027E-06 
1.788E-05 
1.591 E-02 
3.595E-07 
O.OOOE+OO 
2.064E+02 
1.725E-01 
3.354E-01 
2.457E+01 
4.937E-03 
3.070E-09 
3.659E+00 
3.045E-03 
3.029E-03 
5.852E-02 
2.505E-03 
3.221 E-02 
8.188E+00 
5.098E-03 
2.008E-03 
1.325E-08 

1.096E-02 
2.928E-06 
1.788E-05 
1.593E-02 
1.215E-08 
O.OOOE+OO 
1.833E+02 
1.724E-01 
3.447E-01 
1.194E+01 
4.937E-03 
3.070E-09 
3.987E+00 
2.843E-03 
2.829E-03 
5.844E-02 
2.340E-03 
2.236E-02 
4.612E+00 
5.091 E-03 
2.003E-03 
1.325E-08 

1.096E-02 
1.423E-06 
1.788E-05 
1.595E-02 
3.095E-09 
O.OOOE+OO 
1.628E+02 
1.724E-01 
3.498E-01 
5.801E+00 
4.937E-03 
3.071 E-09 
4.094E+00 
2.655E-03 
2.642E-03 
5.836E-02 
2.185E-03 
1.553E-02 
2.597E+00 
5.085E-03 
1.999E-03 
1.325E-08 

1.096E-02 
6.919E-07 
1.788E-05 
1.597E-02 
2.859E-09 
O.OOOE+OO 
1.446E+02 
1.723E-01 
3.524E-01 
2.820E+00 
4.936E-03 
3.071E-09 
4.095E+00 
2.480E-03 
2.467E-03 
5.828E-02 
2.041E-03 
1.078E-02 
1.463E+00 
5.079E-03 
1.994E-03 
1.325E-08 

1.096E-02 
2.649E-07 
1.788E-05 
1.600E-02 
2.852E-09 
O.OOOE+OO 
1.235E+02 
1.723E-01 
3.538E-01 
1.080E+00 
4.936E-03 
3.071E-09 
4.023E+00 
2.264E-03 
2.252E-03 
5.817E-02 
1.863E-03 
6.628E-03 
6.803E-01 
5.071 E-03 
1.989E-03 
1.325E-08 

Subtotal** 1.645E+04 1.294E+04 1.116E+04 9.818E+03 8.689E+03 6.849E+03 4.830E+03 3.425E+03 2.441E+03 1.565E+03 
TOTAL*** 1.645E+04 1.294E+04 1.116E+04 9.818E+03 8.689E+03 6.849E+03 4.830E+03 3.425E+03 2.441E+03 1.565E+03 

* Four decimal places of accuracy are as reported by ORIGEN2 output and are not significant for many radionuclides. 
** Subtotal: total activity of the 145 isotopes listed in the table. 
*** Total: total activity of the ORIGEN2 output isotopes. 
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Template 7
 
Fuel-Specific Source Term Calculations
 

N-Reactor Fuel
 

Introduction 

The N-Reactor spent nuclear fuel (SNF) currently resides at the United States Department of 
Energy (DOE) Hanford Site. The SNF is stored in two water-filled pools, namely, the 105-KE Basin (KE 
Basin) and the 105-KW Basin (KW Basin). The combined total SNF mass of the two basins is 
approximately 2,100 MT. This mass represents greater than 91 % of the total DOE SNF uranium mass and 
a significant fraction of the total DOE SNF source term ~s well. 

The radionuclide inventory data or sOlllrce term used to develop this template is based on 
N-Reactor radionuclide inventories previously calculated by the Hanford site and is taken directly from 
Reference 1. Specifically, the "SafetylRegulatory Assessment Feed" design basis radionuclide inventory 
(Table 3.9, Reference 1) was selected as the template basis. This particular design basis inventory 
represents a high bumup (16.49% Pu-240) isotopic mixture expected to yield the largest dose to people 
per unit of material released and thus a maximum per unit mass source term. The inventory is decayed to 
a single date (May 31, 1998) or 22.08 years following discharge from the reactor. 

The N-Reactor radionuclide inventory data (Table 3.9, Reference I) is a relatively comprehensive 
list of radionuclides and the corresponding activities in terms of CilMTU. However, the N-Reactor 
inventory does not provide radionuclide activities for all the radionuclides identified in "Guide for 
Estimating DOE Spent Nuclear Fuel Source Terms" (Reference 2). Specifically missing are the actinides 
Th-229, Th-232, U-232, and U-233, as well as the actinide daughter decay products Ac-227, Pa-231, 
Pb-210, Ra-226, and Ra-228. Because the N-Reactor fuel did not contain thorium in the initial or 
beginning-of-life (BOL) fuel mass, the four actinides (Th-229, Th-232, U-232, and U-233) are not 
expected to exist in any significant quantity in irradiated N-Reactor fuel. The five daughter decay 
products (Ac-227, Pa-231, Pb-21O, Ra-226, and Ra-228) are dependent on the decay time following 
reactor discharge. 

In order to provide activity values for these five daughter decay products and at the same time 
provide N-Reactor inventories as a function of additional decay times, the Table 3.9 data were decayed 
using the ORIGEN2 code (Reference 3) and various decay dates out to 100 years following reactor 
discharge. This way both the SNF template format is met and all the important radionuclides have an 
associated activity in the template as a function of decay time. However, it should be noted that the 
daughter decay product activities will be slightly underpredicted, because they are decayed from 
May 31, 1998 (Table 3.9 data) and not the discharge date. 

It should be emphasized that the Idaho National Engineering and Environmental Laboratory SNF 
source term calculational methodology used to generate other template source terms is not used here to 
generate the N-Reactor source term. The N-Reactor source term is taken directly out of Table 3.9 from 
Reference 1. These data (Table 3.9, Reference 1) are simply decayed out to the 100-year timeframe and 
reported in this template radionuclide inventory along with the initial Table 3.9 data, which corresponds 
to the 22.08-year decay time. The decay calculation performed as part of the N-Reactor template 
development herein used the ORIGEN2 computer code and the standard ORIGEN2 decay libraries 
(Reference 3). 
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N-Reactor 

The following description of the N-Reactor in this section is taken almost verbatim out of 
Reference 5. 

The 105-N Reactor (N-Reactor) is a graphite-moderated, pressurized water-cooled reactor located 
in the 100-N Area of the Hanford Site. It was initially designed for plutonium production for national 
defense. Initial operation began in 1963. Two years later, N-Reactor was modified to produce steam to be 
used by the Washington Public Power Supply System to generate electricity. N-Reactor was the only 
dual-purpose reactor in the United States. 

The core of the N-Reactor was a I ,800-ton graphite block, 33 feet (10 meters) high by 33 feet 
(10 meters) wide by 39 feet (12 meters) long. A total of 1,003 horizontal Zircaloy-2 process tubes held the 
fuel and contained the cooling water. The cooling water transferred the reaction heat from the 366 metric 
tons of uranium fuel to the secondary coolant water in steam generators. Perpendicular to the process 
tubes were 84 horizontal water-cooled, boron containing control rods. These rods entered the reactor from 
both sides and provided operating reactivity control, neutron flux shaping, and emergency shutdown 
control. Completely independent, backup emergency shutdown control was provided by 107 vertical 
channels penetrating the core that could be gravity-filled with special neutron absorbing balls. 

When operating, N-Reactor produced up to 4,000 MWth of heat energy and up to 13 million 
pounds per hour of low-pressure steam, which produced 860 MWe. The production of tritium and various 
nondefense target elements was also demonstrated. 

N-Reactor ceased operation in 1987, but fuel remained in the core pending a possible restart. The 
final core was discharged in April 1989. 

N-Reactor Fuel Element Data 

The radionuclide inventory from Table 3.9 (Reference I) is based on the N-Reactor MARK N 
fuel assembly. This assembly consists of two concentric annular fuel elements (termed inner element and 
outer element). The fuel meat is uranium metal with Zircaloy-2 cladding on both inner and outer surfaces 
of each element. Both elements have a BOL enrichment of 0.947% U-235 and a combined total uranium 
weight of approximately 22.7 kg or 50 lb. 

The following N-reactor fuel assembly table data is based on References I and 4. 

Outer Element Diameters 
Zircaloy Clad OD 6.160 cm 
Uranium meat OD 6.032 cm 
Uranium meat ID 4.422 cm 
Zircaloy Clad ID 4.321 cm 

Outer Element Enrichments 
U-235 0.94700 wt% 
U-236 0.03920 wt% 
U-238 99.0138 wt% 
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Inner Element Diameters 
Zircaloy Clad OD 3.249 cm 
Uranium meat OD 3.096 cm 
Uranium meat ID 1.321 cm 
Zircaloy Clad ill 1.219 cm 

Inner Element Enrichments 
U-235 0.94700 wt% 
U-236 0.03920 wt% 
U-238 99.0138 wt% 

Assembly Uranium Mass 22.7 kg 

Assembly Dimensions 
Maximum Length 66.294 cm 
End Cap Thickness 0.483 cm 

Fuel Assembly Max. Weight 23.4 kg 

Based on the above table data and the fact that the radionuclide inventory from Table 3.9 
(Reference 1) is based on a BOL uranium total mass of 11.6 MTU, the following BOL isotopic uranium 
masses can be estimated. 

Uranium BOLMass 
Isotope (grams) 

U-235 109,852.0 

U-236 4,547.0 

U-238 11,485,601.0 

Total U 11,600,000.0 

Burnup and Time Since Discharge 

The K Basin inventory of N-Reactor SNF is composed of assemblies that experienced a range of 
bumups and were discharged from the reactor between January 1971 and April 1987. The bumups range 
from 0.0 to approximately 6000 MWd per MTU. 

Accountability records have been used to subdivide the K Basin N-Reactor assemblies by bumup 
and mass in order to estimate total radionuclide inventories. The accountability record run data listing 
includes (1) discharge date, (2) fuel type, and (3) other information for 497 keys of fuel assemblies. Each 
of the 497 keys includes assemblies of the same type, same bumup, and same discharge date from the 
reactor. 

The bumup of a N-Reactor fuel key is historically ranked by End-of-Life (EOL) Pu-240 
concentration or Pu-240 weight percent of the plutonium mass. Pu-240 concentration increases with 
bumup or exposure time in the core and is a direct indicator of an assembly or key bumup. Typically, 
seven bi.ns «5%, 5-7%, 7-9%, 9-11 %, 11-13%, 13-15%, and >15% Pu-240) are used to categorize spent 
N-Reac~or assemblies. 
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In the highest bumup bin (>15% Pu-240), there are two fuel keys with maximum bumups of 
16.72% Pu-240 and 16.49% Pu-240 and discharge dates of February 20,1976, and May 1, 1976, 
respectively. When decayed to May 31, 1998, the 16.49% Pu-240 fuel was found to have a mix of 
isotopes that produced a maximum dose to people. The total BOL uranium mass of this 16.49% Pu-240 
fuel stored at the K Basins was 11.6 MTU. A complete listing of the specific radionuclide composition in 
CilMTU for this fuel key, decayed to May 31, 1998, is'listed in the template column headed with a 
22.08-year decay. 

It should be noted that the application of the 16.49 wt% Pu-240 SNF template here to all the 
N-Reactor SNF K-Basin fuel inventory will produce a conservative or overestimate of the actual total 
radionuclide inventory. 

Cross-Section Development 

ORIGEN2 S.2 runs were used to generate the radionuclide inventories used to characterize the 
N-Reactor spent fuel. These same ORIGEN2 runs were apparently used to generate the Table 3.9 
(Reference 1) radionuclide data and are based on improved cross-section libraries generated by the 
WIMS-E computer code (Reference 6). 

Fuel/Clad Impurities 

Fuel and cladding material constituents, both major and minor (impurities), activate, fission, and 
transmute into a wide variety of radionuclides. Comprehensive lists of BOL fuel, clad, and other 
structural and poison materials are key to fully characterizing the SNF and determining its EOL 
radionuclide inventory. Preirradiated impurity concentrations are typically low relative to the major 
constituent concentrations, but can lead through activation to significant quantities of important 
radionuclides. Hence, it is important for a depletion or activation calculation to include as many known 
impurity elements and their concentrations as possible. 

The depletion calculation used to develop the N-Reactor radionuclide inventory (Table 3.9, 
Reference 1) is based on the major and minor impurity elements in the uranium metal fuel, the Zircaloy-2 
clad, and the zirconium-beryllium braze material used to seal the fuel assemblies as given in Table 3.4, 
Reference 1. This elemental list and the associated elemental masses are for preirradiated conditions and 
given specifically in terms of the total N-Reactor fuel, clad, and braze mass, or 2,100,000 kg, 145,000 kg, 
and 3,000 kg, respectively. The Table 3.4 values are scaled to a parts-per-million basis for presentation 
purposes and conformity to the template format. These impurities are listed in Table 1. 

Decay Calculation 

The N-Reactor radionuclide inventory template is based on the "SafetylRegulatory Assessment 
Design Basis" according to Reference 1. This inventory is based on 16.49 wt% Pu-240 exposure fuel and 
is reported to have a discharge date of May 1, 1976, and is decayed to May 31, 1998. This would 
represent a 22.08-year decay period. 

In order to further decay the radionuclide inventory out to 25,35,50,65,80, and 100 years for 
the template format, the ORIGEN2 computer code was used to perform the decay calculation. See Table 2 
for the decay history. The first step was to modify the radionuclide inventory or source term from the 
Table 3.9 (Reference 1) "SafetylRegulatory Assessment Design Basis" radionuclide list (CilMTU) in 
order to load the mass vector into the ORIGEN2 decay input deck. The list was loaded as a mass (grams) 
vector where the Table 3.9 data were multiplied by the BOL 11.6 MTU (template basis) and divided by 
the appropriate radionuclide curie-to-gram conversion factor. The inventory was then decayed for the six 
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additional decay dates with the radionuclide activities output in terms of curies. The total curies inventory 
for the J6.49% Pu-240 key was then divided by the total key BOL uranium mass (11.6 MTU) in order to 
convert back to the more convenient units of CilMTU, and it is these values that are reported in the 
attached radionuclide ir· entory temple here. 
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Table 1. N-Reactor fuel assembly material impurity concentrations.
 

Constituent or
 
Uranium Metal 
Concentration 

Zircaloy-2 Cladding 
Concentration 

Braze Filler 
Concentration 

Impurity
 (ppm) (wt%) (ppm) 
H 2
 25.5	 47.3 
Li 
Be 10
 47333
 
B 0.25
 0.51	 0.47 
C 366-738
 280.7	 473
 
N 75.2 81.4	 189
 
0 2177
 
F 
Na 20.4	 18.9 
Mg 
Al 705-905
 

20.4	 
76.5 

56.7 
566670
 

Si 124.3 102 236
 
p 
S 
Cl 
K 
Ca 
Sc 
Ti 51 47.3
 
V
 51 47.3
 
Cr 65
 510-1531 473-1420
 
Mn 25
 51 56.7
 
Fe 301-401
 717-2041 567-1987
 
Co 10.2	 18.9 
Ni 100.5 306-814	 283-757
 
Cu 75.2 51 56.7
 
Zn 
Ga 
As 
Se 
Br 
Rb 
Sr 
y 
Zr 358.6 100wt% 926667
 
Nb 
Mo 51	 47.3 
Ag 
Cd 0.25 0.51	 0.47 
In 
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Table 1. (continued). 

Constituent or 
Impurity 

Sn 
Sb 
Cs 
Ba 
La 
Ce 
Pr 
Nd 
Sm 
Eu 
Gd 
Tb 
Dy 
Ho 
Er 
Tm 
Yb 
Lu 
Hf 
Ta 
W 
Tl 
Pb 
Bi 
Th 
U 

Uranium Metal 
Concentration 

(ppw\ 

100 wt% 

Zircaloy-2 Cladding 
Concentration 

(wt%) 
12276-17379 

204 

51 

102 

3.6 

Braze Filler 
Concentration 

(ppm) 
10767-16067 

189 

95 

123 

3.77 
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Table 2. N-Reactor decay history used in the template decay calculation. 

Dates 

Differential Decay 
Time 

(years) 

Cumulative 
Decay Time 

(days) 

Cumulative 
Decay Time 

(years) 

Time-Averaged
Power 

(MWth) 

I-May-1976 
(discharge) 

0.0 0.0 0.0 0.0 

31-May-1998 
(Table 3.9 decay date) 

22.08 8065.00 22.08 0.0 

01-May-2001 2.92 9131.00 25.00 0.0 

01-May-2011 12.92 12783.00 35.00 0.0 

01-May-2026 27.92 18262.00 50.00 0.0 

01-May-2041 42.92 23741.00 65.00 0.0

01-May-2056 57.92 29220.00 80.00 0.0 

01-May-2076 77.92 36525.00 100.00 0.0 

The radionuclide decay dates begin with May 31, 1998, or 22.08-years after discharge from the N-Reactor 
core followed by 25,35,50,65,80, and 100-year decay times in accordance with the template format. 
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DECAY TIMES (years out of core) 
(Activities* in Ci/MTU) 

Radionuclide 5 10 15 22.08 25 35 50 65 80 100 
NB94 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
NB95 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
NB95M O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
M093 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
TC 99 2.190E+OO 2.190E+OO 2.190E+OO 2.190E+OO 2.190E+OO 2.190E+OO 2.190E+OO 
RU103 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
RU106 2.560E-02 3.441 E-03 3.553E-06 1.177E-10 3.899E-15 1.291E-19 1.375E-25 
RH103M O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
RH106 2.559E-02 3.441E-03 3.553E-06 1.177E-10 3.899E-15 1.291 E-19 1.375E-25 
PD107 1.560E-02 1.560E-02 1.560E-02 1.560E-02 1.560E-02 1.560E-02 1.560E-02 
AG110 7.172E-10 3.728E-11 1.485E-15 3.728E-22 9.353E-29 2.347E-35 3.719E-44 
AG110M 5.391 E-08 2.803E-09 1.117E-13 2.803E-20 7.034E-27 1.765E-33 2.797E-42 
AG111 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CD113M O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CD113 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CD115M O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
IN114 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
IN114M O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
IN115M O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
8N119M 6.137E-08 3.009E-09 9.810E-14 1.821E-20 3.379E-27 6.272E-34 6.647E-43 
8N121M 6.272E-02 6.024E-02 5.244E-02 4.259E-02 3.459E-02 2.809E-02 2.128E-02 
8N123 1.720E-16 5.638E-19 1.738E-27 2.957E-40 5.032E-53 8.563E-66 8.089E-83 
8N125 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
8N126 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
8B124 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
8B125 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
8B126 1.810E-02 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
8B126M 1.291 E-01 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
TE123M 1.500E-21 3.124E-24 2.035E-33 3.364E-47 5.560E-61 9.190E-75 3.878E-93 
TE125M O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
TE127 2.119E-19 2.408E-22 1.978E-32 1.463E-47 1.082E-62 8.004E-78 5.366E-98 
TE127M 2.160E-19 2.459E-22 2.019E-32 1.493E-47 1.105E-62 8.172E-78 5.478E-98 
TE129 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
TE129M O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
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DECAY TIMES (years out of core) 
(Activities* in Ci/MTU) 

Radionuclide 5 10 15 22.08 25 35 50 65 80 100 
1129 5.160E-03 5.160E-03 5.160E-03 5.160E-03 5.160E-03 5.160E-03 5.160E-03 
1131 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
XE131M O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
XE133 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CS134 6.477E+00 2.428E+00 8.425E-02 5.440E-04 3.512E-06 2.267E-08 2.728E-11 
CS135 6.040E-02 6.040E-02 6.040E-02 6.040E-02 6.040E-02 6.040E-02 6.039E-02 
CS136 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CS137 9.655E+03 9.026E+03 7.167E+03 5.067E+03 3.584E+03 2.534E+03 1.596E+03 
BA136M O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
BA137M 9.138E+03 8.542E+03 6.780E+03 4.794E+03 3.390E+03 2.397E+03 1.509E+03 
BA140 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
LA140 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CE141 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CE142 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CE144 7.909E-04 5.878E-05 7.975E-09 1.258E-14 1.983E-20 3.126E-26 5.741 E-34 
PR143 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PR144 7.820E-04 5.807E-05 7.879E-09 1.242E-14 1.959E-20 3.089E-26 5.672E-34 
PR144M O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
ND144 O.OOOE+OO 2.682E-19 2.897E-19 2.897E-19 2.897E-19 2.897E-19 2.897E-19 
ND147 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PM145 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PM147 1.091 E+02 5.041 E+01 3.591E+00 6.823E-02 1.297E-03 2.463E-05 1.249E-07 
PM148M O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PM148 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SM145 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SM147 O.OOOE+OO 1.436E-09 2.584E-09 2.671 E-09 2.672E-09 2.672E-09 2.672E-09 
SM151 1.020E+02 9.974E+01 9.233E+01 8.226E+01 7.328E+01 6.528E+01 5.597E+01 
EU152 8.450E-01 7.282E-01 4.375E-01 2.037E-01 9.483E-02 4.415E-02 1.593E-02 
EU154 1.129E+02 8.922E+01 3.987E+01 1.191 E+01 3.553E+00 1.060E+00 2.116E-01 
EU155 1.060E+01 7.051 E+OO 1.743E+00 2.141E-01 2.631 E-02 3.233E-03 1.975E-04 
EU156 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
GD153 5.190E-10 2.450E-11 7.025E-16 1.075E-22 1.647E-29 2.520E-36 2.066E-45 
TB160 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
TL206 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 

- - - - .. .. - - - - - - ,- - - - ,- - 
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DECAY TIMES (years out of core) 

(Activities* in Ci/MTU) 
Radionuclide 5 10 15 22.08 25 35 50 65 80 100 

TL207 O.OOOE+OO 3.522E-08 6.234E-07 2.525E-06 5.233E-06 8.440E-06 1.317E-05 
TL208 O.OOOE+OO 1.428E-13 5.123E-12 2.063E-11 3.893E-11 5.785E-11 8.681E-11 
PB210 O.OOOE+OO 1.876E-10 1.516E-08 1.381 E-07 4.552E-07 1.022E-06 2.222E-06 
PB211 O.OOOE+OO 3.532E-08 6.252E-07 2.532E-06 5.247E-06 8.464E-06 1.321 E-05 
PB212 O.OOOE+OO 3.974E-13 1.426E-11 5.741E-11 1.084E-10 1.610E-10 2.416E-10 
BI211 O.OOOE+OO 3.532E-08 6.252E-07 2.532E-06 5.247E-06 8.464E-06 1.321 E-05 
BI212 O.OOOE+OO 3.974E-13 1.426E-11 5.741E-11 1.084E-10 1.61 OE-1 0 2.416E-10 
P0212 O.OOOE+OO 2.547E-13 9.138E-12 3.678E-11 6.942E-11 1.032E-10 1.548E-10 
P0215 O.OOOE+OO 3.532E-08 6.252E-07 2.532E-06 5.247E-06 8.464E-06 1.321 E-05 
P0216 O.OOOE+OO 3.974E-13 1.426E-11 5.741 E-11 1.084E-10 1.610E-10 2.416E-10 
RN219 O.OOOE+OO 3.532E-08 6.252E-07 2.532E-06 5.247E-06 8.464E-06 1.321E-05 
RN220 O.OOOE+OO 3.974E-13 1.426E-11 5.741E-11 1.084E-10 1.610E-10 2.416E-10 
FR223 O.OOOE+OO 4.873E-10 8.629E-09 3.493E-08 7.236E-08 1.167E-07 1.822E-07 
RA223 O.OOOE+OO 3.532E-08 6.252E-07 2.532E-06 5.247E-06 8.464E-06 1.321 E-05 
RA224 O.OOOE+OO 3.974E-13 1.426E-11 5.741E-11 1.084E-10 1.610E-10 2.416E-10 
RA226 O.OOOE+OO 6.381 E-09 1.252E-07 5.862E-07 1.388E-06 2.533E-06 4.594E-06 
RA228 O.OOOE+OO 1.410E-12 2.046E-11 6.641 E-11 1.179E-10 1.708E-10 2.416E-10 
AC227 O.OOOE+OO 3.532E-08 6.252E-07 2.531 E-06 5.244E-06 8.456E-06 1.320E-05 
TH227 O.OOOE+OO 3.483E-08 6.166E-07 2.497E-06 5.175E-06 8.347E-06 1.303E-05 
TH228 O.OOOE+OO 3.974E-13 1.426E-11 5.741 E-11 1.084E-10 1.610E-10 2.416E-10 
TH229 O.OOOE+OO 8.222E-11 1.638E-09 7.757E-09 1.864E-08 3.453E-08 6.399E-08 
TH230 O.OOOE+OO 1.010E-05 4.492E-05 9.776E-05 1.511 E-04 2.051 E-04 2.778E-04 
TH231 O.OOOE+OO 1.270E-02 1.270E-02 1.270E-02 1.271 E-02 1.271 E-02 1.271 E-02 
TH232 O.OOOE+OO 1.031 E-11 4.564E-11 9.871 E-11 1.517E-10 2.049E-10 2.758E-10 
TH234 O.OOOE+OO 3.309E-01 3.309E-01 3.309E-01 3.309E-01 3.309E-01 3.309E-01 
PA231 O.OOOE+OO 7.839E-07 3.471 E-06 7.500E-06 1.153E-05 1.556E-05 2.093E-05 
PA233 O.OOOE+OO 4.703E-02 4.865E-02 5.135E-02 5.421 E-02 5.710E-02 6.093E-02 
PA234M O.OOOE+OO 3.309E-01 3.309E-01 3.309E-01 3.309E-01 3.309E-01 3.309E-01 
PA234 O.OOOE+OO 4.303E-04 4.303E-04 4.303E-04 4.303E-04 4.303E-04 4.303E-04 
U232 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
U233 O.OOOE+OO 5.975E-07 2.688E-06 5.966E-06 9.422E-06 1.308E-05 1.823E-05 
U234 3.840E-01 3.851E-01 3.886E-01 3.934E-01 3.978E-01 4.016E-01 4.059E-01 
U235 1.270E-02 1.270E-02 1.270E-02 1.270E-02 1.271E-02 1.271E-02 1.271 E-02 
U236 7.159E-02 7.160E-02 7.165E-02 7.171E-02 7.177E-02 7.183E-02 7.191E-02 
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DECAY TIMES (years out of core) 
(Activities* in Ci/MTU) 

Radionuclide 5 10 15 22.08 25 35 50 65 80 100 
U237 O.OOOE+OO 1.453E-03 8.983E-04 4.362E-04 2.119E-04 1.029E-04 3.929E-05 
U238 3.309E-01 3.309E-01 3.309E-01 3.309E-01 3.309E-01 3.309E-01 3.309E-01 
NP237 4.660E-02 4.703E-02 4.865E-02 5.135E-02 5.421 E-02 5.710E-02 6.093E-02 
PU236 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PU237 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PU238 1.330E+02 1.300E+02 1.202E+02 1.068E+02 9.483E+01 8.429E+01 7.201E+01 
PU239 1.730E+02 1.730E+02 1.730E+02 1.729E+02 1.728E+02 1.728E+02 1.727E+02 
PU240 1.370E+02 1.369E+02 1.368E+02 1.366E+02 1.364E+02 1.361E+02 1.359E+02 
PU241 6.817E+03 5.924E+03 3.661E+03 1.778E+03 8.638E+02 4.195E+02 1.602E+02 
PU242 8.716E-02 8.716E-02 8.716E-02 8.716E-02 8.716E-02 8.716E-02 8.707E-02 
PU244 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
AM241 4.339E+02 4.616E+02 5.290E+02 5.783E+02 5.946E+02 5.951 E+02 5.847E+02 
AM242M 3.721 E-01 3.672E-01 3.508E-01 3.276E-01 3.059E-01 2.857E-01 2.608E~01 

AM242 3.710E-01 3.653E-01 3.491 E-01 3.259E-01 3.044E-01 2.843E-01 2.595E-01 
AM243 2.780E-01 2.779E-01 2.777E-01 2.773E-01 2.769E-01 2.766E-01 2.760E-01 
CM242 3.081 E-01 3.028E-01 2.886E-01 2.696E-01 2.517E-01 2.351E-01 2.146E-01 
CM243 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CM244 4.471 E+OO 3.998E+00 2.727E+00 1.535E+00 8.647E-01 4.871E-01 2.266E-01 
CM245 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CM246 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CM247 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
TOTAL** 4.110E+04 3.791E+04 2.908E+04 1.994E+04 1.394E+04 9.914E+03 6.467E+03 

* Four decimal places of accuracy are as reported by ORIGEN2 output and are not significant for many radionuclides. 
** Total: total activity ofthe 145 isotopes listed in the table. 

----~~----~-~-~--~-
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Template 8 

Fuel-Specific Source Term Calculations 
High Flux Beam Reactor Fuel 

Introduction 

The following data have been used in the Idaho National Engineering and Environmental 
Laboratory (INEEL) spent nuclear fuel source term calculational methodology to generate a source term 
template for a single High Flux Beam Reactor (HFBR) spent nuclear fuel element. This single-element 
source term uses the hIghest bumup of the 240 elements stored at the INEEL and is considered to be a 
bounding source term for these highly enriched spent nuclear fuel elements. The data sources for the 
analysis are documented in References 1 through 7, and the INEEL calculational methodology is 
described in Reference 8. 

HFBR Reactor Data 

The HFBR core and fuel elements are described in References 1 through 7. Data from these 
references have been used to develop reactor physics models for the depletion and activation analysis. 

The HFBR fuel elements are plate-type elements consisting of 19 curved plates. The plates are 
stacked, separated by a heavy water gap (102-129 mils), and held together as a rectangular structure by 
two aluminum side plates (140 mils thick). Plates 1 and 19 are aluminum plates containing no fuel. The 
fuel meat in Plates 2 through 18 is a mixture ofU30 g in an aluminum matrix and clad on both sides with 
aluminum, as shown in Figure 1. The uranium enrichment is nominally 93% high-enriched uranium 
metal. The uranium isotopic data are given below. 

The following data provide specific fuel element dimensions, materials, densities, enrichment, 
etc., which are typical for a heavy-loaded KM-type HFBR fuel element. There is also a less heavily 
loaded fuel element in the HFBR called a KL-type fuel element. Both the KM and KL-type fuel elements 
are identical with the exception of the initial beginning-of-life (BOL) loading. The BOL data below was 
used in the bumup calculation for the source term generation and is based on a KM-type HFBR fuel 
element. 

Fuel Element: Curved plate 
No. of Plates:
 19 
Fueled Plates:
 17 

Fuel Plate Thickness:
 50 mils 
XY dimensions:
 2.820 in. by 3.194 in. 

Length:
 23.75 in. 

Fuel Rod: U30 g in an Aluminum-6061T matrix 
Fuel Density: 3.608 glee 

Fuel Meat Thickness: 21 mils 
Uranium Enrichment: 0.60 wt % U-234 

93.00 wt % U-235 
0.35 wt % U-236 
6.05 wt % U-238 
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Heavy Metal Loading: 2.26 g/element U-234 (BOL) 
350.61 g/element U-235 (BOL) 

1.32 glelement U-236 (BOL) 
22.81 g/element U-238 mOL) 

377.00 g/element Total U 

Clad:
 Aluminum 6061T 
Clad Density:
 2.70 glee 

Clad Thickness:
 14.5 mils
 
Side Plates:
 Aluminum 606 XT
 

Side Plate Width:
 140 mils 
Total Aluminum Mass:
 4,064.13 g/element 

CoolantIModerator :
 Heavy Water (DzO) 
Coolant Temperature:
 52C 

Coolant Pressure:
 175.3 psig
 
Coolant Density:
 1.09325 glee
 

From the above data (materials, enrichments, and densities), material masses and number 
densities were calculated for all the material components in a single HFBR fuel element. In addition, for 
the ORlGEN2 (Reference 9) depletion calculation, conservative and detailed impurity concentrations 
were added for the aluminum clad and structural components. Table 1 lists the Aluminum-6061T 
impurities and their concentrations (Reference 10). 

Burnup 

The bumup chosen for this template is 62.3% U-235 depletion, 164.6 MWd, and approximately 
218.4 g ofU-235 depleted for a single HFBR KM-type element. This is a relatively high bumup and 
represents the maximum bumup of the HFBR elements stored at the INEEL. This bumup is conservative 
with respect to the buildup of fission products, activation products, and minor actinides in the source 
term, but nonconservative with regard to criticality safety, in particular U-235 and U-238 end-of-life 
concentrations. 

For the template analysis here, the bumup period is assumed to be a 3-cycle exposure. The first 
cycle runs for 24-days, followed by a 25-day cycle, and finally another 24-day cycle. Between Cycles 1 
and 2 and Cycles 2 and 3, there is an assumed shutdown period of 14 days. At the end ofthe third cycle, 
the element is assumed to be removed from the core and the cooling or decay period begins. During the 
bumup period, the fuel element output power is assumed to be approximately 2.255 MW and is assumed 
to be the same and constant for each of the three cycles (see Table 2). 

Cross-Section Development 

The neutron cross sections used in the bumup or depletion calculation for the source term 
generation of a single HFBR fuel element are based on the methodology described in Reference 8. Cross 
sections from a standard ORlGEN2 heavy water reactor library were updated once using the specially 
developed BOL cross sections for the HFBR. The updated cross sections take into account the unique 
HFBR neutron flux spatial and spectral characteristics to ensure accurate calculation of the fission product 
and actin.ide production as a function of bumup. 
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In order to calculate the BOL HFBR neutron cross sections, an explicit HFBR fuel assembly was 
developed with reflective boundary conditions on the element peripheral surfaces. The reflective surfaces 
simulated an infinite array of HFBR fuel elements. 

HFBR Single Elemeht Exposure History 

Table 2 summarizes the power or exposure history used in the bumup or source term calculations 
for a single HFBR fuel element. Following the bumup or exposure period, the radionuclide activities are 
decayed for 5, 10, 15, 20, 25, 35, 50, 65, 80, and 100 years. 

Burnup Calculation 

The ORIGEN2 computer code (Reference 9) was used to perform the depletion or bumup 
calculation for the HFBR fuel element. The radionuclide inventory or source term template is for a single 
HFBR fuel element or assembly. The fuel element masses and impurities, neutron cross sections, bumup, 
power history, and power level as discussed above are input data for the ORIGEN2 calculation. The 
radionuclide concentrations are given as a function of time in the template table. 

The 145 radionuclides listed in the template represent greater than 99.99% of the total curie 
inventory had all 684 activation products, 880 fission products, and 127 actinide/daughter isotopes from 
the ORIGEN2 output been included in the template. 
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Table 1. HFBR Aluminum-6061T material constituent and impurity concentrations.
 
Constituent or Concentration 

Impurity (wt%) 
H 0.02143 
C 0.02143 
0 0.02143 
Mg 1.00000 
Al 97.15499 
Si 0.60000 
Ti 0.07500 
Cr 0.19500 
Mn 0.07500 
Fe 0.35000 
Ni 0.02143 
Cu 0.27500 
Zn 0.12500 
Zr 0.02143 
Sn 0.02143 
Pb 0.02143 

Table 2. Assumed bumup or power history for a single HFBR fuel element. 
Duration Cumulative Duration Time- Averaged Power 

(days) (days) (MWth)
 

24 24 2.255
 
14 38 0.0
 
25 63 2.255
 
14 77 0.0
 
24 101 2.255
 

1825 1926 0.0
 
1825 3751 0.0
 
1825 5576 0.0
 
1825 7401 0.0
 
1825 9226 0.0
 
3650 12876 0.0
 
5475 18351 0.0
 
5475 23826 0.0
 
5475 29301 0.0
 
7300 36601 0.0
 

The bottom ten dates with zero associated power represent the ten different cooling or decay dates after 
exposure. These ten dates are specifically the 5, 10, 15,20,25,35,50,65,80, and 100-year cooling times 
designated for the templat~ methodology. 
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e 1. High Flux Beam Reactor curved-plate fuel assembly. 
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High Flux Beam Reactor Element 
Aluminum Cladding, 40 to 100%-Enriched U-235 Fuel 

Reactor Moderator/Coolant: Heavy Water 
Fuel Meat: UsOs in Aluminum 
Clad: Aluminum 606H 
Burnup: 436570 MWd/MTU 
Burnup: 164.6 MWd/single element (high burnup) 
Burnup: 62.3% U-235 depletion (fissioned and transmuted) 
Basis of Calculation: Single fuel element 
BOl U-235: 350.61 9 U-235 per element 
BOl U-238: 22.81 9 U-238 per element 
BOl U-234: 2.26 9 U-234 per element 
BOl U-236: 1.32 9 U-236 per element 
BOl Total U per element: 377.00 9 U per element 
BOl Fuel Enrichment: 93 wt% U-235 

DECAY TIMES (years out of core) 
(Activities* in Ci/element) 

Radionuclide 5 10 15 20 25 35 50 65 80 100 
H 3 1.766E+00 1.334E+00 1.008E+00 7.614E-01 5.752E-01 3.283E-01 1.415E-01 6.101 E-02 2.631 E-02 8.566E-03 
BE10 1.531 E-08 1.531 E-08 1.531 E-08 1.531 E-08 1.531 E-08 1.531 E-08 1.531 E-08 1.531 E-08 1.531E-08 1.531 E-08 
C14 4.364E-06 4.362E-06 4.358E-06 4.356E-06 4.354E-06 4.348E-06 4.340E-06 4.333E-06 4.325E-06 4.314E-06 
CL 36 7.315E-29 7.315E-29 7.315E-29 7.315E-29 7.315E-29 7.315E-29 7.314E-29 7.314E-29 7.314E-29 7.314E-29 
CR 51 3.092E-17 4.602E-37 6.851E-57 1.020E-76 1.518E-96 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
MN54 8.728E-03 1.524E-04 2.660E-06 4.644E-08 8.107E-10 2.471E-13 1.315E-18 6.994E-24 3.721 E-29 3.457E-36 
FE 55 1.214E+01 3.204E+00 8.457E-01 2.232E-01 5.891E-02 4.104E-03 7.545E-05 1.387E-06 2.550E-08 1.238E-10 
FE 59 1.057E-11 6.542E-24 4.048E-36 2.505E-48 1.550E-60 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CO 60 5.753E-02 2.982E-02 1.545E-02 8.010E-03 4.152E-03 1.115E-03 1.553E-04 2.162E-05 3.010E-06 2.172E-07 
NI59 1.251 E-03 1.251 E-03 1.251 E-03 1.251 E-03 1.251 E-03 1.251 E-03 1.251E-03 1.250E-03 1.250E-03 1.250E-03 
NI63 2.467E-01 2.376E-01 2.288E-01 2.203E-01 2.122E-01 1.968E-01 1.758E-01 1.570E-01 1.403E-01 1.206E-01 
ZN 65 8.871 E-01 4.956E-03 2.769E-05 1.547E-07 8.644E-10 2.699E-14 4.707E-21 8.210E-28 1.432E-34 1.396E-t13 
SE 79 2.031 E-03 2.031 E-03 2.031E-03 2.031 E-03 2.031E-03 2.030E-03 2.030E-03 2.030E-03 2.029E-03 2.029E-03 
KR85 4.689E+01 3.394E+01 2.457E+01 1.779E+01 1.288E+01 6.749E+00 2.560E+00 9.713E-01 3.685E-01 1.012E-01 
RB87 1.409E-07 1.409E-07 1.409E-07 1.409E-07 1.409E-07 1.409E-07 1.409E-07 1.409E-07 1.409E-07 1.409E-07 
SR89 6.465E-07 8.536E-18 1.127E-28 1.488E-39 1.965E-50 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SR 90 4.484E+02 3.981E+02 3.535E+02 3.138E+02 2.787E+02 2.197E+02 1.537E+02 1.076E+02 7.532E+01 4.681 E+01 
Y 90 4.485E+02 3.982E+02 3.536E+02 3.139E+02 2.787E+02 2.197E+02 1.538E+02 1.076E+02 7.534E+01 4.682E+01 
Y 91 2.270E-05 9.249E-15 3.768E-24 1.535E-33 6.253E-43 1.038E-61 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
ZR93 1.068E-02 1.068E-02 1.068E-02 1.068E-02 1.068E-02 1.068E-02 1.068E-02 1.068E-02 1.068E-02 1.068E-02,-.. .. .. - - - - - - - - - 



- - - - - - - - - - - - - - - - - - -DOE/SNFIREP-078 January 2004
 
Revision 1 Page A-65 of A-212
 

DECAY TIMES (years out of core) 
(Activities* in Ci/element) 

Radionuclide 5 10 15 20 25 35 50 65 80 100 
ZR95 1.503E-04 3.893E-13 1.009E-21 2.613E-30 6.771 E-39 4.545E-56 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
NB93M 2.340E-03 4.097E-03 5.458E-03 6.513E-03 7.331 E-03 8.457E-03 9.362E-03 9.783E-03 9.980E-03 1.009E-02 
NB94 1.265E-07 1.265E-07 1.264E-07 1.264E-07 1.264E-07 1.264E-07 1.263E-07 1.262E-07 1.262E-07 1.261 E-07 
NB95 3.336E-04 8.643E-13 2.239E-21 5.802E-30 1.503E-38 1.009E-55 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
NB95M 1.115E-06 2.888E-15 7.483E-24 1.939E-32 5.023E-41 3.372E-58 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
M093 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO' O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
TC 99 6.264E-02 6.264E-02 6.264E-02 6.264E-02 6.264E-02 6.264E-02 6.263E-02 6.263E-02 6.263E-02 6.262E-02 
RU103 3.739E-10 3.867E-24 3.999E-38 4.136E-52 4.278E-66 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
RU106 3.618E+01 1.165E+00 3.751 E-02 1.208E-03 3.888E-05 4.031 E-08 1.345E-12 4.490E-17 1.499E-21 1.611 E-27 
RH103M 3.371 E-10 3.486E-24 3.605E-38 3.729E-52 3.856E-66 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
RH106 3.618E+01 1.165E+00 3.751 E-02 1.208E-03 3.888E-05 4.031 E-08 1.345E-12 4.490E-17 1.499E-21 1.611 E-27 
PD107 8.699E-05 8.699E-05 8.699E-05 8.699E-05 8.699E-05 8.699E-05 8.699E-05 8.699E-05 8.699E-05 8.699E-05 
AG110 2.696E-04 1.707E-06 1.081 E-08 6.841E-11 4.331 E-13 1.736E-17 4.404E-24 1.118E-30 2.836E-37 4.555E-46 
AG110M 2.027E-02 1.283E-04 8.125E-07 5.144E-09 3.256E-11 1.305E-15 3.312E-22 8.403E-29 2.132E-35 3.425E-44 
AG111 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CD113M 5.666E-02 4.469E-02 3.524E-02 2.780E-02 2.192E-02 1.364E-02 6.690E-03 3.282E-03 1.610E-03 6.229E-04 
CD113 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CD115M 5.021 E-12 2.407E-24 1.154E-36 5.531 E-49 2.651 E-61 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
IN114 6.849E-13 5.498E-24 4.412E-35 3.542E-46 2.843E-57 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
IN114M 7.157E-13 5.744E-24 4.611 E-35 3.701 E-46 2.971 E-57 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
IN115M 3.529E-16 1.692E-28 8.110E-41 3.887E-53 1.863E-65 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
8N119M 2.449E-02 1.402E-04 8.028E-07 4.597E-09 2.632E-11 8.630E-16 1.620E-22 3.041 E-29 5.709E-36 6.138E-45 
8N121M 6.173E-04 5.760E-04 5.374E-04 5.014E-04 4.679E-04 4.073E-04 3.308E-04 2.687E-04 2.183E-04 1.654E-04 
8N123 1.608E-03 8.974E-08 5.009E-12 2.796E-16 1.560E-20 4.861 E-29 8.451 E-42 1.469E-54 2.555E-67 2.479E-84 
8N125 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
8N126 1.678E-03 1.678E-03 1.678E-03 1.678E-03 1.678E-03 1.678E-03 1.678E-03 1.677E-03 1.677E-03 1.677E-03 
8B124 9.331 E-09 6.974E-18 5.214E-27 3.897E-36 2.913E-45 1.627E-63 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
8B125 9.106E+00 2.608E+00 7.469E-01 2.139E-01 6.125E-02 5.025E-03 1.181 E-04 2.773E-06 6.513E-08 4.382E-10 
8B126 2.349E-04 2.349E-04 2.349E-04 2.349E-04 2.349E-04 2.349E-04 2.349E-04 2.348E-04 2.348E-04 2.348E-04 
8B126M 1.678E-03 1.678E-03 1.678E-03 1.678E-03 1.678E-03 1.678E-03 1.678E-03 1.677E-03 1.677E-03 1.677E-03 
TE123M 2.469E-06 6.339E-11 1.627E-15 4.178E-20 1.073E-24 7.066E-34 1.195E-47 2.022E-61 3.421E-75 1.485E-93 
TE125M 2.222E+00 6.363E-01 1.822E-01 5.219E-02 1.494E-02 1.225E-03 2.879E-05 6.766E-07 1.589E-08 1.069E-10 
TE127 1.161 E-03 1.059E-08 . 9.657E-14 8.808E-19 8.034E-24 6.683E-34 5.071E-49 3.847E-64 2.919E-79 2.020E-99 
TE127M 1.185E-03 1.081 E-08 9.859E-14 8.992E-19 8.202E-24 6.823E-34 5.177E-49 3.928E-64 2.980E-79 2.063E-99 
TE129 3.550E-14 1.583E-30 7.057E-47 3.146E-63 1.403E-79 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
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DECAY TIMES (years out of core) 
(Activities* in Ci/element) 

Radionuclide 5 10 15 20 25 35 50 65 80 100 
TE129M 5.454E-14 2.432E-30 1.084E-46 4.834E-63 2.155E-79 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
1129 1.093E-04 1.093E-04 1.093E-04 1.093E-04 1.093E-04 1.093E-04 1.093E-04 1.093E-04 1.093E-04 1.093E-04 
1131 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
XE131M O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
XE133 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CS134 2.701 E+02 5.036E+01 9.390E+00 1.751 E+OO 3.264E-01 1.134E-02 7.352E-05 4.764E-07 3.087E-09 3.730E-12 
CS135 7.006E-04 7.006E-04 7.006E-04 7.006E-04 7.006E-04 7.006E-04 7.006E-04 7.006E-04 7.006E-04 7.006E-04 
CS136 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CS137 4.739E+02 4.222E+02 3.762E+02 3.351 E+02 2.986E+02 2.370E+02 1.676E+02 1.186E+02 8.386E+01 5.284E+01 
BA136M O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
BA137M 4.483E+02 3.994E+02 3.558E+02 3.170E+02 2.825E+02 2.242E+02 1.586E+02 1.122E+02 7.933E+01 4.999E+01 
BA140 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
LA140 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CE141 9.182E-13 1.161E-29 1.469E-46 1.858E-63 2.350E-80 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CE142 1.478E-07 1.478E-07 1.478E-07 1.478E-07 1.478E-07 1.478E-07 1.478E-07 1.478E-07 1.478E-07 1.478E-07 
CE144 1.865E+02 2.178E+OO 2.543E-02 2.970E-04 3.468E-06 4.728E-10 7.528E-16 1.199E-21 1.908E-27 3.548E-35 
PR143 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PR144 1.865E+02 2.178E+OO 2.543E-02 2.970E-04 3.468E-06 4.729E-10 7.529E-16 1.199E-21 1.908E-27 3.548E-35 
PR144M 2.238E+00 2.614E-02 3.052E-04 3.564E-06 4.161 E-08 5.674E-12 9.034E-18 1.438E-23 2.290E-29 4.258E-37 
ND144 7.955E-12 8.023E-12 8.024E-12 8.024E-12 8.024E-12 8.024E-12 8.024E-12 8.024E-12 8.024E-12 8.024E-12 
ND147 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PM145 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PM147 2.108E+02 5.631 E+01 1.504E+01 4.017E+OO 1.073E+00 7.654E-02 1.458E-03 2.779E-05 5.295E-07 2.695E-09 
PM148M 9.845E-12 4.896E-25 2.435E-38 1.211 E-51 6.022E-65 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PM148 5.545E-13 2.758E-26 1.371 E-39 6.820E-53 3.392E-66 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SM145 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SM147 1.463E-08 1.842E-08 1.943E-08 1.970E-08 1.977E-08 1.979E-08 1.980E-08 1.980E-08 1.980E-08 1.980E·08 
SM151 3.313E+OO 3.188E+OO 3.068E+00 2.952E+00 2.841E+00 2.630E+00 2.343E+00 2.088E+00 1.860E+00 1.595E+00 
EU152 5.305E-04 4.112E-04 3.188E-04 2.471 E-04 1.916E-04 1.151E-04 5.362E-05 2.498E-05 1.164E-05 4.202E-06 
EU154 2.862E+01 1.914E+01 1.279E+01 8.552E+00 5.717E+00 2.555E+00 7.633E-01 2.280E-01 6.813E-02 1.361E-02 
EU155 1.912E+01 9.510E+00 4.730E+00 2.353E+00 1.170E+00 2.895E-01 3.563E-02 4.384E-03 5.395E-04 3.302E-05 
EU156 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
GD153 7.804E-04 4.191 E-06 2.250E-08 1.208E-10 6.488E-13 1.871 E-17 2.897E-24 4.486E-31 6.946E-38 5.776E-47 
TB160 4.633E-08 1.168E-15 2.947E-23 7.431 E-31 1.874E-38 1.192E-53 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
TL206 1.255E-13 1.255E-13 1.255E-13 1.255E-13 1.255E-13 1.255E-13 1.255E-13 1.255E-13 1.255E-13 1.255E-13 - - - - - - - - - - - - .- - - - - - 
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DECAY TIMES (years out of core) 
(Activities* in Ci/element) 

Radionuclide 5 10 15 20 25 35 50 65 80 100 
TL207 3.538E-09 1.099E-08 2.179E-08 3.545E-08 5.153E-08 8.957E-08 1.575E-07 2.339E-07 3.157E-07 4.295E-07 
TL208 4.476E-06 7.224E-06 8.031 E-06 8.037E-06 7.781 E-06 7.109E-06 6.157E-06 5.330E-06 4.614E-06 3.810E-06 
PB210 1.936E-11 1.384E-10 4.447E-10 1.018E-09 1.931 E-09 5.044E-09 1.380E-08 2.863E-08 5.065E-08 9.276E-08 
PB211 3.548E-09 1.102E-08 2.185E-08 3.554E-08 5.168E-08 8.983E-08 1.579E-07 2.346E-07 3.166E-07 4.307E-07 
PB212 1.246E-05 2.010E-05 2.235E-05 2.237E-05 2.166E-05 1.979E-05 1.714E-05 1.483E-05 1.284E-05 1.060E-05 
BI211 3.548E-09 1.102E-08 2.185E-08 3.554E-08 5.168E-08 8.983E-08 1.579E-07 2.346E-07 3.166E-07 4.307E-07 
BI212 1.246E-05 2.010E-05 2.235E-05 2.237E-05 2.166E-05 1.979E-05 1.714E-05 1.483E-05 1.284E-05 1.060E-05 
P0212 7.982E-06 1.288E-05 1.432E-05 1.433E-05 1.388E-05 1.268E-05 1.098E-05 9.504E-06 8.227E-06 6.793E-06 
P0215 3.548E-09 1.102E-08 2.185E-08 3.554E-08 5.168E-08 8.983E-08 1.579E-07 2.346E-07 3.166E-07 4.307E-07 
P0216 1.246E-05 2.010E-05 2.235E-05 2.237E-05 2.166E-05 1.979E-05 1.714E-05 1.483E-05 1.284E-05 1.060E-05 
RN219 3.548E-09 1.102E-08 2.185E-08 3.554E-08 5.168E-08 8.983E-08 1.579E-07 2.346E-07 3.166E-07 4.307E-07 
RN220 1.246E-05 2.010E-05 2.235E-05 2.237E-05 2.166E-05 1.979E-05 1.714E-05 1.483E-05 1.284E-05 1.060E-05 
FR223 4.896E-11 1.520E-10 ·3.013E-10 4.899E-10 7.122E-10 1.238E-09 2.177E-09 3.234E-09 4.364E-09 5.938E-09 
RA223 3.548E-09 1.102E-08 2.185E-08 3.554E-08 5.168E-08 8.983E-08 1.579E-07 2.346E-07 3.166E-07 4.307E-07 
RA224 1.246E-05 2.010E-05 2.235E-05 2.237E-05 2.166E-05 1.979E-05 1.714E-05 1.483E-05 1.284E-05 1.060E-05 
RA226 3.675E-10 1.421 E-09 3.199E-09 5.736E-09 9.066E-09 1.824E-08 3.870E-08 € 788E-08 1.064E-07 1.732E-07 
RA228 1.568E-13 5.237E-13 1.016E-12 1.583E-12 2.195E-12 3.487E-12 5.492E-12 7.519E-12 9.550E-12 1.226E-11 
AC227 3.548E-09 1.102E-08 2.183E-08 3.550E-08 5.161 E-08 8.974E-08 1.578E-07 2.344E-07 3.163E-07 4.303E-07 
TH227 3.499E-09 1.087E-08 2.155E-08 3.505E-08 5.097E-08 8.859E-08 1.557E-07 2.314E-07 3.122E-07 4.248E-07 
TH228 1.246E-05 2.009E-05 2.233E-05 2.235E-05 2.164E-05 1.978E-05 1.714E-05 1.483E-05 1.284E-05 1.060E-05 
TH229 6.538E-11 1.714E-10 3.308E-10 5.436E-10 8.098E-10 1.502E-09 2.941E-09 4.861 E-09 7.261 E-09 1.121 E-08 
TH230 3.254E-07 6.526E-07 9.971 E-07 1.358E-06 1.736E-06 2.536E-06 3.843E-06 5.264E-06 6.787E-06 8.955E-06 
TH231 2.859E-04 2.859E-04 2.859E-04 2.859E-04 2.859E-04 2.859E-04 2.859E-04 2.859E-04 2.859E-04 2.859E-04 
TH232 6.979E-13 1.375E-12 2.053E-12 2.730E-12 3.408E-12 4.763E-12 6.796E-12 8.828E-12 1.086E-11 1.357E-11 
TH234 6.116E-06 6.116E-06 6.116E-06 6.116E-06 6.116E-06 6.116E-06 6.116E-06 6.116E-06 6.116E-06 6.116E-06 
PA231 3.879E-08 6.903E-08 9.926E-08 1.295E-07 1.597E-07 2.201E-07 3.107E-07 4.013E-07 4.918E-07 6.125E-07 
PA233 5.185E-03 5.186E-03 5.187E-03 5.189E-03 5.191 E-03 5.196E-03 5.203E-03 5.212E-03 5.220E-03 5.231E-03 
PA234M 6.116E-06 6.116E-06 6.116E-06 6.116E-06 6.116E-06 6.116E-06 6.116E-06 6.116E-06 6.116E-06 6.116E-06 
PA234 7.951 E-09 7.951 E-09 7.951 E-09 7.951E-09 7.951 E-09 7.951 E-09 7.951 E-09 7.951 E-09 7.951 E-09 7.951 E-09 
U232 1.880E-05 2.246E-05 2.275E-05 2.208E-05 2.116E-05 1.927E-05 1.668E-05 1.444E-05 1.250E-05 1.031E-05 
U233 1.669E-07 2.802E-07 3.935E-07 5.068E-07 6.202E-07 8.472E-07 1.188E-06 1.529E-06 1.871 E-06 2.328E-06 
U234 7.076E-03 7.471 E-03 7.851 E-03 8.216E-03 8.567E-03 9.229E-03 1.013E-02 1.093E-02 1.164E-02 1.246E-02 
U235 2.859E-04 2.859E-04 2.859E-04 2.859E-04 2.859E-04 2.859E-04 2.859E-04 2.859E-04 2.859E-04 2.859E-04 
U236 2.749E-03 2.749E-03 2.749E-03 2.749E-03 2.749E-03 2.749E-03 2.749E-03 2.749E-03 2.749E-03 2.749E-03 
U237 1.116E-05 8.776E-06 6.900E-06 5.425E-06 4.265E-06 2.636E-06 1.281 E-06 6.227E-07 3.027E-07 1.157E-07 
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DECAY TIMES (years out of core) 
(Activities* in Ci/element) 

Radionuclide 5 10 15 20 25 35 50 65 80 100 
U238 6.116E-06 6.116E-06 6.116E-06 6.116E-06 6.116E-06 6.116E-06 6.116E-06 6.116E-06 6.116E-06 6.116E-06 
NP237 5.185E-03 5.186E-03 5.187E-03 5.189E-03 5.191 E-03 5.196E-03 5.203E-03 5.212E-03 5.220E-03 5.231 E-03 
PU236 1.678E-04 4.980E-05 1.478E-05 4.389E-06 1.304E-06 1.172E-07 5.596E-09 2.677E-09 2.601E-09 2.598E-09 
PU237 2.498E-14 2.238E-26 2.005E-38 1.796E-50 1.609E-62 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PU238 2.846E+01 2.736E+01 2.630E+01 2.528E+01 2.431E+01 2.246E+01 1.995E+01 1.772E+01 1.574E+01 1.345E+01 
PU239 1.145E-01 1.145E-01 1.144E-01 1.144E-Ol 1.144E-01 1.144E-01 1.143E-01 1.143E-01 1.142E-01 1.142E-01 
PU240 6.005E-02 6.068E-02 6.118E-02 6.160E-02 6.194E-02 6.243E-02 6.285E-02 6.304E-02 6.311 E-02 6.309E-02 
PU241 4.550E+01 3.577E+01 2.813E+01 2.211 E+01 1.739E+01 1.075E+01 5.223E+00 2.538E+00 1.234E+OO 4.716E-01 
PU242 5.088E-04 5.088E-04 5.088E-04 5.088E-04 5.088E-04 5.088E-04 5.088E-04 5.088E-04 5.088E-04 5.088E-04 
PU244 2.820E-09 2.820E-09 2.820E-09 2.820E-09 2.820E-09 2.820E-09 2.820E-09 2.820E-09 2.820E-09 2.820E-09 
AM241 4.139E-01 7.334E-01 9.812E-01 1.173E+OO 1.320E+00 1.519E+00 1.664E+00 1.713E+00 1.715E+00 1.686E+CO 
AM242M 2.414E-04 2.359E-04 2.306E-04 2.254E-04 2.204EM 04 2.105E-04 1.966E-04 1.836E-04 1.7'15E-04 1.566E-04 
AM242 2.402E-04 2.348E-04 2.295E-04 2.243E-04 2.193E-04 2.095E-04 1.956E-04 1.827E-04 1.707E-04 1.558E~04 

AM243 6.115E-03 6.112E-03 6.109E-03 6.106E-03 6.104E-03 6.098E-03 6.089E-03 6.081 E-03 6.072E-03 6.061 E-03 
CM242 1.144E-03 1.946E-04 1.899E-04 1.856E-04 1.814E-04 1.732E-04 1.618E-04 1.511 E-04 1.411 E-04 1.288E-04 
CM243 1.352E-03 1.197E-03 1.060E-03 9.387E-04 8.312E-04 6.519E-04 4.527E-04 3.144E-04 2.184E-04 1.343E-04 
CM244 1.360E+00 1.123E+OO 9.278E-01 7.663E-01 6.329E-01 4.317E-01 2.432E-01 1.370E-01 7.722E-02 3.593E-02 
CM245 3.192E-04 3.191 E-04 3.190E-04 3.188E-04 3.187E-04 3.184E-04 3.180E-04 3.177E-04 3.173E-04 3.168E-04 
CM246 3.676E-05 3.673E-05 3.670E-05 3.668E-05 3.665E-05 3.660E-05 3.652E-05 3.644E-05 3.636E-05 3.625E-05 
CM247 2.180E-10 2.180E-10 2.180E-10 2.180E-10 2.180E-10 2.180E-10 2.180E-10 2.180E-10 2.180E-10 2.180E-10 

Subtotal** 2.948E+03 1.870E+03 1.569E+03 1.368E+03 1.207E+03 9.489E+02 6.671E+02 4.719E+02 3.354E+02 2.142E+02 
TOTAL*** 2.948E+03 1.870E+03 1.569E+03 1.369E+03 1.207E+03 9.490E+02 6.672E+02 4.719E+02 3.354E+02 2.142E+02 

* Four decimal places of accuracy are as reported by ORIGEN2 output and are not significant for many radionuclides. 
** Subtotal: total activity of the 145 isotopes listed in the table. 
*** Total: total activity of the ORIGEN2 output isotopes. 
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Template 9 

Representative Fuel Source Term Calculations 

Introduction 

The following data have been used in the Idaho National Engineering and Environmental
 
Laboratory (INEEL) spent nuclear fuel source term calculational methodology to generate a source term
 
template to represent an aluminum clad, 10 to 20%-enriched, uranium-based fuel from a heavy water
 
moderated reactor. No one specific fuel element in the Template 9 group of fuels was singled out for the
 
template development. Because the spent fuels in this group are primarily MTR-type or plate-type fuels,
 
the previously constructed High Flux Beam Reactor (HFBR) fuel element geometry model (Template 8)
 
was modified to represent fuels in this group. Modifications included developing new cross sections and
 
adjusting enrichment and bumup. Other differences include the fuel meat material and the number of
 
fueled plates in the element. These data are included below. The calculational methodology used in the
 
template development here is described in Reference 1.
 

Reactor Data 

The hypothetical element IS a plate-type element consisting of 19 curved plates. The plates are 
stacked, separated by a heavy water gap (102-129 mils), and held together as a rectangular structure by 
two aluminum side plates (140 mils thick). The fuel meat in plates 1 through 19 is a uranium-aluminum
silicon matrix and is clad with aluminum, as shown in Figure 1. The uranium enrichment is nominally 
15% high-enriched uranium metal and represents the midpoint of the 10-20% U-235 enrichment 
characteristic of the Template 9 fuel group. The uranium isotopic data are given below. 

The following data provide specific fuel element dimensions, materials, densities, enrichment, 
etc., which are used to represent the hypothetical fuel element. The BOL data below were used in the 
BOL cross-section development and the bumup calculation for the source term generation. 

Fuel Element: Curved plate
 
No. of Plates: 19
 
Fueled Plates:
 19
 

Fuel Plate Thickness:
 50 mils
 
XY dimensions:
 2.820 in. by 3.194 in. 

Length:
 23.75 in. 

Fuel Rod: U-Al-Si (30% U, 68% AI, 2% Si) 
Fuel Density: 3.616 glee 

Fuel Meat Thickness: 21 mils 
Uranium Enrichment: 0.60 wt % U-234 

15.00 wt % U-235 
0.35 wt % U-236 

84.05 wt % U-238 

Heavy Metal Loading: 2.06 g/element U-234 (BOL) 
51.38 g/element U-235 (BOL) 

1.20 g/element U-236 (BOL) 
287.87 g/element U-238 (BOL) 
342.51 g/element Total U 
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Clad:
 Aluminum 6061T 
Clad Density:
 2.70 glcc 

Clad Thickness:
 14.5 mils 
Side Plates:
 Aluminum 6061 T 

Side Plate Width:
 140 mils 
Total Aluminum Mass:
 4,064.13 glelement 

CoolantIModerator:
 Heavy Water (D20) 
Coolant Temperature:
 52°C 

Coolant Pressure:
 175.3 psig 
Coolant Density:
 1.09325 glcc 

From the above data (materials, enrichments, and densities), material masses and number 
densities were calculated for all the material components in a single hypothetical fuel element. In 
addition, for the ORIGEN2 (Reference 2) depletion calculation, conservative and detailed impurity 
concentrations were added for the aluminum clad and structural components. Table 1 lists the 
Aluminum-6061T impurities and their concentrations (Reference 3). 

Burnup 

The bumup chosen for this template is 34.27% U-235 depletion or 15 MWd. Approximately 
17.61 g U-235 were depleted for this single element. This bumup represents a medium range bumup for 
this element and its uranium loading. 

For this analysis, the bumup period is assumed to be 1 year. The bumup and reactor power 
(approximately 0.041 MW) is further assumed to be constant and uniform over the I-year period. At the 
end of the I-year period, the element is assumed to be removed from the core, and the cooling or decay 
period begins. Table 2 gives the irradiation period and decay times following irradiation. 

Cross-Section Development 

The neutron cross sections used in the bumup or depletion calculation are based on the 
methodology described in Reference 1. Cross sections from a standard ORIGEN2 heavy water reactor 
library were updated once using the specially developed beginning-of-life (BOL) cross sections for the 
hypothetical fuel element. The updated cross sections take into account the unique neutron flux spatial 
and spectral characteristics to ensure accurate calculation of the fission product and actinide production as 
a function of bumup. 

In order to calculate the BOL neutron cross sections, an explicit fuel assembly was developed 
with reflective boundary conditions on the element peripheral surfaces. The reflective surfaces simulated 
an infinite array of fuel elements. The fuel element model is shown in Figure 1. 

Fuel Element Exposure History 

Table 2 summarizes the power or exposure history used in the bumup or source term calculations 
for the single fuel element. Following the bumup or exposure period, the radionuclide activities are 
decayed for 5, 10, 15, 20, 25, 35, 50, 65, 80, and 100 years. 
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Burnup Calculation 

The ORIGEN2 computer code (Reference 2) was used to perform the depletion or bumup 
calculation for the fuel element. The radionuclide inventory or source term template is for a single fuel 
element or assembly. The fuel element masses and impurities, neutron cross sections, bumup, power 
history, and power level as discussed above are input data for the ORIGEN2 calculation. The radionuclide 
concentrations are given as a function of time in the template table. 

The 145 radionuclides listed in the template represent greater than 99.9% of the total curie 
inventory had all 684 activation products, 880 fission products, and 127 actinide/daughter isotopes from 
the ORIGEN2 output been included in the template. 
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Table I. Aluminum-6061T material constituent and impurity concentrations. 
Constituent Concentration 
or Impurity (wt%) 

H 0.02143 
C 0.02143 
0 0.02143 
Mg 1.00000 
Al 97.15499 
Si 0.60000 
Ti 0.07500 
Cr 0.19500 
Mn 0.07500 
Fe 0.35000 
Ni 0.02143 
Cu 0.27500 
Zn 0.12500 
Zr 0.02143 
Sn 0.02143 
Pb 0.02143 

Table 2. Assumed bumup or power history. 
Time Decay Time Cumulative Duration Time-Averaged Power 

Condition (years) (days) (days) (MWth)
 

Irradiation 1 365.25 0.041
 
Decay 5 1825.00 2191.50 0.0
 
Decay 10 3652.50 4017.75 0.0 
Decay 15 5478.75 5844.00 0.0 
Decay 20 7305.00 7670.25 0.0
 
Decay 25 9131.25 9496.50 0.0
 
Decay 35 12783.75 13149.00 0.0
 
Decay 50 18262.50 18627.75 0.0 
Decay 65 23741.25 24106.50 0.0 
Decay 80 29220.00 29585.25 0.0 
Decay 100 36525.00 36890.25 0.0 

The bottom ten dates with zero associated power represent the ten different cooling or decay dates after 
exposure. These ten dates are specifically the 5, 10, 15,20,25,35,50,65,80, and 100-year cooling times 
designated for the template methodology. 



I 
I
 
I
 
I
 
I 
I 
I
 
I
 
I
 
I
 
I 
I 
I 
I 
I 
I 
I 
I 
I 

DOE/SNFIREP-078 January 2004 Revision I Page A-73 of A-212

Aluminum
 
Side Plate
 

Fuel Plate 

Heavy Water
 
Coolant


Figure 1. Curved-plate fuel assembly used in the analysis. 
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Representative Template 9 Reactor Element 
Aluminum Cladding, 10 to 20%-Enriched U-235 Fuel, Heavy Water Moderated Reactor 

Reactor Moderator/Coolant: Heavy Water 
Fuel Meat: U-AI-Si (30% U, 68% AI, 2% Si) in Aluminum 
Clad: Aluminum 606H 
Burnup: 17.61 9 U-235 depleted 
Burnup: 15 MWd/single element (high burnup) 
Burnup: 34.27% U-235 depletion (fissioned and transmuted) 
Basis of Calculation: Single fuel element 
BOL U-234: 2.06 9 U-234 per element 
BOL U-235: 51.38 9 U-235 per element 
BOL U-236: 1.20 9 U-236 per element 
BOL U-238: 287.87 9 U-238 per element 
BOL Total U per element: 342.51 9 U per element 
BOL Fuel Enrichment: 15 wt% U-235 

DECAY TIMES (years out of core) 
(Activities* in Ci/eIE3ment) 

Radionuclide 5 10 15 20 25 35 50 65 80 100 
H3 1.624E-01 1.227E-01 9.266E-02 6.998E-02 5.285E-02 3.015E-02 1.299E-02 5.597E-03 2.412E-03 7.850E-04 
BE 10 1.421 E-09 1.421 E-09 1.421E-09 1.421 E-09 1.421 E-09 1.421E-09 1.421 E-09 1.421 E-09 1.421 E-09 1.421 E-09 
C 14 4.451 E-07 4.448E-07 4.446E-07 4.443E-07 4.440E-07 4.435E-07 4.427E-07 4.419E-07 4.411 E-07 4.400E-07 
CL 36 8.927E-34 8.927E-34 8.927E-34 8.927E-34 8.926E-34 8.926E-34 8.926E-34 8.926E-34 8.925E-34 8.925E-34 
CR 51 9.101E-19 1.313E-38 1.894E-58 2.733E-78 3.943E-98 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
MN 54 9.224E-04 1.606E-05 2.796E-07 4.867E-09 8.473E-11 2.568E-14 1.355E-19 7.150E-25 3.772E-30 3.465E-37 
FE 55 1.159E+00 3.056E-01 8.059E-02 2.125E-02 5.604E-03 3.897E-04 7.144E-06 1.310E-07 2.402E-09 1.161E-11 
FE 59 3.117E-13 1.892E-25 1.149E-37 6.973E-50 4.233E-62 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CO 60 1.763E-03 9.134E-04 4.732E-04 2.451 E-04 1.270E-04 3.408E-05 4.739E-06 6.589E-07 9.161E-08 6.599E-09 
NI59 2.094E-04 2.094E-04 2.094E-04 2.094E-04 2.094E-04 2.094E-04 2.094E-04 2.093E-04 2.093E-04 2.093E-04 
NI63 3.030E-02 2.918E-02 2.810E-02 2.707E-02 2.606E-02 2.417E-02 2.159E-02 1.928E-02 1.722E-02 1.481 E-02 
ZN 65 6.440E-02 3.585E-04 1.996E-06 1.111 E-08 6.187E-11 1.918E-15 3.310E-22 5.712E-29 9.857E-36 9.471 E-45 
SE 79 1.881 E-04 1.881 E-04 1.881 E-04 1.880E-04 1.880E-04 1.880E-04 1.880E-04 1.880E-04 1.879E-04 1.879E-04 
KR85 4.051E+00 2.932E+OO 2.122E+00 1.536E+00 1.112E+00 5.822E-01 2.207E-01 8.369E-02 3.173E-02 8.706E-03 
RB87 1.253E-08 1.253E-08 1.253E-08 1.253E-08 1.253E-08 1.253E-08 1.253E-08 1.253E-08 1.253E-08 1.253E-08 
SR89 1.966E-08 2.552E-19 3.313E-30 4.299E-41 5.580E-52 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SR 90 3.944E+01 3.501 E+01 3.108E+01 2.760E+01 2.450E+01 1.931 E+01 1.351 E+01 9.455E+00 6.616E+00 4.110E+OO 
Y90 3.945E+01 3.502E+01 3.109E+01 2.760E+01 2.451 E+01 1.931 E+01 1.352E+01 9.458E+00 6.618E+00 4.111 E+OO 
Y 91 7.487E-07 3.005E-16 1.206E-25 4.842E-35 1.944E-44 3.131 E-63 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
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DECAY TIMES (years out of core) 
(Activities* in Ci/element) 

Radionuclide 5 10 15 20 25 35 50 65 80 100 
ZR93 9.761 E-04 9.761E-04 9.761 E-04 9.761 E-04 9.760E-04 9.760E-04 9.760E-04 9.760E-04 9.760E-04 9.760E-04 
ZR 95 5.352E-06 1.368E-14 3.496E-23 8.938E-32 2.284E-40 1.493E-57 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
NB93M 2.272E-04 3.846E-04 5.067E-04 6.013E-04 6.746E-04 7.755E-04 8.566E-04 8.944E-04 9.119E-04 9.217E-04 
NB94 2.237E-08 2.237E-08 2.237E-08 2.236E-08 2.236E-08 2.235E-08 2.234E-08 2.233E-08 2.232E-08 2.230E-08 
NB95 1.188E-05 3.037E-14 7.763E-23 1.984E-31 5.072E-40 3.314E-57 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
NB95M 3.970E-08 1.015E-16 2.594E-25 6.630E-34 1.695E-42 1.107E-59 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
M093 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
TC99 6.531 E-03 6.531 E-03 6.530E-03 6.530E-03 6.530E-03 6.530E-03 6.530E-03 6.529E-03 6.529E-03 6.529E-03 
RU103 1.232E-11 1.246E-25 1.261 E-39 1.276E-53 1.291 E-67 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
RU106 3.837E+00 1.232E-01 3.959E-03 1.272E-04 4.085E-06 4.214E-09 1.397E-13 4.629E-18 1.534E-22 1.633E-28 
RH103M 1.111E-11 1.124E-25 1.137E-39 1.150E-53 1.163E-67 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE '·00 O.OOOE+OO 
RH106 3.837E+00 1.232E-01 3.959E-03 1.272E-04 4.085E-06 4.214E-09 1.397E-13 4.629E-18 1.534E-22 1.633E-28 
PD107 1.398E-05 1.398E-05 1.398E-05 1.398E-05 1.398E-05 1.398E-05 1.398E-05 1.398E-05 1.398E-05 1.398E-05 
AG110 9.694E-06 6.116E-08 3.858E-10 2.434E-12 1.536E-14 6.112E-19 1.535E-25 3.854E-32 9.679E-39 1.533E-47 
AG110M 7.289E-04 4.598E-06 2.901 E-08 1.830E-10 1.155E-12 4.596E-17 1.154E-23 2.898E-30 7.277E-37 1.153E-45 
AG111 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CD113M 4.962E-03 3.913E-03 3.086E-03 2.433E-03 1.919E-03 1.193E-03 5.850E-04 2.868E-04 1.407E-04 5.438E-05 
CD113 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CD115M 2.306E-13 1.084E-25 5.098E-38 2.397E-50 1.127E-62 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
IN114 4.232E-15 3.339E-26 2.633E-37 2.077E-48 1.637E-59 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
IN114M 4.423E-15 3.488E-26 2.752E-37 2.170E-48 1.712E-59 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
IN115M 1.621 E-17 7.621 E-30 3.583E-42 1.684E-54 7.919E-67 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SN119M 1.834E-03 1.046E-05 5.969E-08 3.405E-10 1.943E-12 6.326E-17 1.175E-23 2.182E-30 4.054E-37 4.296E-46 
SN121M 6.625E-05 6.181 E-05 5.767E-05 5.381E-05 5.021 E-05 4.370E-05 3.550E-05 2.882E-05 2.341E-05 1.774E-05 
SN123 9.145E-05 5.070E-09 2.811 E-13 1.558E-17 8.640E-22 2.656E-30 4.525E-43 7.711 E-56 1.314E-68 1.241E-85 
SN125 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SN126 1.709E-04 1.709E-04 1.709E-04 1.709E-04 1.709E-04 1.709E-04 1.709E-04 1.709E-04 1.708E-04 1.708E-04 
SB124 6.877E-11 5.066E-20 3.733E-29 2.750E-38 2.027E-47 1.100E-65 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SB125 8.982E-01 2.570E-01 7.354E-02 2.105E-02 6.022E-03 4.931 E-04 1.155E-05 2.707E-07 6.343E-09 4.252E-11 
SB126 2.393E-05 2.393E-05 2.393E-05 2.393E-05 2.393E-05 2.393E-05 2.392E-05 2.392E-05 2.392E-05 2.392E-05 
SB126M 1.709E-04 1.709E-04 1.709E-04 1.709E-04 1.709E-04 1.709E-04 1.709E-04 1.709E-04 1.708E-04 1.708E-04 
TE123M 2.852E-09 7.268E-14 1.853E-18 4.721E-23 1.203E-27 7.815E-37 1.293E-50 2.142E-64 3.545E-78 1.495E-96 
TE125M 2.192E-01 6.271 E-02 1.795E-02 5.134E-03 1.469E-03 1.203E-04 2.819E-06 6.604E-08 1.548E-09 1.038E-11 
TE127 6.763E-05 6.120E-10 5.538E-15 5.011E-20 4.534E-25 3.712E-35 2.750E-50 2.038E-65 1.510E-80 1.012-100 
TE127M 6.905E-05 6.248E-10 5.654E-15 5.116E-20 4.629E-25 3.790E-35 2.808E-50 2.080E-65 1.541 E-80 1.033-100 
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DECAY TIMES (years out of core) 
(Activities* in Ci/element) 

Radionuclide 5 10 15 20 25 35 50 65 80 100 
TE129 1.070E-15 4.647E-32 2.019E-48 8.774E-65 3.812E-81 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
TE129M 1.643E-15 7.140E-32 3.102E-48 1.348E-64 5.856E-81 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
1129 1.074E-05 1.074E-05 1.074E-05 1.074E-05 1.074E-05 1.074E-05 1.074E-05 1.074E-05 1.074E-05 1.074E-05 
1131 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
XE131M O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE't ')0 O.OOOE+OO 
XE133 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CS134 4.959E+OO 9.235E-01 1.720E-01 3.203E-02 5.964E-03 2.068E-04 1.336E-06 8.626E-09 5.571 E-11 6.700E-14 
CS135 7.291 E-05 7.291 E-05 7.291 E-05 7.291 E-05 7.291 E-05 7.291 E-05 7.291 E-05 7.291E-05 7.291E-05 7.291E-05 
CS136 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CS137 4.291E+01 3.823E+01 3.406E+01 3.034E+01 2.703E+01 2.145E+01 1.517E+01 1.073E+01 7.585E+00 4.778E+00 
BA136M O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
BA137M 4.059E+01 3.616E+01 3.222E+01 2.870E+01 2.55'7E+01 2.030E+01 1.435E+01 1.015E+01 7.176E+OO 4.520E+00 
BA140 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
LA140 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CE141 2.430E-14 2.993E-31 3.686E-48 4.540E-65 5.591E-82 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CE142 1.333E-08 1.333E-08 1.333E-08 1.333E-08 1.333E-08 1.333E-08 1.333E-08 1.333E-08 1.333E-08 1.333E-08 
CE144 1.248E+01 1.453E-01 1.691 E-03 1.969E-05 2.292E-07 3.106E-11 4.900E-17 7.731 E-23 1.220E-28 2.240E-36 
PR143 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PR144 1.248E+01 1.453E-01 1.691 E-03 1.969E-05 2.292E-07 3.106E-11 4.900E-17 7.731E-23 1.220E-28 2.240E-36 
PR144M 1.497E-01 1.743E-03 2.029E-05 2.362E-07 2.750E-09 3.727E-13 5.880E-19 9.277E-25 1.464E-30 2.688E-38 
ND144 7.663E-13 7.709E-13 7.710E-13 7.710E-13 7.710E-13 7.710E-13 7.710E-13 7.710E-13 7.710E-13 7.710E-13 
ND147 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PM145 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PM147 3.655E+01 9.755E+00 2.603E+00 6.946E-01 1.854E-01 1.320E-02 2.508E-04 4.767E-06 9.058E-08 4.593E-10 
PM148M 7.302E-13 3.556E-26 1.732E-39 8.434E-53 4.107E-66 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PM148 4.113E-14 2.003E-27 9.754E-41 4.750E-54 2.313E-67 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SM145 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SM147 2.897E-09 3.554E-09 3.729E-09 3.776E-09 3.788E-09 3.793E-09 3.793E-09 3.793E-09 3.793E-09 3.793E-09 
SM151 6.897E-02 6.636E-02 6.385E-02 6.144E-02 5.912E-02 5.474E-02 4.877E-02 4.345E-02 3.871 E-02 3.318E-02 
EU152 5.751 E-04 4.457E-04 3.454E-04 2.677E-04 2.075E-04 1.247E-04 5.804E-05 2.702E-05 1.258E-05 4.540E-06 
EU154 1.049E+OO 7.014E-01 4.687E-01 3.133E-01 2.094E-01 9.351 E-02 2.791 E-02 8.333E-03 2.487E-03 4.962E-04 
EU155 4.988E-01 2.480E-01 1.233E-01 6.130E-02 3.047E-02 7.532E-03 9.255E-04 1.137E-04 1.397E-05 8.537E-07 
EU156 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
GD153 1.590E-05 8.509E-08 4.553E-10 2.436E-12 1.303E-14 3.732E-19 5.716E-26 8.757E-33 1.342E-39 1.100E-48 
TB160 1.073E-09 2.673E-17 6.661E-25 1.660E-32 4.136E-40 2.568E-55 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
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DECAY TIMES (years out of core) 
(Activities* in Ci/element) 

Radionuclide 5 10 15 20 25 35 50 65 80 100 
TL206 1.333E-15 1.333E-15 1.333E-15 1.333E-15 1.333E-15 1.333E-15 1.333E-15 1.333E-15 1.333E-15 1.333E-15 
TL207 8.136E-10 2.624E-09 5.305E-09 8.727E-09 1.278E-08 2.242E-08 3.968E-08 5.918E-08 8.005E-08 1.091E-07 
TL208 8.648E-08 1.120E-07 1.165E-07 1.140E-07 1.096E-07 9.983E-08 8.643E-08 7.481 E-08 6.475E-08 5.346E-08 
PB210 4.649E-15 2.966E-14 1.119E-13 2.993E-13 6.497E-13 2.110E-12 7.340E-12 1.819E-11 3.692E-11 7.792E-11 
PB211 8.158E-10 2.632E-09 5.320E-09 8.752E-09 1.282E-08 2.248E-08 3.979E-08 5.934E-08 8.027E-08 1.094E-07 
PB212 2.407E-07 3.116E-07 3.241 E-07 3.174E-07 3.051 E-07 2.779E-07 2.406E-07 2.082E-07 1.802E-07 1.488E-07 
BI211 8.158E-10 2.632E-09 5.320E-09 8.752E-09 1.282E-08 2.248E-08 3.979E-08 5.934E-08 8.027E-08 1.094E-07 
BI212 2.407E-07 3.116E-07 3.241 E-07 3.174E-07 3.051 E-07 2.779E-07 2.406E-07 2.082E-07 1.802E-07 1.488E-07 
P0212 1.542E-07 1.996E-07 2.077E-07 2.034E-07 1.955E-07 1.780E-07 1.541 E-07 1.334E-07 1.155E-07 9.532E-08 
P0215 8.158E-10 2.632E-09 5.320E-09 8.752E-09 1.282E-08 2.248E-08 3.979E-08 5.934E-08 8.027E-08 1.094E-07 
P0216 2.407E-07 3.116E-07 3.241 E-07 3.174E-07 3.051 E-07 2.779E-07 2.406E-07 2.082E-07 1.802E-07 1.488E-07 
RN219 8.158E-10 2.632E-09 5.320E-09 8.752E-09 1.282E-08 2.248E-08 3.979E-08 5.934E-08 8.027E-08 1.094E-07 
RN220 2.407E-07 3.116E-07 3.241 E-07 3.174E-07 3.051 E-07 2.779E-07 2.406E-07 2.082E-07 1.802E-07 1.488E-07 
FR223 1.126E-11 3.629E-11 7.334E-11 1.206E-10 1.766E-10 3.099E-10 5.487E-10 8.182E-10 1.107E-09 1.509E-09 
RA223 8.158E-10 2.632E-09 5.320E-09 8.752E-09 1.282E-08 2.248E-08 3.979E-08 5.934E-08 8.027E-08 1.094E-07 
RA224 2.407E-07 3.116E-07 3.241 E-07 3.174E-07 3.051 E-07 2.779E-07 2.406E-07 2.082E-07 1.802E-07 1.488E-07 
RA226 6.467E-14 3.304E-13 9.237E-13 1.965E-12 3.571 E-12 8.916E-12 2.380E-11 4.915E-11 8.719E-11 1.610E-10 
RA228 1.264E-14 3.950E-14 7.493E-14 1.155E-13 1.591 E-13 2.510E-13 3.934E-13 5.374E-13 6.817E-13 8.742E-13 
AC227 8.158E-10 2.630E-09 5.315E-09 8.741E-09 1.280E-08 2.246E-08 3.976E-08 5.929E-08 8.019E-08 1.093E-07 
TH227 8.046E-10 2.595E-09 5.246E-09 8.631 E-09 1.264E-08 2.217E-08 3.925E-08 5.853E-08 7.917E-08 1.079E-07 
TH228 2.407E-07 3.114E-07 3.239E-07 3.171 E-07 3.048E-07 2.778E-07 2.405E-07 2.082E-07 1.802E-07 1.488E-07 
TH229 9.131 E-13 2.048E-12 3.746E-12 6.009E-12 8.842E-12 1.624E-11 3.175E-11 5.272E-11 7.934E-11 1.240E-10 
TH230 6.632E-11 1.891 E-1 0 3.692E-10 6.044E-10 8.925E-10 1.619E-09 3.058E-09 4.873E-09 7.023E-09 1.035E-08 
TH231 7.302E-05 7.302E-05 7.302E-05 7.302E-05 7.303E-05 7.303E-05 7.303E-05 7.303E-05 7.303E-05 7.304E-05 
TH232 5.304E-14 1.011 E-13 1.492E-13 1.973E-13 2.454E-13 3.416E-13 4.859E-13 6.303E-13 7.747E-13 9.672E-13 
TH234 9.654E-05 9.654E-05 9.654E-05 9.654E-05 9.654E-05 9.654E-05 9.654E-05 9.654E-05 9.654E-05 9.654E-05 
PA231 9.174E-09 1.690E-08 2.463E-08 3.236E-08 4.009E-08 5.553E-08 7.869E-08 1.018E-07 1.250E-07 1.558E-07 
PA233 5.425E-05 5.449E-05 5.486E-05 5.531 E-05 5.584E-05 5.703E-05 5.904E-05 6.116E-05 6.331 E-05 6.614E-05 
PA234M 9.654E-05 9.654E-05 9.654E-05 9.654E-05 9.654E-05 9.654E-05 9.654E-05 9.654E-05 9.654E-05 9.654E-05 
PA234 1.255E-07 1.255E-07 1.255E-07 1.255E-07 1.255E-07 1.255E-07 1.255E-07 1.255E-07 1.255E-07 1.255E-07 
U232 3.095E-07 3.289E-07 3.234E-07 3.112E-07 2.975E-07 2.705E-07 2.342E-07 2.027E-07 1.754E-07 1.447E-07 
U233 1.799E-09 2.988E-09 4.183E-09 5.387E-09 6.602E-09 9.068E-09 1.287E-08 1.681 E-08 2.089E-08 2.655E-08 
U234 2.075E-06 3.373E-06 4.621 E-06 5.821 E-06 6.975E-06 9.150E-06 1.211 E-05 1.474E-05 1.707E-05 1.978E-05 
U235 7.302E-05 7.302E-05 7.302E-05 7.302E-05 7.303E-05 7.303E-05 7.303E-05 7.303E-05 7.303E-05 7.304E-05 
U236 1.950E-04 1.950E-04 1.950E-04 1.950E-04 1.950E-04 1.950E-04 1.951 E-04 1.951 E-04 1.951 E-04 1.952E-04 
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DECAY TIMES (years out of core) 
(Activities* in Ci/element) 

Radionuclide 5 10 15 20 25 35 50 65 80 100 
U237 2.847E-06 2.238E-06 1.759E-06 1.383E-06 1.087E-06 6.716E-07 3.262E-07 1.585E-07 7.698E-08 2.939E-08 
U238 9.654E-05 9.654E-05 9.654E-05 9.654E-05 9.654E-05 9.654E-05 9.654E-05 9.654E-05 9.654E-05 9.654E-05 
NP237 5.425E-05 5.449E-05 5.486E-05 5.531 E-05 5.584E-05 5.703E-05 5.904E-05 6.116E-05 6.331 E-05 6.614E-05 
PU236 1.251 E-06 3.710E-07 1.100E-07 3.263E-08 9.681 E-09 8.600E-10 3.178E-11 1.019E-11 9.625E-12 9.609E-12 
PU237 1.460E-17 1.283E-29 1.128E-41 9.914E-54 8.713E-66 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PU238 9.332E-02 8.971E-02 8.624E-02 8.291E-02 7.970E-02 7.366E-02 6.544E-02 5.813E-02 5.165E-02 4.411E-02 
PU239 1.548E-01 1.548E-01 1.548E-01 1.547E-01 1.547E-01 1.547E-01 1.546E-01 1.545E-01 1.545E-01 1.544E-01 
PU240 8.139E-02 8.135E-02 8.131E-02 8.127E-02 8.123E-02 8.114E-02 8.101 E-02 8.088E-02 8.076E-02 8.059E-02 
PU241 1.160E+01 9.121E+00 7.170E+00 5.636E+OO 4.431 E+OO 2.738E+00 1.330E+00 6.460E-01 3.138E-01 1.198E-01 
PU242 4.607E-05 4.607E-05 4.607E-05 4.607E-05 4.607E-05 4.607E-05 4.607E-05 4.607E-05 4.607E-05 4.607E-05 
PU244 1.680E-12 1.680E-12 1.680E-12 1.680E-12 1.680E-12 1.680E-12 1.680E-12 1.680E-12 1.680F 12 1.680E-12 
AM241 1.103E-01 1.917E-01 2.549E-01 3.038E-01 3.413E-01 3.918E-01 4.288E-01 4.411 E-01 4.415E-01 4.339E-01 
AM242M 1.432E-04 1.400E-04 1.368E-04 1.337E-04 1.307E-04 1.249E-04 1.166E-04 1.089E-04 1.017E-04 9.284E-05 
AM242 1.425E-04 1.393E-04 1.361 E-04 1.330E-04 1.300E-04 1.242E-04 1.160E-04 1.084E-04 1.012E-04 9.238E-05 
AM243 9.615E-05 9.610E-05 9.606E-05 9.601 E-05 9.597E-05 9.588E-05 9.574E-05 9.561 E-05 9.547E-05 9.529E-05 
CM242 3.659E-04 1.153E-04 1.126E-04 1.101 E-04 1.076E-04 1.028E-04 9.596E-05 8.962E-05 8.369E-05 7.640E-05 
CM243 4.771 E-05 4.225E-05 3.741E-05 3.313E-05 2.934E-05 2.300E-05 1.597E-05 1.109E-05 7.700E-06 4.734E-06 
CM244 2.931 E-03 2.421E-03 1.999E-03 1.651E-03 1.363E-03 9.297E-04 5.236E-04 2.949E-04 1.661 E-04 7.725E-05 
CM245 9.205E-08 9.201 E-08 9.198E-08 9.194E-08 9.190E-08 9.183E-08 9.171 E-08 9.160E-08 9.149E-08 9.134E-08 
CM246 4.760E-09 4.757E-09 4.753E-09 4.750E-09 4.746E-09 4.739E-09 4.729E-09 4.718E-09 4.708E-09 4.694E-09 
CM247 3.521 E-15 3.521E-15 3.521E-15 3.521 E-15 3.521 E-15 3.521E-15 3.521E-15 3.521E-15 3.521 E-15 3.521E-15 

Subtotal** 2.569E+02 1.700E+02 1.421E+02 1.234E+02 1.084E+02 8.463E+01 5.895E+01 4.135E+01 2.914E+01 1.842E+01 
TOTAL*** 2.569E+02 1.700E+02 1.421 E+02 1.234E+02 1.084E+02 8.463E+01 5.895E+01 4.134E+01 2.914E+01 1.842E+01 

* Four decimal places of accuracy are as reported by ORIGEN2 output and are not significant for many radionuclides. 
** Subtotal: total activity of the 145 isotopes listed in the table. 
*** Total: total activity of the ORIGEN2 output isotopes. 
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Template 10 

Representative Fuel Source Term Calculations 

Introduction 

The following data have been used in the Idaho National Engineering and Environmental 
Laboratory (INEEL) spent nuclear fuel source term calculational methodology to generate a source term 
template to represent a stainless steel clad, 0-5%-enriched, uranium-based fuel from a heavy 
water-moderated reactor. Because the spent fuels in this group are primarily MTR-type or plate-fuels, the 
previously constructed High Flux Beam Reactor fuel element geometry model (Template 8) was modified 
to represent fuels in this group. Modifications included developing new cross sections and adjusting 
enrichment and bumup. Other differences include the fuel meat material and the number of fueled plates 
in the element. These data are included below. The calculation methodology used is described in 
Reference 1.

Reactor Data 

The hypothetical element is a plate-type element consisting of 19 curved plates. The plates are 
stacked, separated by a heavy water gap (102-129 mils), and held together as a rectangular structure by 
two stainless steel side plates (140 mils thick). The fuel meat in the plates is a uranium-alunllnum-silicon 
matrix and is clad with stainless steel, as shown in Figure 1. The uranium enrichment is nominally 
5%-enriched uranium metal and represents the upper end of the 0-5% U-235 enrichment characteristic of 
the Template 10 fuel group. 

The following data provide the specific fuel element dimensions, materials, densities, enrichment, 
etc. The beginning-of-life (BOL) data below were used in the BOL cross-section development and the 
bumup calculation for the source term generation. 

Fuel Element:
 Curved plate
 
No. of Plates:
 19
 
Fueled Plates:
 19
 

Fuel Plate Thickness:
 50 mils
 
Cross Sectional Dimensions: 2.820 in. by 3.194 in. 

Length: 23.75 in. 

Fuel Rod:
 U-AI-Si (30% U, 68% AI, 2% Si) 
Fuel Density:
 3.616 g/cc 

Fuel Meat Thickness:
 21 mils 
Uranium Enrichment: 0.60 wt % U-234 

5.00 wt % U-235 
0.35 wt % U-236 

94.05 wt % U-238 

Heavy Metal Loading: 2.06 g/element U-234 (BOL) 
17.13 g/element U-235 (BOL) 

1.20 g/element U-236 (BOL) 
322.12 g/element U-238 (BOL) 
342.51 g/element Total U 

776.33 g/element Aluminum-6061 (Fuel Meat) 
22.83 g/element Silicon (Fuel Meat) 
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Clad:
 Stainless Steel 304 
Clad Density:
 8.02 glee 

Clad Thickness:
 14.5 mils 
Side Plates:
 Stainless Steel 304 

Side Plate Width:
 140 mils 
Total Stainless Steel 304 Mass: 9,765.95 glelement 

CoolantIModerator: Heavy Water (D20) 
Coolant Temperature: 52°C 

Coolant Pressure: 175.3 psig 
Coolant Density: 1.09325 glee 

From the above data (materials, enrichments, and densities), material masses and number 
densities were calculated for all the material components in a single fuel element. In addition, for the 
ORIGEN2 (Reference 2) depletion calculation, conservative and detailed impurity concentrations were 
added for the stainless steel clad and aluminum/silicon fuel meat constituents. Tables 1 and 2 list the 
stainless steel 304 and Aluminum-606IT impurities and their concentrations, respectively, according to 
References 3, 4, 5, and 6. 

Burnup 

The bumup chosen for this template is 23.1 % U-235 depletion, 5.0 MWd, and approximately 
3.96 grams of U-235 depleted for this single element. This bumup represents a nominal range bumup one 
might expect for this element and uranium loading. 

For the analysis, the bumup period is assumed to be 1 year. The bumup and reactor power 
(approximately 0.0137 MW) is further assumed to be constant and uniform over the I-year period. At the 
end of the I-year period, the element is removed from the core, and the cooling or decay period begins. 
Table 3 gives the irradiation period and decay times following irradiation. 

Cross-Section Development 

The neutron cross sections used in the bumup or depletion calculation are based on the 
methodology described in Reference 1. Cross sections from a standard ORIGEN2 heavy water reactor 
library were updated once using the BOL cross sections developed for the hypothetical fuel element. 
These updated cross sections take into account the neutron flux spatial and spectral characteristics to 
ensure accurate calculation of the actinide production as a function of bumup. 

In order to calculate the BOL neutron cross sections, an explicit fuel element was developed with 
reflective boundary conditions on the element peripheral surfaces. The reflective surfaces simulated an 
infinite array of fuel elements. The fuel element model is shown in Figure 1. 

Fuel Element Exposure History 

Table 3 summarizes the power or exposure history used in the bumup or source term calculations 
for a single fuel element. Following the bumup or exposure period, the radionuclide activities are decayed 
for 5, 10, 15,20,25,35,50,65, 80, and 100 years. 
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Burnup Calculation 

The ORIGEN2 computer code (Reference 2) was used to perform the depletion or bumup 
calculation for a single fuel element. The fuel element masses and impurities, neutron cross sections, 
bumup, power history, and power level discussed above are input data for the ORIGEN2 calculation. The 
resulting radionuclide concentrations are given as a function of time in the template table. 

The 145 radionuclides listed in the template represent greater than 99.9% of the total curie 
inventory had all 684 activation products, 880 fission products, and 127 actinide/daughter isotopes from 
the ORIGEN2 output been included in the template. 
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Table 1. Stainless steel304 material constituent and im punty concentratIOns. 

Constituent 
or Impurity 

Impurity 
(ppm) 

Weight 
Fraction 
(wt%) 

Constituent 
or Impurity 

Impurity 
(ppm) 

Weight 
Fraction 
(wt%) 

H 0.0007 Ag 2 
Li 0.13 Sn 0.01 
B 0.0005 Sb 0.01 
C 0.07 Cs 0.3 
N 0.047 Ba 500 
0 0.015 La 2.1 
Na 37 Ce 550 
Al 0.01 Sm 0.15 
Si 0.6 Eu 0.02 
P 0.0375 Tb 0.71 
S 0.02 Dy 1 
CI 130 Ho 1 
K 3 Yb 2 
Ca 19 Lu 0.8 
Sc 0.03 Hf 2 
Ti 0.05 W 520 
V 0.05 Pb 0.002 
Cr 18.8 Th 1 
Mn 1.41 U 2 
Fe 68.8 
Co 0.17 
Ni 9.23 
Cu 0.25 
Zn 0.01 
Ga 450 
As 0.01 
Se 0.02 
Br 8 
Rb 10 
Sr 0.2 
y 5 
Zr 20 
Nb 0.012 
Mo 0.37 
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Table 2. Aluminum-6061T material constituent and impurity concentrations. 
Constituent or Weight Fraction 

Impurity (wt%) 
H 
Li 0.0005
B 0.022 
C 0.02 
N 0.0005 
0 0.05 
Na 0.00002 
Mo

b 0.9 
Al 97.39387 
Si 0.65 
P 0.001 
S 0.002 
Ti 0.02 
V 0.02 
Cr 0.05
Mn 0.03 
Fe 0.2 
Co 0.05 
Ni 0.04 
Cu 0.25
Zn 0.02 
Ga 0.05 
Sr 0.00001 
Zr 0.02 
Nb 0.01 
Mo 0.0001 
Cd 0.05 
Sn 0.02 
Sb 0.01 
Hf 0.05 
Ta 0.05 
Pb 0.02 
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Table 3. Assumed bumup or power history for a single hypothetical fuel element. 

Time-Averaged 
Time Decay Time Cumulative Duration Power 

Condition (years) (days) (days) (MWth) 

Irradiation I 365.25 0.0137 

Decay 5 1825.00 2191.50 0.0 

Decay 10 3652.50 4017.75 0.0 

Decay 15 5478.75 5844.00 0.0 

Decay 20 7305.00 7670.25 0.0 

Decay 25 9131.25 9496.50 0.0 

Decay 35 12783.75 13149.00 0.0 

Decay 50 18262.50 18627.75 0.0 

Decay 65 23741.25 24106.50 0.0 

Decay 80 29220.00 29585.25 0.0 

Decay 100 36525.00 36890.25 0.0 

The dates with zero associated power represent the ten different cooling or decay dates after exposure. 
These ten dates are specifically the 5, 10, 15, 20, 25, 35, 50, 65, 80, and 100-year cooling times
 
designated for the template methodology.
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Stainless Steel
 
Side Plate
 

Fuel Plate 

Heavy Water
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Figure 1. Curved-plate fuel element used in the analysis.
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Template 10
Stainless Steel Cladding, 0 to 501o-Enriched U-235 Fuel 

Reactor Moderator/Coolant: Heavy Water 
Fuel Meat: U-AI-Si (30% U, 68% AI, 2%Si) in Aluminum 
Clad: Stainless Steel 304 
Burnup: 3.96 9 U-235 depleted 
Burnup: 5 MWd/single element 
Burnup: 23.1 % U-235 depletion (fissioned and transmuted) 
Basis of Calculation: Single fuel element 
BOL U-235: 17.13 9 U-235 per element 
BOL U-238: 322.12 9 U-238 per element 
BOL U-234: 2.06 9 U-234 per element 
BOL U-236: 1.20 9 U-236 per element 
BOL Total U per element: 342.51 9 U per element 
BOL Fuel Enrichment: 5 wt% U-235 

DECAY TIMES (years out of core) 

Radionuclide 5 10 15 
(Activities* in Ci/element) 

20 25 35 50 65 80 100 
H3 1.199E+00 9.062E-01 6.844E-01 5.170E-01 3.904E-01 2.228E-01 9.597E-02 4.135E-02 1.782E-02 5.797E-03 
BE10 1.766E-09 1.766E-09 1.766E-09 1.766E-09 1.766E-09 1.766E-09 1.766E-09 1.766E-09 1.766E-09 1.766E-09 
C14 1.112E-01 1.111 E-01 1.110E-01 1.110E-01 1.109E-01 1.108E-01 1.106E-01 1.104E-01 1.102E-01 1.099E-01 
CL36 2.095E-03 2.095E-03 2.095E-03 2.095E-03 2.094E-03 2.094E-03 2.094E-03 2.094E-03 2.094E-03 2.094E-03 
CR 51 2.423E-16 3.496E-36 5.044E-56 7.277E-76 1.050E-95 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
MN 54 6.151E-01 1.071 E-02 1.864E-04 3.245E-06 5.650E-08 1.712E-11 9.035E-17 4.767E-22 2.515E-27 2.311 E-34 
FE 55 7.991 E+02 2.107E+02 5.556E+01 1.465E+01 3.863E+00 2.686E-01 4.926E-03 9.031 E-05 1.656E-06 8.006E-09 
FE 59 1.781E-10 1.081 E-22 6.562E-35 3.983E-47 2.418E-59 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CO 60 1.332E+03 6.898E+02 3.574E+02 1.851 E+02 9.592E+01 2.574E+01 3.579E+00 4.976E-01 6.919E-02 4.984E-03 
NI59 3.123E-01 3.123E-01 3.123E-01 3.123E-01 3.123E-01 3.123E-01 3.122E-01 3.122E-01 3.121 E-01 3.121 E-01 
NI63 4.493E+01 4.327E+01 4.167E+01 4.013E+01 3.865E+01 3.584E+01 3.201 E+01 2.859E+01 2.554E+01 2.197E+01 
ZN 65 2.108E-02 1.173E-04 6.533E-07 3.637E-09 2.025E-11 6.276E-16 1.083E-22 1.869E-29 3.226E-36 3.100E-45 
SE 79 1.425E-04 1.425E-04 1.425E-04 1.425E-04 1.425E-04 1.425E-04 1.424E-04 1.424E-04 1.424E-04 1.424E-04 
KR85 1.126E+00 8.153E-01 5.901 E-01 4.271 E-01 3.091 E-01 1.619E-01 6.138E-02 2.327E-02 8.823E-03 2.421E-03 
RB87 5.801 E-09 5.801 E-09 5.801E-09 5.801 E-09 5.801 E-09 5.801 E-09 5.801 E-09 5.801 E-09 5.801 E-09 5.801E-09 
SR89 4.876E-09 6.329E-20 8.215E-31 1.066E-41 1.384E-52 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SR 90 1.059E+01 9.402E+00 8.347E+00 7.411 E+OO 6.579E+00 5.186E+00 3.629E+00 2.539E+00 1.777E+00 1.104E+00 
Y90 1.059E+01 9.405E+00 8.349E+00 7.413E+OO 6.581 E+OO 5.187E+00 3.630E+00 2.540E+00 1.777E+00 1.104E+00 
Y 91 1.935E-07 7.769E-17 3.118E-26 1.252E-35 5.024E-45 8.095E-64 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
ZR 93 2.853E-04 2.853E-04 2.853E-04 2.853E-04 2.853E-04 2.853E-04 2.853E-04 2.853E-04 2.853E-04 2.853E-04 
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DECAY TIMES (years out of core) 
(Activities* in Ci/element) 

Radionuclide 5 10 15 20 25 35 50 65 80 100 
ZR95 1.615E-06 4.127E-15 1.055E-23 2.697E-32 6.894E-41 4.504E-58 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
N893M 6.681 E-05 1.128E-04 1.484E-04 1.760E-04 1.974E-04 2.268E-04 2.505E-04 2.615E-04 2.666E-04 2.694E-04 
N894 9.969E-04 9.967E-04 9.966E-04 9.964E-04 9.962E-04 9.959E-04 9.954E-04 9.949E-04 9.944E-04 9.937E-04 
N895 3.585E-06 9.164E-15 2.342E-23 5.988E-32 1.530E-40 9.999E-58 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
N895M 1.198E-08 3.062E-17 7.827E-26 2.001 E-34 5.113E-43 3.341E-60 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
M093 7.223E-04 7.216E-04 7.209E-04 7.202E-04 7.195E-04 7.180E-04 7.159E-04 7.138E-04 7.117E-04 7.088E-04 
TC99 2.168E-03 2.168E-03 2.168E-03 2.168E-03 2.168E-03 2.168E-03 2.168E-03 2.168E-03 2.167E-03 2.167E-03 
RU103 5.649E-12 5.715E-26 5.782E-40 5.849E-54 5.917E-68 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
RU106 3.370E+00 1.082E-01 3.477E-03 1.117E-04 3.587E-06 3.701 E-09 1.227E-13 4.065E-18· 1.347E-22 1.434E-28 
RH103M 5.093E-12 5.152E-26 5.212E-40 5.273E-54 5.334E-68 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
RH106 3.370E+00 1.082E-01 3.477E-03 1.117E-04 3.587E-06 3.701 E-09 1.227E-13 4.065E-18 1.3471:= 22 1.434E-28 
PD107 1.485E-05 1.485E-05 1.485E-05 1.485E-05 1.485E-05 1.485E-05 1.485E-05 1.485E-05 1.485E-05 1.485E-05 
AG110 3.771 E-05 2.379E-07 1.501 E-09 9.469E-12 5.974E-14 2.377E-18 5.971 E-25 1.499E-31 3.766E-38 5.965E-47 
AG110M 2.835E-03 1.788E-05 1.129E-07 7.119E-10 4.492E-12 1.788E-16 4.490E-23 1.127E-29 2.831E-36 4.485E-45 
AG111 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CD113M 3.248E-03 2.561 E-03 2.020E-03 1.593E-03 1.256E-03 7.810E-04 3.829E-04 1.878E-04 9.207E-05 3.560E-05 
CD113 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CD115M 2.192E-13 1.031 E-25 4.845E-38 2.278E-50 1.071 E-62 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
IN114 9.470E-15 7.470E-26 5.892E-37 4.646E-48 3.665E-59 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
IN114M 9.895E-15 7.805E-26 6.156E-37 4.855E-48 3.830E-59 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
IN115M 1.017E-17 4.783E-30 2.248E-42 1.057E-54 4.970E-67 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SN119M 2.970E-03 1.695E-05 9.670E-08 5.516E-10 3.148E-12 1.025E-16 1.904E-23 3.535E-30 6.567E-37 6.960E-46 
SN121M 7.795E-05 7.273E-05 6.785E-05 6.331 E-05 5.906E-05 5.141E-05 4.175E-05 3.391E-05 2.754E-05 2.087E-05 
SN123 4.829E-05 2.677E-09 1.485E-13 8.228E-18 4.562E-22 1.402E-30 2.389E-43 4.071 E-56 6.937E-69 6.554E-86 
SN125 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SN126 8.899E-05 8.898E-05 8.898E-05 8.898E-05 8.897E-05 8.897E-05 8.896E-05 8.895E-05 8.894E-05 8.893E-05 
S8124 3.051 E-08 2.248E-17 1.656E-26 1.221E-35 8.994E-45 4.882E-63 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
S8125 5.609E-01 1.605E-01 4.593E-02 1.314E-02 3.761 E-03 3.080E-04 7.216E-06 1.691 E-07 3.962E-09 2.656E-11 
S8126 1.246E-05 1.246E-05 1.246E-05 1.246E-05 1.246E-05 1.246E-05 1.245E-05 1.245E-05 1.245E-05 1.245E-05 
S8126M 8.899E-05 8.898E-05 8.898E-05 8.898E-05 8.897E-05 8.897E-05 8.896E-05 8.895E-05 8.894E-05 8.893E-05 
TE123M 5.949E-06 1.517E-10 3.864E-15 9.849E-20 2.510E-24 1.631 E-33 2.698E-47 4.467E-61 7.394E-75 3.119E-93 
TE125M 1.368E-01 3.916E-02 1.120E-02 3.206E-03 9.177E-04 7.514E-05 1.760E-06 4.125E-08 9.665E-10 6.480E-12 
TE127 3.762E-05 3.404E-10 3.080E-15 2.787E-20 2.522E-25 2.065E-35 1.530E-50 1.133E-65 8.396E-81 O.OOOE+OO 
TE127M 3.840E-05 3.475E-10 3.144E-15 2.845E-20 2.575E-25 2.108E-35 1.562E-50 1.157E-65 8.572E-81 O.OOOE+OO 
TE129 4.909E-16 2.133E-32 9.268E-49 4.027E-65 1.750E-81 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
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DECAY TIMES (years out of core) 
(Activities* in Ci/element) 

Radionuclide 5 10 15 20 25 35 50 65 80 100 
TE129M 7.542E-16 3.277E-32 1.424E-48 6.187E-65 2.688E-81 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
1129 4.583E-06 4.583E-06 4.583E-06 4.583E-06 4.583E-06 4.583E-06 4.583E-06 4.583E-06 4.583E-06 4.583E-06 
1131 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
XE131 M O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
XE133 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 0.000E+10 O.OOOE+OO 
CS134 2.074E+00 3.863E-01 7.193E-02 1.339E-02 2.494E-03 8.650E-05 5.586E-07 3.608E-09 2.330E-l1 2.802E-14 
CS135 1.874E-05 1.874E-05 1.874E-05 1.874E-05 1.873E-05 1.873E-05 1.873E-05 1.873E-05 1.873E-05 1.873E-05 
CS136 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CS137 1.443E+01 1.285E+01 1.145E+01 1.020E+01 9.088E+00 7.213E+00 5.100E+00 3.607E+00 2.550E+00 1.606E+00 
BA136M O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
BA137M 1.365E+01 1.216E+01 1.083E+01 9.650E+OO 8.597E+00 6.824E+00 4.825E+00 3.412E+00 2.412E+00 1.520E+00 
BA140 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
LA140 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CE141 8.081 E-15 9.952E-32 1.225E-48 1.509E-65 1.859E-82 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CE142 1.871 E-08 1.871 E-08 1.871 E-08 1.871 E-08 1.871 E-08 1.871 E-08 1.871 E-08 1.871 E-08 1.871 E-08 1.871E-08 
CE144 3.740E+00 4.354E-02 5.069E-04 5.901 E-06 6.869E-08 9.309E-12 1.469E-17 2.317E-23 3.656E-29 6.714E-37 
PR143 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PR144 3.740E+00 4.354E-02 5.069E-04 5.901 E-06 6.869E-08 9.310E-12 1.469E-17 2.317E-23 3.656E-29 6.714E-37 
PR144M 4.488E-02 5.225E-04 6.083E-06 7.081 E-08 8.243E-10 1.117E-13 1.762E-19 2.781 E-25 4.387E-31 8.057E-39 
ND144 2.453E-13 2.466E-13 2.466E-13 2.466E-13 2.466E-13 2.466E-13 2.466E-13 2.466E-13 2.466E-13 2.466E-13 
ND147 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PM145 5.249E-06 4.403E-06 3.622E-06 2.978E-06 2.449E-06 1.655E-06 9.200E-07 5.113E-07 2.842E-07 1.299E-07 
PM147 1.092E+01 2.915E+00 7.779E-01 2.076E-01 5.539E-02 3.945E-03 7.496E-05 1.424E-06 2.707E-08 1.373E-10 
PM148M 2.218E-13 1.080E-26 5.260E-40 2.562E-53 1.247E-66 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PM148 1.249E-14 6.084E-28 2.963E-41 1.443E-54 7.026E-68 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SM145 1.976E-06 4.777E-08 1.155E-09 2.791 E-11 6.745E-13 3.941E-16 5.565E-21 7.858E-26 1.110E-30 3.787E-37 
SM147 8.673E-10 1.064E-09 1.116E-09 1.130E-09 1.134E-09 1.135E-09 1.135E-09 1.135E-09 1.135E-09 1.135E-09 
SM151 2.626E-02 2.527E-02 2.432E-02 2.339E-02 2.251 E-02 2.084E-02 1.857E-02 1.654E-02 1.474E-02 1.263E-02 
EU152 1.824E-04 1.414E-04 1.095E-04 8.489E-05 6.579E-05 3.952E-05 1.841 E-05 8.567E-06 3.989E-06 1.439E-06 
EU154 5.170E-01 3.455E-01 2.309E-01 1.543E-01 1.031 E-01 4.607E-02 1.375E-02 4.106E-03 1.226E-03 2.445E-04 
EU155 2.694E-01 1.339E-01 6.659E-02 3.310E-02 1.646E-02 4.068E-03 4.999E-04 6.142E-05 7.547E-06 4.610E-07 
EU156 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
GD153 1.054E-04 5.644E-07 3.020E-09 1.616E-11 8.645E-14 2.475E-18 3.792E-25 5.809E-32 8.897E-39 7.294E-48 
TB160 3.921E-08 9.770E-16 2.434E-23 6.066E-31 1.512E-38 9.387E-54 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
TL206 1.179E-151.179E-15 1.179E-15 1.179E-15 1.179E-15 1.179E-15 1.179E-15 1.179E-15 1.179E-15 1.179E-15 

-~-~-~--~-~----~---
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DECAY TIMES (years out of core) 

(Activities* in Ci/element) 
Radionuclide 5 10 15 20 25 35 50 65 80 100 

TL207 2.839E-09 5.552E-09 8.309E-09 1.110E-08 1.393E-08 1.965E-08 2.837E-08 3.721 E-08 4.611E-08 5.803E-08 
TL208 7.898E-07 9.137E-07 9.109E-07 8.788E-07 8.405E-07 7.639E-07 6.612E-07 5.724E-07 4.954E-07 4.091 E-07 
PB210 4.527E-11 2.678E-10 7.935E-10 1.730E-09 3.168E-09 7.854E-09 2.026E-08 4.008E-08 6.802E-08 1.186E-07 
PB211 2.847E-09 5.567E-09 8.332E-09 1.113E-08 1.397E-08 1.970E-08 2.845E-08 3.731 E-08 4.624E-08 5.820E-08 
PB212 2.198E-06 2.543E-06 2.535E-06 2.446E-06 2.339E-06 2.126E-06 1.840E-06 1.593E-06 1.379E-06 1.139E-06 
BI211 2.847E-09 5.567E-09 8.332E-09 1.113E-08 1.397E-08 1.970E-08 2.845E-08 3.731 E-08 4.624E-08 5.820E-08 
BI212 2.198E-06 2.543E-06 2.535E-06 2.446E-06 2.339E-06 2.126E-06 1.840E-06 1.593E-06 1.379E-06 1.139E-06 
P0212 1.408E-06 1.629E-06 1.624E-06 1.567E-06 1.499E-06 1.362E-06 1.179E-06 1.021E-06 8.835E-07 7.295E-07 
P0215 2.847E-09 5.567E-09 8.332E-09 1.113E-08 1.397E-08 1.970E-08 2.845E-08 3.731 E-08 4.624E-08 5.820E-08 
P0216 2.198E-06 2.543E-06 2.535E-06 2.446E-06 2.339E-06 2.126E-06 1.840E-06 1.593E-06 1.379E-06 1.139E-06 
RN219 2.847E-09 5.567E-09 8.332E-09 1.113E-08 1.397E-08 1.970E-08 2.845E-08 3.731 E-08 4.624E-08 5.820E-08 
RN220 2.198E-06 2.543E-06 2.535E-06 2.446E-06 2.339E-06 2.126E-06 1.840E-06 1.593E-06 1.379E-06 1.139E-06 
FR223 3.928E-11 7.675E-11 1.148E-10 1.534E-10 1.924E-10 2.716E-10 3.922E-10 5.143E-10 6.374E-10 8.023E-10 
RA223 2.847E-09 5.567E-09 8.332E-09 1.113E-08 1.397E-08 1.970E-08 2.845E-08 3.731 E-08 4.624E-08 5.820E-08 
RA224 2.198E-06 2.543E-06 2.535E-06 2.446E-06 2.339E-06 2.126E-06 1.840E-06 1.593E-06 1.379E-06 1.139E-06 
RA226 7.623E-10 2.555E-09 5.399E-09 9.292E-09 1.423E-08 2.724E-08 5.456E-08 9.118E-08 1.371 E-07 2.125E-07 
RA228 4.820E-10 7.091 E-10 8.445E-10 9.252E-10 9.734E-10 1.019E-09 1.039E-09 1.043E-09 1.044E-09 1.045E-09 
AC227 2.846E-09 5.562E-09 8.321 E-09 1.112E-08 1.395E-08 1.968E-08 2.842E-08 3.727E-08 4.619E-08 5.814E-08 
TH227 2.808E-09 5.491E-09 8.217E-09 1.098E-08 1.378E-08 1.943E-08 2.806E-08 3.680E-08 4.560E-08 5.739E-08 
TH228 2.198E-06 2.541E-06 2.533E-06 2.444E-06 2.337E-06 2.126E-06 1.840E-06 1.593E-06 1.379E-06 1.139E-06 
TH229 1.052E-09 2.016E-09 2.981 E-09 3.946E-09 4.911 E-09 6.843E-09 9.745E-09 1.265E-08 1.556E-08 1.946E-08 
TH230 5.856E-07 1.073E-06 1.560E-06 2.048E-06 2.536E-06 3.511 E-06 4.976E-06 6.440E-06 7.906E-06 9.860E-06 
TH231 2.848E-05 2.848E-05 2.848E-05 2.849E-05 2.849E-05 2.849E-05 2.850E-05 2.850E-05 2.851 E-05 2.851 E-05 
TH232 1.044E-09 1.044E-09 1.044E-09 1.044E-09 1.044E-09 1.044E-09 1.045E-09 1.045E-09 1.045E-09 1.045E-09 
TH234 1;057E-04 1.057E-04 1.057E-04 1.057E-04 1.057E-04 1.057E-04 1.057E-04 1.057E-04 1.057E-04 1.057E-04 
PA231 1.975E-08 2.276E-08 2.578E-08 2.879E-08 3.180E-08 3.782E-08 4.685E-08 5.588E-08 6.491E-08 7.695E-08 
PA233 8.641 E-05 8.703E-05 8.794E-05 8.907E-05 9.038E-05 9.336E-05 9.837E-05 1.037E-04 1.090E-04 1.161E-04 
PA234M 1.057E-04 1.057E-04 1.057E-04 1.057E-04 1.057E-04 1.057E-04 1.057E-04 1.057E-04 1.057E-04 1.057E-04 
PA234 1.373E-07 1.373E-07 1.373E-07 1.373E-07 1.373E-07 1.373E-07 1.373E-07 1.373E-07 1.373E-07 1.373E-07 
U232 2.617E-06 2.589E-06 2.495E-06 2.386E-06 2.276E-06 2.068E-06 1.790E-06 1.550E-06 1.341 E-06 1.106E-06 
U233 2.042E-06 2.044E-06 2.046E-06 2.048E-06 2.050E-06 2.054E-06 2.060E-06 2.066E-06 2.073E-06 2.083E-06 
U234 1.083E-02 1.083E-02 1.083E-02 1.084E-02 1.084E-02 1.084E-02 1.085E-02 1.086E-02 1.086E-02 1.087E-02 
U235 2.848E-05 2.848E-05 2.848E-05 2.849E-05 2.849E-05 2.849E-05 2.850E-05 2.850E-05 2.851 E-05 2.851 E-05 
U236 1.302E-04 1.302E-04 1.303E-04 1.303E-04 1.303E-04 1.303E-04 1.304E-04 1.305E-04 1.305E-04 1.306E-04 
U237 7.079E-06 5.564E-06 4.374E-06 3.438E-06 2.703E-06 1.670E-06 8.113E-07 3.941 E-07 1.914E-07 7.309E-08 
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DECAY TIMES (years out of core) 
(Activities* in Ci/element) 

Radionuclide 5 10 15 20 25 35 50 65 80 100 
U238 1.057E-04 1.057E-04 1.057E-04 1.057E-04 1.057E-04 1.057E-04 1.057E-04 1.057E-04 1.057E-04 1.057E-04 
NP237 8.641E-05 8.703E-05 8.794E-05 8.907E-05 9.038E-05 9.336E-05 9.837E-05 1.037E-04 1.090E-04 1.161E-04 
PU236 3.486E-06 1.034E-06 3.065E-07 9.092E-08 2.698E-08 2.405E-09 9.770E-11 3.753E-11 3.596E-11 3.591 E-11 
PU237 5.466E-17 4.804E-29 4.222E-41 3.711 E-53 3.261 E-65 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PU238 2.301 E-01 2.213E-01 2.127E-01 2.045E-01 1.966E-01 1.817E-01 1.614E-01 1.434E-01 1.274E-01 1.089E-01 
PU239 3.258E-01 3.258E-01 3.257E-01 3.257E-01 3.256E-01 3.255E-01 3.254E-01 3.252E-01 3.251 E-01 3.249E-01 
PU240 1.339E-01 1.338E-01 1.337E-01 1.337E-01 1.336E-01 1.335E-01 1.333E-01 1.331 E-01 1.328E-01 1.326E-01 
PU241 2.885E+01 2.268E+01 1.783E+01 1.402E+01 1.102E+01 6.808E+00 3.307E+00 1.606E+00 7.803E-01 2.979E-01 
PU242 8.371 E-05 8.371E-05 8.371E-05 8.371E-05 8.371 E-05 8.371 E-05 8.371 E-05 8.371 E-05 8.371E-05 8.371 E-05 
PU244 3.157E-12 3.157E-12 3.157E-12 3.157E-12 3.157E-12 3.157E-12 3.157E-12 3.157E-12 3.157E-12 3.157E-12 
AM241 2.771 E-01 4.797E-01 6.368E-01 7.583E-01 8.517E-01 9.772E-01 1.069E+00 1.100E+00 1.101 F= 00 1.082E+00 
AM242M 5.906E-04 5.773E-04 5.643E-04 5.516E-04 5.392E-04 5.151 E-04 4.811 E-04 4.493E-04 4.196E-04 3.8301=.-04 
AM242 5.877E-04 5.744E-04 5.615E-04 5.488E-04 5.365E-04 5.125E-04 4.787E-04 4.470E-04 4.175E-04 3.811E-04 
AM243 2.627E-04 2.626E-04 2.625E-04 2.623E-04 2.622E-04 2.620E-04 2.616E-04 2.612E-04 2.609E-04 2.604E-04 
CM242 1.142E-03 4.756E-04 4.646E-04 4.541 E-04 4.438E-04 4.239E-04 3.959E-04 3.697E-04 3.452E-04 3.152E-04 
CM243 1.739E-04 1.540E-04 1.363E-04 1.207E-04 1.069E-04 8.383E-05 5.820E-05 4.041 E-05 2.806E-05 1.725E-05 
CM244 1.156E-02 9.546E-03 7.883E-03 6.510E-03 5.376E-03 3.666E-03 2.065E-03 1.163E-03 6.550E-04 3.046E-04 
CM245 6.429E-07 6.427E-07 6.424E-07 6.422E-07 6.419E-07 6.414E-07 6.406E-07 6.398E-07 6.390E-07 6.380E-07 
CM246 1.877E-08 1.875E-08 1.874E-08 1.873E-08 1.871 E-08 1.869E-08 1.865E-08 1.860E-08 1.856E-08 1.851 E-08 
CM247 2.297E-14 2.297E-14 2.297E-14 2.297E-14 2.297E-14 2.297E-14 2.297E-14 2.297E-14 2.297E-14 2.297E-14 

SUBTOTAL** 2.287E+03 1.018E+03 5.157E+02 2.918E+02 1.832E+02 9.559E+01 5.841E+01 4.502E+01 3.708E+01 2.971 E+01 
TOTAL*** 2.287E+03 1.018E+03 5.157E+02 2.919E+02 1.832E+02 9.560E+01 5.842E+01 4.503E+01 3.708E+01 2.972E+01 

* Four decimal places of accuracy are as reported by ORIGEN2 output and are not significant for many radionuclides. 
** Subtotal: total activity of the 145 isotopes listed in the table. 
*** Total: total activity of the ORIGEN2 output isotopes. 
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Template 11 

Representative Fuel Source Term Calculations 

Introduction 

The following data have been used in the Idaho National Engineering and Environmental 
Laboratory (INEEL) spent nuclear fuel source term calculational methodology to generate a source term 
template to represent a Zircaloy-4 clad, 0-5%-enriched, uranium-based fuel from a heavy 
water-moderated reactor. Because the spent fuels in this group are primarily MTR-type or plate-fuels, the 
previously constructed High Flux Beam Reactor fuel element geometry model (Template 8) was modified 
to represent fuels in this group. Modifications included developing new cross sections and adjusting 
enrichment and bumup. Other differences include the fuel meat material and the number of fueled plates 
in the element. These data are included below. The calculation methodology used is described in 
Reference 1.

Reactor Data 

The hypothetical element is a plate-type element consisting of 19 curved plates. The plates are 
stacked, separated by a heavy water gap (102-129 mils), and held together as a rectangular structure by 
two Zircaloy-4 side plates (140 mils thick). The fuel meat in the 19 plates is a uranium-aluminum-silicon 
matrix and is clad with Zircaloy-4, as shown in Figure 1. The uranium enrichment is nominally 
5%-enriched uranium metal and represents the upper end of the 0-5% U-235 enrichment characteristic of 
the Template 11 fuel group. 

The following data provide the specific fuel element dimensions, materials, densities, enrichment, 
etc. The beginning-of-life (BOL) data below were used in the BOL cross-section development and the 
bumup calculation for the source term generation. 

Fuel Element: Curved plate
 
No. of Plates: 19
 
Fueled Plates: 19
 

Fuel Plate Thickness: 50 mils
 
Cross Sectional Dimensions : 2.820 in. by 3.194 in. 

Length: 23.75 in. 

Fuel Rod:
 U-AI-Si (30% U, 68% AI, 2% Si) 
Fuel Density:
 3.616 g/cc 

Fuel Meat Thickness:
 21 mils 
Uranium Enrichment:
 0.60 wt % U-234 

5.00 wt % U-235 
0.35 wt % U-236 

94.05 wt % U-238 
Heavy Metal Loading: 2.06 g/element U-234 (BOL) 

17.13 g/element U-235 (BOL) 
1.20 g/element U-236 (BOL) 

322.12 g/element U-238 (HOL) 
342.51 g/element Total U 

776.33 g/element Aluminum-6061 (Fuel Meat) 
22.83 g/element Silicon (Fuel Meat) 
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Clad:
 Zircaloy-4 
Clad Density:
 6.44 glee 

Clad Thickness:
 14.5 mils 
Side Plates:
 Zircaloy-4 

Side Plate Width:
 140 mils 
Total Zircaloy-4 Mass:
 7,841.99 g/element 

Coolant/Moderator :
 Heavy Water (D20) 
Coolant Temperature:
 52°C 

Coolant Pressure:
 175.3 psig 
Coolant Density:
 1.09325 glee 

From the above data (materials, enrichments, and densities), material masses and number 
densities were calculated for all the material components in a single fuel element. In addition, for the 
ORIGEN2 (Reference 2) depletion calculation, conservative and detailed impurity concentrations were 
added for the Zircaloy-4 clad and aluminum/silicon fuel meat constituents. Tables 1 and 2 list the 
Zircaloy-4 and Aluminum 606IT impurities and their concentrations, respectively according to 
References 3 and 4. 

Burnup 

The burnup chosen for this template is 31.5% U-235 depletion, 5.0 MWd, and approximately 
5.4 g U-235 depleted for this single element. This burnup represents a nominal range burnup one might 
expect for this element and uranium loading. 

For the analysis, the burnup period is assumed to be 1 year. The burnup and reactor power 
(approximately 0.0137 MW) is further assumed to be constant and uniform over the I-year period. At the 
end of the I-year period, the element is removed from the core, and the cooling or decay period begins. 
Table 3 gives the irradiation period and decay times following irradiation. 

Cross-Section Development 

The neutron cross sections used in the burnup or depletion calculation are based on the 
methodology described in Reference 1. Cross sections from a standard ORIGEN2 heavy water reactor 
library were updated once using the BOL cross sections developed for the hypothetical fuel element. 
These updated cross sections take into account the neutron flux spatial and spectral characteristics to 
ensure accurate calculation of the actinide production as a function of burnup. 

:In order to calculate the BOL neutron cross sections, an explicit fuel element was developed with 
reflective boundary conditions on the element peripheral surfaces. The reflective surfaces simulated an 
infinite array of fuel elements. The fuel element model is shown in Figure 1. 

Fuel Element Exposure History 

Table 3 summarizes the power or exposure history used in the burnup or source term calculations 
for a single fuel element. Following the burnup or exposure period, the radionuclide activities are decayed 
for 5, 10, 15, 20, 25, 35, 50, 65, 80, and 100 years. 



DOE/SNFIREP-078 January 2004
 
Revision I Page A-93 of A-2I2
 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
,I
 
I
 
I
 

Burnup Calculation 

The ORIGEN2 computer code (Reference 2) was used to perfonn the depletion or bumup 
calculation for a singl~ fuel element. The fuel element masses and impurities, neutron cross sections, 
bumup, power history, and power level discussed above are input data for the ORIGEN2 calculation. The 
resulting radionuclide concentrations are given as a function of time in the template table. 

The 145 radionuclides listed in the template represent greater than 99.9% of the total curie 
inventory had all 684 activation products, 880 fission products, and 127 actinide/daughter isotopes from 
the ORIGEN2 output been included in the template. 

References 

1. J. W. Sterbentz and C. A. Wemple, Calculational Burnup Methodology and Validation for the 
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Sent to the Radioactive Waste Management Complex for Disposal," JAL-04-99, 
September 9, 1999. 
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Table I. Zircal oy-4 matena . I constItuent an d ' Lmr . urity concentrations. 
Constituent or 

Impurity 
Impurity 

(ppm) 
Constituent or 

Impurity 
Impurity 

(ppm) 
H 25 Ag 
Li Cd 0.5 
B 0.5 Sn 16000 
C 270 Sb 
N 80 Cs 
0 950 Ba 
Na La 
Al 75 Ce 
Si 120 Sm 10 
P 100 Gd 5 
S 35 Eu 
CI Tb 
K Dy 
Ca
 Ho 
Sc
 Yb 
Ti
 50 Lu 
V 50 Hf 35 
Cr 1250 Ta 200 
Mn 50 W 100 
Fe 2250 Pb 100 
Co 20 Th 7 
Ni 70 U 3.5 
Cu 50 
Zn 100 
Ga 
As 
Se 
Br 
Rb 
Sr 
Y 
Zr 979069 
Nb 70 
Mo 50 
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Table 2. Aluminum-606lT material constituent and impurity concentrations. 
Constituent or Weight Fraction 

Impurity (wt%) 
H 
Li 0.0005 
B
 0.022 
C
 0.02 
N 0.0005 
0 0.05 
Na 0.00002 
Mg 0.9 
Al 97.39387 
Si 0.65 
P 0.001 
S 0.002 
Ti 0.02 
V
 0.02 
Cr
 0.05 
Mn
 0.03
 
Fe 0.2 
Co 0.05 
Ni 0.04 
Cu 0.25 
Zn 0.02 
Ga 0.05 
Sr 0.00001 
Zr 0.02 
Nb 0.01 
Mo 0.0001 
Cd 0.05 
Sn 0.02 
Sb 0.01 
Hf 0.05 
Ta 0.05 
Pb 0.02 
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Table 3. Assumed bumup or power history for a single hypothetical fuel element. 

Condition 
Time 

(years) 
Decay Time 

(days) 
Cumulative Duration 

(days) 
Time-Averaged Power
 

{MWth)
 

Irradiation 
Decay 
Decay 
Decay 
Decay 
Decay 
Decay 
Decay 
Decay 
Decay 
Decay 

I 
5 

10 
15 
20 
25 
35 
50 
65 
80 

100 

1825.00 
3652.50 
5478.75 
7305.00 
9131.25 

12783.75 
18262.50 
23741.25 
29220.00 
36525.00 

365.25 
2191.50 
4017.75 
5844.00 
7670.25 
9496.50 

13149.00 
18627.75 
24106.50 
29585.25 
36890.25 

0.0137 
0.0
 
0.0
 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

The entries with zero associated power represent the ten different cooling or decay dates after exposure. 
These ten dates are specifically the 5, 10, 15,20,25,35,50,65,80, and 100-year cooling times 
designated for the template methodology. 



I' 
DOE/SNFIREP-078 January 2004 

Page A-97 of A-212Revision I 

I 
:1 
I
 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Zircaloy-4
 
Side Plate
 

Fuel Plate 

Heavy Water
 
Coolant
 

Figure 1. Curved-plate fuel element used in the analysis. 



Template 11 
Zircaloy-4 Cladding, 0 to 5%-Enriched U-235 Fuel 

Reactor Moderator/Coolant: Heavy Water 
Fuel Meat: U-AI-Si (30% U, 68% AI, 2%Si) in Aluminum 
Clad: Zircaloy-4 
Burnup: 5.4 9 U-235 depleted 
Burnup: 5 MWd/single element 
Burnup: 31.5% U-235 depletion (fissioned and transmuted) 
Basis of Calculation: Single fuel element 
BOL U-235: 17.13 9 U-235 per element 
BOL U-238: 322.12 9 U-238 per element 
BOL U-234: 2.06 9 U-234 per element 
BOL U-236: 1.20 9 U-236 per element 
BOL Total U per element: 342.51 9 U per element 
BOL Fuel Enrichment: 5 wt% U-235 

DECAY TIMES (years out of core) 

Radionuclide 5 10 15 
(Activities* in Ci/element) 

20 25 35 50 65 80 100 
H3 6.411 E-01 4.843E-01 3.657E-01 2.763E-01 2.087E-01 1.190E-01 5.128E-02 2.209E-02 9.520E-03 3.098E-03 
BE10 8.087E-10 8.087E-10 8.087E-10 8.087E-10 8.087E-10 8.087E-10 8.087E-10 8.087E-10 8.087E-10 8.087E-10
 
C14 5.652E-03 5.649E-03 5.645E-03 5.642E-03 5.639E-03 5.632E-03 5.622E-03 5.611 E-03 5.601 E-03 5.588E-03
 
CL36 4.189E-10 4.189E-10 4.188E-10 4.188E-10 4.188E-10 4.188E-10 4.188E-10 4.188E-10 4.188E-10 4.188E-10
 
CR 51 6.221E-19 8.975E-39 1.295E-58 1.868E-78 2.695E-98 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO
 
MN 54 6.789E-04 1.182E-05 2.058E-07 3.582E-09 6.236E-11 1.890E-14 9.973E-20 5.262E-25 2.776E-30 2.550E-37
 
FE55 8.548E-01 2.254E-01 5.944E-02 1.567E-02 4.133E-03 2.874E-04 5.269E-06 9.661 E-08 1.771 E-09 8.564E-12
 
FE 59 2.225E-13 1.351E-25 8.200E-38 4.978E-50 3.021E-62 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO
 
CO 60 1.666E+01 8.632E+00 4.472E+00 2.317E+OO 1.200E+00 3.221 E-01 4.478E-02 6.227E-03 8.658E-04 6.236E-05
 
NI59 1.163E-04 1.163E-04 1.162E-04 1.162E-04 1.162E-04 1.162E-04 1.162E-04 1.162E-04 1.162E-04 1.162E-04
 
NI63 1.619E-02 1.559E-02 1.502E-02 1.446E-02 1.393E-02 1.292E-02 1.154E-02 1.030E-02 9.203E-03 7.916E-03
 
ZN 65 6.459E-03 3.596E-05 2.002E-07 1.115E-09 6.205E-12 1.923E-16 3.319E-23 5.728E-30 9.886E-37 9.499E-46
 
SE 79 6.264E-05 6.263E-05 6.263E-05 6.263E-05 6.262E-05 6.262E-05 6.261 E-05 6.260E-05 6.259E-05 6.257E-05
 
KR85 1.330E+00 9.623E-01 6.965E-01 5.041E-01 3.648E-01 1.911 E-01 7.246E-02 2.747E-02 1.041 E-02 2.858E-03
 
RB87 4.100E-09 4.100E-09 4.100E-09 4.100E-09 4.100E-09 4.100E-09 4.100E-09 4.100E-09 4.100E-09 4.100E-09
 
SR89 6.372E-09 8.270E-20 1.073E-30 1.393E-41 1.808E-52 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO
 
SR 90 1.291E+01 1.146E+01 1.017E+01 9.031E+OO 8.018E+00 6.319E+00 4.422E+00 3.094E+00 2.165E+00 1.345E+00
 
Y90 1.291 E+01 1.146E+01 1.017E+01 9.033E+OO 8.020E+00 6.321E+00 4.423E+00 3.095E+00 2.166E+00 1.345E+00
 
Y 91 2.435E-07 9.771 E-17 3.922E-26 1.574E-35 6.320E-45 1.018E-63 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO
 
ZR 93 1.371 E-03 1.371 E-03 1.371 E-03 1.371E-03 1.371 E-03 1.371 E-03 1.371 E-03 1.371 E-03 1.371 E-03 1.371E-03
 
ZR 95 3.233E-06 8.263E-15 2.112E-23 5.399E-32 1.380E-40 9.017E-58 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO
 
NB93M 3.180E-04 5.395E-04 7.111 E-04 8.442E-04 9.473E-04 1.089E-03 1.203E-03 1.256E-03 1.281 E-03 1.295E-03
 
NB94 1.879E-04 1.879E-04 1.878E-04 1.878E-04 1.878E-04 1.877E-04 1.876E-04 1.875E-04 1.874E-04 1.873E-04
 .. .. .. .. ,- .. .. ' '.. .. .. .. 
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DECAY TIMES (years out of core) 
(Activities* in Ci/element) 

Radionuclide 5 10 15 20 25 35 50 65 80 100 
NB95 7.178E-06 1.835E-14 4.689E-23 1.199E-31 3.063E-40 2.002E-57 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
NB95M 2.398E-08 6.130E-17 1.567E-25 4.005E-34 1.024E-42 6.689E-60 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
M093 2.900E-06 2.897E-06 2.894E-06 2.891E-06 2.888E-06 2.883E-06 2.874E-06 2.865E-06 2.857E-06 2.846E-06 
TC99 2.207E-03 2.207E-03 2.207E-03 2.207E-03 2.207E-03 2.207E-03 2.206E-03 2.206E-03 2.206E-03 2.206E-03 
RU103 4.294E-12 4.344E-26 4.395E-40 4.446E-54 4.498E-68 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
RU106 1.483E+00 4.764E-02 1.530E-03 4.916E-05 1.579E-06 1.629E-09 5.399E-14 1.789E-18 5.930E-23 6.313E-29 
RH103M 3.871E-12 3.916E-26 3.962E-40 4.008E-54 4.055E-68 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
RH106 1.483E+00 4.764E-02 1.530E-03 4.916E-05 1.579E-06 1.629E-09 5.399E-14 1.789E-18 5.930E-23 6.313E-29 
PD107 5.642E-06 5.642E-06 5.642E-06 5.642E-06 5.642E-06 5.642E-06 5.642E-06 5.642E-06 5.642E-06 5.642E-06 
AG110 2.289E-06 1.444E-08 9.110E-11 5.748E-13 3.626E-15 1.443E-19 3.624E-26 9.101 E-33 2.285E-39 3.621E-48 
AG110M 1.721E-04 1.086E-06 6.850E-09 4.321 E-11 2.726E-13 1.085E-17 2.725E-24 6.843E-31 1.718E-37 2.722E-46 
AG111 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE-I-OO O.OOOE+OO 
CD113M 1.775E-03 1.400E-03 1.104E-03 8.705E-04 6.865E-04 4.269E-04 2.093E-04 1.026E-04 5.032E 05 1.946E-05 
CD113 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CD115M 1.185E-13 5.572E-26 2.620E-38 1.232E-50 5.790E-63 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
IN114 1.672E-13 1.318E-24 1.039E-35 8.201 E-47 6.468E-58 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
IN114M 1.747E-13 1.377E-24 1.086E-35 8.570E-47 6.759E-58 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
IN115M 5.964E-18 2.804E-30 1.318E-42 6.197E-55 2.913E-67 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SN119M 1.213E-01 6.919E-04 3.947E-06 2.253E-08 1.285E-10 4.183E-15 7.771E-22 1.443E-28 2.681 E-35 2.841E-44 
SN121M 2.137E-03 1.994E-03 1.861 E-03 1.736E-03 1.619E-03 1.410E-03 1.145E-03 9.298E-04 7.552E-04 5.722E-04 
SN123 3.057E-04 1.695E-08 9.396E-13 5.210E-17 2.888E-21 8.877E-30 1.513E-42 2.578E-55 4.393E-68 4.149E-85 
SN125 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SN126 6.028E-05 6.027E-05 6.027E-05 6.027E-05 6.027E-05 6.026E-05 6.026E-05 6.025E-05 6.024E-05 6.024E-05 
SB124 1.015E-09 7.477E-19 5.508E-28 4.059E-37 2.991E-46 1.624E-64 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SB125 1.725E+00 4.935E-01 1.412E-01 4.041 E-02 1.156E-02 9.468E-04 2.218E-05 5.198E-07 1.218E-08 8.166E-11 
SB126 8.439E-06 8.438E-06 8.438E-06 8.438E-06 8.437E-06 8.437E-06 8.436E-06 8.435E-06 8.434E-06 8.433E-06 
SB126M 6.028E-05 6.027E-05 6.027E-05 6.027E-05 6.027E-05 6.026E-05 6.026E-05 6.025E-05 6.024E-05 6.024E-05 
TE123M 7.104E-08 1.811E-12 4.614E-17 1.175E-21 2.997E-26 1.946E-35 3.222E-49 5.334E-63 8.829E-77 3.725E-95 
TE125M 4.208E-01 1.204E-01 3.446E-02 9.859E-03 2.821E-03 2.310E-04 5.413E-06 1.268E-07 2.972E-09 1.993E-11 
TE127 2.436E-05 2.204E-10 1.995E-15 1.805E-20 1.633E-25 1.337E-35 9.907E-51 7.339E-66 5.438E-81 O.OOOE+OO 
TE127M 2.487E-05 2.250E-10 2.036E-15 1.843E-20 1.667E-25 1.365E-35 1.011 E-50 7.493E-66 5.551E-81 O.OOOE+OO 
TE129 3.746E-16 1.628E-32 7.072E-49 3.073E-65 1.335E-81 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
TE129M 5.755E-16 2.500E-32 1.086E-48 4.720E-65 2.051E-81 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
1129 3.751 E-06 3.751 E-06 3.751 E-06 3.751E-06 3.751E-06 3.751 E-06 3.751E-06 3.751 E-06 3.751 E-06 3.751 E-06 
1131 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
XE131M O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
XE133 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CS134 9.499E-01 1.769E-01 3.294E-02 6.135E-03 1.142E-03 3.962E-05 2.559E-07 1.652E-09 1.067E-11 1.283E-14 
CS135 3.957E-05 3.957E-05 3.957E-05 3.957E-05 3.957E-05 3.957E-05 3.957E-05 3.957E-05 3.957E-05 3.957E-05 
CS136 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 



, ..! \

DECAY TIMES (years out of core) 

Radionuclide 5 10 15 20 
(Activities* in Ci/element) 

25 35 50 65 80 100 
CS137 1.432E+01 1.275E+01 1.136E+01 1.012E+01 9.019E+00 7.158E+00 5.061E+00 3.579E+00 2.531E+00 1.594E+00 
BA136M O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
BA137M 1.354E+01 1.207E+01 1.075E+01 9.576E+00 8.532E+00 6.771 E+OO 4.788E+00 3.386E+00 2.394E+00 1.508E+00 
BA140 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
LA140 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CE141 8.101E-15 9.977E-32 1.229E-48 1.513E-65 1.864E-82 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+ '.,0 O.OOOE+OO 
CE142 4.409E-09 4.409E-09 4.409E-09 4.409E-09 4.409E-09 4.409E-09 4.409E-09 4.409E-09 4.409E-09 4.409E-09 
CE144 4.119E+00 4.795E-02 5.582E-04 6.498E-06 7.564E-08 1.025E-11 1.617E-17 2.552E-23 4.026E-29 7.393E-37 
PR143 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PR144 4.119E+00 4.795E-02 5.582E-04 6.498E-06 7.565E-08 1.025E-11 1.617E-17 2.552E-23 4.026E-29 7.394E-37 
PR144M 4.942E-02 5.754E-04 6.698E-06 7.797E-08 9.077E-10 1.230E-13 1.941E-19 3.062E-25 4.831 E-31 8.872E-39 
ND144 2.305E-13 2.320E-13 2.320E-13 2.320E-13 2.320E-13 2.320E-13 2.320E-13 2.320E-13 2.320E-13 2.320E-13 
ND147 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PM145 1.084E-04 9.104E-05 7.489E-05 6.1581::-05 0.063E-05 3.422E-05 1.902E-05 1.057E-05 5.875E-06 2.685[-06 
PM147 1.378E+01 3.676E+00 9.810E-01 2.618E-01 6.986E-02 4.975E-03 9.453E-05 1.796E-06 3.414E-08 1.731E-10 
PM148M 2.329E-13 1.134E-26 5.524E-40 2.690E-53 1.310E-66 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PM148 1.312E-14 6.389E-28 3.111 E-41 1.515E-54 7.379E-68 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SM145 4.249E-05 1.027E-06 2.482E-08 6.000E-10 1.450E-11 8.472E-15 1.196E-19 1.689E-24 2.386E-29 8.143E-36 
SM147 1.328E-09 1.575E-09 1.642E-09 1.659E-09 1.664E-09 1.665E-09 1.666E-09 1.666E-09 1.666E-09 1.666E-09 
SM151 3.907E-02 3.760E-02 3.617E-02 3.481 E-02 3.349E-02 3.101E-02 2.763E-02 2.461 E-02 2.193E-02 1.880E-02 
EU152 5.019E-04 3.890E-04 3.015E-04 2.337E-04 1.811 E-04 1.088E-04 5.065E-05 2.358E-05 1.097E-05 3.962E-06 
EU154 3.810E-01 2.546E-01 1.702E-01 1.137E-01 7.600E-02 3.395E-02 1.013E-02 3.025E-03 9.029E-04 1.802E-04 
EU155 2.080E-01 1.034E-01 5.142E-02 2.556E-02 1.271 E-02 3.140E-03 3.859E-04 4.743E-05 5.827E-06 3.560E-07 
EU156 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
GD153 4.445E-04 2.378E-06 1.273E-08 6.809E-11 3.643E-13 1.043E-17 1.598E-24 2.448E-31 3.750E-38 3.074E-47 
TB160 4.354E-10 1.085E-17 2.703E-25 6.736E-33 1.679E-40 1.042E-55 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
TL206 4.308E-16 4.308E-16 4.308E-16 4.308E-16 4.308E-16 4.308E-16 4.308E-16 4.308E-16 4.308E-16 4.308E-16 
TL207 2.179E-09 4.306E-09 6.515E-09 8.793E-09 1.113E-08 1.594E-08 2.342E-08 3.111 E-08 3.893E-08 4.946E-08 
TL208 2.494E-07 2.806E-07 2.766E-07 2.659E-07 2.541 E-07 2.310E-07 2.003E-07 1.737E-07 1.506E-07 1.247E-07 
PB210 4.912E-11 2.904E-10 8.600E-10 1.874E-09 3.432E-09 8.502E-09 2.192E-08 4.336E-08 7.356E-08 1.282E-07 
PB211 2.185E-09 4.318E-09 6.533E-09 8.818E-09 1.116E-08 1.599E-08 2.349E-08 3.120E-08 3.904E-08 4.960E-08 
PB212 6.940E-07 7.809E-07 7.698E-07 7.399E-07 7.071 E-07 6.430E-07 5.574E-07 4.833E-07 4.191 E-07 3.471 E-07 
BI211 2.185E-09 4.318E-09 6.533E-09 8.818E-09 1.116E-08 1.599E-08 2.349E-08 3.120E-08 3.904E-08 4.960E-08 
BI212 6.940E-07 7.809E-07 7.698E-07 7.399E-07 7.071E-07 6.430E-07 5.574E-07 4.833E-07 4.191 E-07 3.471 E-07 
P0212 4.447E-07 5.003E-07 4.932E-07 4.741 E-07 4.530E-07 4.120E-07 3.572E-07 3.097E-07 2.685E-07 2.224E-07 
P0215 2.185E-09 4.318E-09 6.533E-09 8.818E-09 1.116E-08 1.599E-08 2.349E-08 3.120E-08 3.904E-08 4.960E-08 
P0216 6.940E-07 7.809E-07 7.698E-07 7.399E-07 7.071E-07 6.430E-07 5.574E-07 4.833E-07 4.191 E-07 3.471E-07 
RN219 2.185E-09 4.318E-09 6.533E-09 8.818E-09 1.116E-08 1.599E-08 2.349E-08 3.120E-08 3.904E-08 4.960E-08 
RN220 6.940E-07 7.809E-07 7.698E-07 7.399E-07 7.071E-07 6.430E-07 5.574E-07 4.833E-07 4.191 E-07 3.471 E-07 
FR223 3.015E-11 5.953E-11 9.004E-11 1.215E-10 1.538E-10 2.203E-10 3.238E-10 4.301E-10 5.381E-10 6.838E-10 . _. .. _. .. 1- .. -  - - - - - -  - 
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DECAY TIMES (years out of core) 
(Activities* in Ci/element) 

Radionuclide 5 10 15 20 25 35 50 65 80 100 
RA223 2.185E-09 4.318E-09 6.533E-09 8.818E-09 1.116E-08 1.599E-08 ·2.349E-08 3.120E-08 3.904E-08 4.960E-08 
RA224 6.940E-07 7.809E-07 7.698E-07 7.399E-07 7.071 E-07 6.430E-07 5.574E-07 4.833E-07 4.191 E-07 3.471E-07 
RA226 8.271E-10 2.770E-09 5.849E-09 1.006E-08 1.541 E-08 2.948E-08 5.902E-08 9.861 E-08 1.482E-07 2.297E-07 
RA228 2.755E-09 4.050E-09 4.823E-09 5.283E-09 5.557E-09 5.819E-09 5.932E-09 5.956E-09 5.961 E-09 5.963E-09 
AC227 2.185E-09 4.314E-09 6.525E-09 8.805E-09 1.114E-08 1.597E-08 2.346E-08 3.116E-08 3.899E-08 4.955E-08 
TH227 2.155E-09 4.259E-09 6.443E-09 8.696E-09 1.101E-08 1.577E-08 2.316E-08 3.077E-08 3.850E-08 4.891E-08 
TH228 6.939E-07 7.803E-07 7.691E-07 7.393E-07 7.065E-07 6.429E-07 5.574E-07 4.833E-07 4.191E-07 3.471E-07 
TH229 2.333E-09 4.492E-09 6.651 E-09 8.809E-09 1.097E-08 1.528E-08 2.174E-08 2.820E-08 3.464E-08 4.323E-08 
TH230 6.348E-07 1.162E-06 1.689E-06 2.217E-06 2.744E-06 3.798E-06 5.380E-06 6.961 E-06 8.542E-06 1.065E-05 
TH231 2.536E-05 2.536E-05 2.536E-05 2.536E-05 2.536E-05 2.536E-05 2.537E-05 2.537E-05 2.537E-05 2.537E-05 
TH232 5.962E-09 5.962E-09 5.962E-09 5.963E-09 5.963E-09 5.963E-09 5.963E-09 5.963E-09 5.963E-09 5.963E-09 
TH234 1.076E-04 1.076E-04 1.076E-04 1.076E-04 1.076E-04 1.076E-04 1.076E-04 1.076E-04 1.076E-04 1.076E-04 
PA231 1.528E-08 1.796E-08 2.064E-08 2.332E-08 2.601 E-08 3.137E-08 3.941 E-08 4.745E-08 5.548E-08 6.619E-08 
PA233 2.661E-05 2.667E-05 2.677E-05 2.689E-05 2.703E-05 2.735E-05 2.789E-05 2.845E-05 2.902E-05 2.978E-05 
PA234M 1.076E-04 1.076E-04 1.076E-04 1.076E-04 1.076E-04 1.076E-04 1.076E-04 1.076E-04 1.076E-04 1.076E-04 
PA234 1.399E-07 1.399E-07 1.399E-07 1.399E-07 1.399E-07 1.399E-07 1.399E-07 1.399E-07 1.399E-07 1.399E-07 
U232 8.088E-07 7.834E-07 7.503E-07 7.161E-07 6.828E-07 6.203E-07 5.369E-07 4.647E-07 4.022E-07 3.317E-07 
U233 4.576E-06 4.577E-06 4.577E-06 4.578E-06 4.578E-06 4.579E-06 4.581E-06 4.582E-06 4.584E-06 4.586E-06 
U234 1.171 E-02 1.172E-02 1.172E-02 1.172E-02 1.172E-02 1.172E-02 1.172E-02 1.172E-02 1.172E-02 1.172E-02 
U235 2.536E-05 2.536E-05 2.536E-05 2.536E-05 2.536E-05 2.536E-05 2.537E-05 2.537E-05 2.537E-05 2.537E-05 
U236 1.331 E-04 1.331 E-04 1.331 E-04 1.331 E-04 1.331 E-04 1.331E-04 1.331 E-04 1.331 E-04 1.331E-04 1.332E-04 
U237 7.593E-07 5.969E-07 4.692E-07 3.688E-07 2.899E-07 1.792E-07 8.703E-08 4.227E-08 2.053E-08 7.840E-09 
U238 1.076E-04 1.076E-04 1.076E-04 1.076E-04 1.076E-04 1.076E-04 1.076E-04 1.076E-04 1.076E-04 1.076E-04 
NP237 2.661 E-05 2.667E-05 2.677E-05 2.689E-05 2.703E-05 2.735E-05 2.789E-05 2.845E-05 2.902E-05 2.978E-05 
PU236 4.654E-07 1.380E-07 4.092E-08 1.214E-08 3.600E-09 3.190E-10 1.095E-11 2.914E-12 2.704E-12 2.698E-12 
PU237 3.435E-18 3.019E-30 2.653E-42 2.332E-54 2.050E-66 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PU238 4.071E-02 3.913E-02 3.762E-02 3.616E-02 3.476E-02 3.212E-02 2.854E-02 2.535E-02 2.252E-02 1.923E-02 
PU239 9.380E-02 9.379E-02 9.377E-02 9.376E-02 9.374E-02 9.372E-02 9.368E-02 9.364E-02 9.360E-02 9.354E-02 
PU240 4.191 E-02 4.188E-02 4.186E-02 4.184E-02 4.182E-02 4.177E-02 4.171E-02 4.164E-02 4.157E-02 4.149E-02 
PU241 3.095E+00 2.433E+00 1.913E+00 1.504E+OO 1.182E+00 7.303E-01 3.548E-01 1.723E-01 8.370E-02 3.196E-02 
PU242 1.020E-05 1.020E-05 1.020E-05 1.020E-05 1.020E-05 1.020E-05 1.020E-05 1.019E-05 1.019E-05 1.019E-05 
PU244 1.453E-13 1.453E-13 1.453E-13 1.453E-13 1.453E-13 1.453E-13 1.453E-13 1.453E-13 1.453E-13 1.453E-13 
AM241 2.945E-02 5.118E-02 6.804E-02 8.107E-02 9.109E-02 1.046E-01 1.144E-01 1.177E-01 1.178E-01 1.158E-01 
AM242M 2.030E-05 1.984E-05 1.939E-05 1.895E-05 1.853E-05 1.770E-05 1.653E-05 1.544E-05 1.442E-05 1.316E-05 
AM242 2.019E-05 1.974E-05 1.929E-05 1.886E-05 1.843E-05 1.761 E-05 1.645E-05 1.536E-05 1.434E-05 1.309E-05 
AM243 1.032E-05 1.031 E-05 1.031 E-05 1.030E-05 1.030E-05 1.029E-05 1.028E-05 1.026E-05 1.025E-05 1.023E-05 
CM242 6.346E-05 1.635E-05 1.596E-05 1.560E-05 1.525E-05 1.457E-05 1.360E-05 1.270E-05 1.186E-05 1.083E-05 
CM243 5.221E-06 4.623E-06 4.094E-06 3.625E-06 3.210E-06 2.517E-06 1.748E-06 1.213E-06 8.425E-07 5.180E-07 
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DECAY TIMES (years out of core) 
(Activities* in Ci/element) 

Hadionuciide 5 10 15 20 25 35 50 65 80 100 
CM244 1.647E-04 1.360E-04 1.123E-04 9.277E-05 7.661 E-05 5.225E-05 2.943E-05 1.657E-05 9.334E-06 4.341E-06 
CM245 2.442E-09 2.441 E-09 2.440E-09 2.439E-09 2.438E-09 2.436E-09 2.433E-09 2.430E-09 2.427E-09 2.423E-09 
CM246 1.230E-10 1.229E-10 1.228E-10 1.227E-10 1.226E-10 1.225E-10 1.222E-10 1.219E-10 1.217E-10 1.213E-10 
CM247 4.224E-17 4.224E-17 4.224E-17 4.224E-17 4.224E-17 4.224E-17 4.224E-17 4.224E-17 4.224E-17 4.224E-17 

SUBTOTAL ** 1.054E+02 6.580E+01 5.169E+01 4.316E+01 3.706E+01 2.832E+01 1.957E+01 1.372E+01 9.692E+OO 6.151 E+OO 
TOTAL*** 1.054E+02 6.580E+01 5.170E+01 4.317E+01 3.706E+01 2.832E+01 1.957E+01 1.372E+01 9.692E+OO 6.152E+OO 

* Four decimal places of accuracy are as reported by ORIGEN2 output and are not significant for many radionuc1ides.
 
** Subtotal: total activity of the 145 isotopes listed in the table.
 
*** Total: total activity of the ORIGEN2 output isotopes.
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Template 12 

Fuel-Specific Source Term Calculations 
Advanced Test Reactor Fuel 

Introduction 

The following data have been used in the Idaho National Engineering and Environmental 
Laboratory (INEEL) spent nuclear fuel source term calculational methodology to generate a generic 
source term for the Advanced Test Reactor (ATR) spent nuclear fuel elements currently stored at the 
INEEL. The data sources for the analysis are documented in Reference 1 and the INEEL calculational 
methodology is described in Reference 2. 

Advanced Test Reactor Data 

The ATR is a 250-MWth-rated light-water reactor designed specifically to study the effects of 
intense radiation on reactor fuels and materials. The core contains nine individual test irradiation flux 
traps in a 3 x 3 array within a four-leaf clover or serpentine driver core configuration as shown in 
Figure 1. The serpentine driver core is composed of 40 high-enriched, 48-in. active length V-Alx 
plate-type fuel elements. The core driver elements are light water cooled and beryllium reflected. 
Hafnium absorber drums located in the beryllium reflector coupled with hafnium shim rods control the 
local power levels in each quadrant of the core. The beryllium reflector is contained within an aluminum 
tank, and the entire reactor core is enclosed in a stainless steel reactor pressure vessel. 

Each driver fuel element contains 19 curved aluminum-clad fuel plates. Figure 2 shows the 
geometrical configuration of a fuel element along with pertinent dimensions. The fuel meat is an 
intermetallic uranium/aluminum compound with each successive plate (wider arc plate) containing 
proportionally more uranium (Table 1). 

In a fresh ATR element, the uranium enrichment is nominally 93.15 wt% V-235. However, for 
the source term calculations here, in order to maximize the production of higher order actinides, the 
maximum V-234 and V-236 impurity concentrations have been used that result in an effective enrichment 
of approximately 92 wt%. This assumption is not conservative with regard to criticality safety. 

There are two different types of aluminum used in the ATR elements. One is a high purity 
Aluminum-l100 and is used exclusively in the fuel meat. The other is a lower purity Aluminum-6061T 
and is used everywhere else in the fuel element (clad, end boxes, side plates). For the source term 
calculations, all aluminum in the ATR element is assumed to be Aluminum-6061 T. This results in slightly 
higher impurity concentrations, which in tum produces slightly higher activation or a slightly more 
conservative source term. Table 2 lists the impurities and their concentrations (Reference 3). 



DOE/SNFIREP-078 January 2004 
Revision 1 Page A-104 of A-212 

I
 

I
The data below give specific dimensions, materials, loadings, densities, enrichment, etc., for the 

ATR driver element used in the burnup calculation for the source term generation. 

Fuel Element:
 
Fuel Meat:
 U-Alx 

Enriched uraruium in Aluminum-II00 
Average Density =-4.00 glec 

Clad: Aluminum-606l T 
Density =2.70 g/cc 

Loading: 1075.0 g/element U-235 BOL (nominal) 
69.93 g/element U-238 BOL (nominal) 
13.87 g/element U-234 BOL (nominal) 
8.09 g/element U-236 BOL (nominal) 
92.13% effective enrichment U-235 BOL (calculated) 
93.15% nominal enrichment U-235 BOL (ATR) 

Active Fuel Length: 48.0 in. 
Fuel Element Length: 66.0 in. (5.5 ft end-to-end of the end boxes) 

Structural Materials: 2,797.36 g/element aluminum side plates 
1,174.32 g/element aluminum in the fuel meat 
3,766.74 g/element aluminum clad 
1,200.00 g/element upper/lower aluminum end boxes 
8,938.42 g/element total aluminum 

Core Coolant Water Temperature:
 
Inlet: <125°F
 
Outlet: 160°F (average)
 

Core Coolant Water Pressure:
 
Inlet: 355 psi (gauge)
 
Outlet: 255 psi
 

From the above data (materials, enrichments, and densities), material masses and number 
densities were calculated for all the material components in a single ATR driver fuel element. In addition, 
for the ORJ[GEN2 (Reference 4) depletion calculation, conservative and detailed impurity concentrations 
were added for aluminum (Al-II00 and Al-6061T) based on the estimated aluminum masses including 
the cladding, fuel meat, side plates, and end boxes. 

Burnup 

The bumup chosen for this template is based on a 35.95% bumup of the initial U-235. This 
bumup is equivalent to 367.2 MWd, 314,683 MWdlMTU, and 463.3 g U-235 depleted per element and 
represents the upper end of typical ATR fuel element bumups. The assumption ofmaxim1.lm bumup is 
conservative for the buildup of fission products, activation products, and minor actinides in the source 
term and nonconservative with regard to criticality safety. 
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Cross-Section Development 

The neutron cross sections used in the burnup or depletion calculation for the source term 
generation of a single ATR fuel element are based on a special ORIGEN2 cross section library developed 
for beginning-of-life (BOL) conditions. These cross sections are spectrally and spatially weighted over an 
ATR element and are used extensively in ATR depletion calculations. 

The special ATR ORIGEN2 library cross sections have recently been compared to cross sections 
independently generated using the INEEL Monte Carlo method (Reference 2). The development process 
utilized a full model of the ATR core and depleted an element in position No.2 in the Northeast reactor 
lobe (NOTE: in Figure 1, the NORTH direction vector is towards the top of the page). Both cross section 
sets were found to be in excellent agreement at BOL. The INEEL Monte Carlo cross sections were further 
calculated as a function of burnup and were found to be relatively insensitive to burnups approaching one 
half the maximum burnup (367.2 MWd), giving further justification to using the BOL cross sections to 
perform the depletion analysis. 

Advanced Test Reactor Single Element Exposure History 

Table 3 summarizes the hypothetical power or exposure history used in the burnup or source term 
calculations for a single ATR fuel element. Although the three cycles, IS-day or 30-day shutdowns, and 
element powers are hypothetical, they are based on both typical and conservative assumptions. 

In general, typical ATR elements are in the core over their multiyear lifetime for 2-5 cycles at
 
variable cycle lengths and power levels. Cycle lengths typically range from 20-45 days, but there are
 
some infrequent shorter cycles. Also, typical ATR elements may operate at different power levels from
 
cycle-to-cycle depending on core position, element reactivity, and core lobe power splits. For example,
 
elements around the serpentine configuration may range anywhere in power from 1-10 MWth • Actual
 
elements normally experience much longer cooling times between cycles (months to years), rather than
 
the relatively short 15 or 30-days between cycles used here for the hypothetical power history. Hence, the
 
hypothetical three cycles followed by either a IS-day or 30-day shutdown will add conservatism to the
 
source term calculation. 

The hypothetical element powers over the three cycles were intentionally selected to produce a 
very high burnup element. In fact, the 3-cycle exposure results in a 367.2 MWd total accumulated burnup 
for the single ATR element. When compared to current ATR spent fuel inventory records, the 
hypothetical burnup here represents a maximum exposure or maximum burnup element. Typical ATR 
end-of-life elements do not exceed this exposure; therefore, this hypothetical power history for a single 
ATR element is bounding for ATR spent fuel elements currently in the spent fuel inventory. The 
assumption of maximum burnup is conservative for the buildup of fission products, activation products, 
and minor actinides in the source term and nonconservative with regard to criticality safety. 

Burnup Calculation 

The ORIGEN2 computer code was used to perform the depletion or burnup calculation for the 
ATR driver fuel element. The radionuclide inventory or source term template that follows is for a single 
ATR driver fuel element. The fuel element component masses and impurities (fuel meat, uranium, clad, 
end fixtures), neutron cross sections, burnup, and hypothetical power history and power level as discussed 
above are input data for the ORIGEN2 calculation. The radionuclide concentrations are given as a 
function of decay time in the template table. 
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The 145 radionuclides listed in the template represent greater than 99.9% of the total curie 

inventory had all 684 activation products, 880 fission products, and 127 actinide/daughter isotopes from 
the ORIGEN2 output been included in the template. 
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Table I. ATR element plate dimensions and uranium loading. 

Plate Fuel Meat Clad Inside Fuel Meat 

Plate No. 
Thickness 

(in.) 
Thickness 

(in.) 
Thickness 

(in.) 
Radius 
(cm) 

U-235 Loading 
(g/plate) 

19 0.1 0.02 0.04 13.68 52.6
18 0.05 0.02 0.015 13.29 53.8 
17 0.05 0.02 0.015 12.97 65.9 
16 0.05 0.02 0.015 12.64 64.0
IS 0.05 0.02 0.015 12.32 76.3 
14 0.05 0.02 0.015 11.99 73.8 
13 0.05 0.02 0.015 11.67 71.4 
12 0.05 0.02 0.015 11.34 69.0 
11 0.05 0.02 0.015 11.02 66.6 
10 0.05 0.02 0.015 10.69 64.2 
9 0.05 0.02 0.015 10.37 61.8 
8 0.05 0.02 0.015 10.04 59.4 
7 0.05 0.02 0.015 9.72 57.0 
6 0.05 0.02 0.015 9.39 54.6 
5 0.05 0.02 0.015 9.07 52.1 
4 0.05 0.02 0.015 8.75 40.4 
3 0.05 0.02 0.015 8.42 38.7 
2 0.05 0.02 0.015 8.09 29.1 
1 0.08 0.02 0.03 7.73 24.3 

Table 2. ATR Alurninum-6061T material constituent and impurity concentrations. 
Constituent or 

Impurity 
H 

Concentration 
(wt%) 

0.02143 
C 0.02143 
0 0.02143 
Mg 
Al 

1.00000 
97.15499 

Si 0.60000
Ti 0.07500 
Cr 0.19500 
Mn 0.07500 
Fe 0.35000 
Ni 0.02143 
Cu 0.27500 
Zn 0.12500 
Zr 0.02143 
Sn 0.02143 
Pb 0.02143 
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Table 3. Hypothetical power history for a maximum bumup ATR driver fuel element. 
Duration 

(days) 
Cumulative Duration 

(days) 
Time-Averaged Power 

(MWth) 

15 
15 
30 
30 
30 

1825 
1825 
1825 
1825 
1825 
3650 
5475 
5475 
5475 
7300 

15 
30 
60 
90 

120 
1945 
3770 
5595 
7420 
9245 

12895 
18370 
23845 
29320 
36620 

10.0
 
0.0
 
5.0
 
0.0
 
2.4
 
0.0
 
0.0
 
0.0
 
0.0
 
0.0
 
0.0
 
0.0
 
0.0
 
0.0
 
0.0
 

The three-cycle exposure in the table above is followed by ten dates representing the ten different cooling 
or decay dates after exposure. These ten dates are specifically the 5, 10, 15,20,25,35,50,65,80, and 
100-year cooling or decay times designated for the template methodology. 
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Figure 1. Cross-sectional view of the Advanced Test Reactor core. 
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Figure 2. The configuration of an Advanced Test Reactor fuel element. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



DOE/SNFIREP-078 January 2004 ---------------~---Revision I Page A-Ill of A-212 

Advanced Test Reactor Element 
Aluminum Cladding, 60 to 100%-Enriched U-235 Fuel 

Reactor Moderator/Coolant: Light Water 
Fuel Meat: U-Alx 
Clad: Aluminum 
Burnup: 367.2 MWd/element (maximum element burnup) 
Burnup: 35.95 % U-235 burnup (fissioned) 
Burnup: 43.10% U-235 depletion (fissioned and transmuted) 
Basis of Calculation: Single element 
BOL U-235: 1075.00 9 U-235 per element 
BOL U-238: 69.93 9 U-238 per element 
BOL U-234: 13.87 9 U-234 per element 
BOL U-236: 8.09 9 U-236 per element 
BOL Total U per element: 1166.89 9 U per element 
BOL Fuel Enrichment: 92.13 wt% 

Radionuclide 5 10 15 

DECAY TIMES (years out of core) 
(Activities* in Ci/element) 

20 25 35 50 65 80 100 
H-3 
SE-1O 
C-14 
CL-36 
CR-51 
MN-54 
FE-55 
FE-59 
CO-60 
NI-59 
NI-63 
ZN-65 
SE-79 
KR-85 
RS-87 
SR-89 
SR-90 
Y-90 
Y-91 
ZR-93 

3.892E+00 2.940E+00 
3.600E-08 3.600E-08 
2.102E-06 2.101 E-06 
4.819E-30 4.819E-30 
3.839E-18 5.715E-38 
4.247E-02 7.414E-04 
2.476E+00 6.535E-01 
1.368E-12 8.464E-25 
1.403E-02 7.270E-03 
4.667E-04 4.667E-04 
7.098E-02 6.835E-02 
2.029E-01 1.134E-03 
4.750E-03 4.750E-03 
1.050E+02 7.603E+01 
3.188E-07 3.188E-07 
1.021 E-06 1.348E-17 
1.010E+03 8.966E+02 
1.010E+03 8.968E+02 
3.816E-05 1.555E-14 
2.445E-02 2.445E-02 

2.221E+00 
3.600E-08 
2.099E-06 
4.819E-30 
8.507E-58 
1.294E-05 
1.725E-01 
5.238E-37 
3.768E-03 
4.667E-04 
6.583E-02 
6.335E-06 
4..749E-03 
5.504E+01 
3.188E-07 
1.780E-28 
7.961E+02 
7.963E+02 
6.334E-24 
2.445E-02 

1.678E+00 
3.600E-08 
2.098E-06 
4.819E-30 
1.266E-77 
2.259E-07 
4.552E-02 
3.241 E-49 
1.953E-03 
4.667E-04 
6.340E-02 
3.540E-08 
4.749E-03 
3.984E+01 
3.188E-07 
2.350E-39 
7.068E+02 
7.070E+02 
2.580E-33 
2.445E-02 

1.267E+00 
3.600E-08 
2.097E-06 
4.819E-30 
1.885E-97 
3.944E-09 
1.201 E-02 
2.006E-61 
1.012E-03 
4.666E-04 
6.105E-02 
1.978E-10 
4.749E-03 
2.884E+01 
3.188E-07 
3.103E-50 
6.276E+02 
6.277E+02 
1.051 E-42 
2.445E-02 

7.233E-01 
3.600E-08 
2.095E-06 
4.819E-30 
O.OOOE+OO 
1.202E-12 
8.369E-04 
O.OOOE+OO 
2.719E-04 
4.666E-04 
5.663E-02 
6.174E-15 
4.748E-03 
1.512E+01 
3.188E-07 
O.OOOE+OO 
4.947E+02 
4.948E+02 
1.745E-61 
2.445E-02 

3.118E-01 
3.600E-08 
2.091 E-06 
4.819E-30 
O.OOOE+OO 
6.396E-18 
1.539E-05 
O.OOOE+OO 
3.786E-05 
4.665E-04 
5.058E-02 
1.077E-21 
4.747E-03 
5.734E+00 
3.188E-07 
O.OOOE+OO 
3.463E+02 
3.463E+02 
O.OOOE+OO 
2.445E-02 

1.344E-01 
3.600E-08 
2.087E-06 
4.818E-30 
O.OOOE+OO 
3.403E-23 
2.829E-07 
O.OOOE+OO 
5.271 E-06 
4.665E-04 
4.518E-02 
1.878E-28 
4.747E-03 
2.176E+00 
3.188E-07 
O.OOOE+OO 
2.424E+02 
2.424E+02 
O.OOOE+OO 
2.445E-02 

5.796E-02 
3.600E-08 
2.083E-06 
4.818E-30 
O.OOOE+OO 
1.811 E-28 
5.201 E-09 
O.OOOE+OO 
7.338E-07 
4.664E-04 
4.035E-02 
3.276E-35 
4.746E-03 
8.254E-01 
3.188E-07 
O.OOOE+OO 
1.696E+02 
1.697E+02 
O.OOOE+OO 
2.445E-02 

1.887E-02 
3.600E-08 
2.079E-06 
4.818E-30 
O.OOOE+OO 
1.682E-35 
2.524E-11 
O.OOOE+OO 
5.295E-08 
4.663E-04 
3.471E-02 
3.193E-44 
4.745E-03 
2.267E-01 
3.188E-07 
O.OOOE+OO 
1.054E+02 
1.054E+02 
O.OOOE+OO 
2.445E-02 
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DECAY TIMES (years out of core) 
(Activities* in Ci/element) 

Radionuclide 5 10 15 20 25 35 50 65 80 100 
ZR-95 2.534E-04 6.565E-13 1.701 E-21 4.407E-30 1.142E-38 7.665E-56 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
NB-93M 5.422E-03 9.424E-03 1.253E-02 1.493E-02 1.680E-02 1.936E-02 2.142E-02 2.239E-02 2.283E-02 2.308E-02 
NB-94 2.626E-07 2.626E-07 2.626E-07 2.625E-07 2.625E-07 2.624E-07 2.622E-07 2.621E-07 2.620E-07 2.618E-07 
NB-95 5.625E-04 1.458E-12 3.776E-21 9.784E-30 2.535E-38 1.702E-55 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
NB-95M 1.880E-06 4.870E-15 1.262E-23 3.269E-32 8.471 E-41 5.686E-58 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
MO-93 . O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
TC-99 1.551 E-01 1.551 E-01 1.551 E-01 1.551 E-01 1.551 E-01 1.551 E-01 1.551 E-01 1.551 E-01 1.551 E-01 1.551 E-01 
RU-103 5.452E-10 5.639E-24 5.832E-38 6.031 E-52 6.237E-66 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
RU-106 6.997E+01 2.253E+00 7.253E-02 2.335E-03 7.519E-05 7.794E-08 2.601 E-12 8.683E-17 2.898E-21 3.114E-27 
RH-103M 4.915E-10 5.083E-24 5.257E-38 5.437E-52 5.623E-66 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
RH-106 6.997E+01 2.253E+00 7.253E-02 2.335E-03 7.519E-05 7.794E-08 2.601 E-12 8.683E-17 2.898E-21 3.114E-27 
PD-107 1.830E-04 1.830E-04 1.830E-04 1.830E-04 1.830E-04 1.830E-04 1.830E-04 1.830E-04 1.830E-04 1.830E-04 
AG-110 3.393E-04 2.148E-06 1.360E-08 8.609E-11 5.450E-13 2.184E-17 5.542E-24 1.406E-30 3.568E-37 5.732E-46 
AG-110M 2.551 E-02 1.615E-04 1.022E-06 6.473E-09 4.098E-11 1.642E-15 4.167E-22 1.057E-28 2.683E-35 4.310E-44 
AG-111 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CD-113M 1.215E-01 9.579E-02 7.555E-02 5.959E-02 4.699E-02 2.923E-02 1.434E-02 7.035E-03 3.451 E-03 1.335E-03 
CD-113 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CD-115M 1.133E-11 5.431E-24 2.604E-36 1.248E-48 5.983E-61 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
IN-114 1.089E-13 8.740E-25 7.015E-36 5.631 E-47 4.520E-58 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
IN-114M 1.138E-13 9.132E-25 7.330E-36 5.883E-47 4.723E-58 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
IN-115M 7.963E-16 3.817E-28 1.830E-40 8.771 E-53 4.205E-65 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
8N-119M 2.773E-02 1.588E-04 9.092E-07 5.207E-09 2.981 E-11 9.773E-16 1.835E-22 3.444E-29 6.466E-36 6.950E-45 
8N-121M 1.096E-03 1.022E-03 9.539E-04 8.901 E-04 8.305E-04 7.229E-04 5.873E-04 4.770E-04 3.875E-04 2.937E-04 
8N-123 3.516E-03 1.962E-07 1.095E-11 6.112E-16 3.411 E-20 1.063E-28 1.848E-41 3.212E-54 5.585E-67 5.419E-84 
8N-125 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
8N-126 4.250E-03 4.250E-03 4.250E-03 4.250E-03 4.250E-03 4.249E-03 4.249E-03 4.248E-03 4.248E-03 4.247E-03 
8B-124 8.220E-09 6.144E-18 4.593E-27 3.432E-36 2.566E-45 1.433E-63 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
8B-125 2.311 E+01 6.618E+00 1.896E+00 5.428E-01 1.555E-01 1.275E-02 2.995E-04 7.038E-06 1.654E-07 1.112E-09 
8B-126 5.950E-04 5.950E-04 5.950E-04 5.950E-04 5.949E-04 5.949E-04 5.948E-04 5.948E-04 5.947E-04 5.946E-04 
8B-126M 4.250E-03 4.250E-03 4.250E-03 4.250E-03 4.250E-03 4.249E-03 4.249E-03 4.248E-03 4.248E-03 4.247E-03 
TE-123M 4.118E-07 1.057E-11 2.714E-16 6.966E-21 1.788E-25 1.178E-34 1.994E-48 3.372E-62 5.705E-76 2.477E-94 
TE-125M 5.639E+00 1.614E+00 4.625E-01 1.325E-01 3.794E-02 3.112E-03 7.309E-05 1.717E-06 4.033E-08 2.714E-10 
TE-127 2.511 E-03 2.290E-08 2.089E-13 1.905E-18 1.738E-23 1.445E-33 1.097E-48 8.322E-64 6.314E-79 4.369E-99 
TE-127M 2.563E-03 2.338E-08 2.132E-13 1.945E-18 1.774E-23 1.476E-33 1.120E-48 8.496E-64 6.446E-79 4.461E-99 
TE-129 5.027E-14 2.241E-30 9.993E-47 4.455E-63 1.986E-79 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO - - - - - - - - - - - - - - - - -, .. 
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DECAY TIMES (years out of core) 
(Activities* in Ci/element) 

Radionuclide 5 10 15 20 25 35 50 65 80 100 
TE-129M 7.723E-14 3.443E-30 1.535E-46 6.844E-63 3.051 E-79 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
1-129 2.765E-04 2.765E-04 2.765E-04 2.765E-04 2.765E-04 2.765E-04 2.765E-04 2.765E-04 2.765E-04 2.765E-04 
1-131 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
XE-131M O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
XE-133 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CS-134 1.788E+02 3.334E+01 6.217E+00 1.159E+00 2.161 E-01 7.511 E-03 4.867E-05 3.154E-07 2.044E-09 2.470E-12 
CS-135 1.266E-03 1.266E-03 1.266E-03 1.266E-03 1.266E-03 1.266E-03 1.266E-03 1.266E-03 1.266E-03 1.266E-03 
CS-136 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CS-137 1.055E+03 9.396E+02 8.372E+02 7.459E+02 6.646E+02 5.275E+02 3.731 E+02 2.639E+02 1.866E+02 1.176E+02 
BA-136M O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
BA-137M 9.976E+02 8.889E+02 7.920E+02 7.056E+02 6.287E+02 4.990E+02 3.530E+02 2.496E+02 1.766E+02 1.113E+02 
BA-140 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
LA-140 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CE-141 1.251E-12 1.583E-29 2.002E-46 2.532E-63 3.203E-80 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CE-142 3.290E-07 3.290E-07 3.290E-07 3.290E-07 3.290E-07 3.290E-07 3.290E-07 3.290E-07 3.290E-07 3.290E-07 
CE-144 3.914E+02 4.570E+00 5.337E-02 6.232E-04 7.277E-06 9.922E-10 1.580E-15 2.515E-21 4.004E-27 7.445E-35 
PR-143 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PR-144 3.914E+02 4.570E+00 5.337E-02 6.232E-04 7.277E-06 9.922E-10 1.580E-15 2.515E-21 4.005E-27 7.445E-35 
PR-144M 4.697E+00 5.484E-02 6.404E-04 7.478E-06 8.732E-08 1.191E-11 1.896E-17 3.018E-23 4.805E-29 8.934E-37 
ND-144 1.672E-11 1.686E-11 1.686E-11 1.686E-11 1.686E-11 1.686E-11 1.686E-11 1.686E-11 1.686E-11 1.686E-11 
ND-147 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PM-145 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PM-147 9.346E+02 2.496E+02 6.667E+01 1.781E+01 4.756E+00 3.393E-01 6.465E-03 1.232E-04 2.347E-06 1.195E-08 
PM-148M 3.851 E-11 1.915E-24 9.524E-38 4.737E-51 2.356E-64 O.OOOE+OO . O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PM-148 2.169E-12 1.079E-25 5.364E-39 2.668E-52 1.327E-65 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SM-145 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SM-147 6.700E-08 8.379E-08 8.827E-08 8.947E-08 8.979E-08 8.990E-08 8.991E-08 8.991 E-08 8.991 E-08 8.991E-08 
SM-151 4.154E+00 3.997E+00 3.846E+00 3.701E+00 3.561 E+OO 3.298E+00 2.938E+00 2.618E+00 2.332E+00 2.000E+00 
EU-152 2.244E-02 1.739E-02 1.348E-02 1.045E-02 8.102E-03 4.869E-03 2.268E-03 1.056E-03 4.921E-04 1.777E-04 
EU-154 3.013E+01 2.014E+01 1.346E+01 9.001E+00 6.017E+00 2.689E+00 8.034E-01 2.400E-01 7.171E-02 1.432E-02 
EU-155 1.437E+01 7.149E+00 3.556E+00 1.769E+00 8.797E-01 2.176E-01 2.678E-02 3.296E-03 4.055E-04 2.482E-05 
EU-156 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
GD-153 5.951 E-04 3.195E-06 1.716E-08 9.213E-11 4.947E-13 1.427E-17 2.209E-24 3.421 E-31 5.297E-38 4.404E-47 
TB-160 4.593E-08 1.158E-15 2.921 E-23 7.367E-31 1.858E-38 1.182E-53 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
TL-206 4.206E-15 4.206E-15 4.206E-15 4.206E-15 4.206E-15 4.206E-15 4.206E-15 4.206E-15 4.206E-15 4.206E-15 
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DECAY TIMES (years out of core) 
(Activities* in Ci/element) 

Radionuclide 5 10 15 20 25 35 50 65 80 100 
TL-207 1.776E-08 5.329E-08 1.042E-07 1.681 E-07 2.432E-07 4.202E-07 7.354E-07 1.090E-06 1.469E-06 1.995E-06 
TL-208 1.178E-05 1.618E-05 1.715E-05 1.690E-05 1.628E-05 1.484E-05 1.285E-05 1.112E-05 9.627E-06 7.949E-06 
PB-210 1.994E-10 1.381 E-09 4.347E-09 9.779E-09 1.826E-08 4.631 E-08 1.216E-07 2.430E-07 4.150E-07 7.277E-07 
PB-211 1.781 E-08 5.344E-08 1.045E-07 1.686E-07 2.439E-07 4.214E-07 7.375E-07 1.093E-06 1.473E-06 2.001E-06 
PB-212 3.280E-05 4.502E-05 4.772E-05 4.703E-05 4.530E-05 4.129E-05 3.576E-05 3.095E-05 2.679E-05 2.212E-05 
BI-211 1.781 E-08 5.344E-08 1.045E-07 1.686E-07 2.439E-07 4.214E-07 7.375E-07 1.093E-06 1.473E-06 2.001 E-06 
BI-212 3.280E-05 4.502E-05 4.772E-05 4.703E-05 4.530E-05 4.129E-05 3.576E-05 3.095E-05 2.679E-05 2.212E-05 
PO-212 2.101 E-05 2.885E-05 3.058E-05 3.013E-05 2.902E-05 2.646E-05 2.291E-05 1.983E-05 1.717E-05 1.417E-05 
PO-215 1.781 E-08 5.344E-08 1.045E-07 1.686E-07 2.439E-07 4.214E-07 7.375E-07 1.093E-06 1.473E-06 2.001E-06 
PO-216 3.280E-05 4.502E-05 4.772E-05 4.703E-05 4.530E-05 4.129E-05 3.576E-05 3.095E-05 2.679E-05 2.212E-05 
RN-219 1.781 E-08 5.344E-08 1.045E-07 1.686E-07 2.439E-07 4.214E-07 7.375E-07 1.093E-06 1.473E: "6 2.001E-06 
RN-220 3.280E-05 4.502E-05 4.772E-05 4.703E-05 4.530E-05 4.129E-05 3.576E-05 3.095E-05 2.679E-05 2.212E-05 
FR-223 2.457E-10 7.370E-10 1.440E-09 2.323E-09 3.361 E-09 5.810E-09 1.017E-08 1.507E-08 2.030E-08 2.759E-08 
RA-223 1.781 E-08 5.344E-08 1.045E-07 1.686E-07 2.439E-07 4.214E-07 7.375E-07 1.093E-06 1.473E-06 2.001 E-06 
RA-224 3.280E-05 4.502E-05 4.772E-05 4.703E-05 4.530E-05 4.129E-05 3.576E-05 3.095E-05 2.679E-05 2.212E-05 
RA-226 3.720E-09 1.397E-08 3.075E-08 5.407E-08 8.392E-08 1.632E-07 3.309E-07 5.570E-07 8.413E-07 1.311 E-06 
RA-228 3.338E-13 1.098E-12 2.120E-12 3.296E-12 4.563E-12 7.239E-12 1.139E-11 1.558E-11 1.979E-11 2.540E-11 
AC-227 1.781 E-08 5.341 E-08 1.043E-07 1.684E-07 2.435E-07 4.210E-07 7.369E-07 1.092E-06 1.471 E-06 1.999E-06 
TH-227 1.756E-08 5.271 E-08 1.030E-07 1.662E-07 2.405E-07 4.156E-07 7.273E-07 1.078E-06 1.452E-06 1.973E-06 
TH-228 3.280E-05 4.500E-05 4.768E-05 4.699E-05 4.526E-05 4.129E-05 3.576E-05 3.095E-05 2.679E-05 2.212E-05 
TH-229 3.710E-10 6.921 E-10 1.049E-09 1.442E-09 1.871 E-09 2.837E-09 4.556E-09 6.598E-09 8.963E-09 1.262E-08 
TH-230 3.227E-06 6.258E-06 9.294E-06 1.233E-05 1.538E-05 2.148E-05 3.066E-05 3.986E-05 4.909E-05 6.144E-05 
TH-231 1.323E-03 1.323E-03 1.323E-03 1.323E-03 1.323E-03 1.323E-03 1.323E-03 1.323E-03 1.323E-03 1.323E-03 
TH-232 1.467E-12 2.869E-12 4.271E-12 5.674E-12 7.076E-12 9.880E-12 1.409E-11 1.829E-11 2.250E-11 2.811 E-11 
TH-234 2.193E-05 2.193E-05 2.193E-05 2.193E-05 2.193E-05 2.193E-05 2.193E-05 2.193E-05 2.193E-05 2.193E-05 
PA-231 1.880E-07 3.279E-07 4.678E-07 6.077E-07 7.476E-07 1.027E-06 1.446E-06 1.865E-06 2.284E-06 2.843E-06 
PA-233 3.506E-03 3.506E-03 3.507E-03 3.508E-03 3.509E-03 3.511E-03 3.516E-03 3.520E-03 3.525E-03 3.531 E-03 
PA-234M 2.193E-05 2.193E-05 2.193E-05 2.193E-05 2.193E-05 2.193E-05 2.193E-05 2.193E-05 2.193E-05 2.193E-05 
PA-234 2.851 E-08 2.851 E-08 2.851 E-08 2.851 E-08 2.851 E-08 2.851 E-08 2.851 E-08 2.851 E-08 2.851 E-08 2.851 E-08 
U-232 4.405E-05 4.829E-05 4.790E-05 4.620E-05 4.420E-05 4.020E-05 3.481 E-05 3.013E-05 2.608E-05 2.152E-05 
U-233 6.419E-07 7.184E-07 7.950E-07 8.717E-07 9.483E-07 1.102E-06 1.332E-06 1.562E-06 1.793E-06 2.101E-06 
U-234 6.735E-02 6.746E-02 6.756E-02 6.765E-02 6.775E-02 6.792E-02 6.816E-02 6.836E-02 6.855E-02 6.877E-02 
U-235 1.323E-03 1.323E-03 1.323E-03 1.323E-03 1.323E-03 1.323E-03 1.323E-03 1.323E-03 1.323E-03 1.323E-03 
U-236 5.689E-03 5.689E-03 5.689E-03 5.689E-03 5.689E-03 5.689E-03 5.689E-03 5.689E-03 5.689E-03 5.689E-03 
U-237 6.195E-06 4.871 E-06 3.829E-06 3.011E-06 2.367E-06 1.463E-06 7.110E-07 3.456E-07 1.679E-07 6.417E-08 
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DECAY TIMES (years out of core) 
(Activities* in Ci/element) 

Radionuclide 5 10 15 20 25 35 50 65 80 100 
U-238 2.193E-05 2.193E-05 2.193E-05 2.193E-05 2.193E-05 2.193E-05 2.193E-05 2.193E-05 2.193E-05 2.193E-05 
NP-237 3.506E-03 3.506E-03 3.507E-03 3.508E-03 3.509E-03 3.511 E-03 3.516E-03 3.520E-03 3.525E-03 3.531E-03 
PU-236 2.331 E-04 6.917E-05 2.053E-05 6.095E-06 1.811 E-06 1.619E-07 6.794E-09 2.741 E-09 2.634E-09 2.631 E-09 
PU-237 8.648E-15 7.746E-27 6.939E-39 6.216E-51 5.568E-63 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PU-238 7.546E+00 7.254E+00 6.973E+00 6.703E+OO 6.444E+00 5.955E+00 5.290E+OO 4.699E+OO 4.174E+OO 3.565E+OO 
PU-239 1.573E-01 1.573E-01 1.573E-01 1.572E-01 1.572E-01 1.572E-01 1.571 E-01 1.570E-01 1.570E-01 1.569E-01 
PU-240 8.960E-02 8.956E-02 8.952E-02 8.948E-02 8.944E-02 8.935E-02 8.922E-02 8.908E-02 8.894E-02 8.875E-02 
PU-241 2.525E+01 1.985E+01 1.561 E+01 1.227E+01 9.649E+OO 5.964E+00 2.899E+00 1.409E+OO 6.846E-01 2.616E-01 
PU-242 1.334E-04 1.334E-04 1.334E-04 1.334E-04 1.334E-04 1.334E-04 1.334E-04 1.334E-04 1.334E-04 1.334E-04 
PU-244 2.396E-11 2.396E-11 2.396E-11 2.396E-11 2.396E-11 2.396E-11 2.396E-11 2.396E-11 2.396E-11 2.396E-11 
AM-241 2.337E-01 4.109E-01 5.484E-01 6.548E-01 7.366E-01 8.466E-01 9.272E-01 9.542E-01 9.553E-01 9.390E-01 
AM-242M 1.668E-04 1.630E-04 1.594E-04 1.558E-04 1.523E-04 1.455E-04 1.359E-04 1.269E-04 1.185E-04 1.082E-04 
AM-242 1.660E-04 1.622E-04 1.586E-04 1.550E-04 1.515E-04 1.448E-04 1.352E-04 1.263E-04 1.179E-04 1.076E-04 
AM-243 5.479E-04 5.476E-04 5.474E-04 5.471 E-04 5.469E-04 5.464E-04 5.456E-04 5.448E-04 5.441 E-04 5.430E-04 
CM-242 5.028E-04 1.344E-04 1.312E-04 1.282E-04 1.253E-04 1.197E-04 1.118E-04 1.044E-04 9.752E-05 8.902E-05 
CM-243 8.694E-05 7.699E-05 6.818E-05 6.038E-05 5.347E-05 4.193E-05 2.912E-05 2.023E-05 1.405E-05 8.639E-06 
CM-244 1.911 E-02 1.579E-02 1.304E-02 1.077E-02 8.894E-03 6.067E-03 3.418E-03 1.926E-03 1.085E-03 5.049E-04 
CM-245 1.124E-06 1.124E-06 1.123E-06 1.123E-06 1.123E-06 1.122E-06 1.120E-06 1.119E-06 1.118E-06 1.116E-06 
CM-246 7.669E-08 7.663E-08 7.657E-08 7.652E-08 7.646E-08 7.635E-08 7.618E-08 7.602E-08 7.585E-08 7.563E-08 
CM-247 8.015E-14 8.015E-14 8.015E-14 8.015E-14 8.015E-14 8.015E-14 8.015E-14 8.015E-14 8.015E-14 8.015E-14 

SUBTOTAL** 6.336E+03 4.066E+03 3.399E+03 2.961E+03 2.612E+03 2.052E+03 1.438E+03 1.011 E+03 7.122E+02 4.473E+02 
TOTAL*** 6.336E+03 4.066E+03 3.399E+03 2.961E+03 2.612E+03 2.052E+03 1.438E+03 1.011 E+03 7.122E+02 4.473E+02 

* Four decimal places of accuracy are as reported by ORIGEN2 output and are not significant for many radionuclides. 
** Subtotal: total activity of the 145 isotopes listed in the table. 
*** Total: total activity of the ORIGEN2 output isotopes. 
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Template 15 

Fuel-Specific S 'urce Term Calculations 
Pathfinder Fuel 

Introduction 

The following data have been used in the Idaho National Engineering and Environmental 
Laboratory (INEEL) spent nuclear fuel source term calculational methodology to generate a source term 
template for a single Pathfinder superheater spent nuclear fuel element. The data sources for the analysis 
are documented in References I through 5, and the INEEL calculational methodology is described in 
Reference 6. 

Pathfinder Data 

The Pathfinder core consisted of a superheater region of elements surrounded by an annular boiler 
region of elements. See Figure I for a detailed sketch of the superheater fuel element materials and 
geometry. The geometric detail of the superheater fuel element was fully incorporated into the Monte 
Carlo N-Particle (MCNP) geometry model as was the boiler fuel element geometry. Although the boiler 
fuel element is not considered in the source term calculation, it is part of the partial core model used in the 
MCNP neutron transport calculation. Figures 2 through 5 show cross-sectional views of the 3-D MCNP 
geometry model. Figure 2 shows the superheater element. Figure 3 shows the superheater lattice. Figure 4 
shows a partial core cross section with superheater elements in the center of the core surrounded by boiler 
region elements and an outer water reflector region. Figure 5 shows an axial cross-sectional view of the 
core. 

The data below and resulting source term calculation are for an average bumup superheater fuel 
element. 

Superheater Fuel Element: 
Fuel Meat: U02 + 316L Stainless Steel Cermet 

Density =8.1799 g/cc 
Clad: 316L Stainless Steel 

Density =8.03 g/cc 
Loading: 120.4 g/element U-235 BOL 

0.05 g/element U-236 BOL 
8.37 g/element U-238 BOL 
Enrichment 93.5% U-235 BOL 
Inner fuel tube: 51.2 g/element U-235 BOL 
Outer fuel tube: 69.2 g/element U-235 BOL 

Active Fuel Length: 72.0 in. 
Fuel Element Length: 74.5 in. 

Boron-Ab03 Poison: Length = 72.5 in.
 
Pellet Radius: 0.511 cm
 
Natural boron 
Loading =1.4808 g boron/rod 
Density of Ah03 =2.59 glec (70% TD) 
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Boiler Fuel Element:
 
UOl fuel meat
 
2.2 and 3.2 wt% U-235 enrichment 
Upper core half pellet radius =0.448 cm 
Upper core half clad thickness = 0.028 in.
 
Lower core half pellet radius = 0.400 cm
 
Lower core half clad thickness =0.026 in.
 
UOl Density = 10.41 glcc 

Superheater Core Power Fraction: 15% (conservative)
 
No. of Superheater Elements in the Core: 409 total
 

Water Temperature:
 
Boiler Inlet 
Steam Region 

Water Pressure: 
Boiler Inlet 642 psia 
Steam Region 0.01665 glcc 

Aluminum-6061 per Element: 205.501 g 
Stainless Steel-3l6L per Element: 3228.5 g 
Stainless Steel 304 per Element: 456.03 g 

From the above data (materials, enrichments, and densities), material masses and number
 
densities were calculated for all the material components in a single Pathfinder fuel element. In addition,
 
for the ORIGEN2 (Reference 7) depletion calculation, conservative and detailed impurity concentrations 
were added for the UOl, stainless steel3l6L, stainless steel 304, and aluminum (Al-6061). Table 1 lists 
the impurities and their concentrations (References 8 through 12).
 

Burnup 

The burnup chosen for this template is 6.46% U-235 depletion, 6.01 MWd/element, or 
approximately 7.78 g of U-235 depleted for a single Pathfinder fuel element. This burnup is reasonable 
for an average superheater element and the depletion accounts for buildup of fission products, activation 
products, and minor actinides in the source term, but nonconservative with regard to criticality safety, in 
particular U-235 and U-238 end-of-life concentrations. 

Cross-Section Development 

The MCNP model was used to develop neutron cross sections specifically for the Pathfinder 
superheater elements. These cross sections are in turn used in the superheater fuel element ORIGEN2 
depletion calculation. 

The neutron cross sections used in the burnup or depletion calculation for the source term 
generation of a single Pathfinder fuel element are based on the methodology described in Reference 6. 
Cross sections from a standard ORIGEN2 light water reactor library were updated once using the 
specially developed beginning-of-life (BOL) cross sections for the Pathfinder. The updated cross sections 
take into account the unique Pathfinder neutron flux spatial and spectral characteristics to ensure accurate 
calculation of the fission product and actinide production as a function of burnup. 



DOE/SNFIREP-078 January 2004 
Revision j Page A-1l8 of A-212 I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I
 
I
 
I
 

Pathfinder Exposure History	 

Table 2 summarizes the detailed power or exposure history used in the burnup or source term 
calculations for a single Pathfinder superheater fuel element. Following the bumup or exposure period, 
the radionuclide activities are decayed for 5, 10, 15,20,25,35,50,65,80, and 100 years. 

Burnup Calculation 

The ORIGEN2 computer code (Reference 7) was used to perform the depletion or burnup 
calculation for the Pathfinder fuel element. The radionuclide inventory or source term template is for a 
single Pathfinder superheater fuel element or assembly. The fuel element masses and impurities, neutron 
cross sections, burnup, power history, and power level as discussed above are input data for the 
ORIGEN2 calculation. The radionuclide concentrations are given as a function of time in the template 
table. 

The 145 radionuclides listed in the template represent greater than 99.99% of the total curie 
inventory had all 684 activation products, 880 fission products, and 127 actinide/daughter isotopes from 
the ORIGEN2 output been included in the template. 
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Table 1. Pathfinder fuel assembly material impurity concentrations. 

Constituent or 
Impurity 

DO:! 
Concentration 

(ppm) 

Stainless Steel 316L 
Concentration 

(ppm) 

Stainless Steel 304 
Concentration 

(wt%) 

Aluminum-6061 
Concentration 

(wt%) 
H 
Li 1 0.18 0.13 

0.02143 

Be 
B 
C 

1 
89.4 0.03 wt% 0.08 wt% 0.02143 

N 
0 

25 
134454 

357 525 
0.02143 

F 10.7 
Na 
Mg 

15 
2 

6 37 
1 

Al 16.7 50 200 97.15499 
Si 
P 

12.1 
35 

1 wt% 
0.045 wt% 

1 wt% 0.6 

S 
Cl 5.3 

0.03 wt% 
130 

K 3 3 
Ca 
Sc 

2 14 19 
0.03 

Ti 
V 

1 
3 

200 
630 

600 
690 

0.075 

Cr 4 17.3 wt% 18.4 wt% 0.195 
Mn 
Fe 

1.7 
18 

2wt% 
64.24 wt% 

1.53 wt% 
68.99 wt% 

0.075 
0.35 

Co 
Ni 
Cu 

1 
24 

1 

1630 
13.2 wt% 

2900 

2570 
10wt% 

8150 
0.02143 
0.275 

Zn 
Ga 

40.3 71 
60 

2230 
450 

0.125 

As 95 1010 
Se 
Br 

9 
2 

70 
8 

Rb 
Sr 0.23 

10 
0.2 

y 5 5 
Zr 
Nb 

6 
64 

20 
300 

0.02143 

Mo 10 2.16 wt% 5500 
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Table 1. (continued). 

Constituent or 
Impurity 

Ag 
Cd 

UO:! 
Concentration 

(ppm) 
0.1

25 

Stainless Steel 316L 
Concentration 

(ppm) 
5 

Stainless Steel 304 
Concentration 

(wt%) 
2 

Aluminum-6061 
Concentration 

(wt%) 

In 2 
Sn 4 0.02143 
Sb 13 17 
Cs 0.3 
Ba 500 
La 0.2 2.1 
Ce 550 
Pr 
Nd 
Sm 0.2 0.15 
Eu 0.07 0.02 
Gd 
Tb 9 0.71 
Dy 
Ho 

1 
1 

Er 
Tm 
Yb 2 2 
Lu 0.8 0.8 
Hf 2 
Ta 
W 2 218 520 
Tl 
Pb 1 30 139 0.02143 
Bi 0.4 
Th 1 
U 5 2 
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Table 2. Assumed power or exposure hIstOry tor a single Pathfinder fuel element. 
Cumulative Cumulative 

Duration Duration Time-Averaged Duration Duration Time-Averaged 
(days) (days) Power (MWth) (days) (days) Power (MWth) 

226 226 1.14E-05 1 975 O.OOE+OO 
184 410 O.OOE+OO 3 978 4,46E-02 
65 475 1.14E-05 2 980 O.OOE+OO 
74 549 2.32E-05 4 984 2. 17E-02 
42 591 1.28E-03 3 987 O.OOE+OO 
31 622 9.62E-04 1 988 5.0lE-02 
30 652 1.22E-02 3 991 3.69E-02 
31 683 O.OOE+OO 2 993 4,43E-02 
31 714 9,46E-03 3 996 3.33E-02 

8 722 3.07E-03 4 1000 5.91E-02 
20 742 O.OOE+OO 1 1001 O.OOE+OO 

2 744 1.06E-02 1 1002 2.96E-02 
31 775 2.82E-02 4 1006 4.25E-02 
24 799 1.77E-02 1 1007 O.OOE+OO 
10 809 O.OOE+OO 7 1014 5.38E-02 
26 835 2.06E-02 1 1015 O.OOE+OO 
31 866 1.70E-03 3 1018 4.62E-02 
30 896 8.03E-03 2 1020 O.OOE+OO 
18 914 8,48E-03 3 1023 3,41E-02 
25 939 O.OOE+OO 4 1027 5.30E-02 

1 940 1.20E-02 3 1030 O.OOE+OO 
1 941 O.OOE+OO 4 1034 5.30E-02 
9 950 3.34E-02 1825 2859 O.OOE+OO 
2 952 O.OOE+OO 1825 4684 O.OOE+OO 
5 957 3.31E-02 1825 6509 O.OOE+OO 
3 960 O.OOE+OO 1825 8334 O.OOE+OO 
1 961 4.85E-02 1825 10159 O.OOE+OO 
1 962 O.OOE+OO 3650 13809 O.OOE+OO 
1 963 6.77E-02 5475 19284 O.OOE+OO 
1 964 O.OOE+OO 5475 24759 O.OOE+OO 
7 971 4.34E-02 5475 30234 O.OOE+OO 
3 974 2.67E-02 7300 37534 O.OOE+OO 

The bottom ten dates with zero associated power represent the ten different cooling or decay dates after 
exposure. These ten dates are specifically the 5, 10, 15,20,25,35,50,65,80, and 100-year cooling times 
designated for the template methodology. 
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Insulating tube 
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Middle steam ehanne
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Figure 1. Cross sectional view of an actual Pathfinder superheater element. 
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Figure 2. MCNP model representation of a Pathfinder superheater element. 
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Figure 3. MCNP model representation of a Pathfinder superheater lattice. 



DOE/SNFIREP-078 January 2004 I
 
Revision; Page A-126 of A-212
 


 I
I 
I 
I 
I
 
I
 
I
 
I
 
I
 
I
 
I
 
I
 
I
 
I
 
I
 
I
 
I
 
I
 

Core 
centerline 

Superheater elements Boiler elements Water 
reflector 

Figure 4. MCNP model representation of a section of the Pathfinder core. 

Core,~ 
centerline "'" 

Boiler elements 

Superheater 
elements 

Water reflector 

GcOO 0239 5
 

Figure 5. MCNP model axial view of the Pathfinder core. 
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Pathfinder Superheater Element 

Stainless Steel Cladding, 60 to 100%-Enriched U-235 Fuel 

Reactor Moderator/Coolant: Light Water 
Fuel Meat: U02-316l Stainless Steel (cermet) 
Clad: 316l Stainless Steel 
Burnup: 6.01 MWd/element (average element burnup)
 
Burnup: 5.25% U-235 burnup (amount fissioned)
 
Burnup: 6.46% U-235 depletion (amount fissioned and transmuted)
 
Core Power Fraction: 15.00% Superheater core power fraction (max assumed)
 
Basis of Calculation Single superheater element with double annuli
 
BOl U-235: 120.40 grams U-235 per element (design basis)
 
BOl U-238: 8.37 grams U-238 per element
 
BOl U-234: 0.00 grams U-234 per element
 
BOl U-236: 0.05 grams U-236 per element
 
BOl Total U per element: 128.82 grams U per element
 
BOl Fuel Enrichment: 93.5 wt% 

DECAY TIMES (years) 

Radionuclide 5 10 15 
(Activities* in Ci/element) 

20 25 35 50 65 80 100 
H3 8.128E-02 6.140E-02 4.638E-02 3.504E-02 2.647E-02 1.511 E-02 6.512E-03 2.808E-03 1.210E-03 3.942E-04 
BE10 7.557E-10 7.557E-10 7.557E-10 7.557E-10 7.557E-10 7.557E-10 7.557E-10 7.557E-10 7.557E-10 7.557E-10 
C 14 1.388E-03 1.387E-03 1.387E-03 1.386E-03 1.385E-03 1.383E-03 1.381 E-03 1.378E-03 1.376E-03 1.372E-03 
CL36 7.369E-06 7.369E-06 7.369E-06 7.369E-06 7.369E-06 7.369E-06 7.369E-06 7.368E-06 7.368E-06 7.368E-06 
CR51 1.481E-17 2.204E-37 3.281 E-57 4.884E-77 7.270E-97 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
MN54 2.539E-01 4.432E-03 7.738E-05 1.351 E-06 2.358E-08 7.187E-12 3.824E-17 2.035E-22 1.083E-27 1.005E-34 
FE 55 2.190E+01 5.780E+00 1.526E+00 4.026E-01 1.063E-01 7.403E-03 1.361 E-04 2.502E-06 4.601 E-08 2.233E-10 
FE 59 9.776E-12 6.049E-24 3.744E-36 2.317E-48 1.434E-60 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CO 60 2.197E+01 1.138E+01 5.900E+00 3.058E+00 1.585E+00 4.258E-01 5.928E-02 8.253E-03 1.149E-03 8.291E-05 
NI59 1.302E-02 1.302E-02 1.302E-02 1.302E-02 1.302E-02 1.302E-02 1.302E-02 1.301 E-02 1.301 E-02 1.301 E-02 
NI63 1.762E+00 1.697E+00 1.634E+00 1.574E+00 1.516E+00 1.406E+00 1.256E+00 1.121 E+OO 1.002E+00 8.617E-01 
ZN 65 2.803E-03 1.566E-05 8.751 E-08 4.889E-10 2.732E-12 8.528E-17 1.488E-23 2.595E-30 4.526E-37 4.411E-46 
SE 79 7.950E-05 7.950E-05 7.949E-05 7.949E-05 7.948E-05 7.947E-05 7.946E-05 7.945E-05 7.944E-05 7.942E-05 
KR85 1.724E+00 1.248E+00 9.033E-01 6.539E-01 4.734E-01 2.481 E-01 9.412E-02 3.571 E-02 1.355E-02 3.721 E-03 
RB87 5.427E-09 5.427E-09 5.427E-09 5.427E-09 5.427E-09 5.427E-09 5.427E-09 5.427E-09 5.427E-09 5.427E-09 
SR89 1.391 E-08 1.837E-19 2.425E-30 3.202E-41 4.228E-52 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SR90 1.674E+01 1.487E+01 1.320E+01 1.172E+01 1.041 E+01 8.203E+00 5.742E+00 4.019E+00 2.813E+00 1.748E+00 
Y90 1.675E+01 1.487E+01 1.320E+01 1.172E+01 1.041 E+01 8.205E+OO 5.743E+OO 4.020E+00 2.813E+00 1.748E+00 



DECAY TIMES (years) 
(Activities* in Ci/element) 

Radioi1uelide 5 10 15 20 25 35 50 65 80 100 
Y 91 4.983E-07 2.030E-16 8.270E-26 3.369E-35 1.372E-44 2.278E-63 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
ZR 93 4.090E-04 4.090E-04 4.090E-04 4.090E-04 4.090E-04 4.090E-04 4.090E-04 4.090E-04 4.090E-04 4.090E-04 
ZR95 3.324E-06 8.612E-15 2.231 E-23 5.781 E-32 1.498E-40 1.006E-57 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
NB93M 9.386E-05 1.601E-04 2.115E-04 2.513E-04 2.822E-04 3.246E-04 3.588E-04 3.747E-04 3.821 E-04 3.862E-04 
NB94 3.416E-05 3.415E-05 3.414E-05 3.414E-05 3.413E-05 3.412E-05 3.410E-05 3.409E-05 3.407E-05 3.405E-05 
NB95 7.379E-06 1.912E-14 4.954E-23 1.283E-31 3.325E-40 2.232E-57 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
NB95M 2.466E-08 6.389E-17 1.655E-25 4.289E-34 1.111 E-42 7.459E-60 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
M093 2.431 E-04 2.428E-04 2.426E-04 2.424E-04 2.421E-04 2.416E-04 2.409E-04 2.402E-04 2.395E-04 2.386E-04 
TC99 2.804E-03 2.804E-03 2.804E-03 2.804E-03 2.804E-03 2.804E-03 2.804E-03 2.803E-03 2.803E-03 2.803E-03 
RU103 7.847E-12 8.116E-26 8.393E-40 8.681E-54 8.978E-68 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
RU106 9.935E-01 3.199E-02 1.030E-03 3.316E-05 1.068E-06 1.107E-09 3.694E-14 1.233E-18 4.115E-23 4.422E-29 
RH103M 7.074E-12 7.316E-26 7.567E-40 7.826E-54 8.093E-68 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE::+OO O.OOOE+OO 
RH106 9.935E-01 3.199E-02 1.030E-03 3.316E-05 1.068E-06 1.107E-09 3.694E-14 1.233E-18 4.115E-23 4.422E-29 
PD107 2.885E-06 2.885E-06 2.885E-06 2.885E-06 2.885E-06 2.885E-06 2.885E-06 2.885E-06 2.885E-06 2.885E-06 
AG110 6.377E-06 4.037E-08 2.556E-10 1.618E-12 1.024E-14 4.105E-19 1.042E-25 2.643E-32 6.706E-39 1.077E-47 
AG110M 4.795E-04 3.035E-06 1.922E-08 1.216E-10 7.701 E-13 3.087E-17 7.832E-24 1.987E-30 5.042E-37 8.100E-46 
AG111 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CD113M 1.828E-03 1.441 E-03 1.137E-03 8.966E-04 7.072E-04 4.399E-04 2.158E-04 1.059E-04 5.193E-05 2.009E-05 
CD113 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CD115M 1.519E-13 7.283E-26 3.492E-38 1.674E-50 8.023E-63 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
IN114 4.047E-15 3.249E-26 2.608E-37 2.093E-48 1.680E-59 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
IN114M 4.229E-15 3.395E-26 2.725E-37 2.187E-48 1.756E-59 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
IN115M 1.066E-17 5.108E-30 2.448E-42 1.174E-54 5.626E-67 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SN119M 1.774E-04 1.015E-06 5.815E-09 3.329E-11 1.906E-13 6.250E-18 1.173E-24 2.202E-31 4.135E-38 4.445E-47 
SN121M 1.547E-05 1.444E-05 1.346E-05 1.256E-05 1.173E-05 1.021E-05 8.291 E-06 6.735E-06 5.471 E-06 4.146E-06 
SN123 4.457E-05 2.488E-09 1.388E-13 7.749E-18 4.325E-22 1.347E-30 2.342E-43 4.072E-56 7.080E-69 6.871 E-86 
SN125 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SN126 6.908E-05 6.908E-05 6.908E-05 6.907E-05 6.907E-05 6.907E-05 6.906E-05 6.905E-05 6.904E-05 6.903E-05 
SB124 4.254E-10 3.179E-19 2.377E-28 1.777E-37 1.328E-46 7.420E-65 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SB125 3.523E-01 1.009E-01 2.889E-02 8.276E-03 2.370E-03 1.944E-04 4.567E-06 1.073E-07 2.520E-09 1.696E-11 
SB126 9.671 E-06 9.671E-06 9.671E-06 9.670E-06 9.670E-06 9.669E-06 9.668E-06 9.667E-06 9.666E-06 9.665E-06 
SB126M 6.908E-05 6.908E-05 6.908E-05 6.907E-05 6.907E-05 6.907E-05 6.906E-05 6.905E-05 6.904E-05 6.903E-05 
TE123M 1.573E-08 4.038E-13 1.037E-17 2.662E-22 6.832E-27 4.502E-36 7.616E-50 1.288E-63 2.180E-77 9.464E-96 
TE125M 8.595E-02 2.462E-02 7.049E-03 2.019E-03 5.782E-04 4.743E-05 1.114E-06 2.618E-08 6.148E-10 4.136E-12 
TE127 3.223E-05 2.940E-10 2.681 E-15 2.446E-20 2.231 E-25 1.856E-35 1.408E-50 1.068E-65 8.106E-81 5.609-101 
TE127M 3.291 E-05 3.001E-10 2.738E-15 2.497E-20 2.277E-25 1.894E-35 1.437E-50 1.091E-65 8.275E-81 5.727-101 - - - - - - - - - - - - - - - -  - -
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DECAY TIMES (years) 

Radionuclide 5 10 15
(Activities* in Ci/element) 

20 25 35 50 65 80 100 
TE129 7.493E-16 3.341 E-32 1.490E-48 6.641 E-65 2.961 E-81 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
TE129M 1.151E-15 5.132E-32 2.288E-48 1.020E-64 4.549E-81 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
1129 4.399E-06 4.399E-06 4.399E-06 4.399E-06 4.399E-06 4.399E-06 4.399E-06 4.399E-06 4.399E-06 4.399E-06 
1131 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
XE131M O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
XE133 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CS134 4.331 E-01 8.075E-02 1.505E-02 2.807E-03 5.233E-04 1.819E-05 1.179E-07 7.638E-10 4.950E-12 5.981E-15 
CS135 1.822E-04 1.822E-04 1.822E-04 1.822E-04 1.822E-04 1.822E-04 1.822E-04 1.822E-04 1.822E-04 1.822E-04 
CS136 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CS137 1.743E+01 1.553E+01 1.384E+01 1.233E+01 1.099E+01 8.721 E+OO 6.168E+00 4.362E+00 3.085E+00 1.944E+00 
BA136M O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
BA137M 1.649E+01 1.469E+01 1.309E+01 1.166E+01 1.039E+01 8.250E+00 5.835E+00 4.127E+00 2.919E+00 1.839E+00 
BA140 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
LA140 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CE141 1.915E-14 2.422E-31 3.064E-48 3.875E-65 4.901 E-82 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CE142 6.111 E-09 6.111 E-09 6.111 E-09 6.111 E-09 6.111 E-09 6.111 E-09 6.111 E-09 6.111 E-09 6.111 E-09 6.111 E-09 
CE144 5.635E+00 6.580E-02 7.683E-04 8.971 E-06 1.048E-07 1.428E-11 2.274E-17 J.621E-23 5.765E-29 1.072E-36 
PR143 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PR144 5.635E+00 6.580E-02 7.683E-04 8.972E-06 1.048E-07 1.428E-11 2.274E-17 3.621 E-23 5.765E-29 1.072E-36 
PR144M 6.762E-02 7.896E-04 9.220E-06 1.077E-07 1.257E-09 1.714E-13 2.729E-19 4.345E-25 6.918E-31 1.286E-38 
ND144 2.524E-13 2.544E-13 2.545E-13 2.545E-13 2.545E-13 2.545E-13 2.545E-13 2.545E-13 2.545E-13 2.545E-13 
ND147 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PM145 1.981 E-07 1.666E-07 1.371 E-07 1.127E-07 9.268E-08 6.267E-08 3.484E-08 1.937E-08 1.077E-08 4.925E-09 
PM147 1.929E+01 5.151 E+OO 1.376E+00 3.675E-01 9.815E-02 7.002E-03 1.334E-04 2.542E-06 4.844E-08 2.465E-10 
PM148M 4.160E-13 2.069E-26 1.029E-39 5.116E-53 2.544E-66 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PM148 2.343E-14 1.165E-27 5.795E-41 2.882E-54 1.433E-67 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SM145 8.242E-08 1.997E-09 4.840E-11 1.173E-12 2.842E-14 1.669E-17 2.375E-22 3.379E-27 4.809E-32 1.658E-38 
SM147 1.484E-09 1.831E-09 1.923E-09 1.948E-09 1.955E-09 1.957E-09 1.957E-09 1.957E-09 1.957E-09 1.957E-09 
SM151 3.133E-01 3.015E-01 2.901 E-01 2.792E-01 2.686E-01 2.487E-01 2.216E-01 1.975E-01 1.759E-01 1.508E-01 
EU152 8.228E-03 6.379E-03 4.945E-03 3.833E-03 2.972E-03 1.786E-03 8.317E-04 3.875E-04 1.805E-04 6.517E-05 
EU154 4.509E-02 3.014E-02 2.015E-02 1.347E-02 9.004E-03 4.024E-03 1.203E-03 3.591 E-04 1.073E-04 2.143E-05 
EU155 2.772E-01 1.379E-01 6.859E-02 3.412E-02 1.697E-02 4.198E-03 5.166E-04 6.357E-05 7.823E-06 4.788E-07 
EU156 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
GD153 3.431 E-05 1.842E-07 9.892E-10 5.312E-12 2.852E-14 8.225E-19 1.274E-25 1.972E-32 3.054E-39 2.539E-48 
TB160 5.925E-08 1.494E-15 3.767E-23 9.502E-31 2.396E-38 1.524E-53 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
TL206 1.143E-13 1.143E-13 1.143E-13 1.143E-13 1.143E-13 1.143E-13 1.143E-13 1.143E-13 1.143E-13 1.143E-13 
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DECAY TIMES (years) 

Radionuclide 5 10 15 
(Activities* in Ci/element) 

20 25 35 50 65 80 100 
TL207 4.620E-09 1.180E-08 2.170E-08 3.394E-08 4.815E-08 8.136E-08 1.400E-07 2.056E-07 2.756E-07 3.727E-07 
TL208 1.456E-07 1.606E-07 1.569E-07 1.503E-07 1.434E-07 1.302E-07 1.127E-07 9.753E-08 8.442E-08 6.971E-08 
PB210 1.174E-14 4.855E-14 1.414E-13 3.119E-13 5.790E-13 1.467E-12 3.875E-12 7.804E-12 1.344E-11 2.383E-11 
PB211 4.633E-09 1.183E-08 2.177E-08 3.403E-08 4.829E-08 8.159E-08 1.404E-07 2.062E-07 2.764E-07 3.738E-07 
PB212 4.052E-07 4.469E-07 4.367E-07 4.183E-07 3.990E-07 3.623E-07 3.136E-07 2.714E-07 2.350E-07 1.940E-07 
BI211 4.633E-09 1.183E-08 2.177E-08 3.403E-08 4.829E-08 8.159E-08 1.404E-07 2.062E-07 2.764E-07 3.738E-07 
BI212 4.052E-07 4.469E-07 4.367E-07 4.183E-07 3.990E-07 3.623E-07 3.136E-07 2.714E-07 2.350E-07 1.940E-07 
P0212 2.596E-07 2.863E-07 2.798E-07 2.680E-07 2.557E-07 2.321 E-07 2.009E-07 1.739E-07 1.505E-07 1.243E-07 
P0215 4.633E-09 1.183E-08 2.177E-08 3.403E-08 4.829E-08 8.159E-08 1.404E-07 2.062E-07 2.764E-07 3.738E-07 
P0216 4.052E-07 4.469E-07 4.367E-07 4.183E-07 3.990E-07 3.623E-07 3.136E-07 2.714E-07 2.350E-07 1.940E-07 
RN219 4.633E-09 1.183E-08 2.177E-08 3.403E-08 4.829E-08 8.159E-08 1.404E-07 2.062E-07 2.764E-07 3.738E-07 
RN220 4.052E-07 4.469E-07 4.367E-07 4.183E-07 3.990E-07 3.623E-07 3.136E-07 2.714E-07 2.350E-07 1.940E-07 
FR223 6.392E-11 1.631E-10 3.000E-10 4.690E-10 6.654E-10 1.125E-09 1.936E-09 2.843E-09 3.810E-09 5.153E-09 
RA223 4.633E-09 1.183E-08 2.177E-08 3.403E-08 4.829E-08 8.159E-08 1.404E-07 2.062E-07 2.764E-07 3.738E-07 
RA224 4.052E-07 4.469E-07 4.367E-07 4.183E-07 3.990E-07 3.623E-07 3.136E-07 2.714E-07 2.350E-07 1.940E-07 
RA226 1.202E-13 4.419E-13 9.691E-13 1.704E-12 2.650E-12 5.180E-12 1.061 E-11 1.803E-11 2.749E-11 4.335E-11 
RA228 2.767E-11 3.664E-11 4.200E-11 4.521 E-11 4.713E-11 4.898E-11 4.984E-11 5.008E-11 5.019E-11 5.029E-11 
AC227 4.632E-09 1.182E-08 2.174E-08 3.399E-08 4.822E-08 8.151 E-08 1.403E-07 2.060E-07 2.761 E-07 3.734E-07 
TH227 4.570E-09 1.167E-08 2.147E-08 3.356E-08 4.762E-08 8.046E-08 1.385E-07 2.034E-07 2.726E-07 3.686E-07 
TH228 4.052E-07 4.465E-07 4.363E-07 4.179E-07 3.987E-07 3.622E-07 3.136E-07 2.714E-07 2.350E-07 1.940E-07 
TH229 9.227E-12 1.765E-11 2.614E-11 3.469E-11 4.332E-11 6.076E-11 8.743E-11 1.147E-10 1.426E-10 1.807E-10 
TH230 1.017E-10 1.963E-10 2.923E-10 3.897E-10 4.883E-10 6.891 E-10 9.987E-10 1.317E-09 1.644E-09 2.090E-09 
TH231 2.435E-04 2.435E-04 2.435E-04 2.435E-04 2.435E-04 2.435E-04 2.435E-04 2.435E-04 2.435E-04 2.435E-04 
TH232 4.988E-11 4.991 E-11 4.993E-11 4.995E-11 4.998E-11 5.003E-11 5.010E-11 5.017E-11 5.024E-11 5.034E-11 
TH234 2.796E-06 2.796E-06 2.796E-06 2.796E-06 2.796E-06 2.796E-06 2.796E-06 2.796E-06 2.796E-06 2.796E-06 
PA231 4.030E-08 6.605E-08 9.179E-08 1.175E-07 1.433E-07 1.947E-07 2.719E-07 3.490E-07 4.261 E-07 5.289E-07 
PA233 6.898E-06 6.898E-06 6.898E-06 6.899E-06 6.900E-06 6.902E-06 6.905E-06 6.908E-06 6.911 E-06 6.916E-06 
PA234M 2.796E-06 2.796E-06 2.796E-06 2.796E-06 2.796E-06 2.796E-06 2.796E-06 2.796E-06 2.796E-06 2.796F-06 
PA234 3.635E-09 3.635E-09 3.635E-09 3.635E-09 3.635E-09 3.635E-09 3.635E-09 3.635E-09 3.635E-09 3.635E-09 
U232 4.671 E-07 4.474E-07 4.271E-07 4.072E-07 3.881 E-07 3.526E-07 3.052E-07 2.642E-07 2.287E-07 1.886E-07 
U233 1.778E-08 1.793E-08 1.808E-08 1.823E-08 1.838E-08 1.868E-08 1.914E-08 1.959E-08 2.004E-08 2.064E-08 
U234 2.089E-06 2.120E-06 2.150E-06 2.179E-06 2.207E-06 2.259E-06 2.330E-06 2.393E-06 2.449E-06 2.515E-06 
U235 2.435E-04 2.435E-04 2.435E-04 2.435E-04 2.435E-04 2.435E-04 2.435E-04 2.435E-04 2.435E-04 2.435E-04 
U236 9.730E-05 9.730E-05 9.730E-05 9.730E-05 9.730E-05 9.730E-05 9.730E-05 9.730E-05 9.730E-05 9.730E-05 
U237 4.464E-07 3.509E-07 2.759E-07 2.169E-07 1.706E-07 1.054E-07 5.123E-08 2.490E-08 1.210E-08 4.623E-09 
U238 2.796E-06 2.796E-06 2.796E-06 2.796E-06 2.796E-06 2.796E-06 2.796E-06 2.796E-06 2.796E-06 2.796E-06 
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DECAY TIMES (years) 
(Activities* in Ci/element) 

Radionuclide 5 10 15 20 25 35 50 65 80 100 
NP237 6.898E-06 6.898E-06 6.898E-06 6.899E-06 6.900E-06 6.902E-06 6.905E-06 6.908E-06 6.911 E-06 6.916E-06 
PU236 8.420E-08 2.499E-08 7.416E-09 2.201 E-09 6.535E-10 5.796E-11 1.950E-12 4.857E-13 4.474E-13 4.463E-13 
PU237 6.292E-19 5.636E-31 5.048E-43 4.522E-55 4.051 E-67 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PU238 2.248E-03 2.161 E-03 2.078E-03 1.997E-03 1.920E-03 1.774E-03 1.576E-03 1.400E-03 1.244E-03 1.062E-03 
PU239 4.017E-03 4.016E-03 4.015E-03 4.015E-03 4.014E-03 4.013E-03 4.011 E-03 4.010E-03 4.008E-03 4.006E-03 
PU240 5.236E-04 5.233E-04 5.230E-04 5.227E-04 5.224E-04 5.219E-04 5.211 E-04 5.202E-04 5.194E-04 5.183E-04 
PU241 1.820E-02 1.431 E-02 1.125E-02 8.843E-03 6.952E-03 4.298E-03 2.089E-03 1.015E-03 4.933E-04 1.885E-04 
PU242 1.185E-08 1.185E-08 1.185E-08 1.185E-08 1.185E-08 1.185E-08 1.185E-08 1.185E-08 1.185E-08 1.185E-08 
PU244 3.988E-17 3.988E-17 3.988E-17 3.988E-17 3.988E-17 3.988E-17 3.988E-17 3.988E-17 3.988E-17 3.988E-17 
AM241 1.696E-04 2.973E-04 3.964E-04 4.730E-04 5.319E-04 6.111 E-04 6.692E-04 6.886E-04 6.894E-04 6.776E-04 
AM242M 5.862E-08 5.730E-08 5.601 E-08 5.475E-08 5.352E-08 5.113E-08 4.776E-08 4.460E-08 4.165E-08 3.803E-08 
AM242 5.833E-08 5.702E-08 5.573E-08 5.448E-08 5.325E-08 5.088E-08 4.752E-08 4.438E-08 4.145E-08 3.784E-08 
AM243 5.938E-09 5.935E-09 5.932E-09 5.929E-09 5.926E-09 5.921 E-09 5.913E-09 5.904E-09 5.896E-09 5.885E-09 
CM242 1.147E-07 4.720E-08 4.611E-08 4.507E-08 4.406E-08 4.208E-08 3.930E-08 3.670E-08 3.428E-08 3.129E-08 
CM243 3.100E-09 2.745E-09 2.431 E-09 2.153E-09 1.907E-09 1.495E-09 1.038E-09 7.212E-10 5.009E-10 3.081E-10 
CM244 4.388E-08 3.624E-08 2.993E-08 2.472E-08 2.042E-08 1.393E-08 7.848E-09 4.422E-09 2.491E-09 1.159E-09 
CM245 3.390E-13 3.388E-13 3.387E-13 3.386E-13 3.384E-13 3.381E-13 3.377E-13 3.373E-13 3.369E-13 3.364E-13 
CM246 2.485E-15 2.483E-15 2.481E-15 2.480E-15 2.478E-15 2.474E-15 2.469E-15 2.463E-15 2.458E-15 2.451 E-15 
CM247 4.323E-22 4.323E-22 4.323E-22 4.323E-22 4.323E-22 4.323E-22 4.323E-22 4.323E-22 4.323E-22 4.323E-22 

Subtotal** 1.493E+02 8.620E+01 6.519E+01 5.390E+01 4.634E+01 3.578E+01 2.516E+01 1.792E+01 1.285E+01 8.322E+00 
TOTAL*** 1.493E+02 8.621 E+01 6.520E+01 5.391 E+01 4.634E+01 3.578E+01 2.516E+01 1.792E+01 1.285E+01" 8.323E+00 

* Four decimal places of accuracy are as reported by ORIGEN2 output and are not significant for many radionuclides.
 
** Subtotal: total activity ofthe 145 isotopes listed in the table.
 
*** Total: total activity of the ORIGEN2 output isotopes.
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Template 21 

Fuel-Specific Source Term Calculations 
LWBR Seed Module 

Introduction 

The following data have been used in the Idaho National Engineering and Environmental 
Laboratory (INEEL) spent nuclear fuel source term calculational methodology to generate a source term 
template for a single Light Water Breeder Reactor (LWBR) spent nuclear fuel seed module. The data 
sources for the analysis are documented here, and the IN~EL calculational methodology is described in 
Reference 1. 

Light Water Breeder Reactor History 

The LWBR was a full-scale power production reactor with a core design power rating of 
236 MWth • The LWBR core operated over a time period extending from August 26, 1977, to 
December 2, 1982 (5+ years). The reactor design was conceived by the Westinghouse Atomic Power 
Development Laboratory (WAPD) and stationed at the Shippingport Atomic Power Station (APS). 

The LWBR was a pressurized, light water moderated and cooled thermal reactor with 
zirconium-clad UOz-Th02 fuel rods (Reference 6). The beginning-of-life (BOL) U02 was fully enriched 
in U-233 (>98%) and provided a total core fissile inventory of approximately 501 kg. In addition, to the 
U02-Th02fuel rods, the entire fueled active core region was reflected radially or circumferentially around
 
the core, and both above and below with Th02fuel rods. The Th02 rods in the outer reflector regions and
 
the very large Th02 10ading in the active core were designed to reduce neutron leakage and breed U-233.
 

The LWBR core consisted of 39 modules (12 seed, 3 standard blanket Type 1,3 standard/power
 
flattening blanket Type II, 6 standard/power flattening blanket Type ill, 9 reflector Type IV, and 6
 
reflector Type V). These modules were in the core for the full operating period (5+ years). Over its 
lifetime, the core generated 29,047 EFPH (full power =236 MW). 

The reactor core design was complex; the primary design goal was to maximize the U-233
 
breeding ratio. The seed modules were moveable; operated on pneumatic pistons for reactivity control,
 
supplanting the need for neutron absorbing control rods. The different fueled module types had different
 
numbers of rods, rod diameters, and lattice pitch. In addition, each module type had complex radial and 
axial urania/thoria loadings. Reference 6 provides a good description of the different module loadings and 
geometries. In addition, Reference 6 contains an extensive listing of additional references from which 
data were obtained and used in the depletion calculations here. 

Light Water Breeder Reactor Seed and Reactor Data 

The LWBR reactor core and fuel elements are described in some detail in Reference 6. Data from 
this reference have been used to develop reactor physics models needed to develop neutron cross sections 
for the fuel depletion and radionuclide inventory analysis. 

The LWBR seed modules consisted of 619 fuel rods arranged in 15 hexagonal rings in a 
Zircaloy-4 hexagonal can. The 9.59-in. flat-to-flat can had a 0.08 in. thickness. The fuel rod meat or fuel 
pellet material was either a urania-thoria (U02-Th02) binary composition or a pure thoria (Th02) 
composition. In the seed module, there were two binary compositions with different uranium loadings. 
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The fuel rod clad was Zircaloy-4. The fuel pellet and pin diameters were 0.262 in. and 0.306 in., 
respectively. The uranium metal was high enriched at 98.23 wt% U-233 at BOL. For modeling purposes, 
the thoria properties listed below for the binary pellet are also used for the pure thoria pellet. 

The following data provide specific seed module dimensions, materials, densities, enrichment, 
etc., which are typical for an LWBR seed module (Reference 6). The BOL data below were used in the 
fuel depletion calculations for the LWBR seed module source term generation. 

Seed Module: 15 concentric hexagonal rings of fuel rods 

No. of rods: 619 fuel rods per seed module (631 lattice positions) 

Types of rods: 4 (1 high zone and 3 low zones) 

High Zone rods: 331 per module 

Low Zone rods: 288 per module 

Fuel Pellet Diameter: 0.262 in.
 
Fuel Rod Meat Length: 84 in.
 

Fuel Rod Pitch: 0.370 in. (hot) 

Uranium Enrichment: 98.23 wt % U-233 
1.29 wt % U-234 
0.09 wt % U-235 
0.02 wt % U-236 
0.37 wt % U-238 

Binary Fuel Rod Meat: Urania-thoria (UOz-ThOz) 
UOz Density: 10.96 glee (100% Theoretical Density [TD]) 

ThOz Density:
 10.03 glee (100% TD) 
UOz Density:
 10.52 glee (96% TD) 

ThOz Density:
 9.93 glee (99% TD) 
UOz Fraction: 4.337 wt% (Low Zone) 
UOz Fraction: 5.202 wt% (High Zone) 

U-233 Mass: 16,877.36 g per seed module 
U-234 Mass: 221.64 g per seed module 
U-235 Mass: 15.46 g per seed module 
U-236 Mass:
 3.44 g per seed module 
U-238 Mass:
 63.57 g per seed module 

Th-232 Mass:
 442,731.04 g	 per seed module 
Clad: Zircaloy-4 

Clad Pin Outer Diameter:
 0.306 in. 
Clad Thickness:
 0.022 in.
 

Clad Pin Length:
 118 in.
 
Clad Density: 6.44 glee 

Total Zircaloy Mass: 154,237.0 g per module (based conservatively on 631 fuel rods) 
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Can Geometry: Hexagonal 
Can Dimensions: 9.59 in. flat-to-flat 

0.08 in. waH thickness 
Can Length: 118 in. 

Can Material: Zircaloy-4 
Can Density: 6.44 glec 

Can Mass: 33,114.6 g per module 

Total Zircaloy-4 Mass: 187,351.6 g per module 

Coolant:
 Light water 
Coolant Temperature:
 531°F 

Coolant Pressure:
 2000 psig 
Coolant Density:
 0.6583 glcc 

From the above data (materials, enrichments, and densities), material masses and number 
densities were calculated for the material components in a single LWBR seed module. In addition, for the 
ORIGEN2 (Reference 2) depletion calculation, conservative and detailed impurity concentrations were 
added fer the zircaloy clad (Reference 3) and the urania-thoria fuel pellets (Reference 4). Table 1 lists the 
impurities and corresponding concentrations used in the calculations. NOTE: The impurities in the thoria 
pellets were assumed to be the same as in the urania-thoria pellets. 

Burnup 

The LWBR module bumup or depletion analysis was performed using the ORIGEN2 computer 
code (Reference 2). Three basic inputs are required to perform this analysis, which include: (1) neutron 
cross sections specific to the LWBR seed module, (2) power history or average bumup for a single 
LWBR seed module over its operating lifetime, and (3) BOL seed module fissile and fertile masses. The 
neutron cross sections are discussed below and were incorporated as an update into a standard ORIGEN2 
pressurized water reactor (PWR) cross-section library. 

The complete LWBR power history is given in References 4 and 8. These data have been used to 
derive a simplified power history and bumup for an average seed module. The derived data used in the 
ORIGEN2 code as input are given in Table 2 in terms of seed module power (MWth) and cumulative or 
total seed module bumup (MWD). 

The fissile and fertile BOL isotopic masses by module are derived from data found in Reference 6 
and are given in the "LWBR Seed and Reactor Data" section above. Module masses are based on the 
following information: (1) total number offUtel rods for that particular module, (2) fuel rod radius and 
length, (3) number of fuel rods in a given radial loading zone, (4) axial loading step lengths, and (5) radial 
and axial step percent mass loadings ofV02 in V02-Th02 • From these data, the BOL uranium isotopic 
masses and Thorium-232 mass can be determined for each module type. In addition, the oxide fuel 
impurity masses are also included in the calculations. The impurity levels were obtained from LWBR 
UOr Th02 fuel fabrication specifications. 

Cross-Section Development 

The primary goal of the reactor physics analysis was to develop BOL neutron cross sections 
specifically for the LWBR seed module. This required that MCNP4B (Reference 5) computer models be 
developed to represent the module geometry and the complex radial and axial fuel loadings in both the 
seed ane standard blanket modules. The cross sections were required as input data for the ORIGEN2 
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depletion or burnup calculations. (NOTE: No standard ORIGEN2 neutron cross-section libraries were 
available for this unique reactor type). The MCNP neutron cross-section generation methodology is 
documented in Reference I, and validation work to support the physics and depletion methodology and 
its predictive capability j" given Reference 7 specifically for the LWBR. 

A fully explicit, three-dimensional MCNP4B computer model of the seed, standard blanket, and 
top and bottom thoria reflectors was developed specifically to generate three BOL cross-section library 
updates. The model was essentially an infinite lattice model of seed and standard reflector blankets with 
exact numbers of fuel rods, rod diameters, clad thicknesses, lattice pitch, fuel and clad materials, and the 
complex radial and axial urania-thoria loadings. 

Figure 1 shows an x-y cross-sectional view of the infinite lattice model as drawn by the MCNP4B 
computer code. The complex geometry and radial binary fuel loading patterns of the UOz-Th02 pellets 
are fully visible from the color scheme as are the variable rod diameters and pitches between the seed rods 
and the standard blanket rods. The axially stepped binary and thoria fuel loading patterns for the seed and 
standard blanket modules are given Reference 6, and although not shown in Figure 1, are appropriately 
modeled in the MCNP model. 

Only BOL neutron cross sections were generated and used in the burnup calculations, i.e., 
burnup-dependent cross sections were not calculated at various time steps throughout the burnup 
calculations as was done in the validation work. Based on the validation work, good radionuclide 
inventories could be obtained with BOL cross sections only. Part of the reason for this is because during 
reactor operation, the seed modules burned their U-233 fissile inventory while the thoria bred new U-233. 
Therefore, because both the thoria and U-233 inventories remained relatively constant over the LWBR 
lifetime, the neutron cross sections would be weakly dependent on burnup, and here it is assumed that the 
BOL cross sections are reasonable estimates over the entire LWBR lifetime. 

Light Water Breeder Reactor Seed Module Exposure History 

Table 2 summarizes the LWBR single seed module power or exposure history used in the 
depletion calculations. The power history is based on data in References 4 and 8. Following the burnup or 
exposure period, the radionuclide activities are decayed for 5, 10, 15,20,25,35,50,65,80, and 
100 years. 

Burnup Calculation 

The ORIGEN2 computer code was used to perform the depletion or burnup calculation for a 
single LWBR seed module. The seed module masses and impurities, neutron cross sections, bumup, 
power history, and power level as discussed above are input data for the ORIGEN2 calculation. The 
ORIGEN2 output or radionuclide concentrations are given as a function of time in the attached template 
table representing a single average-burnup LWBR seed module. 

The 145 radionuclides listed in the template represent greater than 99.99% of the total curie 
inventory had all 684 activation products, 880 fission products, and 127 actinide/daughter isotopes from 
the ORIGEN2 output been included in the template. 
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Figure 1. Infinite lattice model representation (MCNP) of the LWBR seed/standard blanket modules. 
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Table 1. Zircaloy-4 and U02-Th02 material constituent and impurity concentrations.
 I
 

Constituent or Imp~l_ri--"tY 
Zircaloy-4 Concentration 

---,-(w_t_~--"O) 
U02-Th02 Concentration 

----'L(p.......p_m-'-) _

H 0.002497 

B 0.00005 1
 

C 0.026968 200
 

N 0.00799 50
 
o 0.094887 134454
 
Mg 100
 
Al 0.007491 500
 
Si 0.011986 300
 
P 0.009988 
S 0.003496 
CI 15
 

Ca 20
 

Ti 0.004994 20
 
V
 0.004994 25
 
Cr 0.124851 100
 

Mn 0.004994 10
 

Fe 0.224731 300
 
Co 0.001998 10
 
Ni 0.006992 200
 

Cu 0.004994 40
 

Zn 0.009988 
Zr 97.789992 
Nb 0.006992 
Mo 0.004994 100
 
Cd 0.000050 
Sn 1.598089 
Sm 0.000999 

Gd 0.000499 
Hf 0.003496 
Ta 0.019976 
W 0.009988 
Hg 1
 

Pb 0.009988 
Th 0.000699 
U 0.000350 
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Table 2. Light Water Breeder Reactor seed module power history. 
Cumulative Seed Module Cumulative 

Operating 
Start Date 

Operating 
End Date 

Operational 
(days) 

Operating 
(days) 

Power 
(MWth) 

Burnup 
(MWD) 

26-Aug-77 30-Sep-77 35 35 2.731274 95.59
30-Sep-77 31-Dec-77 92 127 5.971203 644.95 
31-Dec-77 31-Mar-78 90 217 7.897081 1355.68 
31-Mar-78 30-Jun-78 91 308 5.969611 1898.92 
30-Jun-78 30-Sep-78 92 400 6.767031 2521.48 
30-Sep-78 31-Dec-78 92 492 7.217013 3185.45 
31-Dec-78 31-Mar-79 90 582 7.549443 3864.90 
31-Mar-79 30-Jun-79 91 673 0.000000 3864.90 
30-Jun-79 30-Sep-79 92 765 5.202659 4343.54 
30-Sep-79 31-Dec-79 92 857 6.666736 4956.88 
31-Dec-79 31-Mar-80 91 948 5.068303 5418.10 
31-Mar-80 30-Jun-80 91 1039 5.999137 5964.02 
30-Jun-80 30-Sep-80 92 1131 6.289765 6542.68 
30-Sep-80 31-Dec-80 92 1223 2.911629 6810.55 
31-Dec-80 31-Mar-81 90 1313 6.354118 7382.42 
31-Mar-81 30-Jun-81 91 1404 3.731881 7722.02 
30-Jun-81 30-Sep-81 92 1496 6.338568 8305.17 
30-Sep-81 31-Dec-81 92 1588 5.039344 8768.79 
31-Dec-81 31-Mar-82 90 1678 5.325345 9248.07 
31-Mar-82 30-Jun-82 91 1769 5.670859 9764.12 
30-Jun-82 30-Sep-82 92 1861 5.467423 10267.12 
30-Sep-82 2-Dec-82 63 1924 0.031986 10269.14 
2-Dec-82 2-Dec-87 1826.25 3750.25 0 10269.14 
2-Dec-87 2-Dec-92 1826.25 5576.50 0 10269.14 
2-Dec-92 2-Dec-97 1826.25 7402.75 0 10269.14 
2-Dec-97 2-Dec-02 1826.25 9229.00 0 10269.14 
2-Dec-02 2-Dec-07 1826.25 11055.25 0 10269.14 
2-Dec-07 2-Dec-17 3652.50 14707.75 0 10269.14 
2-Dec-17 2-Dec-32 5478.75 20186.50 0 10269.14 
2-Dec-32 2-Dec-47 5478.75 25665.25 0 10269.14
2-Dec-47 2-Dec-62 5478.75 31144.00 0 10269.14 
2-Dec-62 2-Dec-82 7305.00 38449.00 0 10269.14 

The ten dates with zero associated power represent the ten different cooling or decay dates after exposure 
or post-December 1982. These ten dates are specifically the 5, 10, 15,20,25,35,50,65,80, and 100-year 
cooling times designated for the template methodology. 
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LWBR Seed Module 
Zircaloy Cladding, 60 to 100%-Enriched U-233 Fuel 

Reactor Moderator/Coolant: Light Water 
Fuel Meat: U02-Th02 (Urania-Thoria) 
Clad: Zircaloy-4 
Burnup: 10,269.14 MWD 
Burnup: 27,749.70 MWD/MTHM 
Basis of Calculation: Single seed module 
BOL U-233 16,877.36 9 U-233 per seed module 
BOL U-234 221.64 9 U-234 per seed module 
BOL U-235: 15.46 9 U-235 per seed module 
BOL U-236 3.44 9 U-236 per seed module 
BOL U-238: 63.57 9 U-238 per seed module 
BOL Th-232: 442,731.04 9 Th-232 per seed module 
BOL Fuel Enrichment: 98.23 wt% U-233 

DECAY TIMES (years out of core) 

Radionuclide 5 10 15 
(Activities* in Ci/seed module) 

20 25 35 50 65 80 100 
H3 1.177E+02 8.889E+01 6.714E+01 5.071 E+01 3.830E+01 2.185E+01 9.414E+00 4.056E+00 1.748E+00 5.687E-01 
BE10 2.437E-06 2.437E-06 2.437E-06 2.437E-06 2.437E-06 2.437E-06 2.437E-06 2.437E-06 2.437E-06 2.437E-06 
C 14 9.526E-01 9.520E-01 9.515E-01 9.509E-01 9.503E-01 9.492E-01 9.475E-01 9.457E-01 9.440E-01 9.417E-01 
CL 36 1.859E-02 1.859E-02 1.859E-02 1.859E-02 1.859E-02 1.859E-02 1.859E-02 1.859E-02 1.859E-02 1.859E-02 
CR 51 3.260E-18 4.703E-38 6.786E-58 9.790E-78 1.412E-97 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
MN 54 5.381 E-01 9.368E-03 1.631E-04 2.839E-06 4.943E-08 1.498E-11 7.905E-17 4.171E-22 2.201 E-27 2.022E-34 
FE 55 7.030E+01 1.854E+01 4.888E+00 1.289E+00 3.399E-01 2.363E-02 4.333E-04 7.945E-06 1.457E-07 7.043E-10 
FE 59 2.760E-12 1.675E-24 1.017E-36 6.173E-49 3.747E-61 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CO 60 4.641 E+02 2.404E+02 1.246E+02 6.453E+01 3.343E+01 8.972E+00 1.247E+00 1.734E-01 2.411 E-02 1.737E-03 
NI59 6.503E-02 6.503E-02 6.503E-02 6.502E-02 6.502E-02 6.502E-02 6.501 E-02 6.500E-02 6.499E-02 6.498E-02 
NI63 8.701 E+OO 8.379E+00 8.069E+00 7.771 E+OO 7.484E+00 6.941E+00 6.199E+00 5.537E+00 4.945E+00 4.253E+00 
ZN 65 1.948E-01 1.085E-03 6.039E-06 3.362E-08 1.872E-10 5.802E-15 1.001 E-21 1.728E-28 2.982E-35 2.865E-44 
SE 79 3.638E-01 3.638E-01 3.638E-01 3.637E-01 3.637E-01 3.637E-01 3.636E-01 3.636E-01 3.635E-01 3.634E-01 
KR85 4.474E+03 3.238E+03 2.344E+03 1.696E+03 1.228E+03 6.431 E+02 2.438E+02 9.244E+01 3.505E+01 9.617E+00 
RB87 1.429E-05 1.429E-05 1.429E-05 1.429E-05 1.429E-05 1.429E-05 1.429E-05 1.429E-05 1.429E-05 1.429E-05 
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DECAY TIMES (years out of core) 

Radionuclide 5 10 15 20 
(Activities* in Ci/seed module) 

25 35 50 65 80 100 
SR89 1.585E-06 2.057E-17 2.670E-28 3.466E-39 4.498E-50 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SR90 3.131 E+04 2.779E+04 2.468E+04 2.191E+04 1.945E+04 1.533E+04 1.073E+04 7.506E+03 5.252E+03 3.263E+03 
Y90 3.131 E+04 2.780E+04 2.468E+04 2.191 E+04 1.945E+04 1.533E+04 1.073E+04 7.508E+03 5.254E+03 3.264E+03 
Y 91 5.778E-05 2.319E-14 9.310E-24 3.737E-33 1.500E-42 2.417E-61 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
ZR93 8.719E-01 8.719E-01 8.719E-01 8.719E-01 8.719E-01 8.719E-01 8.718E-01 8.718E-01 8.718E-01 8.718E-01 
ZR95 4.013E-04 1.026E-12 2.621 E-21 6.701 E-30 1.713E-38 1.119E-55 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
N893M 2.721 E-01 3.972E-01 4.942E-01 5.693E-01 6.275E-01 7.077E-01 7.721 E-01 8.021 E-01 8.161 E-01 8.239E-01 
N894 2.796E-02 2.795E-02 2.795E-02 2.795E-02 2.794E-02 2.793E-02 2.792E-02 2.790E-02 2.789E-02 2.787E-02 
N895 8.908E-04 2.277E-12 5.821 E-21 1.487E-29 3.803E-38 2.485E-55 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
N895M 2.976E-06 7.608E-15 1.945E-23 4.970E-32 1.271 E-40 8.302E-58 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
M093 4.334E-03 4.330E-03 4.325E-03 4.321 E-03 4.317E-03 4.308E-03 4.295E-03 4.283E-03 4.270E-03 4.253E-03 
TC99 3.341 E+OO 3.341 E+OO 3.341E+00 3.341E+00 3.341E+00 3.340E+00 3.340E+00 3.340E+00 3.340E+00 3.340E+00 
RU103 2.716E-10 2.748E-24 2.780E-38 2.812E-52 2.845E-66 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
RU106 3.759E+02 1.207E+01 3.879E-01 1.246E-02 4.002E-04 4.129E-07 1.368E-11 4.535E-16 1.503E-20 1.600E-26 
RH103M 2.449E-10 2.477E-24 2.506E-38 2.535E-52 2.565E-66 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
RH106 3.759E+02 1.207E+01 3.879E-01 1.246E-02 4.002E-04 4.129E-07 1.368E-11 4.535E-16 1.503E-20 1.600E-26 
PD107 3.543E-03 3.543E-03 3.543E-03 3.543E-03 3.543E-03 3.543E-03 3.543E-03 3.543E-03 3.543E-03 3.543E-03 
AG110 7.814E-03 4.930E-05 3.110E-07 1.962E-09 1.238E-11 4.927E-16 1.237E-22 3.107E-29 7.802E-36 1.236E-44 
AG110M 5.875E-01 3.707E-03 2.338E-05 1.475E-07 9.308E-10 3.705E-14 9.303E-21 2.336E-27 5.866E-34 9.294E-43 
AG111 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CD113M 3.574E+00 2.818E+OO 2.222E+00 1.752E+00 1.382E+00 8.592E-01 4.213E-01 2.066E-01 1.013E-01 3.917E-02 
CD113 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CD115M 1.621 E-11 7.620E-24 3.582E-36 1.684E-48 7.918E-61 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
IN114 7.035E-11 5.548E-22 4.377E-33 3.452E-44 2.723E-55 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
IN114M 7.351 E-11 5.798E-22 4.573E-33 3.607E-44 2.845E-55 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
IN115M 1.138E-15 5.352E-28 2.516E-40 1.183E-52 5.562E-65 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SN119M 1.551 E+01 8.850E-02 5.048E-04 2.881 E-06 1.643E-08 5.351E-13 9.939E-20 1.846E-26 3.429E-33 3.634E-42 
SN121M 6.553E-01 6.114E-01 5.704E-01 5.322E-01 4.966E-01 4.322E-01 3.511 E-01 2.851 E-01 2.316E-01 1.755E-01 
SN123 2.416E-02 1.339E-06 7.425E-11 4.117E-15 2.282E-19 7.015E-28 1.195E-40 2.036E-53 3.471 E-66 3.279E-83 
SN125 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SN126 4.093E-01 4.092E-01 4.092E-01 4.092E-01 4.092E-01 4.092E-01 4.091E-01 4.091 E-01 4.090E-01 4.090E-01 
S8124 7.506E-08 5.531E-17 4.075E-26 3.002E-35 2.212E-44 1.201 E-62 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
S8125 1.521 E+03 4.351 E+02 1.245E+02 3.562E+01 1.019E+01 8.347E-01 1.956E-02 4.583E-04 1.074E-05 7.200E-08 
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DECAY TIMES (years out of core) 

Radionuclide 5 10 15 20 
(Activities* in Ci/seed module) 

25 35 50 65 80 100 
SB126 5.730E-02 5.729E-02 5.729E-02 5.729E-02 5.729E-02 5.728E-02 5.728E-02 5.727E-02 5.727E-02 5.726E-02 
SB126M 4.093E-01 4.092E-01 4.092E-01 4.092E-01 4.092E-01 4.092E-01 4.091 E-01 4.091 E-01 4.090E-01 4.090E-01 
TE123M 7.010E-05 1.786E-09 4.553E-14 1.160E-18 2.958E-23 1.921 E-32 3.180E-46 5.263E-60 8.712E-74 3.676E-92 
TE125M 3.710E+02 1.062E+02 3.038E+01 8.692E+00 2.487E+00 2.036E-01 4.772E-03 1.118E-04 2.619E-06 1.756E-08 
TE127 2.778E-02 2.514E-07 2.275E-12 2.058E-17 1.862E-22 1.525E-32 1.130E-47 8.370E-63 6.201 E-78 4.157E-98 
TE127M 2.836E-02 2.566E-07 2.322E-12 2.101E-17 1.901 E-22 1.557E-32 1.153E-47 8.545E-63 6.331 E-78 4.244E-98 
TE129 1.088E-13 4.728E-30 ·2.054E-46 8.927E-63 3.879E-79 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
TE129M 1.672E-13 7.264E-30 3.156E-46 1.371 E-62 5.958E-79 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
1129 1.628E-02 1.628E-02 1.628E-02 1.628E-02 1.628E-02 1.628E-02 1.628E-02 1.628E-02 1.628E-02 1.628E-02 
1131 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
XE131M O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
XE133 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CS134 6.303E+03 1.174E+03 2.186E+02 4.071 E+01 7.581 E+OO 2.629E-01 1.698E-03 1.096E-05 7.081 E-08 8.516E-11 
CS135 2.941 E-01 2.941 E-01 2.941 E-01 2.941 E-01 2.941E-01 2.941 E-01 2.941 E-01 2.941 E-01 2.941 E-01 2.941 E-01 
CS136 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CS137 3.034E+04 2.703E+04 2.408E+04 2.146E+04 1.911 E+04 1.517E+04 1.073E+04 7.586E+03 5.364E+03 3.379E+03 
BA136M O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
BA137M 2.870E+04 2.557E+04 2.278E+04 2.030E+04 1.808E+04 1.435E+04 1.015E+04 7.176E+03 5.074E+03 3.196E+03 
BA140 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
LA140 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CE141 1.005E-12 1.238E-29 1.525E-46 1.878E-63 2.313E-80 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CE142 1.019E-05 1.019E-05 1.019E-05 1.019E-05 1.019E-05 1.019E-05 1.019E-05 1.019E-05 1.019E-05 1.019E-05 
CE144 2.107E+03 2.453E+01 2.855E-01 3.324E-03 3.870E-05 5.244E-09 8.274E-15 1.305E-20 2.059E-26 3.782E-34 
PR143 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PR144 2.107E+03 2.453E+01 2.855E-01 3.324E-03 3.870E-05 5.244E-09 8.274E-15 1.305E-20 2.059E-26 3.782E-34 
PR144M 2.528E+01 2.943E-01 3.427E-03 3.989E-05 4.644E-07 6.293E-11 9.929E-17 1.566E-22 2.471 E-28 4.539E-36 
ND144 4.212E-10 4.220E-10 4.220E-10 4.220E-10 4.220E-10 4.220E-10 4.220E-10 4.220E-10 4.220E-10 4.220E-10 
ND147 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PM145 1.075E-02 8.903E-03 7.322E-03 6.020E-03 4.949E-03 3.346E-03 1.859E-03 1.033E-03 5.744E-04 2.625E-04 
PM147 7.457E+03 1.990E+03 5.310E+02 1.417E+02 3.781E+01 2.693E+00 5.117E-02 9.724E-04 1.848E-05 9.370E-08 
PM148M 2.200E-10 1.071 E-23 5.217E-37 2.541E-50 1.237E-63 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PM148 1.239E-11 6.034E-25 2.939E-38 1.431 E-51 6.969E-65 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SM145 1.466E-03 3.543E-05 8.563E-07 2.070E-08 5.003E-10 2.923E-13 4.127E-18 5.828E-23 8.230E-28 2.809E-34 
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DECAY TIMES (years out of core) 

Radionuclide 5 10 15 20 
(Activities* in Ci/seed module) 

25 35 50 65 80 100 
SM147 1.120E-06 1.254E-06 1.290E-06 1.300E-06 1.302E-06 1.303E-06 1.303E-06 1.303E-06 1.303E-06 1.303E-06 
SM151 1.402E+02 1.349E+02 1.298E+02 1.249E+02 1.202E+02 1.113E+02 9.918E+01 8.836E+01 7.872E+01 6.748E+01 
EU152 2.065E+00 1.600E+00 1.240E+00 9.612E-01 7.450E-01 4.475E-01 2.084E-01 9.700E-02 4.516E-02 1.630E-02 
EU154 9.913E+02 6.625E+02 4.428E+02 2.960E+02 1.978E+02 8.834E+01 2.637E+01 7.872E+OO 2.350E+OO 4.688E-01 
EU155 4.493E+02 2.234E+02 1.111 E+02 5.520E+01 2.744E+01 6.784E+OO 8.336E-01 1.024E-01 1.258E-02 7.689E-04 
EU156 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
GD153 2.054E-01 1.099E-03 5.879E-06 3.146E-08 1.683E-10 4.818E-15 7.382E-22 1.131E-28 1.732E-35 1.419E-44 
TB160 3.487E-07 8.690E-15 2.166E-22 5.396E-30 1.345E-37 8.349E-53 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
TL206 1.518E-12 1.518E-12 1.518E-12 1.518E-12 1.518E-12 1.518E-12 1.518E-12 1.518E-12 1.518E-12 1.518E-12 
TL207 2.525E-01 3.969E-01 5.200E-01 6.249E-01 7.144E-01 8.555E-01 9.982E-01 1.087E+00 1.142E+00 1.183E+00 
TL208 1.723E+02 1.794E+02 1.734E+02 1.657E+02 1.580E+02 1.434E+02 1.241 E+02 1.074E+02 9.297E+01 7.675E+01 
PB210 1.657E-04 1.471 E-04 1.338E-04 1.252E-04 1.208E-04 1.226E-04 1.463E-04 1.892E-04 2.466E-04 3.410E-04 
PB211 2.532E-01 3.980E-01 5.214E-01 6.267E-01 7.164E-01 8.579E-01 1.001 E+OO 1.090E+00 1.145E+00 1.187E+00 
PB212 4.795E+02 4.993E+02 4.827E+02 4.612E+02 4.397E+02 3.991E+02 3.454E+02 2.989E+02 2.587E+02 2.136E+02 
BI211 2.532E-01 3.980E-01 5.214E-01 6.267E-01 7.164E-01 8.579E-01 1.001 E+OO 1.090E+00 1.145E+00 1.187E+00 
BI212 4.795E+02 4.993E+02 4.827E+02 4.612E+02 4.397E+02 3.991 E+02 3.454E+02 2989E+02 2.587E+02 2.136E+02 
P0212 3.072E+02 3.199E+02 3.093E+02 2.955E+02 2.817E+02 2.557E+02 2.213E+02 1.915E+02 1.658E+02 1.369E+02 
P0215 2.532E-01 3.980E-01 5.214E-01 6.267E-01 7.164E-01 8.579E-01 1.001E+00 1.090E+00 1.145E+00 1.187E+00 
P0216 4.795E+02 4.993E+02 4.827E+02 4.612E+02 4.397E+02 3.991 E+02 3.454E+02 2.989E+02 2.587E+02 2.136E+02 
RN219 2.532E-01 3.980E-01 5.214E-01 6.267E-01 7.164E-01 8.579E-01 1.001E+00 1.090E+00 1.145E+00 1.187E+00 
RN220 4.795E+02 4.993E+02 4.827E+02 4.612E+02 4.397E+02 3.991E+02 3.454E+02 2.989E+02 2.587E+02 2.136E+02 
FR223 3.492E-03 5.485E-03 7.185E-03 8.634E-03 9.870E-03 1.182E-02 1.380E-02 1.502E-02 1.578E-02 1.636E-02 
RA223 2.532E-01 3.980E-01 5.214E-01 6.267E-01 7.164E-01 8.579E-01 1.001 E+OO 1.090E+00 1.145E+00 1.187E+00 
RA224 4.795E+02 4.993E+02 4.827E+02 4.612E+02 4.397E+02 3.991E+02 3.454E+02 2.989E+02 2.587E+02 2.136E+02 
RA226 2.659E-05 4.499E-05 6.416E-05 8.411 E-05 1.048E-04 1.486E-04 2.200E-04 2.982E-04 3.833E-04 5.073E-04 
RA228 3.075E-02 3.757E-02 4.163E-02 4.406E-02 4.550E-02 4.688E-02 4.748E-02 4.760E-02 4.763E-02 4.764E-02 
AC227 2.530E-01 3.975E-01 5.206E-01 6.257E-01 7.152E-01 8.567E-01 9.998E-01 1.088E+00 1.143E+00 1.185E+00 
TH227 2.497E-01 3.925E-01 5.142E-01 6.181 E-01 7.066E-01 8.460E-01 9.872E-01 1.075E+OO 1.129E+OO 1.170E+00 
TH228 4.793E+02 4.989E+02 4.823E+02 4.608E+02 4.393E+02 3.990E+02 3.454E+02 2.989E+02 2.587E+02 2.136E+02 
TH229 1.158E-01 1.768E-01 2.377E-01 2.986E-01 3.594E-01 4.810E-01 6.632E-01 8.452E-01 1.027E+00 1.269E+00 
TH230 8.339E-03 8.716E-03 9.094E-03 9.471E-03 9.849E-03 1.060E-02 1.174E-02 1.287E-02 1.400E-02 1.551E-02 
TH231 6.271 E-04 6.271 E-04 6.271 E-04 6.271 E-04 6.271 E-04 6.271 E-04 6.271 E-04 6.271E-04 6.271 E-04 6.271E-04 
TH232 4.764E-02 4.764E-02 4.764E-02 4.764E-02 4.764E-02 4.764E-02 4.764E-02 4.764E-02 4.764E-02 4.764E-02 
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DECAY TIMES (years out of core) 

Radionuclide 5 10 15 20 
(Activities* in Ci/seed module) 

25 35 50 65 80 100 
TH234 1.817E-05 1.817E-05 1.817E-05 1.817E-05 1.817E-05 1.817E-05 1.817E-05 1.817E-05 1.817E-05 1.817E-05 
PA231 1.235E+00 1.235E+00 1.234E+00 1.234E+00 1.234E+00 1.234E+00 1.233E+00 1.233E+00 1.233E+00 1.232E+00 
PA233 1.268E-03 1.269E-03 1.272E-03 1.274E-03 1.278E-03 1.285E-03 1.296E-03 1.309E-03 1.321 E-03 1.338E-03 
PA234M 1.817E-05 1.817E-05 1.817E-05 1.817E-05 1.817E-05 1.817E-05 1.817E-05 1.817E-05 1.817E-05 1.817E-05 
PA234 2.362E-08 2.362E-08 2.362E-08 2.362E-08 2.362E-08 2.362E-08 2.362E-08 2.362E-08 2.362E-08 2.362E-08 
U232 5.184E+02 4.941 E+02 4.708E+02 4.487E+02 4.276E+02 3.884E+02 3.361E+02 2.909E+02 2.518E+02 2.077E+02 
U233 1.292E+02 1.292E+02 1.292E+02 1.292E+02 1.292E+02 1.292E+02 1.292E+02 1.292E+02 1.292E+02 1.292E+02 
U234 8.398E+00 8.397E+OO 8.397E+00 8.397E+OO 8.397E+00 8.397E+OO 8.397E+00 8.397E+OO 8.397E+00 8.396E+00 
U235 6.271 E-04 6.271E-04 6.271E-04 6.271E-04 6.271 E-04 6.271E-04 6.271 E-04 6.271E-04 6.271E-04 6.271E-04 
U236 1.363E-03 1.363E-03 1.363E-03 1.363E-03 1.363E-03 1.363E-03 1.363E-03 1.363E-03 1.363E-03 1.363E-03 
U237 1.569E-05 1.233E-05 9.694E-06 7.621E-06 5.990E-06 3.702E-06 1.798E-06 8.734E-07 4.243E-07 1.620E-07 
U238 1.817E-05 1.817E-05 1.817E-05 1.817E-05 1.817E-05 1.817E-05 1.817E-05 1.817E-05 1.817E-05 1.817E-05 
NP237 1.268E-03 1.269E-03 1.272E-03 1.274E-03 1.278E-03 1.285E-03 1.296E-03 1.309E-03 1.321E~03 1.338E-03 
PU236 1.673E-04 4.960E-05 1.471 E-05 4.364E-06 1.296E-06 1.164E-07 5.678E-09 2.791 E-09 2.715E-09 2.713E-09 
PU237 1.720E-15 1.512E-27 1.329E-39 1.168E-51 1.026E-63 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PU238 5.525E+00 5.311 E+OO 5.106E+00 4.909E+OO 4.719E+00 4.362E+00 3.876E+00 3.444E+00 3.060E+00 2.615E+00 
PU239 2.829E-01 2.828E-01 2.828E-01 2.828E-01 2.827E-01 2.826E-01 2.825E-01 2.824E-01 2.823E-01 2.821E-01 
PU240 1.658E-01 1.660E-01 1.661 E-01 1.661 E-01 1.662E-01 1.662E-01 1.661 E-01 1.659E-01 1.657E-01 1.654E-01 
PU241 6.395E+01 5.027E+01 3.952E+01 3.106E+01 2.442E+01 1.509E+01 7.330E+00 3.560E+00 1.729E+00 6.604E-01 
PU242 4.191 E-04 4.191E-04 4.191E-04 4.191E-04 4.192E-04 4.192E-04 4.193E-04 4.193E-04 4.194E-04 4.194E-04 
PU244 5.399E-11 5.399E-11 5.399E-11 5.399E-11 5.399E-11 5.399E-11 5.399E-11 5.399E-11 5.399E-11 5.399E-11 
AM241 7.541 E-01 1.202E+OO 1.549E+00 1.817E+OO 2.023E+00 2.299E+00 2.500E+00 2.564E+00 2.563E+00 2.517E+00 
AM242M 1.745E-02 1.706E-02 1.668E-02 1.630E-02 1.593E-02 1.522E-02 1.422E-02 1.328E-02 1.240E-02 1.132E-02 
AM242 1.737E-02 1.698E-02 1.659E-02 1.622E-02 1.585E-02 1.515E-02 1.415E-02 1.321 E-02 1.234E-02 1.126E-02 
AM243 3.208E-03 3.206E-03 3.205E-03 3.203E-03 3.202E-03 3.199E-03 3.194E-03 3.190E-03 3.185E-03 3.179E-03 
CM242 2.021 E-02 1.405E-02 1.373E-02 1.342E-02 1.312E-02 1.253E-02 1.170E-02 1.092E-02 1.020E-02 9.313E-03 
CM243 6.518E-03 5.772E-03 5.111 E-03 4.525E-03 4.007E-03 3.142E-03 2.182E-03 1.515E-03 1.052E-03 6.467E-04 
CM244 4.580E-01 3.782E-01 3.123E-01 2.579E-01 2.130E-01 1.453E-01 8.181E-02 4.608E-02 2.595E-02 1.207E-02 
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Radionuclide 
CM245 

5 
7.162E-05 

10 
7.159E-05 

15 
7.157E-05 

DECAY TIMES (years out of core) 
(Activities* in Ci/seed module) 

20 25 35 50 
7.154E-05 7.151E-05 7.145E-05 7.136E-05 

65 
7.127E-05 

80 
7.119E-05 

100 
7.107E-05 

CM246 4.751 E-06 4.747E-06 4.744E-06 4.741E-06 4.737E-06 4.730E-06 4.720E-06 4.709E-06 4.699E-06 4.685E-06 
CM247 1.677E-11 1.677E-11 1.677E-11 1.677E-11 1.677E-11 1.677E-11 1.677E-11 1.677E-11 1.677E-11 1.677E-11 
Subtotal** 1.531 E+05 1.208E+05 1.044E+05 9.197E+04 8.149E+04 6.443E+04 4.565E+04 3.252E+04 2.329E+04 1.505E+04 
Total*** 1.531 E+05 1.208E+05 1.044E+05 9.197E+04 8.151E+04 6.444E+04 4.565E+04 

* Four decimal places of accuracy are as reported by ORIGEN2 output and are not significant for many radionuclides.
 
** Subtotal: total activity of the 145 isotopes listed in the table.
 
*** Total: total activity of the ORIGEN2 output isotopes.
 

3.253E+04 2.330E+04 1.506E+04 
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Template 24 

Fuel-Specific Source Term Calculations 
Pressurized Water Reactor Fuel 

Introduction 

The following data have been used in the Idaho National Engineering and Environmental 
Laboratory (INEEL) spent nuclear fuel source term calculational methodology to generate a generic 
source term for pressurized water reactor (PWR) or low-enriched uranium oxide spent nuclear fuel. The 
data sources for the analysis are documented in References 1 and 2, and the INEEL calculational
 
methodology is described in Reference 3.
 

Pressurized Water Reactor Data 

PWR characteristics are based on the Westinghouse PWR 17 x 17 fuel assembly and
 
corresponding fuel rod dimensions and materials (Reference 1). 

The uranium enrichment is chosen to be 3.2 wt% 0-235. In addition, small amounts of 0-234 and 
0-236 impurities are also included in the beginning-of-life (BOL) uranium composition in order to 
maximize and account for production of other actinides. 

The cladding material is assumed to be Zircaloy-4. Assembly structural hardware, including the 
spacers and top and bottom tie grids, is also included in the activation analysis. The spacers are composed
 
of Zircaloy-4 and Inconel-718 pieces. The top and bottom tie grids are stainless stee1304. The total
 
assembly spacer and grid masses are based on estimates found in Reference 2 data for a 15 x 15 PWR
 
assembly. The assumption here is that the 15 x 15 hardware or structural materials are the same and of
 
similar mass to those expected for a 17 x 17 assembly. The 15 x 15 assembly hardware total masses are
 
then divided by 289 (17 x 17) in order to get the associated structural masses per rod for the 17 x 17
 
assembly. The mass basis for the PWR template here is a single fuel rod from a 17 x 17 assembly.
 
Table 1 lists the impurities and their concentrations for the materials considered in the
 
depletion/activation analysi~, namely, OOz, Zircaloy-4, Inconel-718, and stainless steeI304.
 

The data below give specific dimensions, materials, loadings, densities, enrichment, etc., for the 
PWR fuel rod used in the bumup calculation for the source term generation. 

Fuel Element:
 Single rod in a 17 x 17 assembly
 
Pitch:
 1.25 em 

Fuel Pellet Diameter:
 0.819 em 
Gas Gap Thickness:
 0.0082 em 

Clad Thickness:
 0.0572 em 

Fuel Meat: OOz 
3.2 wt% 0-235 enrichment (BOL) 
Average Density = 10.412 glee 

Clad: Zircaloy-4 
Density =6.44 glee 
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Loading: 56.61 g/rod U-235 (BOL) 
1,711.63 g/rod U-238 (BOL) 

0.70 g/rod U-234 (BOL) 
0.17 g/rod U-236 (BOL) 

1,769.11 g/rod TOTAL U
 
2,006.26 g/rod U02 (fuel meat)
 

1.769lE-3 MTU/rod
 

Active Fuel Length: 144.0 in. 
Fuel Rode Length: 168.0 in. 

Assembly Structural MateriaIlMasses: 

456.40 g/rod Zircaloy-4 (clad + spacer)
 
2.20 g/rod Inconel-718 (spacer material)
 

62.78 g/rod stainless steel 304 (toplbottom tie grid plates)
 

CoolantlModerator: Light Water 
Coolant Temperature: 600°F 

Coolant Pressure: 2250 psi 
Coolant Density: 0.6965 glec 

From the above data (materials, enrichments, and densities), material masses and number 
densities were calculated for all the material components in a single PWR fuel rod. Impurities in these 
materials were also included in the ORIGEN2 (Reference 4) depletion calculation in order to maximize 
the induced activation (see Table 1). 

Burnup 

The bumup chosen for this template is 35,000 MWdlMTU or 61.92 MWd for the single rod 
containing I.769IE-3 MTU. The bumup period is assumed to be continuous over a 3-year period or 
1,096 days. The fuel rod operates at a constant power over the bumup period with no refueling 
shutdowns. The relatively high bumup (35,000 MWdlMTU) is conservative for the buildup of fission 
products, activation products, and minor actinides in the source term and nonconservative with regard to 
criticality safety (i.e., fissile isotope concentrations, in particular U-235). 

Cross-Section Development 

The neutron cross sections used in the bumup or depletion calculation for the source term 
generation of a single PWR fuel rod are based on the methodology described in Reference 3. Cross 
sections from a standard ORIGEN2 PWR library were updated six times over the 3-year bumup period to 
ensure accurate production and activity levels for actinides, fission products, and activation products. The 
first update developed cross sections for BOL conditions followed by five subsequent updates every 
180-days of fuel rod exposure. These cross-section updates take into account changes in the neutron flux 
spectrum and spatial profiles as a function of bumup. A simple PWR unit cell lattice was used to 
determine volume-averaged flux and reaction rate profiles for the cross-section development. The basic 
library updated was a standard ORIGEN2 PWR cross-section library. 
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Pressurized Water Reactor Single Rod Exposure History 

Table 2 summarizes the hypothetical power or exposure history used in the bumup calculations
 
for a single PWR fuel rod in a 17 x 17 PWR assembly. No refueling shutdowns are assumed in the
 
calculation. Following the 3-year exposure, the radionuclide activities are decayed for 5, 10, 15, 20, 25,
 
35, 50, 65, 80, and 100 years. The relatively high bumup is conservative for the buildup of fission
 
products, activation products, and minor actinides in the source term and nonconservative with regard to
 
criticality safety. The 35,000 MWdlMTU exposure or bumup for the fuel is again relatively high and 
represents an upper bumup limit for most commercial spent nuclear fuels stored at the INEEL. 

Burnup Calculation 

The ORIGEN2 computer code was used to perform the depletion or bumup calculation for the 
PWR fuel rod. The radionuclide inventory or source term template that follows is for a single PWR 
17 x 17 fuel rod. The fuel rod component masses and impurities (fuel meat, uranium, clad, spacers, and
 
end fixtures), neutron cross sections, bumup, and hypothetical power history and power level as presented
 
above are used as input data for the ORIGEN2 calculation. The radionuclide concentrations are given as a
 
function of decay time in the template table. 

The 145 radionuclides listed in the template here represent greater than 99.9% of the total curie 
inventory relative to the 684 activation products, 880 fission products, and 127 actinide/daughter isotopes 
in the complete ORIGEN2 output. 
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Inc., New York, 1976. 
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Table 1. Material constituent and impurity concentrations for the various materials in a pressurized water 
reactor fuel rod/assembly. 

Constituent V02 Concentration 
Zircaloy-4 

Concentration 
Inconel-718 

Concentration 
Stainless Steel 304 

Concentration 
or Impurity (ppm) (ppm) (wt%) (ppm) 

H 25 
Li 1 0.13 
Be 
B 1 0.5 
C 89.4 270 0.08 0.08 wt% 
N 25 80 525 
0 134454 950 
F 10.7 
Na 15 37 
Mg 2 
Al 16.7 75 0.70 200 
Si 12.1 120 0.70 1.00 wt% 
P 35 100 
S 35 0.01 
Cl 5.3 130 
K 3 
Ca 2 19 
Sc 0.03 
Ti 1 50 2.30 600 
V 3 50 690 
Cr 4 1250 15.50 18.40 wt% 
Mn 1.7 50 1.00 1.53 wt% 
Fe 18 2250 5.90 68.99 wt% 
Co 1 20 0.006488 2570 
Ni 24 70 73.304 10.00 wt% 
eu 1 50 0.50 8150 
Zn 40.3 100 2230 
Ga 450 
As 1010 
Se 70 
Br 8 
Rb 10 
Sr 0.2 
y 5 
Zr 979069 20 
Nb 70 300 
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Table 1. (continued). 

Cons:ituent UC- Concentration 
Zircaloy-4 

Concentration 
Inconel-718 

Concentration 
Stainless Steel 304 

Concentration 
or Impurity (ppm) (ppm) (wt%) (ppm) 

Mo 10 50 5500 
Ag 0.1 2 
Cd 25 0.5 
In 2 
Sn 4 16000 
Sb 17 
CS 0.3 
Ba 500 
La 2.1 
Ce 550 
Pr 
Nd 
Sm 10 0.15 
Eu 0.02 
Gd 5 
Tb 0.71 
Dy 1 
Ho 1 
Er 
Tm 
Yb 2 
Lu 0.8 
Hf 35 2 
Ta 200 
w 2 100 520 
Tl 
Pb 1 100 139 
Bi 0.4 
Th 7 1 
u 1000000 3.5 2 
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Table 2. Hypothetical power history for a 35,000 MWdlMTU burnup PWR fuel rod. 

Duration Cumulative Duration Time-Averaged Power 
(days) (days) (MWth) 

180 180 0.0565 

180 360 0.0565 

180 540 0.0565 

180 720 0.0565 

180 900 0.0565 

196 1096 0.0565 

1825 2921 0.0 

1825 4746 0.0 

1825 6571 0.0 

1825 8396 0.0 

1825 10221 0.0 

3650 13871 0.0 

5475 19346 0.0 

5475 24821 0.0 

5475 30296 0.0 

7300 37596 0.0 

The ten dates with zero associated power represent the ten different cooling or decay dates after exposure. 
These ten dates are specifically the 5, 10, 15,20,25,35,50,65,80, and 100-year cooling or decay times 
designated for the template methodology. 
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Pressurized Water Reactor Element 
Zirconium Cladding, 0 to 5%-Enriched U-235 Fuel 

Reactor Moderator/Coolant: Light Water 
Fuel Meat: U02 
Clad: Zircaloy-4 
Burnup: 35000 MWd/MTU 
Burnup: 61.92 MWd/single rod (high burnup) 
Burnup: 73.4 % U-235 depletion (fissioned and transmuted) 
Basis of Calculation: Single rod in a 17x17 assembly 
BOL U-235: 56.61 9 U-235 per rod 
BOL U-238: 1711.63 9 U-238 per rod 
BOL U-234: 0.70 9 U-234 per rod 
BOL U-236: 0.17 9 U-236 per rod 
BOL Total U per element: 1769.11 9 U per rod 
BOL Fuel Enrichment: 3.2 wt% U-235 

DECAY TIMES (years out of core) 
(Activities* in Ci/rod) 

Radionuclide 5 10 15 20 25 35 50 65 80 100 
H-3 6.915E+00 5.224E+OO 3.946E+00 2.981E+OO 2.253E+00 1.286E+00 5.541 E-01 2.388E-01 1.030E-01 3.354E-02 
BE-10 1.058E-08 1.058E-08 1.058E-08 1.058E-08 1.058E-08 1.058E-08 1.058E-08 1.058E-08 1.058E-08 1.058E-08 
C-14 2.977E-03 2.975E-03 2.974E-03 2.972E-03 2.970E-03 2.966E-03 2.961 E-03 2.956E-03 2.950E-03 2.943E-03 
CL-36 4.973E-05 4.973E-05 4.973E-05 4.973E-05 4.972E-05 4.972E-05 4.972E-05 4.972E-05 4.972E-05 4.972E-05 
CR-51 1.372E-18 2.042E-38 3.040E-58 4.526E-78 6.737E-98 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
MN-54 8.462E-02 1.477E-03 2.579E-05 4.502E-07 7.860E-09 2.396E-12 1.275E-17 6.781 E-23 3.608E-28 3.351 E-35 
FE-55 7.901E+00 2.085E+00 5.504E-01 1.453E-01 3.834E-02 2.671 E-03 4.910E-05 9.028E-07 1.660E-08 8.055E-11 
FE-59 1.098E-12 6.797E-25 4.206E-37 2.603E-49 1.611 E-61 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CO-60 8.171E+00 4.235E+OO 2.195E+OO 1.138E+OO 5.896E-01 1.584E-01 2.205E-02 3.070E-03 4.275E-04 3.085E-05 
NI-59 4.844E-03 4.844E-03 4.844E-03 4.843E-03 4.843E-03 4.843E-03 4.842E-03 4.841 E-03 4.841E-03 4.840E-03 
NI-63 6.543E-01 6.302E-01 6.069E-01 5.845E-01 5.629E-01 5.220E-01 4.663E-01 4.165E-01 3.720E-01 3.200E-01 
ZN-65 2.761 E-03 1.543E-05 8.619E-08 4.815E-10 2.690E-12 8.399E-17 1.465E-23 2.555E-30 4.457E-37 4.344E-46 
SE-79 7.666E-04 7.666E-04 7.666E-04 7.665E-04 7.665E-04 7.664E-04 7.663E-04 7.661 E-04 7.660E-04 7.659E-04 
KR-85 1.214E+01 8.789E+00 6.363E+00 4.606E+OO 3.334E+OO 1.747E+OO 6.630E-01 2.515E-01 9.542E-02 2.621 E-02 
RB-87 3.849E-08 3.849E-08 3.849E-08 3.849E-08 3.849E-08 3.849E-08 3.849E-08 3.849E-08 3.849E-08 3.849E-08 
SR-89 1.631 E-08 2.154E-19 2.843E-30 3.754E-41 4.957E-52 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SR-90 1.159E+02 1.029E+02 9.134E+01 8.110E+01 7.201E+01 5.676E+01 3.973E+01 2.781 E+01 1.946E+01 1.210E+01 
Y·90 1.159E+02 1.029E+02 9.136E+01 8.112E+01 7.202E+01 5.678E+01 3.974E+01 2.781 E+01 1.947E+01 1.210E+01 
Y-91 6.717E-07 2.736E-16 1.115E-25 4.542E-35 1.850E-44 3.071 E-63 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
ZR-93 3.620E-03 3.620E-03 3.620E-03 3.620E-03 3.620E-03 3.620E-03 3.620E-03 3.620E-03 3.620E-03 3.620E-03 .. - .. - \.. 'c", ..) .. - .. -, .. '. . '

DOE/SNFIREP-078 January 2004 
Revision 1 Page A-152 of A-212 



- - - - - - - - - - - - - - -- _I - DOE/SNFIREP-078 January 2004
 
Revision I Page A-I53 of A-2I2
 

DECAY TIMES (years out of core) 
(Activities* in Ci/rod) 

Radionuclide 5 10 15 20 25 35 50 65 80 100 
ZR-95 6.572E-06 1.702E-14 4.412E-23 1.143E-31 2.961 E-40 1.988E-57 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
NB-93M 9.813E-04 1.534E-03 1.962E-03 2.294E-03 2.551 E-03 2.905E-03 3.190E-03 3.323E-03 3.384E-03 3.419E-03 
NB-94 8.828E-05 8.826E-05 8.825E-05 8.823E-05 8.822E-05 8.819E-05 8.814E-05 8.810E-05 8.805E-05 8.799E-05 
NB-95 1.459E-05 3.781E-14 9.795E-23 2.537E-31 6.575E-40 4.414E-57 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
NB-95M 4.875E-08 1.263E-16 3.273E-25 8.480E-34 2.197E-42 1.474E-59 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
MO-93 2.257E-05 2.255E-05 2.253E-05 2.250E-05 2.248E-05 2.244E-05 2.237E-05 2.230E-05 2.224E-05 2.215E-05 
TC-99 2.437E-02 2.437E-02 2.437E-02 2.437E-02 2.437E-02 2.437E-02 2.437E-02 2.437E-02 2.437E-02 2.436E-02 
RU-103 2.668E-11 2.759E-25 2.853E-39 2.951 E-53 3.052E-67 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
RU-106 3.400E+01 1.095E+00 3.525E-02 1.135E-03 3.654E-05 3.787E-08 1.264E-12 4.219E-17 1.408E-21 1.513E-27 
RH-103M 2.405E-11 2.487E-25 2.572E-39 2.660E-53 2.751 E-67 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
RH-106 3.400E+01 1.095E+00 3.525E-02 1.135E-03 3.654E-05 3.788E-08 1.264E-12 4.219E-17 1.408E-21 1.513E-27 
PD-107 2.296E-04 2.296E-04 2.296E-04 2.296E-04 2.296E-04 2.296E-04 2.296E-04 2.296E-04 2.296E-04 2.296E-04 
AG-110 8.434E-04 5.339E-06 3.380E-08 2.140E-10 1.355E-12 5.430E-17 1.378E-23 3.496E-30 8.870E-37 1.425E-45 
AG-110M 6.342E-02 4.014E-04 2.541 E-06 1.609E-08 1.019E-10 4.082E-15 1.036E-21 2.628E-28 6.670E-35 1.072E-43 
AG-111 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CD-113M 9.764E-02 7.701E-02 6.073E-02 4.790E-02 3.778E-02 2.350E-02 1.153E-02 5.655E-03 2.774E-03 1.073E-03 
CD-113 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CD-115M 1.632E-12 7.823E-25 3.750E-37 1.797E-49 8.618E-62 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
IN-114 1.075E-12 8.627E-24 6.924E-35 5.558E-46 4.461 E-57 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
IN-114M 1.123E-12 9.014E-24 7.236E-35 5.808E-46 4.661 E-57 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
IN-115M 1.129E-16 5.412E-29 2.594E-41 1.244E-53 5.961 E-66 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
8N-119M 8.362E-02 4.788E-04 2.741E-06 1.570E-08 8.987E-11 2.947E-15 5.532E-22 1.039E-28 1.950E-35 2.096E-44 
8N-121 M 1.768E-03 1.649E-03 1.539E-03 1.436E-03 1.340E-03 1.167E-03 9.475E-04 7.696E-04 6.252E-04 4.738E-04 
8N-123 4.105E-04 2.291 E-08 1.279E-12 7.136E-17 3.983E-21 1.241E-29 2.158E-42 3.751 E-55 6.522E-68 6.328E-85 
8N-125 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
8N-126 1.561E-03 1.561 E-03 1.561 E-03 1.561 E-03 1.561 E-03 1.561E-03 1.561 E-03 1.560E-03 1.560E-03 1.560E-03 
8B-124 2.599E-09 1.943E-18 1.452E-27 1.085E-36 8.113E-46 4.533E-64 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
8B-125 9.405E+00 2.694E+00 7.715E-01 2.210E-01 6.328E-02 5.190E-03 1.220E-04 2.864E-06 6.729E-08 4.526E-10 
8B-126 2.185E-04 2.185E-04 2.185E-04 2.185E-04 2.185E-04 2.185E-04 2.185E-04 2.185E-04 2.184E-04 2.184E-04 
8B-126M 1.561E-03 1.561 E-03 1.561 E-03 1.561 E-03 1.561 E-03 1.561 E-03 1.561 E-03 1.560E-03 1.560E-03 1.560E-03 
TE-123M 1.816E-06 4.663E-11 1.197E-15 3.072E-20 7.887E-25 5.197E-34 8.792E-48 1.487E-61 2.516E-75 1.093E-93 
TE-125M 2.295E+00 6.572E-01 1.883E-01 5.390E-02 1.544E-02 1.266E-03 2.975E-05 6.988E-07 1.641E-08 1.104E-10 
TE-127 2.330E-04 2.125E-09 1.938E-14 1.768E-19 1.613E-24 1.341 E-34 1.018E-49 7.723E-65 5.860E-80 4.055-100 
TE-127M 2.379E-04 2.170E-09 1.979E-14 1.805E-19 1.646E-24 1.370E-34 1.039E-49 7.884E-65 5.982E-80 4.140-100 
TE-129 2.279E-15 1.016E-31 4.530E-48 2.020E-64 9.005E-81 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
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DECAY TIMES (years out of core) 
(Activities* in Ci/rod) 

Radionuclide 5 10 15 20 25 35 50 65 80 100 
TE-129M 3.501 E-15 1.561 E-31 6.959E-48 3.103E-64 1.383E-80 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
1-129 6.086E-05 6.086E-05 6.086E-05 6.086E-05 6.086E-05 6.086E-05 6.086E-05 6.086E-05 6.086E-05 6.086E-05 
1-131 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
XE-131M O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
XE-133 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CS-134 5.977E+01 1.114E+01 2.077E+00 3.873E-01 7.221 E-02 2.510E-03 1.626E-05 1.054E-07 6.830E-10 8.253E-13 
CS-135 8.937E-04 8.937E-04 8.937E-04 8.937E-04 8.937E-04 8.937E-04 8.937E-04 8.937E-04 8.937E-04 8.937E-04 
CS-136 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CS-137 1.730E+02 1.542E+02 1.374E+02 1.224E+02 1.090E+02 8.656E+01 6.122E+01 4.330E+01 3.063E+01 1.930E+01 
SA-136M O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SA-137M 1.637E+02 1.459E+02 1.300E+02 1.158E+02 1.032E+02 8.189E+01 5.792E+01 4.096E+01 2.897E+01 1.826E+01 
SA-140 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
LA-140 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CE-141 3.156E-14 3.992E-31 5.050E-48 6.387E-65 8.078E-82 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CE-142 5.022E-08 5.022E-08 5.022E-08 5.022E-08 5.022E-08 5.022E-08 5.022E-08 5.022E-08 5.022E-08 5.022E-08 
CE-144 2.277E+01 2.659E-01 3.105E-03 3.625E-05 4.233E-07 5.772E-11 9.190E-17 1.463E-22 2.330E-28 4.331 E-36 
PR-143 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PR-144 2.277E+01 2.659E-01 3.105E-03 3.625E-05 4.233E-07 5.772E-11 9.190E-17 1.463E-22 2.330E-28 4.331 E-36 
PR-144M 2.732E-01 3.191 E-03 3.726E-05 4.350E-07 5.080E-09 6.926E-13 1.103E-18 1.756E-24 2.796E-30 5.197E-38 
ND-144 2.777E-12 2.786E-12 2.786E-12 2.786E-12 2.786E-12 2.786E-12 2.786E-12 2.786E-12 2.786E-12 2.786E-12 
ND-147 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PM-145 2.823E-05 2.351 E-05 1.934E-05 1.590E-05 1.308E-05 8.843E-06 4.917E-06 2.734E-06 1.520E-06 6.949E-07 
PM-147 6.231 E+01 1.664E+01 4.445E+00 1.187E+OO 3.171 E-01 2.262E-02 4.310E-04 8.213E-06 1.565E-07 7.965E-10 
PM-148M 3.611 E-12 1.796E-25 8.931 E-39 4.441E-52 2.209E-65 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PM-148 2.034E-13 1.011 E-26 5.030E-40 2.502E-53 1.244E-66 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SM-145 6.700E-06 1.624E-07 3.935E-09 9.534E-11 2.310E-12 1.357E-15 1.931 E-20 2.747E-25 3.909E-30 1.348E-36 
SM-147 6.632E-09 7.751 E-09 8.050E-09 8.130E-09 8.152E-09 8.159E-09 8.159E-09 8.159E-09 8.159E-09 8.159E-09 
SM-151 7.859E-01 7.562E-01 7.277E-01 7.002E-01 6.738E-01 6.239E-01 5.558E-01 4.952E-01 4.412E-01 3.783E-01 
EU-152 8.270E-03 6.411E-03 4.970E-03 3.852E-03 2.987E-03 1.794E-03 8.359E-04 3.894E-04 1.814E-04 6.550E-05 
EU-154 1.401 E+01 9.366E+00 6.261 E+OO 4.186E+OO 2.799E+OO 1.251 E+OO 3.735E-01 1.116E-01 3.334E-02 6.659E-03 
EU-155 7.232E+00 3.597E+00 1.789E+00 8.900E-01 4.426E-01 1.095E-01 1.348E-02 1.659E-03 2.041E-04 1.249E-05 
EU-156 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
GD-153 8.191 E-04 4.398E-06 2.361 E-08 1.268E-10 6.810E-13 1.964E-17 3.041 E-24 4.708E-31 7.290E-38 6.062E-47 
TS-160 5.592E-08 1.410E-15 3.557E-23 8.970E-31 2.262E-38 1.439E-53 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO
 
TL-206 3.867E-11 3.867E-11 3.867E-11 3.867E-11 3.867E-11 3.867E-11 3.867E-11 3.867E-11 3.867E-11 3.867E-11
 - - - - - - - .. - _1 - - - - - - - - .. 
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DECAY TIMES (years out of core) 
(Activities* in Ci/rod) 

Radionuclide 5 10 15 20 25 35 50 65 80 100 
TL-207 8.190E-09 1.456E-08 2.049E-08 2.606E-08 3.131 E-08 4.104E-08 5.424E-08 6.635E-08 7.778E-08 9.236E-08 
TL-208 9.550E-06 1.217E-05 1.263E-05 1.237E-05 1.189E-05 1.082E-05 9.372E-06 8.113E-06 7.023E-06 5.799E-06 
PB-210 2.969E-11 1.006E-10 2.493E-10 5.007E-10 8.770E-10 2.082E-09 5.268E-09 1.042E-08 1.783E-08 3.158E-08 
PB-211 8.213E-09 1.460E-08 2.055E-08 2.613E-08 3.140E-08 4.116E-08 5.439E-08 6.654E-08 7.800E-08 9.262E-08 
PB-212 2.658E-05 3.388E-05 3.516E-05 3.442E-05 3.308E-05 3.013E-05 2.609E-05 2.258E-05 1.955E-05 1.614E-05 
-81-211 8.213E-09 1.460E-08 2.055E-08 2.613E-08 3.140E-08 4.116E-08 5.439E-08 6.654E-08 7.800E-08 9.262E-08 
BI-212 2.658E-05 3.388E-05 3.516E-05 3.442E-05 3.308E-05 3.013E-05 2.609E-05 2.258E-05 1.955E-05 1.614E-05 
PO-212 1.703E-05 2.171E-05 2.253E-05 2.205E-05 2.119E-05 1.930E-05 1.671 E-05 1.447E-05 1.252E-05 1.034E-05 
PO-215 8.213E-09 1.460E-08 2.055E-08 2.613E-08 3.140E-08 4.116E-08 5.439E-08 6.654E-08 7.800E-08 9.262E-08 
PO-216 2.658E-05 3.388E-05 3.516E-05 3.442E-05 3.308E-05 3.013E-05 2.609E-05 2.258E-05 1.955E-05 1.614E-05 
RN-219 8.213E-09 1.460E-08 2.055E-08 2.613E-08 3.140E-08 4.116E-08 5.439E-08 6.654E-08 7.800E-08 9.262E-08 
RN-220 2.658E-05 3.388E-05 3.516E-05 3.442E-05 3.308E-05 3.013E-05 2.609E-05 2.258E-05 1.955E-05 1.614E-05 
FR-223 1.133E-10 2.012E-10 2.832E-10 3.601E-10 4.326E-10 5.672E-10 7.498E-10 9.172E-10 1.075E-09 1.277E-09 
RA-223 8.213E-09 1.460E-08 2.055E-08 2.613E-08 3.140E-08 4.116E-08 5.439E-08 6.654E-08 7.800E-08 9.262E-08 
RA-224 2.658E-05 3.388E~05 3.516E-05 3.442E-05 3.308E-05 3.013E-05 2.609E-05 2.258E-05 1.955E-05 1.614E-05 
RA-226 2.939E-10 7.807E-10 1.514E-09 2.502E-09 3.750E-09 7.054E-09 1.412E-08 ~,384E-08 3.634E-08 5.752E-08 
RA-228 1.835E-10 2.414E-10 2.761E-10 2.967E-10 3.091 E-10 3.210E-10 3.264E-10 3.279E-10 3.284E-10 3.290E-10 
AC-227 8.211 E-09 1.458E-08 2.052E-08 2.609E-08 3.135E-08 4.110E-08 5.434E-08 6.646E-08 7.790E-08 9.253E-08 
TH-227 8.100E-09 1.440E-08 2.026E-08 2.577E-08 3.097E-08 4.059E-08 5.365E-08 6.562E-08 7.692E-08 9.135E-08 
TH-228 2.657E-05 3.386E-05 3.513E-05 3.439E-05 3.3051::-05 3.012E-05 2.608E-05 2.258E-05 1.955E-05 1.614E-05 
TH-229 1.156E-09 1.833E-09 2.516E-09 3.204E-09 3.899E-09 5.306E-09 7.466E-09 9.687E-09 1.197E-08 1.513E-08 
TH-230 1.692E-07 2.821 E-07 3.986E-07 5.184E-07 6.416E-07 8.974E-07 1.303E-06 1.732E-06 2.181 E-06 2.809E-06 
TH-231 3.258E-05 3.259E-05 3.259E-05 3.259E-05 3.260E-05 3.260E-05 3.262E-05 3.263E-05 3.264E-05 3.265E-05 
TH-232 3.270E-10 3.271 E-10 3.272E-10 3.273E-10 3.275E-10 3.277E-10 3.280E-10 3.284E-10 3.287E-10 3.292E-10 
TH-234 5.591 E-04 5.591 E-04 5.591 E-04 5.591 E-04 5.591 E-04 5.591 E-04 5.591 E-04 5.591 E-04 5.591 E-04 5.591 E-04 
PA-231 4.975E-08 5.320E-08 5.664E-08 6.008E-08 6.352E-08 7.040E-08 8.072E-08 9.104E-08 1.014E-07 1.151E-07 
PA-233 5.948E-04 6.001 E-04 6.078E-04 6.173E-04 6.282E-04 6.530E-04 6.946E-04 7.385E-04 7.830E-04 8.417E-04 
PA-234M 5.591 E-04 5.591 E-04 5.591 E-04 5.591 E-04 5.591 E-04 5.591 E-04 5.591 E-04 5.591 E-04 5.591 E-04 5.591 E-04 
PA-234 7.268E-07 7.268E-07 7.268E-07 7.268E-07 7.268E-07 7.268E-07 7.268E-07 7.268E-07 7.268E-07 7.268E-07 
U-232 3.362E-05 3.567E-05 3.507E-05 3.374E-05 3.225E-05 2.933E-05 2.539E-05 2.198E-05 1.903E-05 1.570E-05 
U-233 1.429E-06 1.442E-06 1.455E-06 1.468E-06 1.482E-06 1.510E-06 1.554E-06 1.601 E-06 1.650E-06 1.721 E-06 
U-234 2.469E-03 2.550E-03 2.628E-03 2.703E-03 2.775E-03 2.911 E-03 3.096E-03 3.261 E-03 3.407E-03 3.576E-03 
U-235 3.258E-05 3.259E-05 3.259E-05 3.259E-05 3.260E-05 3.260E-05 3.262E-05 3.263E-05 3.264E-05 3.265E-05 
U-236 4.683E-04 4.684E-04 4.686E-04 4.687E-04 4.688E-04 4.691 E-04 4.695E-04 4.699E-04 4.704E-04 4.709E-04 
U-237 5.791 E-05 4.553E-05 3.580E-05 2.814E-05 2.213E-05 1.368E-05 6.647E-06 3.231 E-06 1.570E-06 6.001 E-07 
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DECAY TIMES (years out of core) 
(Activities* in Ci/rod) 

Radionuclide 5 10 15 20 25 35 50 65 80 100 
U-238 5.591 E-04 5.591 E-04 5.591E-04 5.591 E-04 5.591E-04 5.591 E-04 5.591E-04 5.591 E-04 5.591 E-04 5.591 E-04 
NP-237 5.948E-04 6.001 E-04 6.078E-04 6.173E-04 6.282E-04 6.530E-04 6.946E-04 7.385E-04 7.830E-04 8.417E-04 
PU-236 1.340E-04 3.977E-05 1.180E-05 3.503E-06 1.041 E-06 9.267E-08 3.521 E-09 1.190E-09 1.129E-09 1.128E-09 
PU-237 8.206E-15 7.350E-27 6.584E-39 5.898E-51 5.283E-63 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PU-238 5.847E+00 5.621E+00 5.404E+00 5.196E+00 4.995E+00 4.617E+00 4.103E+00 3.646E+00 3.241E+00 2.769E+00 
PU-239 7.202E-01 7.201 E-01 7.201E-01 7.200E-01 7.199E-01 7.197E-01 7.194E-01 7.191 E-01 7.188E-01 7.184E-01 
PU-240 9.197E-01 9.238E-01 9.271E-01 9.298E-01 9.319E-01 9.348E-01 9.370E-01 9.376E-01 9.373E-01 9.361 E-01 
PU-241 2.361E+02 1.856E+02 1.459E+02 1.147E+02 9.020E+01 5.575E+01 2.710E+01 1.317E+01 6.401 E+OO 2.446E+00 
PU-242 3.979E-03 3.979E-03 3.979E-03 3.979E-03 3.979E-03 3.979E-03 3.979E-03 3.979E-03 3.979E-03 3.979E-03 
PU-244 1.203E-09 1.203E-09 1.203E-09 1.203E-09 1.203E-09 1.203E-09 1.203E-09 1.203E-09 1.203E-09 1.203E-09 
AM-241 2.420E+00 4.075E+00 5.359E+00 6.351E+00 7.114E+00 8.139E+00 8.887E+00 9.134E+00 9.140E+00 8.981 E+OO 
AM-242M 2.038E-02 1.992E-02 1.947E-02 1.903E-02 1.860E-02 1.777E-02 1.660E-02 1.550E-02 1.448E-02 1.322E-02 
AM-242 2.028E-02 1.982E-02 1.937E-02 1.894E-02 1.851 E-02 1.769E-02 1.652E~02 1.543E-02 1.441E-02 1.315E-02 
AM-243 3.885E-02 3.883E-02 3.882E-02 3.880E-02 3.878E-02 3.874E-02 3.869E-02 3.863E-02 3.858E-02 3.851 E-02 
CM-242 6.123E-02 1.642E-02 1.603E-02 1.567E-02 1.531E-02 1.463E-02 1.366E-02 1.276E-02 1.191 E-02 1.088E-02 
CM-243 3.220E-02 2.852E-02 2.526E-02 2.237E-02 1.981 E-02 1.553E-02 1.079E-02 7.492E-03 5.203E-03 3.200E-03 
CM-244 9.561E+00 7.897E+00 6.522E+00 5.387E+00 4.449E+00 3.035E+00 1.710E+00 9.635E-01 5.428E-01 2.526E-01 
CM-245 1.223E-03 1.222E-03 1.222E-03 1.221E-03 1.221E-03 1.220E-03 1.218E-03 1.217E-03 1.215E-03 1.213E-03 
CM-246 1.796E-04 1.795E-04 1.793E-04 1.792E-04 1.791 E-04 1.788E-04 1.784E-04 1.780E-04 1.776E-04 1.771 E-04 
CM-247 6.257E-10 6.257E-10 6.257E-10 6.257E-10 6.257E-10 6.257E-10 6.257E-10 6.257E-10 6.257E-10 6.257E-10 

SUBTOTAL** 1.130E+03 7.795E+02 6.452E+02 5.510E+02 4.760E+02 3.611 E+02 2.449E+02 1.701E+02 1.207E+02 7.877E+01 
TOTAL*** 1.130E+03 7.795E+02 6.452E+02 5.510E+02 4.761E+02 3.612E+02 2.449E+02 1.702E+02 1.207E+02 7.879E+01 

* Four decimal places of accuracy are as reported by ORIGEN2 output and are not significant for many radionuc1ides. 
** Subtotal: total activity of the 145 isotopes listed in the table. 
*** Total: total activity ofthe ORIGEN2 output isotopes. 

---~-----~~--------
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Template 26 

Fuel-Specific Source Term Calculations 
Aluminum-Clad TRIGA Fuel 

Introduction 

The following data have been used in the Idaho National Engineering and Environmental 
Laboratory (INEEL) spent nuclear fuel source term calculational methodology to generate a generic 
source term for aluminum-clad TRIGA (Training, Research, and Isotope General Atomics) spent nuclear 
fuel elements currently stored at the INEEL. The data sources for the analysis are documented in 
References I and 2, and the INEEL calculational methodology is described in Reference 3. 

TRIGA Data 

TRIGA reactors are light-water-cooled reactors designed for training, research, and isotope
 
production. One type of fuel element used in a TRIGA reactor is an aluminum-clad,
 
uranium-zirconium-hydride (U-Zr-H) fuel element. The enriched uranium is homogeneously mixed in the
 
ZrH matrix. The cylindrical active fuel region in each aluminum-clad element is approximately 1.4 in. in
 
diameter and 14 or 15 in. in length. Figure 1 shows a typical aluminum-clad fuel element with dimensions
 
and materials. The data below give specific dimensions, materials, loadings, densities, enrichment, etc.,
 
for the aluminum-clad element used in the burnup calculation for the source term generation.
 

Fuel Element: 
Fuel Meat: U-Zr-H 

Zr:H ratio is 1.0 
Density = 6.28 glee 

Clad: AIuminum-l 100 
Density = 2.70 glee 

Loading: 36.0 g/element U-235 BOL 
144.0 glelement U-238 BOL
 
180.0 g/element U BOL 
2070.0 g/element ZrH in fuel meat 
8.0 weight % U in U-ZrHI.O
20% enrichment U-235 BOL 
280.0 g/element aluminum cladding 
450.0 g/element graphite top/bottom end reflectors 
19.7 g/element Sm203 (two poison disks)
 

Active Fuel Length: 14 in.
 
Fuel Element Length: 28 in. (approximate)
 

Water Temperature: 77.5°F
 
Water Pressure: 14.7 psia
 

From the above data (materials, enrichments, and densities), material masses and number 
densities were calculated for all the material components in a single aluminum-clad TRIGA fuel element. 
In addition, for the ORIGEN2 (Reference 4) depletion or burnup calculation, conservative and detailed 
impurity concentrations were added for the aluminum-clad, zirconium-hydride, and graphite end reflector 
masses. Table 1 gives the impurity concentrations for these three materials. 
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Burnup 

Reference 1 is a parametric study and includes radionuclide inventories or source terms for eight 
different burnups ranging up to 19.44%. The burnup chosen for this template is based on the 19.44% 
burnup of the initial U-235 or the maximum burnup used in the parametric study. This bumup is 
equivalent to 6.65 MWd, 36,944 MWd/MTU, and 8.07 g ofU-235 depleted per element and represents 
the upper end of typical aluminum-clad TRIGA fuel element burnups. The assumption of maximum 
burnup is conservative for the buildup of fission products, activation products, and minor actinides in the 
source term and nonconservative with regard to criticality safety. 

Cross-Section Development 

An MCNP4A (Reference 5) partial core model of a MARK I TRIGA reactor core was used to 
generate neutron cross sections specifically for the aluminum-clad TRIGA fuel element. The MCNP4A 
one-twelfth core model is shown in Figure 2. The cross sections are spectrally and spatially weighted over 
all the fuel elements shown in Figure 2. These cross sections are in tum used in the fuel element 
ORIGEN2 depletion calculation. 

Parametric TRIGA Single Element Exposure History 

Table 2 summarizes the single element exposure history of the aluminum-clad TRIGA fuel 
element from Reference 1. The burnup period is a hypothetical 4-year continuous exposure. TRIGA fuel 
elements typically remain in the core for much longer periods of time relative to the assumed 4-year 
in-core residency. Therefore, typical fuel elements would have more time to decay away their source 
term; therefore, the 4-year assumption is expected to produce a conservative source term. 

Burnup Calculation 

The ORIGEN2 computer code was used to perform the depletion or burnup calculation for the 
aluminum-clad TRIGA fuel element. The radionuclide inventory or source term template that follows is 
for a single aluminum-clad TRIGA fuel element. The fuel element component masses and impurities (fuel 
meat, uranium, clad, burnable poison, end fixtures), neutron cross sections, bumup, and hypothetical 
power history and power level as discussed above are input data for the ORIGEN2 calculation. The 
radionuclide concentrations are given as a function of decay time in the template table. 

The 145 radionuclides listed in the template represent greater than 99.9% of the total curie 
inventory had all 684 activation products, 880 fission products, and 127 actinide/daughter isotopes from 
the ORIGEN2 output been included in the template. 
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. Table 1. Material constituent and impurity concentrations for the various materials in an aluminum-clad 
TRIGA fuel element. 

Aluminum-I 100
 
Constituent or 

Impurity 
H 

Graphite Concentration 
(ppm) 

ZrH Concentration 
(wt%) 

1.0628 

Concentration
 
(wt%) 

Li 0.45 
Be 0.005 
B 2.5 0.00005 

C 100 wt% 0.026968 

N
 0.00799 

0
 0.094887 

Na 10.4
 
Mg 
Al 
Si 

I
 
4.1
 

26
 
0.007491 
0.011986 

99.3 
0.25 

p 1
 0.009988 

S 9.4
 0.003496 
CI 3
 
K 3
 
Ca 22.5
 
Sc 0.01
 
Ti 16
 0.004994 
V 18.9
 0.004994 
Cr 1
 0.124851 
Mn 1
 0.004994 0.025 

Fe 11.1
 0.224731 0.25 

Co 4
 0.001998 
Ni 4.6
 0.006992 
Cu 0.47
 0.004994 0.125 

Zn 1
 0.009988 0.05 

Rb 1
 
Sr 0.47
 
Zr 0.5
 98.9082 

Nb 1.74
 0.006992 
Mo 1
 0.004994 
Ag 
Cd 

0.5
 
0.5
 0.000050 

lIn 1
 
Sn 1
 1.598089 

Sb 1
 
Cs 1
 
:Ba 2.9
 
La 1.38
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Table 1. (continued). 
Aluminum-l 100 

Constituent or Graphite Concentration ZrH Concentration Concentration 
Impurity (ppm)	 (wt%) (wt%) 

Ce 0.56 
Pr 0.64 
Nd 0.36 
Sm 0.61 0.000999 
Gd 0.08 0.000499 
Tb 0.26 
Dy 0.16 
Ho 0.08 
Er 0.04 
Tm 0.04 
Yb 0.06 
Lu 0.02 
Hf 0.17 0.003496 
Ta 0.35 0.019976 
W 25.5 0.009988 
Tl I 
Pb 6.9 0.009988 
Bi I 
Th 0.000699 
U 0.000350 

Table 2. Hypothetical power history for a maximum bumup aluminum-clad TRIGA fuel element 
Duration 

(days) 
Cumulative Duration 

(days) 
Time-Averaged Power 

(MWth) 
365 
365 
365 
365 

1825 
1825 
1825 
1825 
1825 
3650 
5475 
5475 
5475 
7300 

365 
730 

1095 
1460 
3285 
5110 
6935 
8760 

10585 
14235 
19710 
25185 
30660	 
37960 

0.004555 
0.004555 
0.004555 
0.004555 
0.0
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0
 

The ten decay times following the hypothetical4-year exposure are for 5, 10, 15,20,25,35,50,65,80,
 
and IOO-year cooling time periods designated for the template methodology.
 

I
 

OE/SNFIREP-078	 January 2004 
evision 1	 PageA-161 of A-212 



January 2004 DOE/SNFIREP-078 
Page A-162 of A-212Revision 1 

I
 
I 

I
 
I

I
 
I 
I
 
I
 
I
 
I 
I 
I 
I 
I
 
I 
I 
I 
I 
I 

28.37 In. 

,/' ALUMINUM SPACERf :::~::~,~r
 

I 

ALUMINUM TUBE 

CLADDING 
THICKNESS 

O.G3ill.~ 

! / 
I_'-I ~ 

, 
I 

1.47 ill. 

ZIRCONIUM 
ROD 
ID.225 .n. DIAl 
ONLY FOR 
15 ill. FUEL 
ELEMENTS 

I 

"""""'"''' WEND-FIXTURE~ 

[j,"M"".' 

I, 

~ 
I 
I 

SAMARIUM TRIOXIDE DISC 121 
ONLY FOR 14 in. FUEL 
ELEMENTS PRID RTO 11/6164 
0.05 in. THICK 

14.0 In. 

~J
Figure 1. A typical aluminum-clad Mark I TRIGA fuel element. 
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Light Water Refleetor-X 

\ 

Graphite Reflector 

TRIGA Fuel Elements ----J.'----"1 Light Water 
Coolant/Moderator 

Figure 2. MCNP partial core model of a Mark I TRIGA reactor core. 



TRIGA Element 
Aluminum Cladding, 10 to 20%-Enriched U-235 Fuel 

Reactor Moderator/Coolant: 
Fuel Meat: 
Clad: 

Light Water 
U-Zr-H1.0 
Aluminum 

Burnup: 
Burnup: 
Burnup: 
Basis of Calculation: 
BOL U-235: 
BOL U-238: 
BOL Total U per element: 
BOL Fuel Enrichment: 

6.65 MWd/element (maximum element burnup) 
19.44% U-235 burnup (amount fissioned) 
8.07 g U-235 depletion (amount fissioned and transmuted) 
Single element 
36.0 g U-235 per element (design basis) 
144.0 g U-238 per element 
180.0 g U per element 
20.0 wt% 

DECAY TIMES (years out of core) 
(Activities* in Ci/element) 

Radionuclide 5 10 15 20 25 35 50 65 80 100 
H-3 7.185E-02 5.427E-02 4.100E-02 3.097E-02 2.339E-02 1.335E-02 5.757E-03 2.482E-03 1.070E-03 3.485E-04 
BE-1O 1.565E-07 1.565E-07 1.565E-07 1.565E-07 1.565E-07 1.565E-07 1.565E-07 1.565E-07 1.565E-07 1.565E-07 
C-14 2.880E-04 2.878E-04 2.877E-04 2.875E-04 2.873E-04 2.870E-04 2.865E-04 2.859E-04 2.854E-04 2.847E-04 
CL-36 2.861 E-07 2.861 E-07 2.861E-07 2.861 E-07 2.861E-07 2.861 E-07 2.861 E-07 2.861E-07 2.861 E-07 2.860E-07 
CR-51 1.398E-20 2.081 E-40 3.097E-60 4.611E-80 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
MN-54 5.494E-04 9.591 E-06 1.674E-07 2.923E-09 5.103E-11 1.555E-14 8.274E-20 4.402E-25 2.342E-30 2.176E-37 
FE-55 5.771 E-02 1.523E-02 4.020E-03 1.061 E-03 2.800E-04 1.951 E-05 3.587E-07 6.594E-09 1.212E-10 5.883E-13 
FE-59 6.039E-15 3.737E-27 2.312E-39 1.431 E-51 8.855E-64 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CO-60 2.062E-01 1.069E-01 5.540E-02 2.872E-02 1.488E-02 3.998E-03 5.566E-04 7.750E-05 1.079E-05 7.786E-07 
NI-59 7.771 E-06 7.770E-06 7.770E-06 7.770E-06 7.769E-06 7.769E-06 7.768E-06 7.767E-06 7.766E-06 7.764E-06 
NI-63 9.698E-04 9.340E-04 8.995E-04 8.662E-04 8.342E-04 7.737E-04 6.911 E-04 6.173E-04 5.514E-04 4.743E-04 
ZN-65 3.987E-04 2.228E-06 1.245E-08 6.954E-11 3.885E-13 1.213E-17 2.116E-24 3.690E-31 6.437E-38 6.273E-47 
SE-79 8.604E-05 8.603E-05 8.603E-05 8.602E-05 8.602E-05 8.601 E-05 8.599E-05 8.598E-05 8.597E-05 8.595E-05 
KR-85 1.677E+00 1.214E+00 8.790E-01 6.363E-01 4.606E-01 2.414E-01 9.158E-02 3.475E-02 1.318E-02 3.620E-03 
RB-87 5.715E-09 5.715E-09 5.715E-09 5.715E-09 5.715E-09 5.715E-09 5.715E-09 5.715E-09 5.715E-09 5.715E-09 
SR-89 2.298E-09 3.034E-20 4.007E-31 5.290E-42 6.984E-53 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SR-90 1.729E+01 1.536E+01 1.363E+01 1.210E+01 1.075E+01 8.472E+00 5.930E+00 4.151E+00 2.905E+00 1.805E+00 
Y-90 1.730E+01 1.536E+01 1.364E+01 1.211 E+01 1.075E+01 8.475E+00 5.932E+00 4.152E+00 2.906E+00 1.806E+00 
Y-91 8.752E-08 3.565E-17 1.452E-26 5.917E-36 2.411 E-45 4.000E-64 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
ZR-93 5.433E-04 5.433E-04 5.433E-04 5.433E-04 5.433E-04 5.433E-04 5.433E-04 5.433E-04 5.433E-04 5.433E-04 
ZR-95 6.734E-07 1.744E-15 4.521 E-24 1.172E-32 3.034E-41 2.037E-58 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
NB-93M 1.542E-04 2.355E-04 2.986E-04 3.475E-04 3.854E-04 4.376E-04 4.795E-04 4.991 E-04 5.081 E-04 5.132E-04 - - - - - - - - - - - - - ,- - - - - 
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DECAY TIMES (years out of core) 
(Activities* in Ci/element) 

Radionuclide 5 10 15 20 25 35 50 65 80 100 
NB-94 2.386E-05 2.386E-05 2.385E-05 2.385E-05 2.385E-05 2.384E-05 2.383E-05 2.381E-05 2.380E-05 2.379E-05 
NB-95 1.495E-06 3.874E-15 1.004E-23 2.600E-32 6.737E-41 4.523E-58 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
NB-95M 4.996E-09 1.294E-17 3.353E-26 8.690E-35 2.252E-43 1.512E-60 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
MO-93 5.903E-07 5.897E-07 5.891 E-07 5.885E-07 5.880E-07 5.868E-07 5.851 E-07 5.833E-07 5.816E-07 5.793E-07 
TC-99 2.934E-03 2.934E-03 2.934E-03 2.934E-03 2.934E-03 2.934E-03 2.934E-03 2.934E-03 2.933E-03 2.933E-03 
RU-103 1.281 E-12 1.325E-26 1.370E-40 1.417E-54 1.466E-68 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
RU-106 6.234E-01 2.007E-02 6.463E-04 2.081 E-05 6.700E-07 6.945E-10 2.318E-14 7.736E-19 2.582E-23 2.775E-29 
RH-103M 1.155E-12 1.195E-26 1.235E-40 1.278E-54 1.321 E-68 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
RH-106 6.234E-01 2.007E-02 6.463E-04 2.081 E-05 6.700E-07 6.945E-10 2.318E-14 7.737E-19 2.582E-23 2.775E-29 
PD-107 4.271 E-06 4.271 E-06 4.271E-06 4.271E-06 4.271 E-06 4.271 E-06 4.271E-06 4.271 E-06 4.271 E-06 4.271E-06 
AG-110 9.707E-07 6.146E-09 3.890E-11 2.463E-13 1.559E-15 6.250E-20 1.585E-26 4.024E-33 1.021 E-39 1.640E-48 
AG-110M 7.299E-05 4.621 E-07 2.925E-09 1.852E-11 1.173E-13 4.699E-18 1.193E-24 3.025E-31 7.676E-38 1.233E-46 
AG-111 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CD-113M 2.179E-03 1.718E-03 1.355E-03 1.069E-03 8.430E-04 5.244E-04 2.572E-04 1.262E-04 6.191 E-05 2.395E-05 
CD-113 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CD-115M 3.075E-14 1.474E-26 7.065E-39 3.387E-51 1.624E-63 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
IN-114 1.644E-14 1.320E-25 1.060E-36 8.503E-48 6.825E-59 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
IN-114M 1.718E-14 1.379E-25 1.107E-36 8.885E-48 7.132E-59 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
IN-115M 2.159E-18 1.035E-30 4.960E-43 2.378E-55 1.140E-67 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
8N-119M 1.902E-02 1.089E-04 6.236E-07 3.570E-09 2.044E-11 6.702E-16 1.258E-22 2.362E-29 4.434E-36 4.767E-45 
8N-121M 4.467E-04 4.168E-04 3.889E-04 3.629E-04 3.386E-04 2.947E-04 2.394E-04 1.945E-04 1.580E-04 1.197E-04 
8N-123 2.183E-05 1.219E-09 6.802E-14 3.797E-18 2.119E-22 6.600E-31 1.148E-43 1.996E-56 3.469E-69 3.367E-86 
8N-125 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
8N-126 8.139E-05 8.138E-05 8.138E-05 8.138E-05 8.138E-05 8.137E-05 8.136E-05 8.135E-05 8.134E-05 8.133E-05 
8B-124 9.863E-12 7.372E-21 5.510E-30 4.119E-39 3.079E-48 1.720E-66 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
8B-125 6.261 E-01 1.793E-01 5.135E-02 1.471 E-02 4.212E-03 3.455E-04 8.116E-06 1.907E-07 4.479E-09 3.013E-11 
8B-126 1.139E-05 1.139E-05 1.139E-05 1.139E-05 1.139E-05 1.139E-05 1.139E-05 1.139E-05 1.139E-05 1.139E-05 
8B-126M 8.139E-05 8.138E-05 8.138E-05 8.138E-05 8.138E-05 8.137E-05 8.136E-05 8.135E-05 8.134E-05 8.133E-05 
TE-123M 5.982E-10 1.536E-14 3.943E-19 1.012E-23 2.598E-28 1.712E-37 2.896E-51 4.899E-65 8.289E-79 3.599E-97 
TE-125M 1.527E-01 4.375E-02 1.253E-02 3.588E-03 1.028E-03 8.430E-05 1.980E-06 4.652E-08 1.093E-09 7.352E-12 
TE-127 8.452E-06 7.709E-11 7.031E-16 6.413E-21 5.849E-26 4.866E-36 3.692E-51 2.801 E-66 2.126E-81 O.OOOE+OO 
TE-127M 8.629E-06 7.871 E-11 7.179E-16 6.547E-21 5.972E-26 4.968E-36 3.769E-51 2.860E-66 2.170E-81 O.OOOE+OO 
TE-129 1.160E-16 5.172E-33 2.306E-49 1.028E-65 4.583E-82 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
TE-129M 1.782E-16 7.945E-33 3.542E-49 1.579E-65 7.041 E-82 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
1-129 4.908E-06 4.908E-06 4.908E-06 4.908E-06 4.908E-06 4.908E-06 4.908E-06 4.908E-06 4.908E-06 4.908E-06 
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DECAY TIMES (years out of core) 
(Activities* in Ci/element) 

RadioFluelide 5 10 15 20 25 35 50 65 80 100 
1-131 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
XE-131M O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
XE-133 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CS-134 6.894E-01 1.285E-01 2.396E-02 4.468E-03 8.329E-04 2.895E-05 1.876E-07 1.216E-09 7.879E-12 9.520E-15 
CS-135 2.098E-04 2.098E-04 2.098E-04 2.098E-04 2.098E-04 2.098E-04 2.098E-04 2.098E-04 2.098E-04 2.098E-04 
CS-136 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CS-137 1.833E+01 1.633E+01 1.455E+01 1.296E+01 1.155E+01 9.169E+00 6.485E+OO 4.586E+OO 3.244E+00 2.044E+00 
BA-136M O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
BA-137M 1.734E+01 1.545E+01 1.376E+01 1.226E+01 1.093E+01 8.674E+00 6.135E+00 4.339E+00 3.069E+00 1.934E+00 
BA-140 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
LA-140 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CE-141 ?.761E-15 3.492E-32 4.417E-49 5.587E-66 7.066E-83 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CE-142 5.891 E-09 5.891E-09 5.891 E-09 5.891E-09 5.891 E-09 5.891 E·09 5.891 E-09 5.891 E-09 5.891E-09 5.891E-09 
CE-144 2.304E+00 2.691 E-02 3.142E-04 3.669E-06 4.284E-08 5.841E-12 9.300E-18 1.481 E-23 2.358E-29 4.383E-37 
PR-143 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PR-144 2.304E+00 2.691E-02 3.142E-04 3.669E-06 4.284E-08 5.841E-12 9.301 E-18 1.481 E-23 2.358E-29 4.383E-37 
PR-144M 2.765E-02 3.229E-04 3.770E-06 4.403E-08 5.141E-10 7.010E-14 1.116E-19 1.777E-25 2.829E-31 5.260E-39 
ND-144 2.873E-13 2.882E-13 2.882E-13 2.882E-13 2.882E-13 2.882E-13 2.882E-13 2.882E-13 2.882E-13 2.882E-13 
ND-147 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PM-145 8.891E-03 7.387E-03 6.076E-03 4.996E-03 4.108E-03 2.778E-03 1.545E-03 8.587E-04 4.775E-04 2.183E-04 
PM-147 1.381 E+01 3.688E+00 9.849E-01 2.631E-01 7.027E-02 5.013E-03 9.551 E-05 1.820E-06 3.468E-08 1.765E-10 
PM-148M 1.009E-13 5.016E-27 2.495E-40 1.241E-53 6.170E-67 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PM-148 5.681E-15 2.825E-28 1.405E-41 6.987E-55 3.475E-68 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SM-145 1.706E-03 4.135E-05 1.002E-06 2.428E-08 5.884E-10 3.455E-13 4.916E-18 6.996E-23 9.955E-28 3.433E-34 
SM-147 6.419E-08 6.444E-08 6.451 E-08 6.452E-08 6.453E-08 6.453E-08 6.453E-08 6.453E-08 6.453E-08 6.453E-08 
SM-151 1.810E+00 1.742E+00 1.676E+00 1.612E+00 1.552E+00 1.437E+00 1.280E+OO 1.141E+00 1.016E+00 8.711 E-01 
EU-152 5.693E-02 4.413E-02 3.421 E-02 2.652E-02 2.056E-02 1.236E-02 5.755E-03 2.680E-03 1.249E-03 4.508E-04 
EU-154 8.971 E+OO 5.997E+00 4.009E+OO 2.680E+00 1.792E+00 8.007E-01 2.392E-01 7.146E-02 2.135E-02 4.264E-03 
EU-155 2.918E+OO 1.451 E+OO 7.220E-01 3.591 E-01 1.786E-01 4.419E-02 5.438E-03 6.691 E-04 8.235E-05 5.040E-06 
EU-156 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
GD-153 1.521E-04 8.172E-07 4.388E-09 2.356E-11 1.266E-13 3.648E-18 5.649E-25 8.747E-32 1.355E-38 1.126E-47 
TB-160 1.431 E-1 0 3.609E-18 9.101E-26 2.295E-33 5.788E-41 3.681 E-56 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
TL-206 1.688E-12 1.688E-12 1.688E-12 1.688E-12 1.688E-12 1.688E-12 1.688E-12 1.688E-12 1.688E-12 1.688E-12 
TL-207 2.692E-09 5.352E-09 8.560E-09 1.223E-08 1.631 E-08 2.541 E-08 4.083E-08 5.765E-08 7.534E-08 9.970E-08 
TL-208 1.209E-07 1.294E-07 1.262E-07 1.210E-07 1.155E-07 1.049E-07 9.089E-08 7.876E-08 6.825E-08 5.645E-08 - - - - - .. - - - - .. - - - - - - - 
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DECAY TIMES (years out of core) 
(Activities* in Ci/element) 

Radionuclide 5 10 15 20 25 35 50 65 80 100 
PB-210 2.012E-14 5.487E-14 1.253E-13 2.431 E-13 4.200E-13 9.972E-13 2.589E-12 5.305E-12 9.409E-12 1.745E-11 
PB-211 2.699E-09 5.367E-09 8.584E-09 1.227E-08 1.635E-08 2.548E-08 4.094E-08 5.781 E-08 7.555E-08 9.998E-08 
PB-212 3.364E-07 3.603E-07 3.513E-07 3.367E-07 3.214E-07 2.920E-07 2.530E-07 2.192E-07 1.899E-07 1.571E-07 
BI-211 2.699E-09 5.367E-09 8.584E-09 1.227E-08 1.635E-08 2.548E-08 4.094E-08 5.781 E-08 7.555E-08 9.998E-08 
BI-212 3.364E-07 3.603E-07 3.513E-07 3.367E-07 3.214E-07 2.920E-07 2.530E-07 2.192E-07 1.899E-07 1.571E-07 
PO-212 2.155E-07 2.308E-07 2.251 E-07 2.157E-07 2.059E-07 1.871 E-07 1.621 E-07 1.404E-07 1.217E-07 1.007E-07 
PO-215 2.699E-09 5.367E-09 8.584E-09 1.227E-08 1.635E-08 2.548E-08 4.094E-08 5.781 E-08 7.555E-08 9.998E-08 
PO-216 3.364E-07 3.603E-07 3.513E-07 3.367E-07 3.214E-07 2.920E-07 2.530E-07 2.192E-07 1.899E-07 1.571E-07 
RN-219 2.699E-09 5.367E-09 8.584E-09 1.227E-08 1.635E-08 2.548E-08 4.094E-08 5.781 E-08 7.555E-08 9.998E-08 
RN-220 3.364E-07 3.603E-07 3.513E-07 3.367E-07 3.214E-07 2.920E-07 2.530E-07 2.192E-07 1.899E-07 1.571E-07 
FR-223 3.723E-11 7.399E-11 1.183E-10 1.691 E-1 0 2.253E-10 3.512E-10 5.645E-10 7.970E-10 1.041 E-09 1.378E-09 
RA-223 2.699E-09 5.367E-09 8.584E-09 1.227E-08 1.635E-08 2.548E-08 4.094E-08 5.781 E-08 7.555E-08 9.998E-08 
RA-224 3.364E-07 3.603E-07 3.513E-07 3.367E-07 3.214E-07 2.920E-07 2.530E-07 2.192E-07 1.899E-07 1.571E-07 
RA-226 1.546E-13 3.814E-13 7.197E-13 1.181E-12 1.776E-12 3.411E-12 7.118E-12 1.254E-11 1.990E-11 3.302E-11 
RA-228 9.560E-10 1.207E-09 1.357E-09 1.447E-09 1.500E-09 1.551 E-09 1.573E-09 1.578E-09 1.579E-09 1.579E-09 
AC-227 2.698E-09 5.362E-09 8.573E-09 1.225E-08 1.633E-08 2.545E-08 4.090E-08 [,775E-08 7.547E-08 9.988E-08 
TH-227 2.662E-09 5.293E-09 8.465E-09 1.210E-08 1.613E-08 2.513E-08 4.038E-08 5.702E-08 7.451 E-08 9.860E-08 
TH-228 3.363E-07 3.600E-07 3.510E-07 3.364E-07 3.211 E-07 2.919E-07 2.530E-07 2.192E-07 1.899E-07 1.571 E-07 
TH-229 5.691 E-10 9.808E-10 1.392E-09 1.804E-09 2.215E-09 3.038E-09 4.271 E-09 5.503E-09 6.734E-09 8.374E-09 
TH-230 8.096E-11 1.300E-10 1.845E-10 2.444E-10 3.094E-10 4.540E-10 7.045E-10 9.914E-10 1.311 E-09 1.781E-09 
TH-231 6.040E-05 6.040E-05 6.040E-05 6.040E-05 6.040E-05 6.040E-05 6.041 E-05 6.041 E-05 6.041 E-05 6.041 E-05 
TH-232 1.579E-09 1.579E-09 1.579E-09 1.579E-09 1.579E-09 1.579E-09 1.579E-09 1.579E-09 1.579E-09 1.579E-09 
TH-234 4.814E-05 4.814E-05 4.814E-05 4.814E-05 4.814E-05 4.814E-05 4.814E-05 4.814E-05 4.814E-05 4.814E-05 
PA-231 1.753E-08 2.392E-08 3.030E-08 3.669E-08 4.308E-08 5.584E-08 7.498E-08 9.411 E-08 1.132E-07 1.387E-07 
PA-233 9.598E-06 9.618E-06 9.646E-06 9.681 E-06 9.721 E-06 9.810E-06 9.960E-06 1.012E-05 1.028E-05 1.049E-05 
PA-234M 4.814E-05 4.814E-05 4.814E-05 4.814E-05 4.814E-05 4.814E-05 4.814E-05 4.814E-05 4.814E-05 4.814E-05 
PA-234 6.259E-08 6.259E-08 6.259E-08 6.259E-08 6.259E-08 6.259E-08 6.259E-08 6.259E-08 6.259E-08 6.259E-08 
U-232 3.725E-07 3.581 E-07 3.423E-07 3.265E-07 3.112E-07 2.827E-07 2.447E-07 2.118E-07 1.834E-07 1.513E-07 
U-233 8.731 E-07 8.733E-07 8.735E-07 8.736E-07 8.738E-07 8.742E-07 8.748E-07 8.754E-07 8.760E-07 8.769E-07 
U-234 1.027E-06 1.152E-06 1.273E-06 1.389E-06 1.501 E-06 1.711 E-06 1.997E-06 2.252E-06 2.478E-06 2.742E-06 
U-235 6.040E-05 6.040E-05 6.040E-05 6.040E-05 6.040E-05 6.040E-05 6.041 E-05 6.041 E-05 6.041 E-05 6.041E-05 
U-236 8.457E-05 8.457E-05 8.458E-05 8.458E-05 8.458E-05 8.458E-05 8.459E-05 8.460E-05 8.460E-05 8.461E-05 
U-237 2.051 E-07 1.613E-07 1.268E-07 9.969E-08 7.838E-08 4.845E-08 2.355E-08 1.144E-08 5.561 E-09 2.125E-09 
U-238 4.814E-05 4.814E-05 4.814E-05 4.814E-05 4.814E-05 4.814E-05 4.814E-05 4.814E-05 4.814E-05 4.814E-05 
NP-237 9.598E-06 9.618E-06 9.646E-06 9.681 E-06 9.721 E-06 9.810E-06 9.960E-06 1.012E-05 1.028E-05 1.049E-05 
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DECAY TIMES (years out of core) 
(Activities* in Ci/element) 

Radionuelide 5 10 15 20 25 35 50 65 80 100 
PU-236 1.173E-07 3.483E-08 1.034E-08 3.069E-09 9.121E-10 8.206E-11 3.991 E-12 1.950E-12 1.897E-12 1.895E-12 
PU-237 1.346E-18 1.206E-30 1.080E-42 9.678E-55 8.669E-67 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PU-238 8.987E-03 8.640E-03 8.306E-03 7.985E-03 7.676E-03 7.094E-03 6.303E-03 5.600E-03 4.976E-03 4.250E-03 
PU-239 3.787E-02 3.786E-02 3.786E-02 3.785E-02 3.785E-02 3.784E-02 3.782E-02 3.780E-02 3.779E-02 3.776E-02 
PU-240 1.506E-02 1.505E-02 1.504E-02 1.504E-02 1.503E-02 1.501 E-02 1.499E-02 1.496E-02 1.494E-02 1.491 E-02 
PU-241 8.362E-01 6.574E-01 5.169E-01 4.064E-01 3.195E-01 1.975E-01 9.598E-02 4.665E-02 2.267E-02 8.661 E-03 
PU-242 2.035E-06 2.035E-06 2.035E-06 2.035E-06 2.035E-06 2.035E-06 2.035E-06 2.035E-06 2.035E-06 2.035E-06 
PU-244 4.531 E-15 4.531 E-15 4.531E-15 4.531 E-15 4.531E-15 4.531E-15 4.531 E-15 4.531 E-15 4.531E-15 4.531E-15 
AM-241 9.166E-03 1.502E-02 1.957E-02 2.308E-02 2.577E-02 2.939E-02 3.203E-02 3.289E-02 3.290E-02 3.232E-02 
AM-242M 1.325E-05 1.296E-05 1.266E-05 1.238E-05 1.210E-05 1.156E-05 1.080E-05 1.008E-05 9.417E-06 8.597E-06 
AM-242 1.319E-05 1.289E-05 1.260E-05 1.232E-05 1.204E-05 1.150E-05 1.074E-05 1.003E-05 9.370E-06 8.554E-06 
AM-243 1.551 E-06 1.550E-06 1.550E-06 1.549E-06 1.548E-06 1.547E-06 1.545E-06 1.542E-06 1.540E-06 1.537E-06 
CM-242 3.330E-05 1.067E-05 1.043E-05 1.019E-05 9.961E~06 9.513E-06 8.884E-06 8.297E-06 7.749E-06 7.074E-06 
CM-243 1.824E-06 1.615E-06 1.430E-06 1.267E-06 1.122E-06 8.797E-07 6.110E-07 4.243E-07 2.947E-07 1.812E-07 
CM-244 2.095E-05 1.730E-05 1.429E-05 1.180E-05 9.749E-06 6.650E-06 3.747E-06 2.111 E-06 1.189E-06 5.535E-07 
CM-245 2.407E-10 2.406E-10 2.405E-10 2.404E-10 2.403E-10 2.401E-10 2.398E-10 2.395E-10 2.392E-10 2.388E-10 
CM-246 7.528E-12 7.522E-12 7.517E-12 7.511 E-12 7.506E-12 7.495E-12 7.478E-12 7.462E-12 7.446E-12 7.424E-12 
CM-247 1.887E-18 1.887E-18 1.887E-18 1.887E-18 1.887E-18 1.887E-18 1.887E-18 1.887E-18 1.887E-18 1.887E-18 

SUBTOTAL** 1.081 E+02 7.800E+01 6.469E+01 5.559E+01 4.851E+01 3.764E+01 2.630E+01 1.862E+01 1.330E+01 8.573E+00 
TOTAL*** 1.081 E+02 7.801 E+01 6.469E+01 5.560E+01 4.852E+01 3.764E+01 2.631 E+01 1.863E+01 1.330E+01 8.573E+00 

* Four decimal places of accuracy are as reported by OR1GEN2 output and are not significant for many radionuc1ides. 
** Subtotal: total activity of the 145 isotopes listed in the table. 
*** Total: total activity of the ORlGEN2 output isotopes. 

-----~-------------
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Template 27 

Fuel-Specific Source Term Calculations 
TRIGA FLIP Fuel 

Introduction 

The following data have been used in the Idaho National Engineering and Environmental 
Laboratory (INEEL) spent nuclear fuel source term calculational methodology to generate a source term 
for the Training, Research, and Isotope General Atomics (TRlGA) high-enrichment Fuel Life 
Improvement Program (FLIP) spent nuclear fuel elements currently stored at the INEEL. The data 
sources are documented in References 1 and 2, and the INEEL calculational methodology is described in 
Reference 3. 

TRIGA Data 

TRlGA reactors are light-water-cooled reactors designed for training, research, and isotope 
production. One type of fuel element used in a TRlGA reactor is a highly enriched, stainless steel-clad, 
uranium-zirconium-hydride (U-Zr-H) fuel element. The highly enriched uranium is homogenously mixed 
in the ZrH matrix. The cylindrical active fuel region in each element is approximately 1.4 in. in diameter 
and 15 in. in length. Figure 1 shows a typical TRlGA FLIP fuel element with dimensions and materials. 
The data below give specific dimensions, materials, loadings, densities, enrichment, etc., for the fuel 
element used in the bumup calculation for the source term generation. 

Fuel Element:
 
Fuel Meat: U-Zr-H
 

Zr:H ratio is 1.6 
Density = 5.92 glee 

Clad: Stainless Steel 
Density = 7.92 glee 

Loading: 137.0 g/element U-235 BOL 
59.0 g/element U-238 BOL 
196.0 g/element U BOL 
2060.0 g/element Zr in fuel meat 
8.5 weight % U in U-ZrHI.6 
70% enrichment U-235 BOL 
800.0 g/element stainless steel cladding (819.414 g/element with 

impurities) 
450.0 g/element carbon in reflector 
36.0 g/element natural erbium poison 

Active Fuel Length: 15 in. 
Fuel Element Length: 29 in. (approximate) 

Water Temperature: 77.5°F 
Water Pressure: 14.7 psia 

From the above data (materials, enrichments, and densities), material masses and number 
densities were calculated for all the material components in a single TRlGA FLIP fuel element. In 
addition, for the ORlGEN2 (Reference 4) depletion or bumup calculation, conservative and detailed 
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I 
impurity concentrations were added for the stainless steel clad, zirconium-hydride, and graphite end 
reflectors. Table 1 gives the impurity concentrations for these materials. 

Burnup 

Reference 1 is a parametric study and includes radionuclide inventories or source terms for 
14 different bumups ranging up to 51.09%. The bumup chosen for this template is based on the 51.09% 
burnup of the initial U-235 or the maximum bumup used in the parametric study. This bumup is 
equivalent to 66.52 MWd, 339,388 MWdlMTU, and 81.84 grams ofU-235 depleted per element and 
represen~s the upper end of typical TRIGA FLIP fuel element burnups. The assumption of maximum 
burnup is conservative for the buildup of fission products, activation products, and minor actinides in the 
source term and nonconservative with regard to criticalitv safety. 

Cross-Section Development 

An MCNP4A (Reference 5) partial core model of a MARK I TRIGA reactor core was used to 
generate neutron cross sections specifically for the TRIGA FLIP fuel element. The MCNP4A one-twelfth 
core model is shown in Figure 2 with all fuel elements modeled as TRIGA FLIP elements. The cross 
sections are spectrally and spatially weighted over all the fuel elements shown in Figure 2. These cross 
sections are in tum used in the fuel element ORIGEN2 depletion calculation. 

Parametric TRIGA Single Element Exposure History 

Table 2 summarizes the single element exposure history of the TRIGA FLIP fuel element from 
Reference 1. The burnup period is a hypothetical 4-year continuous exposure. TRIGA fuel elements 
typically remain in the core for much longer periods of time relative to the assumed 4-year in-core 
residency. Therefore, typical fuel elements would have more time to decay away their source term; 
therefore, the 4-year assumption is expected to produce a conservative source term. 

Burnup Calculation 

The ORIGEN2 computer code was used to perform the depletion or burnup calculation for the 
TRIGA FLIP fuel element. The radionuclide inventory or source term template that follows is for a single 
TRIGA FLIP fuel element. The fuel element component masses and impurities (fuel meat, uranium, clad, 
burnable poison, end fixtures), neutron cross sections, bumup, and hypothetical power history and power 
level as discussed above are input data for the ORIGEN2 calculation. The radionuclide concentrations are 
given as a function of decay time in the template table. 

The 145 radionuclides listed in the template represent greater than 99.1 % of the total curie 
inventory had all 684 activation products, 880 fission products, and 127 actinide/daughter isotopes from 
the ORIGEN2 output been included in the template. 
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Table 1. Material constituent and impurity concentrations for the various materials in a TRIGA FLIP fuel 
element. 

Stainless Steel 
Constituent or 

Impurity 
Graphite Concentration 

(ppm) 
ZrH Concentration 

(wt%) 
Concentration 

(ppm) 
H 1.7373 
Li 0.45 0.13 
Be 0.005 
B 2.5 0.00005 
C 100 wt% 0.026968 0.08 wt% 
N 0.00799 525 
0 0.094887 
Na 10.4 37 
Mg I 
Al 4.1 0.007491 200 
Si 26 0.011986 1.00 wt% 
p 1 0.009988 
S 9.4 0.003496 
CI 3 130
 
K 3 3
 
Ca 22.5 19
 
Sc 0.01 0.03
 
Ti 16 0.004994 600
 
V 18.9 0.004994 690
 
Cr 1 0.124851 18.40 wt% 
Mn 1 0.004994 1.53 wt% 
Fe ILl 0.224731 68.99 wt% 
Co 4 0.001998 2570 
Ni 4.6 0.006992 1O.00wt% 
Cu 0.47 0.004994 8150 
Zn 1 0.009988 2230 
Ga 450 
As 1010 
Se 70 
Br 8 
Rb I 10 
Sr 0.47 0.2
 
y 5
 
Zr 0.5 98.2627 20
 
Nb 1.74 0.006992 300
 
Mo 1 0.004994 5500 
Ag 0.5 2 
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Table 1. (continued). 
Stainless Steel 

Constituent or 
Impurity 

Graphite Concentration 
(ppm) 

ZrH Concentration 
(wt%) 

Concentration 
(ppm) 

Cd 0.5 0.000050 
In I 
Sn 1 1.598089 
Sb I 17 
Cs 1 0.3 
Ba 2.9 500 
La 1.38 2.1 
Ce 0.56 550 
Pr 0.64 
Nd 0.36 
Sm 0.61 0.000999 0.15
Eu 0.02 
Gd 0.08 0.000499 
Tb 0.26 0.71 
Dy 0.16 1 
Ho 0.08 1 
Er 0.04 
Tm 0.04 
Yb 0.06 2 
Lu 0.02 0.8 
Hf 0.17 0.003496 2 
Ta 0.35 0.019976 
W 25.5 0.009988 520 
T1 1 
Pb 6.9 0.009988 139 
Bi 1 
Th 0.000699 1 
U 0.000350 2 
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Table 2. Hypothetical power history for a maximum bumup TRIGA FLIP fuel element. 
Duration 

(days) 
Cumulative Duration 

(days) 
Time-Averaged Power 

(MWth) 
365 
365 
365 
365 

1825 
1825 
1825 
1825 
1825 
3650 -
5475 
5475 
5475 
7300 

365 
730 

1095 
1460 
3285 
5110 
6935 
8760 

10585 
14235 
19710 
25185 
30660 
37960 

0.04555 
0.04555 
0.04555 
0.04555 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

The ten decay times following the hypothetical4-year exposure are for 5, 10, 15,20,25,35,50,65,80, 
and 100-year cooling time periods designated for the template methodology. 

I 
I 
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Figure I. A typical stainless steel-clad Mark I TRIGA fuel element. 
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Figure 2. MCNP partial core model of a Mark I TRIGA reactor core. 
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TRIGA Element 
FLIP, 60 to 100%-Enriched U-235 Fuel 

Reactor Moderator/Coolant: 
Fuel Meat: 
Clad: 

Light Water 
U-Zr-H1.6 
Stainless Steel 

Burnup: 
Burnup: 
Burnup: 
Basis of Calculation: 
BOL U-235: 
BOL U-238: 
BOL Total U per element: 
BOL Fuel Enrichment: 

66.52 MWd/element (maximum element burnup) 
51.09% U-235 burnup (amount fissioned) 
81.84 g U-235 depletion (amount fissioned and transmuted) 
Single element 
137.0 g U-235 per element (design basis) 
59.0 g U-238 per element 
196.0 g U per element 
70.0 wt% 

DECAY TIMES (years out of core) 
(Activities* in Ci/element) 

Radionuclide 5 10 15 20 25 35 50 65 80 100 
H-3 7.005E-01 5.292E-01 3.998E-01 3.020E-01 2.282E-01 1.302E-01 5.613E-02 2.420E-02 1.043E-02 3.398E-03 
BE-1O 1.313E-06 1.313E-06 1.313E-06 1.313E-06 1.313E-06 1.313E-06 1.313E-06 1.313E-06 1.313E-06 1.313E-06 
C-14 8.375E-03 8.369E-03 8.364E-03 8.359E-03 8.354E-03 8.344E-03 8.329E-03 8.314E-03 8.299E-03 8.279E-03 
CL-36 1.771 E-04 1.771 E-04 1.771 E-04 1.771 E-04 1.771 E-04 1.771 E-04 1.771 E-04 1.771E-04 1.771 E-04 1.770E-04 
CR-51 8.242E-18 1.227E-37 1.826E-57 2.718E-77 4.046E-97 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
MN-54 5.368E-01 9.371E-03 1.636E-04 2.856E-06 4.986E-08 1.520E-11 8.085E-17 4.302E-22 2.289E-27 2.126E-34 
FE-55 5.292E+01 1.397E+01 3.686E+OO 9.730E-01 2.568E-01 1.789E-02 3.289E-04 6.047E-06 1.112E-07 5.395E-10 
FE-59 6.733E-12 4.166E-24 2.578E-36 1.595E-48 9.873E-61 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CO-60 8.255E+01 4.278E+01 2.218E+01 1.149E+01 5.957E+OO 1.600E+OO 2.228E-01 3.102E-02 4.318E-03 3.116E-04 
NI-59 3.223E-02 3.223E-02 3.223E-02 3.223E-02 3.223E-02 3.222E-02 3.222E-02 3.221 E-02 3.221 E-02 3.220E-02 
NI-63 4.106E+OO 3.955E+OO 3.808E+OO 3.668E+OO 3.532E+OO 3.276E+OO 2.926E+OO 2.614E+OO 2.335E+OO 2.008E+OO 
ZN-65 2.221 E-02 1.241E-04 6.934E-07 3.874E-09 2.165E-11 6.757E-16 1.179E-22 2.056E-29 3.586E-36 3.495E-45 
SE-79 8.536E-04 8.535E-04 8.535E-04 8.534E-04 8.534E-04 8.533E-04 8.532E-04 8.530E-04 8.529E-04 8.527E-04 
KR-85 1.660E+01 1.202E+01 8.699E+OO 6.297E+OO 4.559E+OO 2.389E+OO 9.063E-01 3.438E-01 1.304E-01 3.583E-02 
RB-87 5.649E-08 5.649E-08 5.649E-08 5.649E-08 5.649E-08 5.649E-08 5.649E-08 5.649E-08 5.649E-08 5.649E-08 
SR-89 2.078E-08 2.744E-19 3.624E-30 4.785E-41 6.318E-52 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SR-90 1.706E+02 1.514E+02 1.344E+02 1.194E+02 1.060E+02 8.355E+01 5.848E+01 4.093E+01 2.865E+01 1.780E+01 
Y-90 1.706E+02 1.515E+02 1.345E+02 1.194E+02 1.060E+02 8.357E+01 5.849E+01 4.094E+01 2.866E+01 1.781 E+01 
Y-91 7.992E-07 3.256E-16 1.326E-25 5.403E-35 2.201E-44 3.653E-63 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
ZR-93 5.170E-03 5.170E-03 5.170E-03 5.170E-03 5.170E-03 5.170E-03 5.170E-03 5.169E-03 5.169E-03 5.169E-03 
ZR-95 6.280E-06 1.627E-14 4.216E-23 1.092E-31 2.830E-40 1.900E-57 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
NB-93M 1.466E-03 2.240E-03 2.841 E-03 3.306E-03 3.667E-03 4.163E~03 4.562E-03 4.749E-03 4.836E-03 4.884E-03 
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DECAY TIMES (years out of core) 
(Activities* in Ci/element) 

Radionuclide 5 10 15 20 25 35 50 65 80 100 
NB-94 5.086E-04 5.085E-04 5.084E-04 5.084E-04 5.083E-04 5.081 E-04 5.078E-04 5.076E-04 5.073E-04 5.070E-04 
NB-95 1.394E-05 3.613E-14 9.360E-23 2.425E-31 6.284E-40 4.218E-57 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
NB-95M 4.660E-08 1.208E-16 3.128E-25 8.104E-34 2.100E-42 1.410E-59 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
MO-93 2.140E-04 2.138E-04 2.136E-04 2.134E-04 2.132E-04 2.127E-04 2.121 E-04 2.115E-04 2.108E-04 2.100E-04 
TC-99 2.682E-02 2.682E-02 2.682E-02 2.682E-02 2.682E-02 2.682E-02 2.681E-02 2.681 E-02 2.681 E-02 2.681E-02 
RU-103 1.208E-11 1.249E-25 1.292E-39 1.336E-53 1.381E-67 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
RU-106 6.880E+00 2.215E-01 7.132E-03 2.296E-04 7.394E-06 7.664E-09 2.558E-13 8.538E-18 2.850E-22 3.062E-28 
RH-103M 1.089E-11 1.126E-25 1.164E-39 1.204E-53 1.245E-67 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
RH-106 6.880E+00 2.215E-01 7.132E-03 2.296E-04 7.394E-06 7.665E-09 2.558E-13 8.538E-18 2.850E-22 3.062E-28 
PD-107 4.694E-05 4.694E-05 4.694E-05 4.694E-05 4.694E-05 4.694E-05 4.694E-05 4.694E-05 4.694E-05 4.694E-05 
AG-110 8.759E-05 5.545E-07 3.510E-09 2.222E-11 1.407E-13 5.639E-18 1.431 E-24 3.630E-31 9.212E-38 1.480E-46 
AG-110M 6.585E-03 4.169E-05 2.639E-07 1.671 E-09 1.058E-11 4.240E-16 1.076E-22 2.729E-29 6.926E-36 1.113E-44 
AG-111 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CD-113M 2.366E-02 1.866E-02 1.472E-02 1.161E-02 9.155E-03 5.695E-03 2.794E-03 1.371 E-03 6.724E-04 2.601 E-04 
CD-113 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CD-115M 2.911 E-13 1.396E-25 6.689E-38 3.206E-50 1.537E-62 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
IN-114 1.148E-12 9.216E-24 7.397E-35 5.937E-46 4.766E-57 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
IN-114M 1.200E-12 9.629E-24 7.729E-35 6.204E-46 4.980E-57 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
IN-115M 2.043E-17 9.794E-30 4.695E-42 2.251 E-54 1.079E-66 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SN-119M 1.829E-01 1.048E-03 5.999E-06 3.435E-08 1.967E-10 6.449E-15 1.210E-21 2.273E-28 4.266E-35 4.586E-44 
SN-121 M 3.765E-03 3.513E-03 3.278E-03 3.058E-03 2.854E-03 2.484E-03 2.018E-03 1.639E-03 1.332E-03 1.009E-03 
SN-123 2.127E-04 1.187E-08 6.626E-13 3.698E-17 2.064E-21 6.431 E-30 1.118E-42 1.944E-55 3.380E-68 3.280E-85 
SN-125 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SN-126 8.042E-04 8.042E-04 8.042E-04 8.041E-04 8.041E-04 8.041E-04 8.040E-04 8.039E-04 8.038E-04 8.037E-04 
SB-124 1.148E-09 8.584E-19 6.416E-28 4.795E-37 3.585E-46 2.003E-64 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SB-125 5.752E+00 1.647E+OO 4.718E-01 1.351 E-01 3.870E-02 3.174E-03 7.457E-05 1.752E-06 4.115E-08 2.769E-10 
SB-126 1.126E-04 1.126E-04 1.126E-04 1.126E-04 1.126E-04 1.126E-04 1.126E-04 1.125E-04 1.125E-04 1.125E-04 
SB-126M 8.042E-04 8.042E-04 8.042E-04 8.041 E-04 8.041 E-04 8.041 E-04 8.040E-04 8.039E-04 8.038E-04 8.037E-04 
TE-123M 6.604E-07 1.695E-11 4.352E-16 1.117E-20 2.868E-25 1.890E-34 3.197E-48 5.409E-62 9.150E-76 3.974E-94 
TE-125M 1.403E+00 4.020E-01 1.151E-01 3.297E-02 9.442E-03 7.745E-04 1.819E-05 4.274E-07 1.004E-08 6.754E-11 
TE-127 8.178E-05 7.459E-10 6.803E-15 6.205E-20 5.660E-25 4.708E-35 3.572E-50 2.711 E-65 2.057E-80 1.423-100 
TE-127M 8.349E-05 7.615E-10 6.946E-15 6.335E-20 5.778E-25 4.807E-35 3.647E-50 2.767E-65 2.100E-80 1.453-100 
TE-129 1.045E-15 4.659E-32 2.077E-48 9.261 E-65 4.129E-81 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
TE-129M 1.605E-15 7.157E-32 3.191 E-48 1.423E-64 6.343E-81 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
1-129 4.742E-05 4.742E-05 4.742E-05 4.742E-05 4.742E-05 4.742E-05 4.742E-05 4.742E-05 4.742E-05 4.742E-05 - - - - - -  - - - -  - - - -  - 
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DECAY TIMES (years out of core) 
(Activities* in Ci/element) 

Radionuclide 5 10 15 20 25 35 50 65 80 100 
1-131 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
XE-131M O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
XE-133 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CS-134 4.354E+01 8.116E+00 1.514E+00 2.821 E-01 5.260E-02 1.828E-03 1.184E-05 7.678E-08 4.975E-10 6.011 E-13 
CS-135 1.314E-03 1.314E-03 1.314E-03 1.314E-03 1.314E-03 1.313E-03 1.313E-03 1.313E-03 1.313E-03 1.313E-03 
CS-136 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CS-137 1.821 E+02 1.622E+02 1.445E+02 1.288E+02 1.147E+02 9.108E+01 6.442E+01 4.556E+01 3.222E+01 2.031 E+01 
BA-136M O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
BA-137M 1.723E+02 1.535E+02 1.367E+02 1.218E+02 1.085E+02 8.616E+01 6.094E+01 4.310E+01 3.048E+01 1.921E+01 
BA-140 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
LA-140 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CE-141 2.429E-14 3.072E-31 3.886E-48 4.914E-65 6.216E-82 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CE-142 5.961 E-08 5.961 E-08 5.961 E-08 5.961E-08 5.961 E-08 5.961 E-08 5.961E-08 5.961 E-08 5.961E-08 5.961 E-08 
CE-144 2.238E+01 2.613E-01 3.051 E-03 3.563E-05 4.160E-07 5.673E-11 9.032E-17 1.438E-22 2.290E-28 4.257E-36 
PR-143 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PR-144 2.238E+01 2.613E-01 3.051 E-03 3.563E-05 4.161 E-07 5.673E-11 9.032E-17 1.438E-22 2.290E-28 4.257E-36 
PR-144M 2.685E-01 3.136E-03 3.662E-05 4.276E-07 4.993E-09 6.807E-13 1.084E-18 1.726E-24 2.748E-30 5.108E-38 
ND-144 3.266E-12 3.274E-12 3.274E-12 3.274E-12 3.274E-12 3.274E-12 3.274E-12 3.274E-12 3.274E-12 3.274E-12 
ND-147 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PM-145 7.672E-05 6.381E-05 5.249E-05 4.316E-05 3.549E-05 2.400E-05 1.334E-05 7.418E-06 4.125E-06 1.886E-06 
PM-147 7.518E+01 2.008E+01 5.363E+00 1.432E+00 3.826E-01 2.729E-02 5.201 E-04 9.910E-06 1.888E-07 9.610E-10 
PM-148M 2.623E-12 1.304E-25 6.487E-39 3.226E-52 1.604E-65 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PM-148 1.477E-13 7.347E-27 3.654E-40 1.817E-53 9.037E-67 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SM-145 1.629E-05 3.948E-07 9.566E-09 2.318E-10 5.617E-12 3.299E-15 4.694E-20 6.679E-25 9.504E-30 3.277E-36 
SM-147 9.760E-09 1.112E-08 1.148E-08 1.157E-08 1.160E-08 1.161 E-08 1.161 E-08 1.161E-08 1.161 E-08 1.161 E-08 
SM-151 6.322E-01 6.083E-01 5.853E-01 5.633E-01 5.420E-01 5.019E-01 4.471 E-01 3.984E-01 3.550E-01 3.043E-01 
EU-152 1.646E-02 1.276E-02 9.891 E-03 7.667E-03 5.943E-03 3.572E-03 1.664E-03 7.750E-04 3.610E-04 1.303E-04 
EU-154 8.198E+00 5.481 E+OO 3.663E+00 2.449E+00 1.637E+00 7.318E-01 2.187E-01 6.531 E-02 1.951 E-02 3.897E-03 
EU-155 3.528E+00 1.755E+00 8.727E-01 4.341 E-01 2.159E-01 5.341E-02 6.573E-03 8.089E-04 9.954E-05 6.092E-06 
EU-156 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
GD-153 7.084E-04 3.804E-06 2.043E-08 1.097E-10 5.889E-13 1.699E-17 2.629E-24 4.072E-31 6.305E-38 5.243E-47 
TB-160 1.022E-08 2.577E-16 6.501 E-24 1.639E-31 4.134E-39 2.630E-54 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
TL-206 1.413E-11 1.413E-11 1.413E-11 1.413E-11 1.413E-11 1.413E-11 1.413E-11 1.413E-11 1.413E-11 1.413E-11 
TL-207 1.037E-08 1.891E-08 2.806E-08 3.771 E-08 4.779E-08 6.898E-08 1.027E-07 1.379E-07 1.741 E-07 2.232E-07 
TL-208 7.503E-06 9.521E-06 9.883E-06 9.676E-06 9.301E-06 8.472E-06 7.335E-06 6.350E-06 5.497E-06 4.538E-06 
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DECAY TIMES (years out of core) 
(Activities* in Ci/element) 

Radionuclide 5 10 15 20 25 35 50 65 80 100 
PB-210 3.226E-12 4.100E-12 7.451 E-12 1.514E-11 2.943E-11 8.833E-11 2.970E-10 7.267E-10 1.465E-09 3.078E-09 
PB-211 1.040E-08 1.897E-08 2.813E-08 3.781 E-08 4.793E-08 6.917E-08 1.030E-07 1.383E-07 1.746E-07 2.238E-07 
PB-212 2.088E-05 2.650E-05 2.751 E-05 2.693E-05 2.589E-05 2.358E-05 2.042E-05 1.767E-05 1.530E-05 1.263E-05 
81-211 1.040E-08 1.897E-08 2.813E-08 3.781 E-08 4.793E-08 6.917E-08 1.030E-07 1.383E-07 1.746E-07 2.238E-07 
81-212 2.088E-05 2.650E-05 2.751 E-05 2.693E-05 2.589E-05 2.358E-05 2.042E-05 1.767E-05 1.530E-05 1.263E-05 
PO-212 1.338E-05 1.698E-05 1.762E-05 1.725E-05 1.659E-05 1.511 E-05 1.308E-05 1.132E-05 9.801 E-06 8.093E-06 
PO-215 1.040E-08 1.897E-08 2.813E-08 3.781 E-08 4.793E-08 6.917E-08 1.030E-07 1.383E-07 1.746E-07 2.238E-07 
PO-216 2.088E-05 2.650E-05 2.751 E-05 2.693E-05 2.589E-05 2.358E-05 2.042E-05 1.767E-05 1.530E-05 1.263E-05 
RN-219 1.040E-08 1.897E-08 2.813E-08 3.781E-08 4.793E-08 6.917E-08 1.030E-07 1.383E-07 1.746E-07 2.238E-07 
RN-220 2.088E-05 2.6S0E-05 2.751 E-05 2.693E-05 2.589E-05 2.358E-05 2.042E-05 1.767E-05 1.530E-05 1.263E-05 
FR-223 1.434E-10 2.615E-10 3.877E-10 5.211E-10 6.603E-10 9.535E-10 1.420E-09 1.907E-09 2.407E-09 3.086E-09 
RA-223 1.040E-08 1.897E-08 2.813E-08 3.781 E-08 4.793E-08 6.917E-08 1.030E-07 1.383E-07 1.746E-07 2.238E-07 
RA-224 2.088E-05 2.650E-05 2.751 E-05 2.693E-05 2.589E-05 2.358E-05 2.042E-05 1.767E-05 1.530E-05 1.263E-05 
RA-226 4.133E-12 1.597E-11 4.084E-11 8.342E-11 1.482E-10 3.618E-10 9.513E-10 1.951 E-09 3.448E-09 6.346E-09 
RA-228 9.586E-10 1.212E-09 1.363E-09 1.453E-09 1.507E-09 1.559E-09 1.581 E-09 1.587E-09 1.589E-09 1.590E-09 
AC-227 1.039E-08 1.895E-08 2.810E-08 3.776E-08 4.785E-08 6.909E-08 1.029E-07 1.382E-07 1.744E-07 2.236E-07 
TH-227 1.025E-08 1.870E-08 2.775E-08 3.729E-08 4.727E-08 6.822E-08 1.016E-07 1.364E-07 1.722E-07 2.207E-07 
TH-228 2.088E-05 2.648E-05 2.748E-05 2.691 E-05 2.586E-05 2.357E-05 2.041 E-05 1.767E-05 1.530E-05 1.263E-05 
TH-229 3.004E-09 5.147E-09 7.299E-09 9.457E-09 1.162E-08 1.598E-08 2.256E-08 2.921 E-08 3.593E-08 4.499E-08 
TH-230 3.216E-09 8.123E-09 1.526E-08 2.455E-08 3.591E-08 6.449E-08 1.209E-07 1.921 E-07 2.762E-07 4.062E-07 
TH-231 1.193E-04 1.193E-04 1.193E-04 1.193E-04 1.193E-04 1.193E-04 1.193E-04 1.193E-04 1.193E-04 1.193E-04 
TH-232 1.586E-09 1.586E-09 1.586E-09 1.587E-09 1.587E-09 1.587E-09 1.588E-09 1.589E-09 1.589E-09 1.590E-09 
TH-234 1.832E-05 1.832E-05 1.832E-05 1.832E-05 1.832E-05 1.832E-05 1.832E-05 1.832E-05 1.832E-05 1.832E-05 
PA-231 6.209E-08 7.470E-08 8.731 E-08 9.992E-08 1.125E-07 1.377E-07 1.755E-07 2.133E-07 2.511E-07 3.014E-07 
PA-233 8.056E-04 8.063E-04 8.072E-04 8.084E-04 8.097E-04 8.128E-04 8.178E-04 8.232E-04 8.286E-04 8.358E-04 
PA-234M 1.832E-05 1.832E-05 1.832E-05 1.832E-05 1.832E-05 1.832E-05 1.832E-05 1.832E-05 1.832E-05 1.832E-05 
PA-234 2.381 E-08 2.381 E-08 2.381 E-08 2.381 E-08 2.381 E-08 2.381 E-08 2.381 E-08 2.381 E-08 2.381 E-08 2.381E-08 
U-232 2.624E-05 2.789E-05 2.744E-05 2.640E-05 2.524E-05 2.295E-05 1.987E-05 1.720E-05 1.489E-05 1.228E-05 
U-233 4.538E-06 4.556E-06 4.573E-06 4.591 E-06 4.608E-06 4.644E-06 4.697E-06 4.750E-06 4.804E-06 4.876E-06 
U-234 8.363E-05 1.343E-04 1.830E-04 2.298E-04 2.748E-04 3.596E-04 4.750E-04 5.774E-04 6.684E-04 7.742E-04 
U-235 1.193E-04 1.193E-04 1.193E-04 1.193E-04 1.193E-04 1.193E-04 1.193E-04 1.193E-04 1.193E-04 1.193E-04 
U-236 9.030E-04 9.030E-04 9.030E-04 9.030E-04 9.031 E-04 9.031E-04 9.031 E-04 9.031 E-04 9.032E-04 9.032E-04 
U-237 7.017E-06 5.517E-06 4.337E-06 3.410E-06 2.681 E-06 1.657E-06 8.054E-07 3.914E-07 1.902E-07 7.269E-08 
U-238 1.832E-05 1.832E-05 1.832E-05 1.832E-05 1.832E-05 1.832E-05 1.832E-05 1.832E-05 1.832E-05 1.832E-05 
NP-237 8.056E-04 8.063E-04 8.072E-04 8.084E-04 8.097E-04 8.128E-04 8.178E-04 8.232E-04 8.286E-04 8.358E-04 
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DECAY TIMES (years out of core) 
(Activities* in Ci/element) 

Radionuclide 5 10 15 20 25 35 50 65 80 100 
PU-236 1.067E-04 3.166E-05 9.396E-06 2.789E-06 8.285E-07 7.395E-08 2.987E-09 1.132E-09 1.084E-09 1.082E-09 
PU-237 3.072E-15 2.751 E-27 2.465E-39 2.208E-51 1.978E-63 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PU-238 3.647E+00 3.506E+00 3.371 E+OO 3.240E+00 3.115E+00 2.878E+00 2.557E+00 2.272E+00 2.018E+00 1.724E+00 
PU-239 9.350E-02 9.349E-02 9.347E-02 9.346E-02 9.345E-02 9.342E-02 9.338E-02 9.334E-02 9.330E-02 9.325E-02 
PU-240 7.665E-02 7.674E-02 7.680E-02 7.685E-02 7.689E-02 7.692E-02 7.690E-02 7.684E-02 7.675E-02 7.661E-02 
PU-241 2.860E+01 2.249E+01 1.768E+01 1.390E+01 1.093E+01 6.756E+00 3.283E+00 1.596E+00 7.754E-01 2.963E-01 
PU-242 3.320E-04 3.320E-04 3.320E-04 3.320E-04 3.320E-04 3.320E-04 3.320E-04 3.320E-04 3.320E-04 3.320E-04 
PU-244 4.447E-11 4.447E-11 4.447E-11 4.447E-11 4.447E-11 4.447E-11 4.447E-11 4.447E-11 4.447E-11 4.447E-11 
AM-241 3.036E-01 5.040E-01 6.595E-01 7.796E-01 8.720E-01 9.960E-01 1.086E+00 1.116E+00 1.117E+00 1.097E+00 
AM-242M 1.627E-03 1.590E-03 1.554E-03 1.519E-03 1.485E-03 1.419E-03 1.325E-03 1.237E-03 1.156E-03 1.055E-03 
AM-242 1.618E-03 1.582E-03 1.546E-03 1.512E-03 1.477E-03 1.412E-03 1.318E-03 1.231 E-03 1.150E-03 1.050E-03 
AM-243 2.061 E-03 2.060E-03 2.059E-03 2.058E-03 2.057E-03 2.055E-03 2.052E-03 2.049E-03 2.046E-03 2.042E-03 
CM-242 5.433E-03 1.31·1 E-03 1.279E-03 1.251 E-03 1.222E-03 1.167E-03 1.090E-03 1.018E-03 9.510E-04 8.682E-04 
CM-243 2.544E-03 2.253E-03 1.995E-03 1.767E-03 1.565E-03 1.227E-03 8.523E-04 5.919E-04 4.111 E-04 2.528E-04 
CM-244 2.728E-01 2.253E-01 1.861 E-01 1.537E-01 1.270E-01 8.661 E-02 4.880E-02 2.749E-02 1.549E-02 7.209E-03 
CM-245 2.599E-05 2.598E-05 2.597E-05 2.596E-05 2.595E-05 2.593E-05 2.590E-05 2.586E-05 2.583E-05 2.579E-05 
CM-246 3.089E-06 3.087E-06 3.085E-06 3.083E-06 3.080E-06 3.076E-06 3.069E-06 3.062E-06 3.056E-06 3.047E-06 
CM-247 7.681 E-12 7.681E-12 7.681 E-12 7.681E-12 7.681 E-12 7.681E-12 7.681 E-12 7.681E-12 7.681 E-12 7.681E-12 

SUBTOTAL** 1.083E+03 7.579E+02 6.237E+02 5.358E+02 4.679E+02 3.641E+02 2.544E+02 1.793E+02 1.271 E+02 8.087E+01 
TOTAL*** 1.093E+03 7.601E+02 6.245E+02 5.363E+02 4.684E+02 3.644E+02 2.546E+02 1.795E+02 1.272E+02 8.096E+01 

* Four decimal places of accuracy are as reported by ORIGEN2 output and are not significant for many radionuclides. 
** Subtotal: total activity of the 145 isotopes listed in the table. 
*** Total: total activity ofthe ORIGEN2 output isotopes. 
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Template 28

Fuel-Specific Source Term Calculations
Stainless Steel-Clad TRIGA Fuel

Introduction

The following data have been used in the Idaho National Engineering and Environmental
Laboratory (INEEL) spent nuclear fuel source tenn calculational methodology to generate a generic
source tenn for stainless steel-clad TRIGA (Training, Research, and Isotope General Atomics) spent
nuclear fuel elements currently stored at the INEEL. The data sources for the analysis are documented in
References 1 and 2, and the INEEL calculational methodology is described in Reference 3.

TRIGA Data

TRIGA reactors are light-water-cooled reactors designed for training, research, and isotope
production. One type of fuel element used in a TRIGA reactor is a stainless steel-clad,
uranium-zirconium-hydride (U-Zr-H) fuel element. The enriched uranium is homogenously mixed in the
ZrH matrix. The cylindrical active fuel region in each stainless steel-clad element is approximately 1.4 in.
in diameter and 15 in. in length. Figure 1 shows a typical stainless steel-clad fuel element with
dimensions and materials. The data below give specific dimensions, materials, loadings, densities,
enrichment, etc., for the stainless steel-clad element used in the bumup calculation for the source tenn
generation.

Fuel Element:
Fuel Meat: U-Zr-H

Zr:H ratio is 1.7
Density =5.76 glcc

Clad: Stainless Steel
Density =7.92 g/cc

Loading: 39.0 g/element U-235 BOL
156.0 g/element U-238 BOL
195.0 g/element U BOL
2088.0 g/element ZrH in fuel meat
8.5 weight % U in U-ZrHI.7
20% enrichment U-235 BOL
800.0 g/element stainless steel cladding (819.414 g/element with

impurities)
450.0 g/element graphite top/bottom end reflectors
8.38 g/element molybdenum (single poison disc)

Active Fuel Length: 15 in.
Fuel Element Length: 29 in. (approximate)

Water Temperature: 77.5of
Water Pressure: 14.7 psia

From the above data (materials, enrichments, and densities), material masses and number
densities were calculated for all the material components in a single stainless steel-clad TRIGA fuel
element. In addition, for the ORIGEN2 (Reference 4) depletion or bumup calculation, conservative and
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detailed impurity concentrations were added for the stainless steel-clad, zirconium-hydride, and graphite 
end reflector masses. Table I gives the impurity concentrations for these three materials. 

Burnup

Reference I is a parametric study and includes radionuclide inventories or source terms for eight 
different burnups ranging up to 17.95%. The burnup chosen for this template is based on the 17.95% 
burnup of the initial U-235 or the maximum burnup used in the parametric study. This bumup is 
equivalent to 6.65 MWd, 34,103 MWdlMTU, and 8.08 g U-235 depleted per element and represents the 
upper end of typical stainless steel-clad TRIGA fuel element burnups. The assumption of maximum 
burnup is conservative for the buildup of fission products, activation products, and minor actinides in the 
source term and nonconservative with regard to criticality safety. 

Cross-Section Development 

An MCNP4A (Reference 5) partial core model of a MARK I TRIGA reactor core was used to 
generate neutron cross sections specifically for the stainless steel-clad TRIGA fuel element. The 
MCNP4A one-twelfth core model is shown in Figure 2. The cross sections are spectrally and spatially 
weighted over all the fuel elements shown in Figure 2. These cross sections are in tum used in the fuel 
element ORIGEN2 depletion calculation. 

Parametric TRIGA Single Element Exposure History 

Table 2 summarizes the single element exposure history of the stainless steel-clad TRIGA fuel 
element from Reference 1. The burnup period is a hypothetical4-year continuous exposure. TRIGA fuel 
elements typically remain in the core for much longer periods of time relative to the assumed 4-year 
in-core residency. Therefore, typical fuel elements would have more time to decay away their source 
term; therefore, the 4-year assumption is expected to produce a conservative source term. 

Burnup Calculation 

The ORIGEN2 computer code was used to perform the depletion or burnup calculation for the 
stainless steel-clad TRIGA fuel element. The radionuclide inventory or source term template that follows 
is for a single stainless steel-clad TRIGA fuel element. The fuel element component masses and 
impurities (fuel meat, uranium, clad, burnable poison, end fixtures), neutron cross sections, bumup, and 
hypothetical power history and power level as discussed above are input data for the ORIGEN2 
calculation. The radionuclide concentrations are given as a function of decay time in the template table. 

The 145 radionuclides listed in the template represent greater than 99.9% of the total curie 
inventory had all 684 activation products, 880 fission products, and 127 actinide/daughter isotopes from 
the ORIGEN2 output been included in the template. 
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Table 1. Material constituent and impurity concentrations for the various materials in a stainless steel-clad 
TRIGA fuel element. 

Stainless Steel 
Constituent 
or Impurity 

Graphite Concentration 
(ppm) 

ZrH Concentration 
(wt%) 

Concentration 
(ppm) 

H 1.8439 
Li 0.45
 0.13 
Be 0.005
 
B 2.5
 0.00005 
C 100 wt%
 0.026968 0.08 wt% 
N 0.00799 525 
0 0.094887 
Na 10.4 37 
Mg 1 
Al 4.1 0.007491 200 
Si 26 0.011986 1.00 wt% 
p 1 0.009988 
S 9.4 0.003496 
C1 3 130 
K 3 3 
Ca 22.5 19 
Sc 0.01 0.03 
Ti 16 0.004994 600 
V 18.9 0.004994 690 
Cr 1 0.124851 18.40 wt% 
Mn 1 0.004994 1.53 wt% 
Fe 11.1 0.224731 68.99 wt% 
Co 4 0.001998 2570 
Ni 4.6 0.006992 10.00 wt% 
Cu 0.47 0.004994 8150 
Zn 1 0.009988 2230 
Ga 450 
As 1010 
Se 70 
Br 8 
Rb 1 10 
Sr 0.47 0.2 
Y 5 
Zr 0.5 98.1560 20 
Nb 1.74 0.006992 300 
Mo 1 0.004994 5500 
Ag 0.5 2 
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Table 1. (continued). 
Stainless Steel 

Constituent 
or Impurity 

Graphite Concentration 
(ppm) 

ZrH Concentration 
(wt%) 

Concentration 
(ppm) 

Cd 0.5 0.000050 
::n 1 
Sn 1 1.598089 
Sb 1 17 
Cs 1 0.3 
3a 2.9 500 
La 1.38 2.1 
Ce 0.56 550 
lPr 0.64 
Nd 0.36 
Sm 0.61 0.000999 0.15 
Eu 0.02 
Gd 0.08 0.000499 
Tb 0.26 0.71 
Dy 0.16 1 
Ho 0.08 1 
Er 0.04 
Tm 0.04 
Yb 0.06 2 
Lu 0.02 0.8 
Hf 0.17 0.003496 2 
Ta 0.35 0.019976 
W 25.5 0.009988 520 
TI 1 
Pb 6.9 0.009988 139 
3i 1 
Th 0.000699 1 
U 0.000350 2 
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Table 2. Hypothetical power history for a maximum burnup stainless steel-clad TRIGA fuel element 
Duration 

(days) 
Cumulative Duration 

(days) 
Time-Averaged Power 

(MWth) 
365 
365 
365 
365 

1825 
1825 
1825 
1825 
1825 
3650 
5475 
5475 
5475 
7300 

365 
730 

1095 
1460 
3285 
5110 
6935 
8760 

10585 
14235 
19710 
25185 
30660 
37960 

0.004555 
0.004555
0.004555 
0.004555 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0
 
0.0 
0.0
 
0.0
 
0.0 

The ten decay times following the hypothetica14-year exposure are for 5, 10, 15,20,25,35,50,65,80, 
and 100-year cooling time periods designated for the template methodology. 
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TRIGA Element 
Stainless Steel Cladding, 10 to 20%-Enriched U-235 Fuel 

Reactor Moderator/Coolant: Light Water 
Fuel Meat: U-Zr-H1.7 
Clad: Stainless Steel 
Burnup: 6.65 MWd/element (maximum element burnup) 
Burnup: 17.95% U-235 burnup (amount fissioned) 
Burnup: 8.08 g U-235 depletion (amount fissioned and transmuted) 
Basis of Calculation: Single element 
BOL U-235: 39.0 grams U-235 per element (design basis) 
BOL U-238: 156.0 grams U-238 per element 
BOL Total U per element: 195.0 grams U per element 
BOL Fuel Enrichment: 20.0 wt% 

DECAY TIMES (years out of core) 
(Activities* in Ci/element) 

Radionuclide 5 10 15 20 25 35 50 65 80 100 
H-3 7.389E-02 5.582E-02 4.217E-02 3.185E-02 2.406E-02 1.373E-02 5.921 E-03 2.552E-03 1.100E-03 3.583E-04 
BE-10 1.334E-07 1.334E-07 1.334E-07 1.334E-07 1.334E-07 1.334E-07 1.334E-07 1.334E-07 1.334E-07 1.334E-07 
C-14 8.559E-04 8.554E-04 8.548E-04 8.543E-04 8.538E-04 8.528E-04 8.512E-04 8.497E-04 8.481 E-04 8.461 E-04 
CL-36 1.870E-05 1.870E-05 1.870E-05 1.870E-05 1.870E-05 1.870E-05 1.870E-05 1.870E-05 1.870E-05 1.870E-05 
CR-51 6.851 E-19 1.020E-38 1.518E-58 2.260E-78 3.364E-98 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
MN-54 4.834E-02 8.439E-04 1.473E-05 2.572E-07 4.490E-09 1.368E-12 7.281E-18 3.874E-23 2.061 E-28 1.914E-35 
FE-55 5.131E+00 1.354E+OO 3.574E-01 9.433E-02 2.490E-02 1.734E-03 3.189E-05 5.863E-07 1.078E-08 5.231 E-11 
FE-59 5.296E-13 3.277E-25 2.028E-37 1.255E-49 7.766E-62 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CO-60 8.538E+00 4.425E+OO 2.293E+00 1.189E+OO 6.161 E-01 1.655E-01 2.304E-02 3.208E-03 4.466E-04 3.223E-05 
NI-59 3.612E-03 3.612E-03 3.611 E-03 3.611 E-03 3.611 E-03 3.611 E-03 3.610E-03 3.610E-03 3.609E-03 3.609E-03 
NI-63 4.280E-01 4.122E-01 3.970E-01 3.823E-01 3.682E-01 3.415E-01 3.050E-01 2.724E-01 2.433E-01 2.093E-01 
ZN-65 1.938E-03 1.083E-05 6.050E-08 3.380E-10 1.889E-12 5.896E-17 1.028E-23 1.794E-30 3.129E-37 3.049E-46 
SE-79 8.657E-05 8.656E-05 8.656E-05 8.655E-05 8.655E-05 8.654E-05 8.653E-05 8.651 E-05 8.650E-05 8.648E-05 
KR-85 1.680E+00 1.216E+OO 8.802E-01 6.372E-01 4.613E-01 2.417E-01 9.171 E-02 3.479E-02 1.320E-02 3.6?5E-03 
RB-87 5.922E-09 5.922E-09 5.922E-09 5.922E-09 5.922E-09 5.922E-09 5.922E-09 5.922E-09 5.922E-09 5.922E-09 
SR-89 2.308E-09 3.048E-20 4.025E-31 5.314E-42 7.016E-53 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SR-90 1.732E+01 1.538E+01 1.366E+01 1.212E+01 1.077E+01 8.487E+OO 5.940E+00 4.157E+OO 2.910E+OO 1.808E+OO 
Y-90 1.733E+01 1.538E+01 1.366E+01 1.213E+01 1.077E+01 8.489E+OO 5.941E+OO 4.159E+00 2.911 E+OO 1.809E+OO 
Y-91 8.787E-08 3.580E-17 1.458E-26 5.942E-36 2.421 E-45 4.017E-64 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
ZR-93 5.294E-04 5.294E-04 5.294E-04 5.294E-04 5.293E-04 5.293E-04 5.293E-04 5.293E-04 5.293E-04 5.292E-04 
ZR-95 6.666E-07 1.727E-15 4.475E-24 1.159E-32 3.004E-41 2.017E-58 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
NB-93M 1.502E-04 2.295E-04 2.910E-04 3.386E-04 3.756E-04 4.263E-04 4.672E-04 4.862E-04 4.951 E-04 5.001E-04 

.... 1M ~ .. - _ - .. - - .. 
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DECAY TIMES (years out of core) 
(Activities* in Ci/element) 

Radionuclide 5 10 15 20 25 35 50 65 80 100 
NB-94 5.404E-05 5.403E-05 5.402E-05 5.401 E-05 5.400E-05 5.398E-05 5.395E-05 5.393E-05 5.390E-05 5.386E-05 
NB-95 1.479E-06 3.834E-15 9.934E-24 2.574E-32 6.669E-41 4.477E-58 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
NB-95M 4.946E-09 1.281 E-17 3.319E-26 8.601 E-35 2.228E-43 1.496E-60 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
MO-93 6.219E-05 6.213E-05 6.207E-05 6.201 E-05 6.194E-05 6.182E-05 6.164E-05 6.146E-05 6.127E-05 6. 103E-05 
TC-99 2.942E-03 2.942E-03 2.942E-03 2.942E-03 2.942E-03 2.942E-03 2.942E-03 2.942E-03 2.942E-03 2.941E-03 
RU-103 1.277E-12 1.321E-26 1.366E-40 1.413E-54 1.461 E-68 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
RU-106 6.097E-01 1.963E-02 6.320E-04 2.035E-05 6.552E-07 6.792E-10 2.267E-14 7.566E-19 2.525E-23 2.714E-29 
RH-103M 1.152E-12 1.191 E-26 1.232E-40 1.274E-54 1.317E-68 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
RH-106 6.097E-01 1.963E-02 6.320E-04 2.035E-05 6.552E-07 6.792E-10 2.267E-14 7.566E-19 2.525E-23 2.714E-29 
PD-107 4.165E-06 4.165E-06 4.165E-06 4.165E-06 4.165E-06 4.165E-06 4.165E-06 4.165E-06 4.165E-06 4.165E-06 
AG-110 1.079E-06 6.829E-09 4.323E-11 2.737E-13 1.733E-15 6.944E-20 1.763E-26 4.471 E-33 1.135E-39 1.822E-48 
AG-110M 8.110E-05 5.134E-07 3.250E-09 2.057E-11 1.303E-13 5.221 E-18 1.325E-24 3.362E-31 8.530E-38 1.370E-46 
AG-111 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CD-113M 2.149E-03 1.695E-03 1.337E-03 1.054E-03 8.314E-04 5.172E-04 2.537E-04 1.245E-04 6.106E-05 2.362E-05 
CD-113 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CD-115M 3.028E-14 1.451 E-26 6.958E-39 3.335E-51 1.599E-63 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
IN-114 1.220E-14 9.789E-26 7.858E-37 6.307E-48 5.062E-59 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
IN-114M 1.274E-14 1.023E-25 8.211 E-37 6.590E-48 5.290E-59 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
IN-115M 2.126E-18 1.019E-30 4.885E-43 2.342E-55 1.123E-67 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SN-119M 1.626E-02 9.310E-05 5.330E-07 3.052E-09 1.747E-11 5.730E-16 1.076E-22 2.019E-29 3.791 E-36 4.075E-45 
SN-121M 3.857E-04 3.598E-04 3.358E-04 3.133E-04 2.923E-04 2.545E-04 2.067E-04 1.680E-04 1.364E-04 1.034E-04 
SN-123 2.044E-05 1.141 E-09 6.368E-14 3.555E-18 1.984E-22 6.180E-31 1.074E-43 1.868E-56 3.248E-69 3.152E-86 
SN-125 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SN-126 8.091 E-05 8.091 E-05 8.090E-05 8.090E-05 8.090E-05 8.089E-05 8.088E-05 8.088E-05 8.087E-05 8.086E-05 
SB-124 3.777E-11 2.823E-20 2.110E-29 1.577E-38 1.179E-47 6.588E-66 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SB-125 5.772E-01 1.653E-01 4.735E-02 1.356E-02 3.884E-03 3.186E-04 7.483E-06 1.758E-07 4.129E-09 2.778E-11 
SB-126 1.133E-05 1.133E-05 1.133E-05 1.133E-05 1.133E-05 1.132E-05 1.132E-05 1.132E-05 1.132E-05 1.132E-05 
SB-126M 8.091 E-05 8.091E-05 8.090E-05 8.090E-05 8.090E-05 8.089E-05 8.088E-05 8.088E-05 8.087E-05 8.086E-05 
TE-123M 3.346E-09 8.588E-14 2.204E-18 5.659E-23 1.453E-27 9.574E-37 1.620E-50 2.739E-64 4.635E-78 2.013E-96 
TE-125M 1.408E-01 4.033E-02 1.155E-02 3.309E-03 9.475E-04 7.772E-05 1.826E-06 4.288E-08 1.008E-09 6.778E-12 
TE-127 8.388E-06 7.650E-11 6.978E-16 6.364E-21 5.805E-26 4.829E-36 3.664E-51 2.780E-66 2.109E-81 1.460-101 
TE-127M 8.563E-06 7.8111;-11 7.124E-16 6.498E-21 5.926E-26 4.930E-36 3.741 E-51 2.838E-66 2.153E-81 1.490-101 
TE-129 1.157E-16 5.160E-33 2.301 E-49 1.026E-65 4.573E-82 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
TE-129M 1.778E-16 7.927E-33 3.534E-49 1.576E-65 7.025E-82 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
1-129 4.900E-06 4.900E-06 4.900E-06 4.900E-06 4.900E-06 4.900E-06 4.900E-06 4.900E-06 4.900E-06 4.900E-06 
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DECAY TIMES (years out of core) 
(Activities* in Ci/element) 

Radionuclide 5 10 15 20 25 35 50 65 80 100 
1-131 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
XE-131 M O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
XE-133 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CS-134 6.021 E-01 1.123E-01 2.093E-02 3.903E-03 7.275E-04 2.529E-05 1.638E-07 1.062E-09 6.882E-12 8.315E-15 
CS-135 2.141 E-04 2.141 E-04 2.141 E-04 2.141E-04 2.141 E-04 2.141 E-04 2.141 E-04 2.141 E-04 2.141 E-04 2.141E-04 
CS-136 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CS-137 1.833E+01 1.633E+01 1.455E+01 1.296E+01 1.155E+01 9.169E+00 6.485E+00 4.587E+00 3.244E+00 2.044E+00 
BA-136M O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
BA-137M 1.734E+01 1.545E+01 1.377E+01 1.226E+01 1.093E+01 8.674E+00 6.135E+00 4.339E+00 3.069E+00 1.934E+00 
BA-140 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
LA-140 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CE-141 2.771E-15 3.504E-32 4.432E-49 5.606E-66 7.090E-83 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CE~142 o 7.084E 09 7.084E o 09 7.084E o 09 o7.084E 09 7.084E"09 o7.084E 09 7.084E"09 7.084E"09 7.084E"09 7.084E"09 
CE-144 2.308E+00 2.695E-02 3.147E-04 3.675E-06 4.291 E-08 5.850E-12 9.315E-18 1.483E-23 2.361 E-29 4.390E-37 
PR-143 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PR-144 2.308E+00 2.695E-02 3.147E-04 3.675E-06 4.291 E-08 5.851E-12 9.315E-18 1.483E-23 2.361E-29 4.390E-37 
PR-144M 2.770E-02 3.234E-04 3.776E-06 4.410E-08 5.149E-10 7.021 E-14 1.118E-19 1.780E-25 2.834E-31 5.268E-39 
ND-144 2.861E-13 2.870E-13 2.870E-13 2.870E-13 2.870E-13 2.870E-13 2.870E-13 2.870E-13 2.870E-13 2.870E-13 
ND-147 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PM-145 8.156E-06 6.776E-06 5.574E-06 4.583E-06 3.769E-06 2.548E-06 1.417E-06 7.878E-07 4.380E-07 2.003E-07 
PM-147 1.398E+01 3.735E+00 9.976E-01 2.665E-01 7.117E-02 5.077E-03 9.674E-05 1.843E-06 3.512E-08 1.788E-10 
PM-148M 8.755E-14 4.354E-27 2.165E-40 1.077E-53 5.356E-67 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PM-148 4.931E-15 2.453E-28 1.220E-41 6.066E-55 3.017E-68 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SM-145 1.561 E-06 3.782E-08 9.165E-10 2.221 E-11 5.382E-13 3.160E-16 4.497E-21 6.399E-26 9.105E-31 3.140E-37 
SM-147 1.801E-09 2.052E-09 2.119E-09 2.137E-09 2.142E-09 2.143E-09 2.144E-09 2.144E-09 2.144E-09 2.144E-09 
SM-151 1.517E-01 1.460E-01 1.404E-01 1.352E-01 1.300E-01 1.204E-01 1.073E-01 9.560E-02 8.518E-02 7.302E-02 
EU-152 9.765E-03 7.570E-03 5.869E-03 4.549E-03 3.526E-03 2.119E-03 9.871 E-04 4.598E-04 2.142E-04 7.735E-05 
EU-154 1.022E-01 6.828E-02 4.565E-02 3.052E-02 2.040E-02 9.118E-03 2.723E-03 8.138E-04 2.431 E-04 4.856E-05 
EU-155 1.948E-01 9.689E-02 4.820E-02 2.397E-02 1.192E-02 2.950E-03 3.630E-04 4.466E-05 5.496E-06 3.364E-07 
EU-156 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
GD-153 3.421E-05 1.837E-07 9.866E-10 5.298E-12 2.845E-14 8.203E-19 1.271E-25 1.967E-32 3.045E-39 2.532E-48 
TB-160 4.416E-10 1.114E-17 2.809E-25 7.082E-33 1.786E-40 1.136E-55 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
TL-206 1.436E-12 1.436E-12 1.436E-12 1.436E-12 1.436E-12 1.436E-12 1.436E-12 1.436E-12 1.436E-12 1.436E-12 
TL-207 2.810E-09 5.653E-09 9.117E-09 1.311 E-08 1.756E-08 2.753E-08 4.450E-08 6.306E-08 8.260E-08 1.095E-07 
TL-208 1.054E-07 1.127E-07 1.098E-07 1.052E-07 1.004E-07 9.126E-08 7.908E-08 6.853E-08 5.941 E-08 4.915E-08 - _I - -' • - - .. •• .. - - .... .. .. -" - .. ..
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DECAY TIMES (years out of core) 
(Activities* in Ci/element) 

Radionuclide 5 10 15 20 25 35 50 65 80 100 
PB-210 1.703E-14 4.913E-14 1.142E-13 2.230E-13 3.857E-13 9.129E-13 2.350E-12 4.772E-12 8.392E-12 1.541E-11 
PB-211 2.818E-09 5.669E-09 9.143E-09 1.315E-08 1.760E-08 2.760E-08 4.462E-08 6.324E-08 8.283E-08 1.098E-07 
PB-212 2.932E-07 3.135E-07 3.056E-07 2.928E-07 2.795E-07 2.540E-07 2.201 E-07 1.907E-07 1.653E-07 1.368E-07 
BI-211 2.818E-09 5.669E-09 9.143E-09 1.315E-08 1.760E-08 2.760E-08 4.462E-08 6.324E-08 8.283E-08 1.098E-07 
BI-212 2.932E-07 3.135E-07 3.056E-07 2.928E-07 2.795E-07 2.540E-07 2.201 E-07 1.907E-07 1.653E-07 1.368E-07 
PO-212 1.879E-07 2.009E-07 1.958E-07 1.876E-07 1.791 E-07 1.627E-07 1.410E-07 1.222E-07 1.059E-07 8.765E-08 
PO-215 2.818E-09 5.669E-09 9.143E-09 1.315E-08 1.760E-08 2.760E-08 4.462E-08 6.324E-08 8.283E-08 1.098E-07 
PO-216 2.932E-07 3.135E-07 3.056E-07 2.928E-07 2.795E-07 2.540E-07 2.201 E-07 1.907E-07 1.653E-07 1.368E-07 
RN-219 2.818E-09 5.669E-09 9.143E-09 1.315E-08 1.760E-08 2.760E-08 4.462E-08 6.324E-08 8.283E-08 1.098E-07 
RN-220 2.932E-07 3.135E-07 3.056E-07 2.928E-07 2.795E-07 2.540E-07 2.201 E-07 1.907E-07 1.653E-07 1.368E-07 
FR-223 3.887E-11 7.816E-11 1.260E-10 1.812E-10 2.426E-10 3.805E-10 6.152E-10 8.718E-10 1.142E-09 1.514E-09 
RA-223 2.818E-09 5.669E-09 9.143E-09 1.315E-08 1.760E-08 2.760E-08 4.462E-08 6.324E-08 8.283E-08 1.098E-07 
RA-224 2.932E-07 3.135E-07 3.056E-07 2.928E-07 2.795E-07 2.540E-07 2.201 E-07 1.907E-07 1.653E-07 1.368E-07 
RA-226 1.411E-13 3.510E-13 6.635E-13 1.087E-12 1.631E-12 3.109E-12 6.416E-12 1.119E-11 1.760E-11 2.892E-11 
RA-228 1.018E-09 1.286E-09 1.445E-09 1.541 E-09 1.597E-09 1.651 E-09 1.675E-09 1.680E-09 1.681 E-09 1.681E-09 
AC-227 2.817E-09 5.664E-09 9.131 E-09 1.313E-08 1.758E-08 2.757E-08 4.458E-08 6.317E-08 8.274E-08 1.097E-07 
TH-227 2.779E-09 5.591 E-09 9.017E-09 1.297E-08 1.736E-08 2.722E-08 4.401 E-08 6.236E-08 8.169E-08 1.083E-07 
TH-228 2.931 E-07 3.133E-07 3.053E-07 2.925E-07 2.793E-07 2.539E-07 2.201 E-07 1.907E-07 1.653E-07 1.368E-07 
TH-229 5.293E-10 9.119E-10 1.294E-09 1.677E-09 2.059E-09 2.823E-09 3.969E-09 5.114E-09 6.258E-09 7.781 E-09 
TH-230 7.486E-11 1.203E-10 1.700E-10 2.238E-10 2.816E-10 4.083E-10 6.243E-10 8.684E-10 1.137E-09 1.530E-09 
TH-231 6.686E-05 6.686E-05 6.686E-05 6.686E-05 6.686E-05 6.686E-05 6.686E-05 6.686E-05 6.687E-05 6.687E-05 
TH-232 1.681 E-09 1.681E-09 1.681 E-09 1.681E-09 1.681 E-09 1.681 E-09 1.681 E-09 1.681 E-09 1.681E-09 1.682E-09 
TH-234 5.219E-05 5.219E-05 5.219E-05 5.219E-05 5.219E-05 5.219E-05 5.219E-05 5.219E-05 5.219E-05 5.219E-05 
PA-231 1.854E-08 2.561 E-08 3.268E-08 3.975E-08 4.682E-08 6.095E-08 8.214E-08 1.033E-07 1.245E-07 1.527E-07 
PA-233 8.248E-06 8.264E-06 8.287E-06 8.315E-06 8.347E-06 8.420E-06 8.541 E-06 8.670E-06 8.799E-06 8.971E-06 
PA-234M 5.219E-05 5.219E-05 5.219E-05 5.219E-05 5.219E-05 5.219E-05 5.219E-05 5.219E-05 5.219E-05 5.219E-05 
PA-234 6.785E-08 6.785E-08 6.785E-08 6.785E-08 6.785E-08 6.785E-08 6.785E-08 6.785E-08 6.785E-08 6.785E-08 
U-232 3.241 E-07 3.113E-07 2.974E-07 2.836E-07 2.704E-07 2.456E-07 2.126E-07 1.840E-07 1.593E-07 1.314E-07 
U-233 8.114E-07 8.115E-07 8.117E-07 8.119E-07 8.120E-07 8.124E-07 8.129E-07 8.134E-07 8.139E-07 8.146E-07 
U-234 9.621 E-07 1.059E-06 1.152E-06 1.241 E-06 1.327E-06 1.489E-06 1.710E-06 1.906E-06 2.080E-06 2.284E-06 
U-235 6.686E-05 6.686E-05 6.686E-05 6.686E-05 6.686E-05 6.686E-05 6.686E-05 6.686E-05 6.687E-05 6.687E-05 
U-236 8.440E-05 8.441E-05 8.441 E-05 8.441E-05 8.441 E-05 8.442E-05 8.442E-05 8.443E-05 8.443E-05 8.444E-05 
U-237 1.663E-07 1.308E-07 1.028E-07 8.083E-08 6.355E-08 3.928E-08 1.909E-08 9.278E-09 4.509E-09 1.723E-09 
U-238 5.219E-05 5.219E-05 5.219E-05 5.219E-05 5.219E-05 5.219E-05 5.219E-05 5.219E-05 5.219E-05 5.219E-05 
NP-237 8.248E-06 8.264E-06 8.287E-06 8.315E-06 8.347E-06 8.420E-06 8.541 E-06 8.670E-06 8.799E-06 8.971E-06 
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DECAY TIMES (years out of core) 
(Activities* in Ci/element) 

Radionuclide 5 10 15 20 25 35 50 65 80 100 
PU-236 9.008E-08 2.673E-08 7.935E-09 2.356E-09 7.002E-10· 6.302E-11 3.091 E-12 1.524E-12 1.483E-12 1.482E-12 
PU-237 9.582E-19 8.583E-31 7.689E-43 6.887E-55 6.170E-67 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PU-238 6.905E-03 6.638E-03 6.382E-03 6.135E-03 5.898E-03 5.451 E-03 4.843E-03 4.303E-03 3.823E-03 3.265E-03 
PU-239 3.677E-02 3.677E-02 3.676E-02 3.676E-02 3.675E-02 3.674E-02 3.672E-02 3.671 E-02 3.669E-02 3.667E-02 
PU-240 1.415E-02 1.414E-02 1.413E-02 1.413E-02 1.412E-02 1.410E-02 1.408E-02 1.406E-02 1.404E-02 1.401 E-02 
PU-241 6.780E-01 5.331 E-01 4.191 E-01 3.295E-01 2.591 E-01 1.601 E-01 7.782E-02 3.782E-02 1.838E-02 7.023E-03 
PU-242 1.538E-06 1.538E-06 1.538E-06 1.538E-06 1.538E-06 1.538E-06 1.538E-06 1.538E-06 1.538E-06 1.538E-06 
PU-244 2.551 E-15 2.551 E-15 2.551E-15 2.551 E-15 2.551E-15 2.551E-15 2.551E-15 2.551E-15 2.551E-15 2.551 E-15 
AM-241 7.438E-03 1.219E-02 1.587E-02 1.872E-02 2.090E-02 2.384E-02 2.598E-02 2.668E-02 2.668E-02 2.621E-02 
AM-242M 9.396E-06 9.185E-06 8.978E-06 8.775E-06 8.578E-06 8.196E-06 7.654E-06 7.148E-06 6.676E-06 6.095E-06 
AM-242 9.349E-06 9.139E-06 8.933E-06 8.732E-06 8.535E-06 8.155E-06 7.616E-06 7.113E-06 6.643E-06 6.064E-06 
AM-243 9.825E-07 9.820E-07 9.816E-07 9.811 E-07 9.807E-07 9.797E-07 9.784E-07 9.770E-07 9.756E-07 9.738E-07 
CM-242 2.435E-05 7.568E-06 7.391E-06 7.224E-06 7.062E-06 6.744E-06 6.298E-06 5.882E-06 5.494E-06 5.015E-06 
CM-243 1.193E-06 1.057E-06 9.360E-07 8.289E-07 7.340E-07 5.756E-07 3.998E-07 2.777E-07 1.928E-07 1.186E-07 
CM-244 1.128E-05 9.315E-06 7.694E-06 6.355E-06 5.248E-06 3.580E-06 2.017E-06 1.137E-06 6.404E-07 2.980E-07 
CM-245 1.101E-10 1.101E-10 1.100E-10 1.100E-10 1.099E-10 1.098E-10 1.097E-10 1 096E-10 1.094E-10 1.093E-10 
CM-246 3.142E-12 3.140E-12 3.138E-12 3.135E-12 3.133E-12 3.129E-12 3.122E-12 3.115E-12 3.108E-12 3.099E-12 
CM-247 6.602E-19 6.602E-19 6.602E-19 6.602E-19 6.602E-19 6.602E-19 6.602E-19 6.602E-19 6.602E-19 6.602E-19 

SUBTOTAL** 1.086E+02 7.508E+01 6.143E+01 5.270E+01 4.610E+01 3.597E+01 2.521 E+01 1.778E+01 1.259E+01 7.978E+00 
TOTAL*** 1.086E+02 7.509E+01 6.143E+01 5.271 E+01 4.610E+01 3.597E+01 2.521 E+01 1.778E+01 1.259E+o.1 7.979E+00 

* Four decimal places of accuracy are as reported by ORIGEN2 output and are not significant for many radionuclides. 
** Subtotal: total activity of the 145 isotopes listed in the table. 
*** Total: total activity of the ORIGEN2 output isotopes. 

-~-~~-~~-~---~-~---
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Fuel-Specific Source Term Calculations 
Hypothetical Fuel 

Introduction 

The following data have been used in the Idaho National Engineering and Environmental
 
Laboratory (INEEL) spent nuclear fuel source term calculational methodology to generate a source term
 
template for a single hypothetical spent nuclear fuel element. This single-element source term is intended
 
to be a bounding source term for spent nuclear fuel elements with no specific fuel category and those
 
fuels currently without a developed template. This fuel is a hypothetical construction of reactor materials
 
and heavy metal constituents designed specifically with the intention of maximizing activation products,
 
actinides, and fission products. A description of the construction data is given below, and the INEEL
 
calculational methodology is described in Reference I.
 

Hypothetical Fuel Data 

The hypothetical fuel was chosen to be a ternary oxide fuel composed of urania (002), plutonia 
(PuOz), and thoria (ThOz). The urania, plutonia, and thoria oxide volume percentages are 40%, 40%, and 
20%, respectively. The uranium metal is assumed to be 50% enriched in 0-235, the plutonium metal is 
reactor grade, and the thorium is 100% Th-232. This heavy metal oxide composition was designed 
specifically to maximize higher order actinide concentrations in the spent fuel. 

The fuel pellet and inner clad are based on the dimensions of a Pressurized Water Reactor (PWR) 
Westinghouse 17 x 17 fuel assembly fuel rod. The ternary fuel rod here is assumed to have an inner and 
an outer clad. The inner clad is assumed to be stainless steel 304, and the outer clad is assumed to be 
Inconel X-750. The dual clads are intended to maximize the structural material mass and, therefore, the 
activation products. The dimensions for the fuel pellet and clads are given below. 

In order to further increase the concentration and spectrum of activation products, cylindrical 
graphite reflectors are assumed to be located at the top and bottom of the active fuel. 

Although the dimensions of the fuel element are similar to a PWR element, the neutron cross 
sections selected for the bumup calculation are based on a high-temperature graphite reactor in order to 
maximize the production of activation and transmutation products. Of course, a high-temperature reactor 
would not have metallic clad fuel rods. So again, it should be remembered that this fuel and reactor are 
strictly hypothetical. 

The fuel element described above is a hypothetical construct intended to produce a maximum or 
bounding source term. The following data provide the specific fuel element dimensions, materials, 
densities, enrichment, etc., of the hypothetical fuel element described above. 

Fuel Element: Cylindrical roq 
Length:
 144.0 in. 

Fuel Pellet:
 Oxide Ceramic OOz-PuOz-ThOz matrix 
Fuel Pellet Radius:
 0.4095 cm 
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Uranium Enrichment: 4.0 wt % U-234 
50.0 wt % U-235 

6.0 wt % U-236 
40.0 wt % U-238 

Plutonium Enrichment: 1.8 wt % Pu-238 
60.0 wt % Pu-239 
20.9 wt % Pu-240 
11.9 wt % Pu-241 
5.4 wt % Pu-242 

Thorium Enrichment: 100.0 wt % Th-232 

Heavy Metal Loading: 29.7592 g/element U-234 (BOL) 
371.9897 g/element U-235 (BOL)
 
44.6388 g/element U-236 (BOL)
 

297.5918 glelement U-238 (BOL)
 
743.9795 g/element TOTAL U (BOL) 

14.0261 g/element Pu-238 (BOL) 
467.5381 g/element Pu-239 (BOL)
 
162.8591 g/element Pu-240 (BOL)
 
92.7284 g/element Pu-241 (BOL)
 
42.0784 g/element Pu-242 (BOL)
 

779.2301 g/element TOTAL Pu (BOL)
 

345.4439 glelement Th-232 (BOL) 

1,868.6536 g/element total heavy metal (BOL) 
1.86865E-3 Total MTIHM/element (BOL) 

Inner Clad Material: Stainless Steel 304 
Inner Clad Density: 8.02 g/cc 

Inner Clad Mass: 486.03 g
 
Inner Clad Radius: 0.4695 cm
 

Outer Clad Material: Inconel X-750 
Outer Clad Density: 8.3 g/cc 

Outer Clad Mass: 571.66 g
 
Outer Clad Radius: 0.5295 cm
 

End Reflector Material: H451 Graphite 
End Reflector Mass: 450.0 g 

From the above data (materials, enrichments, and densities), material masses were calculated for 
all the material components in a single hypothetical fuel element. In addition, for the ORIGEN2 
(Reference 2) depletion calculation, conservative and detailed impurity concentrations were added for 
UOz-PuOz-ThOz, stainless steel 304, Incone] X-750, and H-45 1 fuel element materials. Impurities for the 
UOz-PuOz-ThOzfuel composition are based on the available UOz uranium metal impurities, and it is 
assumed to be the same for the plutonium and thorium metal as well. Table 1 lists the impurities and their 
concentrations for the mentioned materials. 
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Burnup 

The bumup chosen for this template is 62.5 MWd or 33,447 MWd/MTIHM for a single 
hypothetical fuel elemer-t . 

Cross-Section Development 

The neutron cross sections used in the fuel bumup calculation and the source term generation are 
based on a standard High Temperature Gas Reactor (HTGR) cross-section library. This library comes 
with the ORlGEN2 computer code package. The selection of the HTGR cross section was based on a 
parametric study involving several cross-section libraries representing different reactor types (energy 
spectral characteristics). Included in the study were libraries for a fast reactor, heavy water reactor 
(CANDU), breeder water reactor, pressurized water reactor, Advanced Water Reactor, and the HTGR. 
The HTGR neutron cross sections produced the highest concentrations of higher-order actinides 
(plutonium, americium, and curium). Because of the hypothetical nature of the reactor, no attempt was 
made to update the HTGR cross sections as a function of bumup. 

Single Element Exposure History 

Table 2 summarizes the assumed 3-year constant power or exposure history used in the bumup or
 
source term calculations for the single fuel element. Following the bumup or exposure period, the
 
radionuclide activities are decayed for 5, 10, 15, 20, 25, 35, 50, 65, 80, and 100 years.
 

Burnup Calculation 

The ORlGEN2 computer code was used to perform the depletion or bumup calculation for a 
single fuel element. The fuel element masses and impurities (uranium, plutonium, thorium, steel, inconel, 
and graphite), neutron cross sections, bumup, power history, and power level as discussed above are input 
data for the ORlGEN2 calculation. The radionuclide concentrations are given as a function of time in the 
template table. 

The 145 radionuclides listed in the template represent greater than 99.8% of the total curie 
inventory had all 684 activation products, 880 fission products, and 127 actinide/daughter isotopes from 
the ORlGEN2 output been included in the template. 

References 

1.	 J. W. Sterbentz and C. A. Wemple, Calculational Bumup Methodology and Validation for the 
Idaho National Engineering Laboratory Spent Nuclear Fuels, INEL-96/0304, September 1996. 

2.	 A. G. Croff, ORIGEN2-A Revised and Updated Version ofthe Oak Ridge Isotope Generation 
and Depletion Code, ORNL-5621, Oak Ridge National Laboratory, July 1980. 
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Table 1. Hypothetical fuel element material impurity concentrations. I 
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Constituent or 
Uranium Metal 
Concentration 

Stainless Steel 304 
Concentration 

Inconel X-750 
Concentration 

Graphite 
Concentration 

lIr.purity (ppm) (wt%) (ppm) (ppm) 
H 0.0007 
Li 1 0.13 ppm 0.45 
Be 0.005 
B 1 0.0005 2.5 
C 89.4 0.07 800 100 wt% 
N 25 0.047 400 
0 0.015 
F 10.7 
Na 15 37 ppm 10.4 
Mg 2 1 
Al 16.7 0.01 10000 4.1 
Si 12.1 0.6 5000 26 
p 35 0.0375 400 1 
S 0.02 100 9.4 
CI 5.3 130 ppm 3 
K 3 ppm 3 
Ca 2 19 ppm 22.5 
Sc 0.03 ppm 0.01 
Ti 1 0.05 27500 16 
V 3 0.05 18.9 
Cr 4 18.8 170000 1 
Mn 1.7 1.41 10000 1 
Fe 18 68.8 90000 ILl 
Co 1 0.17 10000 4 
Ni 24 9.23 651400 4.6 
Cu 1 0.25 5000 0.47 
Zn 40.3 0.01 1 
Ga 450 ppm 
As 0.01 
Se 0.02 
Br 8 ppm 
Rb 10 ppm 1 
Sr 0.2 ppm 0.47 
y 5 ppm 
Zr 20 ppm 0.5 
Nb 0.012 9500 1.74 
Mo 10 0.37 400 I 
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Table 2. Hypothetical fuel power history for a 62.5 MWd bumup. I
 
Duration Cumulative Duration Time-Averaged Power 

(davs) (days) (MWth) 

365.25 365.25 0.05704 

365.25 730.50 0.05704 

365.25 1095.75 0.05704 

1826.25 2922.00 0.0 

1826.25 4748.25 0.0 

1826.25 6574.50 0.0 

1826.25 8400.75 0.0 

1826.25 10227.00 0.0 

3652.50 13879.50 0.0 

5478.75 19358.25 0.0 

5478.75 24837.00 0.0 

5478.75 30315.75 0.0 

7305.00 37620.75 0.0 

The ten dates with zero associated power represent the ten different cooling or decay dates after exposure.
 
These ten dates are specifically the 5, 10, 15, 20, 25, 35, 50, 65, 80, and 100-year cooling times
 
designated for the template methodology.
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Hypothetical Fuel Element
Stainless Steel/lnconel Cladding, Uranium-Plutonium-Thorium Oxide Fuel 

Fuel Meat: Oxide ceramic U02-PU02-Th02 matrix 
Inner Clad: Stainless Steel 304 
Outer Clad Inconel X-750 
Burnup: 62.5 MWd/element (maximum element burnup) 
Basis of Calculation: Single element (single rod) 
BOl U-235: 371.9897 grams U-235 per element 
BOl U-238: 297.5918 grams U-238 per element 
BOl U-234: 29.7592 grams U-234 per element 
BOl U-236: 44.6388 grams U-236 per element 
BOl Total U: 743.9795 grams U per element 
BOl Pu-238: 14.0261 grams Pu-238 per element 
BOl Pu-239: 467.5381 grams Pu-239 per element 
BOl Pu-240: 162.8591 grams Pu-240 per element 
BOl Pu-241: 92.7284 grams Pu-241 per element 
BOl Pu-242: 42.0784 grams Pu-242 per element 
BOl Total Pu: 779.2301 grams Pu per element 
BOl Th-232: 345.4439 grams th-232 per element 
BOl U-235 Fuel Enrichment: 50 wt% 
BOl Pu-239 Fuel Enrichment: 60wt% 

Radionuclide 5 10 15 

DECAY TIMES (years out of core) 
(Activities* in Ci/element) 

20 25 35 50 65 80 100 
H 3 
BE 10 
C 14 
CL 36 
CR 51 
MN 54 
FE 55 
FE 59 
CO 60 
NI 59 
NI 63 
ZN 65 
SE 79 
KR 85 
RB 87 

9.328E-01 7.046E-01 
1.775E-07 1.775E-07 
9.719E-04 9.713E-04 
1.711 E-05 1.711 E-05 
1.334E-18 1.924E-38 
5.235E-02 9.115E-04 
5.403E+00 1.425E+00 
5.842E-13 3.546E-25 
3.631 E+01 1.881 E+01 
2.430E-02 2.430E-02 
2.893E+00 2.786E+00 
1.943E-04 1.082E-06 
6.428E-04 6.428E-04 
9.283E+00 6.718E+00 
2.847E-08 2.847E-08 

5.322E-01 
1.775E-07 
9.708E-04 
1.711 E-05 
2.776E-58 
1.587E-05 
3.757E-01 
2.153E-37 
9.746E+00 
2.430E-02 
2.683E+00 
6.022E-09 
6.427E-04 
4.863E+00 
2.847E-08 

4.019E-01 
1.775E-07 
9.702E-04 
1.711 E-05 
4.005E-78 
2.762E-07 
9.906E-02 
1.307E-49 
5.049E+00 
2.429E-02 
2.584E+00 
3.353E-11 
6.427E-04 
3.519E+00 
2.847E-08 

3.036E-01 
1.775E-07 
9.696E-04 
1.711 E-05 
5.778E-98 
4.809E-09 
2.612E-02 
7.932E-62 
2.616E+00 
2.429E-02 
2.488E+00 
1.866E-13 
6.427E-04 
2.547E+00 
2.847E-08 

1.732E-01 
1.775E-07 
9.684E-04 
1.711 E-05 
O.OOOE+OO 
1.458E-12 
1.816E-03 
O.OOOE+OO 
7.020E-01 
2.429E-02 
2.308E+00 
5.785E-18 
6.426E-04 
1.334E+00 
2.847E-08 

7.461 E-02 
1.775E-07 
9.667E-04 
1.711 E-05 
O.OOOE+OO 
7.691E-18 
3.330E-05 
O.OOOE+OO 
9.760E-02 
2.429E-02 
2.061E+00 
9.984E-25 
6.425E-04 
5.059E-01 
2.847E-08 

3.215E-02 
1.775E-07 
9.649E-04 
1.711 E-05 
O.OOOE+OO 
4.058E-23 
6.106E-07 
O.OOOE+OO 
1.357E-02 
2.428E-02 
1.841E+00 
1.723E-31 
6.424E-04 
1.918E-01 
2.847E-08 

1.385E-02 
1.775E-07 
9.632E-04 
1.710E-05 
O.OOOE+OO 
2.141 E-28 
1.120E-08 
O.OOOE+OO 
1.887E-03 
2.428E-02 
1.644E+00 
2.974E-38 
6.423E-04 
7.271 E-02 
2.847E-08 

4.507E-03 
1.775E-07 
9.608E-04 
1.710E-05 
O.OOOE+OO 
1.967E-35 
5.413E-11 
O.OOOE+OO 
1.359E-04 
2.428E-02 
1.414E+00 
2.857E-47 
6.421 E-04 
1.995E-02 
2.847E-08 



DECAY TIMES (years out of core) 
(Activities* in Ci/element) 

Radionuclide 5 10 15 20 25 35 50 65 80 100 
SR89 1.455E-08 1.889E-19 2.452E-30 3.182E-41 4.130E-52 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SR 90 8.478E+01 7.527E+01 6.683E+01 5.933E+01 5.267E+01 4.151 E+01 2.905E+01 2.033E+01 1.422E+01 8.837E+00 
Y90 8.481E+01 7.529E+01 6.684E+01 5.934E+01 5.268E+01 4.153E+01 2.906E+01 2.033E+01 1.423E+01 8.839E+00 
Y 91 6.036E-07 2.423E-16 9.726E-26 3.904E-35 1.567E-44 2.525E-63 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
ZR93 2.791 E-03 2.791 E-03 2.791E-03 2.791 E-03 2.791 E-03 2.791 E-03 2.791 E-03 2.791 E-03 2.791 E-03 2.791E-03 
ZR 95 6.008E-06 1.536E-14 3.925E-23 1.003E-31 2.564E-40 1.676E-57 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
NB93M 7.534E-04 1.180E-03 1.511 E-03 1.768E-03 1.967E-03 2.240E-03 2.460E-03 2.562E-03 2.610E-03 2.637E-03 
NB 94 9.911E-04 9.909E-04 9.907E-04 9.906E-04 9.904E-04 9.901E-04 9.896E-04 9.891E-04 9.885E-04 9.879E-04 
NB 95 1.334E-05 3.409E-14 8.714E-23 2.227E-31 5.693E-40 3.720E-57 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
NB95M 4.457E-08 1.139E-16 2.912E-25 7.443E-34 1.902E-42 1.243E-59 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
M093 1.282E-05 1.280E-05 1.279E-05 1.278E-05 1.277E-05 1.274E-05 1.270E-05 1.267E-05 1.263F 1')5 1.258E-05 
TC 99 2.705E-02 2.705E-02 2.705E-02 2.705E-02 2.705E~02 2.705E-02 2.705E-02 2.705E-02 2.704E-02 2.704E-02 
RU103 2.683E-11 2.714E-25 2.746E-39 2.778E-53 2.810E-67 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
RU106 4.723E+01 1.517E+00 4.873E-02 1.565E-03 5.028E-05 5.188E-08 1.719E-12 5.698E-17 1.888E-21 2.010E-27 
RH103M 2.419E-11 2.447E-25 2.475E-39 2.504E-53 2.533E-67 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
RH106 4.723E+01 1.517E+00 4.873E-02 1.565E-03 5.028E-05 5.188E-08 1.719E-12 5.698E-17 1.888E-21 2.010E-27 
PD107 4.142E-04 4.142E-04 4.142E-04 4.142E-04 4.142E-04 4.142E-04 4.142E-04 4.142E-04 4.142E-04 4.142E-04 
AG110 2.636E-04 1.662E-06 1.049E-08 6.618E-11 4.175E-13 1.661E-17 4.173E-24 1.048E-30 2.632E-37 4.169E-46 
AG110M 1.982E-02 1.250E-04 7.886E-07 4.975E-09 3.139E-11 1.250E-15 3.138E-22 7.878E-29 1.979E-35 3.135E-44 
AG111 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CD113M 7.053E-02 5.562E-02 4.386E-02 3.458E-02 2.727E-02 1.696E-02 8.315E-03 4.077E-03 1.999E-03 7.730E-04 
CD113 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CD115M 8.304E-13 3.904E-25 1.836E-37 8.629E-50 4.057E-62 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
IN114 2.717E-14 2.144E-25 1.691 E-36 1.333E-47 1.052E-58 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
IN114M 2.839E-14 2.240E-25 1.766E-36 1.393E-47 1.099E-58 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
IN115M 5.824E-17 2.738E-29 1.287E-41 6.052E-54 2.845E-66 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SN119M 1.236E-03 7.054E-06 4.024E-08 2.297E-10 1.310E-12 4.265E-17 7.922E-24 1.472E-30 2.734E-37 2.897E-46 
SN121M 4.948E-04 4.617E-04 4.307E-04 4.019E-04 3.749E-04 3.263E-04 2.650E-04 2.153E-04 1.748E-04 1.325E-04 
SN123 2.207E-04 1.224E-08 6.784E-13 3.761 E-17 2.085E-21 6.409E-30 1.092E-42 1.861E-55 3.171 E-68 2.995E-85 
SN125 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SN126 1.394E-03 1.394E-03 1.394E-03 1.394E-03 1.394E-03 1.394E-03 1.394E-03 1.394E-03 1.393E-03 1.393E-03 
SB124 4.256E-10 3.135E-19 2.310E-28 1.702E-37 1.254E-46 6.808E-65 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SB125 6.364E+00 1.821 E+OO 5.211 E-01 1.491 E-01 4.266E-02 3.493E-03 8.187E-05 1.918E-06 4.494E-08 3.013E-10 
SB126 1.952E-04 1.952E-04 1.952E-04 1.952E-04 1.951 E-04 1.951E-04 1.951 E-04 1.951 E-04 1.951 E-04 1.950E-04 
SB126M 1.394E-03 1.394E-03 1.394E-03 1.394E-03 1.394E-03 1.394E-03 1.394E-03 1.394E-03 1.393E-03 1.393E-03 .. -) .. .. - - .. .. - .. .. - .. - - -.,. - 

DOE/SNF/REP-078 January 2004
 
Revision 1 Page A-202 of A-212
 



DOE/SNFIREP-078 January 2004
 
Revision 1 Page A-203 of A-212
 

.. - .. .. - - - - '- -  - •• - - -, - 
DECAY TIMES (years out of core) 

(Activities* in Ci/element) 
Radionuclide 5 10 15 20 25 35 50 65 80 100 

TE123M 2.881 E-08 7.341E-13 1.871 E-17 4.768E-22 1.215E-26 7.893E-36 1.306E-49 2.162E-63 3.580E-77 1.511 E-95 
TE125M 1.553E+00 4.443E-01 1.271 E-01 3.638E-02 1.041 E-02 8.525E-04 1.997E-05 4.680E-07 1.096E-08 7.353E-11 
TE127 2.084E-04 1.886E-09 1.706E-14 1.544E-19 1.397E-24 1.144E-34 8.474E-50 6.278E-65 4.651 E-80 O.OOOE+OO 
TE127M 2.128E-04 1.925E-09 1.742E-14 1.576E-19 1.426E-24 1.168E-34 8.652E-50 6.410E-65 4.749E-80 O.OOOE+OO 
TE129 2.111 E-15 9.172E-32 3.985E-48 1.732E-64 7.524E-81 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
TE129M 3.243E-15 1.409E-31 6.122E-48 2.660E-64 1.156E-80 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
1129 6.993E-05 6.993E-05 6.993E-05 6.993E-05 6.993E-05 6.993E-05 6.993E-05 6.993E-05 6.993E-05 6.993E-05 
1131 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
XE131M O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
XE133 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CS134 9.325E+00 1.736E+00 3.234E-01 6.023E-02 1.121 E-02 3.889E-04 2.512E-06 1.622E-08 1.047E-10 1.260E-13 
CS135 2.882E-03 2.882E-03 2.882E-03 2.882E-03 2.882E-03 2.882E-03 2.882E-03 2.882E-03 2.882E-03 2.882E-03 
CS136 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.bOOE+OO 
CS137 1.771 E+02 1.578E+02 1.405E+02 1.252E+02 1.115E+02 8.854E+01 6.260E+01 4.427E+01 3.130E+01 1.972E+01 
BA136M O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
BA137M 1.675E+02 1.492E+02 1.330E+02 1.184E+02 1.055E+02 8.376E+01 5.922E+01 4.188E+01 2.961 E+01 1.865E+01 
BA140 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
LA140 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CE141 3.077E-14 3.790E-31 4.667E-48 5.748E-65 7.078E-82 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
CE142 4.827E-08 4.827E-08 4.827E-08 4.827E-08 4.827E-08 4.827E-08 4.827E-08 4.827E-08 4.827E-08 4.827E-08 
CE144 2.163E+01 2.517E-01 2.931 E-03 3.412E-05 3.972E-07 5.383E-11 8.492E-17 1.340E-22 2.114E-28 3.882E-36 
PR143 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PR144 2.163E+01 2.518E-01 2.931 E-03 3.412E-05 3.972E-07 5.383E-11 8.492E-17 1.340E-22 2.114E-28 3.882E-36 
PR144M 2.595E-01 3.021 E-03 3.517E-05 4.094E-07 4.766E-09 6.459E-13 1.019E-18 1.608E-24 2.536E-30 4.658E-38 
ND144 1.998E-12 2.006E-12 2.006E-12 2.006E.12 2.006E-12 2.006E-12 2.006E-12 2.006E-12 2.006E-12 2.006E-12 
ND147 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PM145 1.748E-07 1.455E-07 1.196E-07 9.837E-08 8.088E-08 5.467E-08 3.039E-08 1.689E-08 9.386E-09 4.289E-09 
PM147 1.324E+02 3.533E+01 9.428E+00 2.516E+OO 6.714E-01 4.781E-02 9.085E-04 1.726E-05 3.281 E-07 1.664E-09 
PM148M 2.514E-12 1.224E-25 5.962E-39 ~.903E-52 1.414E-65 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
PM148 1.416E-13 6.895E-27 3.358E-40 1.635E-53 7.964E-67 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
SM145 3.949E-08 9.545E-10 2.307E-11 5.576E-13 1.348E-14 7.874E-18 1.112E-22 1.570E-27 2.217E-32 7.568E-39 
SM147 1.418E-08 1.656E-08 1.719E-08 1.736E-08 1.741 E-08 1.742E-08 1.742E-08 1.742E-08 1.742E-08 1.742E-08 
SM151 5.445E+00 5.239E+OO 5.042E+00 4.851E+00 4.668E+00 4.322E+00 3.850E+00 3.430E+00 3.056E+OO 2.620E+00 
EU152 7.184E-02 5.568E-02 4.315E-02 3.345E-02 2.593E-02 1.557E-02 7.250E-03 3.375E-03 1.571 E-03 5.671E-04 
EU154 2.401 E+OO 1.604E+00 1.072E+OO 7.166E-01 4.789E-01 2.140E-01 6.386E-02 1.907E-02 5.691 E-03 1.135E-03 
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DECAY TIMES (years out of core) 
(Activities* in Ci/element) 

~adionuclide 5 10 15 20 25 35 50 65 80 100 
EU155 1.047E+01 5.206E+OO 2.588E+00 1.287E+OO 6.397E-01 1.581 E-01 1.943E-02 2.388E-03 2.934E-04 1.792E-05 
EU156 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
GD153 1.962E-04 1.050E-06 5.619E-09 3.006E-11 1.609E-13 4.605E-18 7.055E-25 1.081 E-31 1.656E-38 1.357E-47 
TB160 1.330E-08 3.314E-16 8.258E-24 2.057E-31 5.127E-39 3.184E-54 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
TL206 4.953E-12 4.953E-12 4.953E-12 4.953E-12 4.953E-12 4.953E-12 4.953E-12 4.953E-12 4.953E-12 4.953E-12 
TL207 3.320E-05 5.457E-05 7.281E-05 8.838E-05 1.017E-04 1.226E-04 1.439E-04 1.572E-04 1.656E-04 1.720E-04 
TL208 1.981 E-03 2.113E-03 2.053E-03 1.964E-03 1.874E-03 1.703E-03 1.476E-03 1.279E-03 1.109E-03 9.179E-04 
PB210 1.948E-09 7.501E-09 1.886E-08 3.774E-08 6.563E-08 1.536E-07 3.815E-07 7.438E-07 1.256E-06 2.192E-06 
PB211 3.329E-05 5.473E-05 7.302E-05 8.863E-05 1.019E-04 1.230E-04 1.443E-04 1.577E-04 1.660E-04 1.725E-04 
PB212 5.512E-03 5.882E-03 5.714E-03 5.467E-03 5.216E-03 4.739E-03 4.107E-03 3.560E-03 3.087E-03 2.555E-03 
BI211 3.329E-05 5.473E-05 7.302E-05 8.863E-05 1.019E-04 1.230E-04 1.443E-04 1.577E-04 1.660E-04 1.725E-04 
81212 5.512E-03 5.882E-03 5.714E-03 5.467E-03 5.216E-03 4.739E-03 4.107E-03 3.560E-03 3.087E-03 2.555E-03 
P0212 3.532E-03 3.769E-03 3.661 E-03 3.503E-03 3.342E-03 3.037E-03 2.632E-03 2.281 E-03 1.978E-03 1.637E~03 

P0215 3.329E-05 5.473E-05 7.302E-05 8.863E-05 1.019E-04 1.230E-04 1.443E-04 1.577E-04 1.660E-04 1.725E-04 
P0216 5.512E-03 5.882E-03 5.714E-03 5.467E-03 5.216E-03 4.739E-03 4.107E-03 3.560E-03 3.087E-03 2.555E-03 
RN219 3.329E-05 5.473E-05 7.302E-05 8.863E-05 1.019E-04 1.230E-04 1.443E-04 1.577E-04 1.660E-04 1.725E-04 
RN220 5.512E-03 5.882E-03 5.714E-03 5.467E-03 5.216E-03 4.739E-03 4.107E-03 3.560E-03 3.087E-03 2.555E-03 
FR223 4.592E-07 7.543E-07 1.006E-06 1.221 E-06 1.404E-06 1.695E-06 1.989E-06 2.173E-06 2.288E-06 2.378E-06 
RA223 3.329E-05 5.473E-05 7.302E-05 8.863E-05 1.019E-04 1.230E-04 1.443E-04 1.577E-04 1.660E-04 1.725E-04 
RA224 5.512E-03 5.882E-03 5.714E-03 5.467E-03 5.216E-03 4.739E-03 4.107E-03 3.560E-03 3.087E-03 2.555E-03 
RA226 2.309E-08 6.006E-08 1.146E-07 1.869E-07 2.773E-07 5.133E-07 1.009E-06 1.678E-06 2.527E-06 3.943E-06 
RA228 2.118E-05 2.782E-05 3.178E-05 3.414E-05 3.555E-05 3.689E-05 3.747E-05 3.760E-05 3.762E-05 3.763E-05 
AC227 3.327E-05 5.466E-05 7.291 E-05 8.848E-05 1.018E-04 1.228E-04 1.442E-04 1.575E-04 1.658E-04 1.723E-04 
TH227 3.283E-05 5.397E-05 7.201 E-05 8.741 E-05 1.005E-04 1.213E-04 1.423E-04 1.555E-04 1.637E-04 1.701E-04 
TH228 5.511 E-03 5.877E-03 5.709E-03 5.462E-03 5.211 E-03 4.739E-03 4.107E-03 3.560E-03 3.086E-03 2.555E-03 
TH229 1.363E-05 2.428E-05 3.493E-05 4.558E-05 5.622E-05 7.749E-05 1.093E-04 1.412E-04 1.729E-04 2.152E-04 
TH230 1.308E-05 2.116E-05 2.938E-05 3.773E-05 4.623E-05 6.359E-05 9.051 E-05 1.184E-04 1.471 E-04 1.865E-04 
TH231 7.574E-04 7.575E-04 7.576E-04 7.578E-04 7.579E-04 7.581 E-04 7.585E-04 7.589E-04 7.593E-04 7.598E-04 
TH232 3.763E-05 3.763E-05 3.763E-05 3.763E-05 3.763E-05 3.763E-05 3.763E-05 3.763E-05 3.763E-05 3.763E-05 
TH234 9.890E-05 9.890E-05 9.890E-05 9.890E-05 9.890E-05 9.890E-05 9.890E-05 9.890E-05 9.890E-05 9.890E-05 
PA231 1.786E-04 1.786E-04 1.787E-04 1.788E-04 1.788E-04 1.789E-04 1.791 E-04 1.793E-04 1.795E-04 1.797E-04 
PA233 1.544E-03 1.908E-03 2.400E-03 2.992E-03 3.661 E-03 5.160E-03 7.643E-03 1.025E-02 1.287E-02 1.634E-02 
PA234M 9.890E-05 9.890E-05 9.890E-05 9.890E-05 9.890E-05 9.890E-05 9.890E-05 9.890E-05 9.890E-05 9.890E-05 
PA234 1.286E-07 1.286E-07 1.286E-07 1.286E-07 1.286E-07 1.286E-07 1.286E-07 1.286E-07 1.286E-07 1.286E-07 
U232 6.108E-03 5.822E-03 5.549E-03 5.288E-03 5.040E-03 4.577E-03 3.962E-03 3.429E-03 2.968E-03 2.448E-03 

---~-~-----~-~--~--
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Radionuclide 5 10 15 

DECAY TIMES (years out of core) 
(Activities* in Ci/element) 

20 25 35 50 65 80 100 
U233 
U234 
U235 
U236 
U237 
U238 
NP237 
PU236 
PU237 
PU238 
PU239 
PU240 
PU241 
PU242 
PU244 
AM241 
AM242M 
AM242 
AM243 
CM242 
CM243 
CM244 
CM245 
CM246 
CM247 

2.259E-02 2.259E-02 
1.778E-01 1.811 E-01 
7.574E-04 7.575E-04 
3.196E-03 3.199E-03 
3.165E-03 2.488E-03 
9.890E-05 9.890E-05 
1.544E-03 1.908E-03 
3.763E-05 1.116E-05 
5.975E-15 5.252E-27 
2.358E+02 2.268E+02 
2.605E+01 2.605E+01 
1.828E+01 1.829E+01 
1.290E+04 1.014E+04 
1.535E-01 1.535E-01 
4.492E-09 4.492E-09 
1.775E+02 2.676E+02 
1.207E+00 1.180E+00 
1.201 E+OO 1.174E+00 
1.023E+00 1.022E+00 
1.485E+00 9.714E-01 
1.123E-01 9.944E-02 
3.320E+01 2.741E+01 
1.982E-03 1.982E-03 
2.010E-05 2.008E-05 
1.442E-11 1.442E-11 

2.258E-02 
1.842E-01 
7.576E-04 
3.201 E-03 
1.955E-03 
9.890E-05 
2.400E-03 
3.309E-06 
4.616E-39 
2.180E+02 
2.604E+01 
1.829E+01 
7.971E+03 
1.535E-01 
4.492E-09 
3.374E+02 
1.153E+00 
1.147E+00 
1.022E+00 
9.493E-01 
8.805E-02 
2.264E+01 
1.981 E-03 
2.007E-05 
1.442E-11 

2.258E-02 
1.872E-01 
7.578E-04 
3.204E-03 
1.537E-03 
9.890E-05 
2.992E-03 
9.811E-07 
4.057E-51 
2.096E+02 
2.604E+01 
1.829E+01 
6.266E+03 
1.535E-01 
4.492E-09 
3.913E+02 
1.127E+00 
1.122E+00 
1.021 E+OO 
9.279E-01 
7.797E-02 
1.870E+01 
1.980E-03 
2.005E-05 
1.442E-11 

2.258E-02 
1.902E-01 
7.579E-04 
3.207E-03 
1.208E-03 
9.890E-05 
3.661 E-03 
2.910E-07 
3.566E-63 
2.015E+02 
2.604E+01 
1.829E+01 
4.926E+03 
1.535E-01 
4.492E-09 
4.326E+02 
1.102E+00 
1.096E+00 
1.021 E+OO 
9.070E-01 
6.904E-02 
1.544E+01 
1.979E-03 
2.004E-05 
1.442E-11 

2.258E-02 
1.956E-01 
7.581 E-04 
3.212E-03 
7.467E-04 
9.890E-05 
5.160E-03 
2.568E-08 
O.OOOE+OO 
1.863E+02 
2.603E+01 
1.829E+01 
3.044E+03 
1.535E-01 
4.492E-09 
4.879E+02 
1.053E+00 
1.047E+00 
1.020E+00 
8.662E-01 
5.414E-02 
1.053E+01 
1.977E-03 
2.001 E-05 
1.442E-11 

2.258E-02 
2.031 E-01 
7.585E-04 
3.220E-03 
3.627E-04 
9.890E-05 
7.643E-03 
7.713E-10 
O.OOOE+OO 
1.656E+02 
2.602E+01 
1.827E+01 
1.478E+03 
1.535E-01 
4.492E-09 
5.278E+02 
9.830E-01 
9.781 E-01 
1.018E+00 
8.089E-01 
3.759E-02 
5.930E+00 
1.975E-03 
1.996E-05 
1.442E-11 

2.258E-02 
2.097E-01 
7.589E-04 
3.229E-03 
1.762E-04 
9.890E-05 
1.025E-02 
1.218E-10 
O.OOOE+OO 
1.471 E+02 
2.601 E+01 
1.825E+01 
7.181E+02 
1.535E-01 
4.492E-09 
5.102E+02 
9.180E-01 
9.135E-01 
1.017E+00 
7.554E-01 
2.610E-02 
3.340E+00 
1.973E-03 
1.992E-05 
1.442E-11 

2.258E-02 
2.156E-01 
7.593E-04 
3.237E-03 
8.557E-05 
9.890E-05 
1.287E-02 
1.049E-10 
O.OOOE+OO 
1.308E+02 
2.600E+01 
1.822E+01 
3.488E+02 
1.535E-01 
4.492E-09 
5.395E+02 
8.573E-01 
8.531E-01 
1.015E+00 
7.055E-01 
1.812E-02 
1.881 E+OO 
1.970E-03 
1.988E-05 
1.442E-11 

2.258E-02 
2.225E-01 
7.598E-04 
3.247E-03 
3.268E-05 
9.890E-05 
1.634E-02 
1.044E-10 
O.OOOE+OO 
1.118E+02 
2.598E+01 
1.819E+01 
1.332E+02 
1.535E-01 
4.492E-09 
5.295E+02 
7.826E-01 
7.787E-01 
1.013E+00 
6.440E-01 
1.114E-02 
8.749E-01 
1.967E-03 
1.982E-05 
1.442E-11 

$UBTOTAL** 1.427E+04 1.125E+04 9.043E+03 7.318E+03 5.961 E+03 4.042E+03 2.413E+03 1.589E+03 1.163E+03 8.834E+02 
TOTAL*** 1.427E+04 1.126E+04 9.044E+03 7.319E+03 5.962E+03 4.043E+03 2.414E+03 1.591 E+03 1.164E+03 8.844E+02 

* Four decimal places of accuracy are as reported by ORIGEN2 output and are not significant for many radionuclides. 
** Subtotal: total activity of the 145 isotopes listed in the table. 
*** Total: total activity of the ORIGEN2 output isotopes. 



I
 
I
 
I
 
I
 
I

I
 
I
 
I
 
I
 
I
 
I
 
I
 
I
 
I
 
I
 
I
 
I
 
I
 
I
 

DOE/SNF/REP-078 January 2004
 
Revision I Page A-206 of A-212
 

Worst-Case Template 29 

This analysis was focused on creating a bounding source term estimate. The hypothetical fuel 
template was created to maximize the source term for all radionuclides, but radionuclide production and 
decay is a complex multivariable process. It :s impossible to maximize all radionuclides. Consequently, 
Template 29 was created by normalizing all the completed templates to the same basis (Ci per MWd per 
kg) and selecting the highest curie content for each radionuclide. This template, shown below, is used to 
conservatively estimate source terms when sufficient information is not known to select one of the other 
templates. It is expected to be extremely conservative for any credible fuel. This worst-case template was 
used in the analysis for spent fuels that didn't fit any of the other completed templates. The hypothetical 
template was not used in the analysis (other than to derive this Worst-Case Template 29). 
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5
Ac-227 3.327E-05

DEC
I 10 I 15 I 20 I 25

5.466E-05 7.29lE-05 8.848E-05 1.018E-04

AY TIMES (years)
I 35 I 50

1.228E-04 1.442E-04
I 65

1.575E-04
I 80

1.658E-04
I 100

1.723E-04
Asz-110 2.572E-03 1.622E-05 1.024E-07 6.458E-1O 4.074E-12 1.621E-16 4.072E-23 O.OOOE+OO O.OOOE+OO O.OOOE+OO
A2-110m 1.933E-01 1.2I9E-03 7.699E-06 4.855E-08 3.063E-1O 1.2I9E-14 3.062E-2I O.OOOE+OO O.OOOE+OO O.OOOE+OO
A2-111 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO
Am-241 1.775E+02 2.676E+02 3.374E+02 3.9I3E+02 4.326E+02 4.879E+02 5.278E+02 5.402E+02 5.395E+02 5.295E+02
Am-242 1.201E+OO 1.174E+00 1.147E+00 1.1 22E+00 1.096E+OO 1.047E+00 9.78IE-OI 9.135E-01 8.531E-OI 7.787E-OI
Am-242m 1.207E+00 1.180E+00 1.153E+00 1.1 27E+00 1.102E+OO 1.053E+00 9.830E-OI 9.180E-Ol 8.573E-Ol 7.826E-OI
Am-243 1.023E+OO 1.022E+00 1.022E+OO 1.02lE+00 1.02IE+OO 1.020E+00 1.018E+00 l.017E+00 1.015E+00 1.013E+00
Ba-136m O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO
Ba-137m 2.488E+03 2.216E+03 1.975E+03 1.759E+03 1.567E+03 1.245E+03 8.802E+02 6.226E+02 4.403E+02 2.774E+02
Ba-140 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO
Be-l0 1.527E-05 1.527E-05 1.527E-05 1.527E-05 1.527E-05 1.527E-05 1.527E-05 1.527E-05 1.527E-05 1.527E-05
Bi-211 3.329E-05 5.473E-05 7.302E-05 8.863E-05 1.019E-04 1.230E-04 1.443E-04 1.577E-04 1.660E-04 1.725E-04
Bi-212 1.870E-02 1.9I2E-02 1.843E-02 1.760E-02 1.678E-02 1.524E-02 1.319E-02 1.141E-02 9.880E-03 8.157E-03
C-14 7.583E+00
Cd-113 O.OOOE+OO

7.577E+00
O.OOOE+OO

7.570E+00
O.OOOE+OO

7.570E+00
O.OOOE+OO

7.563E+00
O.OOOE+OO

,7.556E+00
O.OOOE+OO

7.543E+00
O.OOOE+OO

7.529E+00
O.OOOE+OO

7.515E+00
O.OOOE+OO

7.495E+00
O.OOOE+OO

Cd-113m 2.758E-OI 2.174E-OI l.715E-01 l.353E-01 1.067E-01 6.636E-02 3.255E-02 1.598E-02 7.834E-03 3.031E-03
Cd-115m 2.29lE-11 1.099E-23 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO
Ce-141 2.889E-12 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO
Ce-142 1.276E-06 1.276E-06 1.276E-06 1.276E-06 1.276E-06 1.276E-06 1.276E-06 1.276E-06 1.276E-06 1.276E-06
Ce-144 8.500E+02 9.926E+00 1.1 59E-01 1.353E-03 1.58lE-05 8.425E-07 3.430E-15 2.939E-18 1.679E-18 O.OOOE+OO
CI-36 1.429E-01 1.429E-01 1.429E-01 1.429E-01 1.428E-01 1.428E-01 1.428E-01 1.428E-01 1.428E-01 1.428E-01
Cm-242 1.485E+00 9.714E-Ol 9.493E-Ol 9.279E-Ol 9.070E-Ol 8.662E-OI 8.089E-OI 7.554E-OI 7.055E-Ol 6.440E-Ol
Cm-243 1.1 23E-Ol 9.944E-02 8.805E-02 7.797E-02 6.904E-02 5.414E-02 3.759E-02 2.61OE-02 1.8I2E-02 1.114E-02
Cm-244 3.320E+Ol 2.741E+Ol 2.264E+OI 1.870E+Ol 1.544E+OI 1.053E+Ol 5.930E+00 3.340E+00 1.881E+00 8.749E-Ol
Cm-245 1.982E-03 1.982E-03 1.981E-03 1.980E-03 1.979E-03 1.977E-03 1.975E-03 1.973E-03 1.970E-03 1.967E-03
Cm-246 1.915E-04 1.9I4E-04 1.9I2E-04 1.911E-04 1.909E-04 1.906E-04 1.902E-04 1.898E-04 1.893E-04 1.888E-04
Cm-247 6.67IE-1O 6.671E-1O 6.67IE-IO 6.671E-1O 6.671E-1O 6.67IE-1O 6.671E-1O 6.671E-1O 6.671E-1O 6.671E-1O
Co-60 9.084E+04 4.704E+04 2.437E+04 1.262E+04 6.541E+03 l.755E+03 2.441E+02 3.393E+Ol 4.719E+00 3.399E-OI
Cr-51 1.652E-14
Cs-134 5.083E+02

O.OOOE+OO
9.478E+Ol

O.OOOE+OO
l.767E+Ol

O.OOOE+OO
3.296E+00

O.OOOE+OO
6. I43E-0l

O.OOOE+OO
2. 134E-02

O.OOOE+OO
1.384E-04

O.OOOE+OO
8.966E-07

O.OOOE+OO
1.838E-07

O.OOOE+OO
7.020E-12
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DECAY TIMES (years) 
5 I 10 I 15 I 20 I 25 I 35 I 50 I 65 I 80 I 100 

Cs-135 2.749E-02 2.749E-02 2.749E-02 2.749E-02 2.749E-02 2.749E-02 2.749E-02 2.749E-02 2.749E-U2 2.749E-02 
Cs-136 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
Cs-137 2.629E+03 2.343E+03 2.088E+03 1.860E+03 1.658E+03 l.316E+03 9.305E+02 6.580E+02 4.654E+02 2.933E+02 
Eu-152 5.555E+00 4.306E+00 3.338E+00 2.588E+00 2.006E+00 1.206E+00 5.615E-OI 2.615E-OI 1.219E-01 4.398E-02 
Eu-154 8.753E+02 5.85IE+02 3.9 I 2E+02 2.615E+02 1.748E+02 7.812E+OI 2.334E+OI 6.972E+00 2.083E+00 4.l60E-01 
Eu-155 2.847E+02 1.416E+02 7.045E+OI 3.504E+OI l.743E+OI 4.312E+00 5.306E-OI 6.528E-02 8.035E-03 4.9 I8E-04 
Eu-156 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
Fe-55 5.450E+04 1.437E+04 3.789E+03 9.99IE+02 2.634E+02 1.832E+OI 3.359E-OI 6.159E-03 1.129E-04 5.460E-07 
Fe-59 1.215E-08 7.372E-21 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
Fr-223 4.592E-07 7.543E-07 1.006E-06 1.221E-06 1.404E-06 1.695E-06 1.989E-06 2.173E-06 2.288E-06 2.378E-06 
Gd-153 3.031E-02 1.622E-04 8.68IE-07 4.644E-09 2.484E-II 7.l13E-16 1.090E-22 O.OOOE+OO O.OOOE+OO O.OOOE+OO 
H-3 8.177E+OI 6.180E+0l 4.667E+OI 3.526E+Ol 2.662E+OI 1.519E+Ol 6.545E+00 2. 820E+00 1.215E+00 3.953E-OI 
1-129 6.636E-04 6.636E-04 6.636E-04 6.636E-04 6.636E-04 6.636E-04 6.636E-04 6.636E-04 6.636E-04 6.636E-04 
1-131 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
In-114 1.140E-ll 8.988E-23 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
In-114m 1.191E-II 9.391E-23 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE 00 O.OOOE+OO O.OOOE+OO 
In-115m 1.608E-15 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
Kr-S5 2.601E+02 1.883E+02 l.363E+02 9.864E+OI 7.141E+Ol 3.743E+OI 1.420E+Ol 5.387E+OO 2.044E+OO 5.613E-OI 
La-140 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
MN-54 4. I95E+01 7.304E-0l 1.271E-02 2.213E-04 3.853E-06 3.147E-07 6.162E-15 1.229E-17 7.023E-18 O.OOOE+OO 
Mo-93 4.926E-02 4.92IE-02 4.916E-02 4.912E-02 4.907E-02 4.897E-02 4.882E-02 4.868E-02 4.854E-02 4.834E-02 
Nb-93m 2.169E-02 3.679E-02 4.849E-02 5.757E-02 6.460E-02 7.427E-02 8.204E-02 8.566E-02 8.736E-02 8.832E-02 
Nb-94 6.799E-02 6.797E-02 6.797E-02 6.795E-02 6.794E-02 6.792E-02 6.788E-02 6.785E-02 6.782E-02 6.777E-02 
Nb-95 1.113E-03 2.884E-12 7.473E-21 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
Nb-95m 3.720E-06 9.638E-15 2.497E-23 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
Nd-144 3.807E-ll 3.838E-ll 3.839E-ll 3.839E-ll 3.839E-ll 3.839E-ll 3.839E-ll 3.839E-ll 3.839E-ll 3.839E-Il 
Nd-147 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
Ni-59 2.130E+OI 2.130E+OI 2.130E+Ol 2.130E+Ol 2.130E+OI 2.130E+Ol 2. I29E+01 2.129E+OI 2.128E+OI 2.128E+OI 
Ni-63 3.064E+03 2.95IE+03 2.842E+03 2.737E+03 2.636E+03 2.444E+03 2. I 83E+03 1.950E+03 1.742E+03 1.498E+03 
Np-237 9.759E-03 

1.786E-04 
9.760E-03 
l.786E-04 

9.762E-03 
1.787E-04 

9.766E-03 
1.788E-04 

9.770E-03 
1.788E-04 

9.779E-03 
1.789E-04 

9.792E-03 
1.791E-04 

1.025E-02 
1.793E-04 

1.287E-02 
1.795E-04 

1.634E-02 
1.797E-04 Pa-231 

---------~---------
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DECAY TIMES (years) 
5 

9.759E-03 
9.54IE-06 
7.338E-03 
7.042E-09 
3.329E-05 

I 10 
9.760E-03 
9.54IE-06 
7.338E-03 
l.980E-08 
5.473E-05 

I 15 
9.762E-03 
9.54lE-06 
7.338E-03 
5.865E-08 
7.302E-05 

I 20 
9.766E-03 
9.54lE-06 
7.338E-03 
1.278E-07 
8.863E-05 

I 25 
9.770E-03 
9.54IE-06 
7.338E-03 
2.34IE-07 
1.019E-04 

I 35 
9.779E-03 
9.54IE-06 
7.338E-03 
5.798E-07 
l.230E-04 

I 50 
9.792E-03 
9.54IE-06 
7.338E-03 
1.495E-06 
1.443E-04 

T 65 
1.025E-02 
9.54IE-06 
7.338E-03 
2.957E-06 
1.577E-04 

T 80 
l.287E-02 
9.54IE-06 
7.338E-03 
5.017E-06 
l.660E-04 

I 100 
Pa-233 l.634E-02 

9.54IE-06 
7.338E-03 
8.743E-06 
1.725E-04 

Pa·234 
Pa-234m 
Pb-210 
Pb-211 
Pb-212 1.870E-02 

l.0l3E-03 
l.912E-02 
l.0l3E-03 

l.843E-02 
l.Ol3E-03 

l.760E-02 
l.0l3E-03 

l.678E-02 
l.0l3E-03 

1.524E-02 
l.0l3E-03 

l.319E-02 
l.0l3E-03 

1.14IE-02 
l.0l3E-03 

9.880E-03 
l.0l3E-03 

8.jj7E-03 
l.0l3E-03 Pd-107 

Pm-145 8.675E-OI 7.207E-OI 5.928E-OI 4.875E-OI 4.008E-OI 2.71OE-01 l.507E-01 8.378E-02 4.659E-02 2.130E-02 
Pm-147 2.91OE+03 7.770E+02 2.076E+02 5.544E+OI l.48IE+OI 1.056E+00 2.012E-02 3.835E-04 l.606E-05 3.718E-08 
Pm-148 3.534E-12 l.757E-25 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
Pm-148m 6.275E-II 3.l21E-24 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
Po-212 1.198E-02 l.225E-02 1.18IE-02 1.128E-02 l.076E-02 9.757E-03 8.447E-03 7.3lOE-03 6.330E-03 5.226E-03 
Po-2l5 3.329E-05 

l.870E-02 
5,473E-05 
l.912E-02 

7.302E-05 
1.843E-02 

8.863E-05 
l.760E-02 

l.019E-04 
l.678E-02 

1.230E-04 
l.524E-02 

1,443E-04 
l.319E-02 

1.577E-04 
1.14IE-02 

l.660E-04 
9.880E-03 

1.725E-04 
8.157E-03 Po-216 

Pr·143 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
Pr-144 8.500E+02 

l.020E+OI 
9.926E+00 
1.19IE-01 

1.159E-OI 
l.39IE-03 

l.353E-03 
1.625E-05 

l.58IE-05 
l.896E-07 

8,425E-07 
l.Ol2E-08 

3,430E-15 
4.ll7E-17 

2.939E-18 
3.524E-20 

l.679E-18 
2.0 I4E-20 

O.OOOE+OO 
O.OOOE+OO Pr-144m 

Pu-236 9.558E-04 2.836E-04 8.417E-05 2.498E-05 7.422E-06 6.624E-07 2.676E-08 l.014E-08 9.71OE-09 9.692E-09 
Pu-237 4.70IE-14 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
Pu-238 2.358E+02 2.268E+02 2. I80E+02 2.096E+02 2.015E+02 l.863E+02 l.656E+02 l.47lE+02 l.308E+02 1.118E+02 
Pu·239 2.605E+OI 2.605E+Ol 2.604E+Ol 2.604E+OI 2.604E+Ol 2.603E+Ol 2.602E+Ol 2.601E+Ol 2.600E+Ol 2.598E+Ol 
Pu-240 l.828E+OI l.829E+Ol l.829E+OI l.829E+Ol l.829E+Ol l.829E+OI l.827E+Ol 1.825E+Ol 1.822E+OI 1.819E+OI 
Pu-241 l.290E+04 1.014E+04 7.97lE+03 6.266E+03 4.926E+03 3.044E+03 l.478E+03 7.18lE+02 3.488E+02 1.332E+02 
Pu-242 1.535E-Ol l.535E-Ol 1.535E-Ol l.535E-Ol 1.535E-0l l.535E-01 l.535E-01 l.535E-01 l.535E-01 1.535E-01 
Pu-244 5.307E-09 5.307E-09 5.307E-09 5.307E-09 5.307E-09 5.307E-09 5.307E-09 5.307E-09 5.307E-09 5.307E-09 
Ra-223 3.329E-05 5.473E-05 7.302E-05 8.863E-05 l.019E-04 l.230E-04 l.443E-04 1.577E-04 l.660E-04 1.725E-04 
Ra-224 1.870E-02 l.912E-02 1.843E-02 l.760E-02 1.678E-02 l.524E-02 l.319E-02 1.141E-02 9.880E-03 8.157E-03 
Ra-226 5.641E-08 l.889E-07 3.989E-07 6.86IE-07 l.05lE-06 2.01OE-06 4.025E-06 6.725E-06 l.01IE-05 1.566E-05 
Ra·228 2.ll8E-05 2.782E-05 3.1 78E-05 3.414E-05 3.555E-05 3.689E-05 3.747E-05 3.760E-05 3.762E-05 3.763E-05 
Rb-87 8.187E-07 

I.067E-09 
8. 187E-07 
1.l04E-23 

8.187E-07 
O.OOOE+OO 

8.187E-07 
O.OOOE+OO 

8. 187E-07 
O.OOOE+OO 

8.187E-07 
O.OOOE+OO 

8.187E-07 
O.OOOE+OO 

8.1 87E-07 
O.OOOE+OO 

8. 187E-07 
O.OOOE+OO 

8.187E-07 
O.OOOE+OO Rh-103m 



DECAY TIMES (vears) 
5 

2.298E+02 
I 10 

7.379E+OO 
I 15 

2.37lE-Ol 
I 20 

7.6l8E-03 
I 25 

2.446E-04 
I 35 

5.345E-05 
I 50 

8.368E-l2 
I 65 

8.227E-l4 
I 80 

4.70lE-l4 
I 100 

O.OOOE+OO Rh-106 
Ro-219 3.329E-05 5.473E-05 7.302E-05 8.863E-05 l.Ol9E-04 1.230E-04 l.443E-04 1.577E-04 l.660E-04 l.725E-04 
Ro-220 1.870E-02 1.9l2E-02 l.843E-02 1.760E-02 1.678E-02 1.524E-02 l.3l9E-02 1.14lE-02 9.880E-03 8.l57E-03 
Ru-103 1.184E-09 

2.298E+02 
1.224E-23 
7.379E+OO 

O.OOOE+OO 
2.37lE-Ol 

O.OOOE+OO 
7.6l8E-03 

O.OOOE+OO 
2.446E-04 

O.OOOE+OO 
5.345E-05 

O.OOOE+OO 
8.368E-l2 

O.OOOE+OO 
8.227E-l4 

O.OOOE+OO 
4.70lE-l4 

O.OOOE+OO 
O.OOOE+OO Ru-106 

Sb-124 2.08lE-06 1.533E-l5 1.129E-24 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
Sb-125 1.176E+02 3.366E+Ol 9.629E+OO 2.756E+OO 7.884E-Ol 6.457E-02 1.513E-03 3.545E-05 4.220E-06 5.569E-09 
Sb-126 1.459E-03 1.459E-03 1.459E-03 1.459E-03 l.459E-03 1.459E-03 l.458E-03 1.458E-03 l.458E-03 l.458E-03 
Sb-126M l.042E-02 l.042E-02 l.042E-02 l.042E-02 l.042E-02 l.042E-02 l.042E-02 l.042E-02 l.04lE-02 l.04lE-02 
Se-79 1.199E-02 1.199E-02 1.199E-02 1.199E-02 1.199E-02 1.199E-02 1.199E-02 1.199E-02 l.198E-02 1.198E-02 
Sm-145 1.665E-Ol 4.034E-03 9.776E-05 2.369E-06 5.741E-08 3.37lE-ll 4.797E-l6 6.826E-21 O.OOOE+OO O.OOOE+OO 
Sm-147 6.263E-06 6.287E-06 6.294E-06 6.295E-06 6.296E-06 6.296E-06 6.296E-06 6.296E-06 6.296E-06 6.296E-06 
Sm-151 l.766E+02 1.700E+02 1.635E+02 1.573E+02 l.5l4E+02 l.402E+02 1.249E+02 1.113E+02 9.913E+Ol 8.499E+Ol 
So-119m 8. 272E+OO 4.719E-02 2.692E-04 l.536E-06 8.763E-09 2.853E-13 5.300E-20 O.OOOE+OO O.OOOE+OO O.OOOE+OO 
So-121m l.457E-Ol l.360E-Ol 1.269E-Ol 1.184E-Ol l.104E-Ol 9.616E-02 7.809E-02 6.341E-02 5.150E-02 3.902E-02 
So-123 2.085E-02 1.156E-06 6.408E-ll 3.553E-15 1.970E-19 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
So-125 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
So-126 l.042E-02 l.042E-02 l.042E-02 l.042E-02 l.042E-02 l.042E-02 l.042E-02 l.042E-02 l.04lE-02 l.041E-02 
Sr-89 2.098E-06 2.77lE-l7 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
Sr-90 2.525E+03 2.243E+03 1.991E+03 1.768E+03 l.570E+03 1.237E+03 8.662E+02 6.063E+02 4.243E+02 2.637E+02 
Tb-160 8.938E-06 2.254E-l3 5.683E-2l O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
Tc-99 4.230E-Ol 4.230E-Ol 4.230E-Ol 4.230E-Ol 4.230E-Ol 4.230E-Ol 4.230E-Ol 4.228E-Ol 4.228E-Ol 4.228E-Ol 
Te-123m 4.057E-04 l.035E-08 2.635E-13 6.7l7E-l8 l.7l2E-22 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
Te-125m 2.870E+Ol 8.2llE+OO 2.350E+OO 6.724E-Ol 1.924E-Ol 1.575E-02 3.691E-04 8.647E-06 l.028E-06 1.359E-09 
Te-127 4.862E-03 4.435E-08 4.044E-13 3.690E-l8 3.366E-23 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO #VALUEI 
Te-127m 4.965E-03 4.527E-08 4.130E-13 3.767E-l8 3.435E-23 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO #VALUE! 
Te-129 1.13OE-13 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
Te-129m 1.736E-13 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
Th-227 3.283E-05 5.397E-05 7.201E-05 8.741E-05 l.OO5E-04 1.213E-04 1.423E-04 1.555E-04 1.637E-04 1.70lE-04 
Th-228 1.869E-02 

1.730E-05 
1.9 IIE-02 
2.623E-05 

1.842E-02 
3.5l7E-05 

1.759E-02 
4.558E-05 

1.677E-02 
5.622E-05 

1.523E-02 
7.749E-05 

l.319E-02 
l.093E-04 

1.14lE-02 
l.412E-04 

9.880E-03 
1.729E-04 

8. 157E-03 
2.l52E-04 Th-229 
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DECAY TIMES (years) 
5 I 10 I 15 I 20 I 25 I 35 I 50 I 65 I 80 I 100 

Th-230 4.329E-05 7.924E-05 1.152E-04 1.512E-04 1.871E-04 2.590E-04 3.669E-04 4.747E-04 5.825E-04 7.263E-04 
Th·231 3.673E-02 3.673E-02 3.673E-02 3.673E-02 3.673E-02 3.673E-02 3.673E-02 3.673E-02 3.673E-02 3.673E-02 
Th·232 3.763E-05 3.763E-05 3.763E-05 3.763E-05 3.763E-05 3.763E-05 3.763E-05 3.763E-05 3.763E-05 3.763E-05 
Th·234 7.338E-03 7.338E-03 7.338E-03 7.338E-03 7.338E-03 7.338E-03 7.338E-03 7.338E-03 7.338E-03 7.338E-03 
TI-206 1.647E-1O 1.647E-1O 1.647E-1O 1.647E-1O 1.647E-1O 1.647E-1O 1.647E-IO 1.647E-1O 1.647E-IO 1.647E-1O 
TI-207 3.320E-05 5.457E-05 7.281E-05 8.838E-05 I.OI7E-04 1.226E-04 1.439E-04 1.572E-04 1.656E-04 1.720E-04 

. Tl·208 6.719E-03 6.870E-03 6.624E-03 6.325E-03 6.030E-03 5.473E-03 4.737E-03 4.100E-03 3.549E-03 2.931E-03 
V·232 1.978E-02 1.885E-02 l.796E-02 1.712E-02 1.631E-02 1.482E-02 1.283E-02 l.llOE-02 9.605E-03 7.925E-03 
V-233 2.259E-02 2.259E-02 2.258E-02 2.258E-02 2.258E-02 2.258E-02 2.258E-02 2.258E-02 2.258E-02 2.258E-02 
V-234 7.986E-OI 7.993E-Ol 7.993E-OI 7.993E-OI 7.993E-Ol 7.993E-Ol 7.993E-OI 7.993E-OI 7.993E-Ol 7.993E-OI 
V-235 3.673E-02 3.673E-02 3.673E-02 3.673E-02 3.673E-02 3.673E-02 3.673E-02 3.673E-02 3.673E-02 7673E-02 
V·236 1.468E-02 1.468E-02 1.468E-02 1.468E-02 1.468E-02 1.468E-02 1.468E-02 1.468E-02 1.468E-02 1.468E-02 
V-237 3.165E-03 2.488E-03 1.955E-03 1.537E-03 1.208E-03 7.467E-04 3.627E-04 1.762E-04 8.557E-05 3.268E-05 
V·238 7.338E-03 7.338E-03 7.338E-03 7.338E-03 7.338E-03 7.338E-03 7.338E-03 7.338E-03 7.338E-03 7.338E-03
Xe·131M O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
Xe·133 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
Y-90 2.527E+03 2.243E+03 1.99IE+03 l.768E+03 1.570E+03 1.238E+03 8.663E+02 6.064E+02 4.243E+02 2.637E+02 
Y-91 7.517E-05 3.062E-14 1.248E-23 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
Zn·65 1.670E+OO 9.328E-03 5.21IE-05 2.912E-07 1.627E-09 5.080E-14 8.859E-21 O.OOOE+OO O.OOOE+OO O.OOOE+OO
Zr·93 9.350E-02 

5.014E-04 
9.350E-02 
1.299E-12 

9.350E-02 
3.366E-21 

9.350E-02 
O.OOOE+OO 

9.350E-02 
O.OOOE+OO 

9.350E-02 
O.OOOE+OO 

9.350E-02 
O.OOOE+OO 

9.350E-02 
O.OOOE+OO 

9.350E-02 
O.OOOE+OO 

9.350E-02
O.OOOE+OOZr·95 
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Source Teln1 Est. 
Page # 

Fuel Name SNFID TSPA Category DBE Category 2010 2030 
ACRR (PULSED CORE) 757 T8: U Oxide Non-Metals Intact C-l D-l 
AMERICIUM TARGETS 776 TlO: Mise Other Not Intact C-2 D-2 
ANLJ 5 T9: Aluminum-based Stable Metals Intact C-3 D-3 
ANP 451 T8: U Oxide Non-Metals Not Intact C-4 D-4 
APPR (AGE-2) 6 T8: U Oxide Non-Metals Intact C-5 D-5 
ARKANSAS 7 T8: U Oxide Non-Metals Not Intact C-6 D-6 
ARMF (PLATES) 8 T9: Aluminum-based Stable Metals Intact C-7 D-7 
ARMF/CFRMF MARK I 9 T9: Aluminum-based Stable Metals Intact C-8 D-8 
ARMF/CFRMF MARK I LL 10 T9: Aluminum-based Stable Metals Intact C-9 D-9 
ARMF/CFRMF MARK II 11 T9: Aluminum-based Stable Metals Intact C-lO D-lO 
ARMF/CFRMF MARK 1lI 12 T9: Aluminum-based Stable Metals Intact C-ll D-ll 
ASTRA (AUSTRIA) 1058 T9: Aluminum-based Stable Metals Intact C-12 D-12 
ASTRA (AUSTRIA) 646 T9: Aluminum-based Stable Metals Intact C-13 D-13 
ASTRA (AUSTRIA) 712 T9: Aluminum-based Stable Metals Intact C-14 D-14 
ASTRA (AUSTRIA) 566 T9: Aluminum-based Stable Metals Intact C-15 D-15 
ATR 843 T9: Aluminum-based Stable Metals Intact C-16 D-16 
ATR 16 T9: Aluminum-based Stable Metals Intact C-17 D-17 
ATR 15 T9: Aluminum-based Stable Metals Intact C-18 D-18 
ATSR 17 T9: Aluminum-based Stable Metals Intact C-19 D-19 
BABCOCK & WILCOX SCRAP 18 T4: MOX Non-Metals Not Intact C-20 D-20 
BCD B-17 (TURKEY POINT 3) 19 T8: U Oxide Non-Metals Intact C-21 D-21 
BER-II [HMI] (END BOXES) (GERMANY) 892 T9: Aluminum-based Stable Metals Intact C-22 D-22 
BER-II [HMI] (GERMANY) 758 T9: Aluminum-based Stable Metals Intact C-23 D-23 
BER-II TRIGA (GERMANY) 236 Til: U-ZrHx Non-Metals Intact C-24 D-24 
BMI (CPI-24) 774 T8: U Oxide Non-Metals Not Intact C-25 D-25 
BMI (CPI-38) 20 T8: U Oxide Non-Metals Not Intact C-26 D-26 
BNL MEDICAL RX (BMRR) 21 T9: Aluminum-based Stable Metals Intact C-27 D-27 
BORAX V (SUPERHEATER) 22 T8: U Oxide Non-Metals Intact C-28 D-28 
BR-3 927 T8: U Oxide Non-Metals Intact C-29 D-29 
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Source Term Est. 
Page # 

Fuel Name SNFID TSPA Category OBE Category 2010 2030 
BR-3 FUEL 340 T8: U Oxide Non-Metals Intact C-30 0-30 
BRP-B 23 T8: U Oxide Non-Metals Intact C-31 0-31 
BRP-C 24 T8: U Oxide Non-Metals Intact C-32 0-32 
BRP-Ol 25 T8: U Oxide Non-Metals Intact C-33 0-33 
BRP-02 26 T8: U Oxide Non-Metals Intact C-34 0-34 
BRP-E 27 T8: U Oxide Non-Metals Intact C-35 0-35 
BRP-EG 28 T8: U Oxide Non-Metals Intact C-36 0-36 
BRP-EGIF 1081 T8: U Oxide Non-Metals Intact C-37 D-37 
BRP-EP 29 T4:MOX Non-Metals Intact C-38 D-38 
BRP-F 30 T8: U Oxide Non-Metals Intact C-39 D-39 
BRP-F-PU 1082 T8: U Oxide Non-Metals Intact C-40 D-40 
BSR 31 T9: Aluminum-based Stable Metals Intact C-41 D-41 
CALVERT CLIFFS 1 307 T8: U Oxide Non-Metals Intact C-42 D-42 
CANDU 979 T8: U Oxide Non-Metals Intact C-43 D-43 
COMMERCIAL BWR & PWR SNF 1089 T8: U Oxide Non-Metals Not Intact C-44 D-44 
CONNECTICUT YANKEE (S004) 34 T8: U Oxide Non-Metals Intact C-45 D-45 
COOPER NUCLEAR 308 T8: U Oxide Non-Metals Intact C-46 D-46 
CP-5 CONVERTER CYLINDERS 36 T2: PuIU Alloy Other Intact C-47 D-47 
CVTRFUEL 37 T8: U Oxide Non-Metals Intact C-48 D-48 
DR-3 (DENMARK) 714 T9: Aluminum-based Stable Metals Intact C-49 D-49 
DR-3 (DENMARK) 759 T9: Aluminum-based Stable Metals Intact C-50 D-50 
DR-3 (DENMARK) 1059 T9: Aluminum-based Stable Metals Intact C-51 D-51 
DRCT 701 T8: U Oxide Non-Metals Intact C-52 D-52 
DRCT 756 T8: U Oxide Non-Metals Intact C-53 D-53 
DRESDEN I 44 T6: Uffh Oxide Non-Metals Intact C-54 D-54 
DRESDEN I (EOOI61) 928 T8: U Oxide Non-Metals Intact C-55 D-55 
DRESDEN I (UN0064) 47 T8: U Oxide Non-Metals Intact C-56 D-56 
DRESII, HBR, BR-3, BRP, TMI 50 T8: U Oxide Non-Metals Not Intact C-57 D-57 
EBR-II & TREAT EXPERIMENTS 858 T4:MOX Non-Metals Not Intact C-58 D-58 
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Source Tenn Est. 
Page # 

Fuel Name SNFID TSPA Category DBE Category 2010 2030 
EBR-II NITRIDE FUEL EXPER 363 no: Misc Other Intact C-59 D-59 
EBR-II OXIDE FUEL EXPER 364 T4:MOX Non-Metals Intact C-60 D-60 
EBR-II OXIDE FUEL EXPER 345 T4:MOX Non-Metals Intact C-61 D-61 
EBR-II, FFTF & MTR EXPERIMENTS 42 T3: UIPu Carbide Non-Metals Not Intact C-62 D-62 
EBR-II, TREAT, MTR EXPER. & IPNS TARGET 1088 T7: U Metal Other Not Intact C-63 D-63 
EBWR 65 T8: U Oxide Non-Metals Intact C-64 D-64 
EBWR 63 T4:MOX Non-Metals Intact C-65 D-65 
EBWR 60 T8: U Oxide Non-Metals Intact C-66 D-66 
EBWR (FUEL FOLLOWER) 740 T8: U Oxide Non-Metals Not Intact C-67 D-67 
EBWR (SPIKES) 891 T8: U Oxide Non-Metals Intact C-68 D-68 
EBWR ENRICHED HEAVY 64 T7: U Metal Other Intact C-69 D-69 
EBWR ENRICHED THIN 887 T7: U Metal Other Intact C-70 D-70 
EBWRET-ll 888 T7: U Metal Other Intact C-71 D-71 
EBWR NORMAL HEAVY 889 T7: U Metal Other Intact C-72 D-72 
EBWR NORMAL THIN 890 T7: U Metal Other liltact C-73 D-73 
ENEA SALUGGIA (ITALY) 574 T9: Aluminum-based Stable Metals Intact C-74 D-74 
ENEA SALUGGIA (ITALY) 760 T9: Aluminum-based Stable Metals Intact C-75 D-75 
EPRI 67 T4:MOX Non-Metals Not Intact C-76 D-76 
ERR 1057 T6: Urrh Oxide Non-Metals Intact C-77 D-77 
ERR 68 T6: Urrh Oxide Non-Metals Intact C-78 D-78 
ESSOR (ITALY) 762 T9: Aluminum-based Stable Metals Intact C-79 D-79 
FAST REACTOR FUEL 1029 T3: UIPu Carbide Non-Metals Not Intact C-80 D-80 
FAST REACTOR FUEL 906 T6: Urrh Oxide Non-Metals Not Intact C-81 D-81 
FERMI CORE I & 2 (CORE FOIL) 457 T2: PulU Alloy Other Intact C-82 D-82 
FERMI CORE I & 2 (CORE SHIM) 69 T2: PuIU Alloy Other Intact C-83 D-83 
FERMI CORE I & 2 (DECLAD) 453 T2: PuIU Alloy Other Not Intact C-84 D-84 
FERMI CORE I & 2 (SECTIONED) 454 T2: PuIU Alloy Other Intact C-85 D-85 
FERMI CORE I & 2 (SODIUM WORTH) 455 T2: PuIU Alloy Other Intact C-86 D-86 
FERMI CORE I & 2 (STD FUEL SUBASSEMBLY) 456 T2: PuIU Alloy Other Intact C-87 D-87 
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Source Term Est. 
Page # 

Fuel Name SNFID TSPA Category DBE Category 2010 2030 
FFfF CARBIDE FUEL EXPER. 347 T3: UlPu Carbide Non-Metals Intact C-88 D-88 
FFfF OXIDE EXPERIMENTS 349 T4:MOX Non-Metals Intact C-89 D-89 
FFfF-DFAffDFA 71 T4:MOX Non-Metals Intact C-90 D-90 
FFfF-DFAffDFA PINS 323 T4: MOX Non-Metals Intact C-91 D-91 
FFfF-TFA PINS 320 T4:MOX Non-Metals Intact C-92 D-92 
FFfF-TFA PINS (AC-3) 1046 T3: UlPu Carbide Non-Metals Intact C-93 D-93 
FFfF-TFA-AB-l 317 T4:MOX Non-Metals Intact C-94 D-94 
FFfF-TFA-ABA-l THRU 6 318 T8: U Oxide Non-Metals Intact C-95 D-95 
FFfF-TFA-ACN-l PINS 321 T4:MOX Non-Metals Intact C-96 D-96 
FFfF-TFA-ACN-l RODS 865 T3: UIPu Carbide Non-Metals Intact C-97 D-97 
FFfF-TFA-ACO-2, 4 THRU 16 329 T4:MOX Non-Metals Intact C-98 D-98 
FFfF-TFA-CRBR-3 & CRBR-5 322 T4:MOX Non-Metals Intact C-99 D-99 
FFfF-TFA-DEA-2 324 T4:MOX Non-Metals Intact C-100 D-100 
FFfF-TFA-FC-l 325 T3: UlPu Carbide Non-Metals Intact C-101 D-101 
FFfF-TFA-MFF-l & lA (CDE) 330 T4:MOX Non-Metals Intact C-102 D-102 
FFfF-TFA-PO-2,4 & 5 333 T4:MOX Non-Metals Intact C-103 D-103 
FFfF-TFA-SRF-3&4 334 T4:MOX Non-Metals Intact C-104 D-104 
FFfF-TFA-UO-l 335 T4:MOX Non-Metals Intact C-I05 D-105 
FFfF-TFA-WBOI8 & WB042 336 T8: U Oxide Non-Metals Intact C-106 D-106 
FMRB (GERMANY) 577 T9: Aluminum-based Stable Metals Intact C-107 D-107 
FRG-l (GERMANY) 741 T9: Aluminum-based Stable Metals Intact C-108 D-108 
FRG-l (GERMANY) 581 T9: Aluminum-based Stable Metals Intact C-109 D-109 
FRG-l (GERMANY) 742 T9: Aluminum-based Stable Metals Intact C-IIO D-IIO 
FRJ (GERMANY) 933 T9: Aluminum-based Stable Metals Intact C-lll D-lll 
FRJ (GERMANY) 1000 T9: Aluminum-based Stable Metals Intact C-ll2 D-l12 
FRJ TUBES (GERMANY) 999 T9: Aluminum-based Stable Metals Intact C-1l3 D-1l3 
FRM (GERMANY) 805 T9: Aluminum-based Stable Metals Intact C-1l4 D-1l4 
FRM (GERMANY) 806 T9: Aluminum-based Stable Metals Intact C-1l5 D-ll5 
FRR ASTRA (AUSTRIA) 654 T9: Aluminum-based Stable Metals Intact C-116 D-1l6 
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FRR ASTRA (AUSTRIA) 556 T9: Aluminum-based Stable Metals Intact C-117 D-117 
FRR ASTRA (AUSTRIA) 515 T9: Aluminum-based Stable Metals Intact C-118 D-118 
FRR ASTRA (AUSTRIA) 738 T9: Aluminum-based Stable Metals Intact C-1l9 D-1l9 
FRR FMRB (GERMANY) 1066 T9: Aluminum-based Stable Metals Intact C-120 D-120 
FRR MTR (ARGENTINA) 547 T9: Aluminum-based Stable Metals Intact C-121 D-12l 
FRR MTR (AUSTRALIA) 649 T9: Aluminum-based Stable Metals Intact C-122 D-122 
FRR MTR (CANADA) 294 T9: Aluminum-based Stable Metals Intact C-123 D-123 
FRR MTR (JAPAN) 551 T9: Aluminum-based Stable Metals Intact C-124 D-124 
FRR MTR (JAPAN) 565 T9: Aluminum-based Stable Metals Intact C-125 D-125 
FRR MTR (JAPAN) 603 T9: Aluminum-based Stable Metals Intact C-126 D-126 
FRR MTR (JAPAN) 605 T9: Aluminum-based Stable Metals Intact C-127 D-127 
FRR MTR (NETHERLANDS) 609 T9: Aluminum-based Stable Metals Intact C-128 D-128 
FRR MTR (TAIWAN) 628 T9: Aluminum-based Stable Metals Intact C-129 D-129 
FRR MTR (TAIWAN) 555 T9: Aluminum-based Stable Metals Intact C-130 D-130 
FRR MTR (VENEZUELA) 559 T9: Aluminum-based Stable Metals Intact C-131 D-131 
FRR MTR-C (ARGENTINA) 635 T9: Aluminum-based Stable Metals Intact C-132 D-132 
FRR MTR-C (CANADA) 512 T9: Aluminum-based Stable Metals Intact C-133 D-133 
FRR MTR-C (CANADA) 612 T9: Aluminum-based Stable Metals Intact C-134 D-134 
FRR MTR-C (GERMANY) 517 T9: Aluminum-based Stable Metals Intact C-135 D-135 
FRR MTR-C (GERMANY) 579 T9: Aluminum-based Stable Metals Intact C-136 D-136 
FRR MTR-C (GREECE) 531 T9: Aluminum-based Stable Metals Intact C-137 D-137 
FRR MTR-C (JAPAN) 289 T9: Aluminum-based Stable Metals Intact C-138 D-138 
FRR MTR-C (JAPAN) 552 T9: Aluminum-based Stable Metals Intact C-139 D-139 
FRR MTR-C (JAPAN) 600 T9: Aluminum-based Stable Metals Intact C-140 D-140 
FRR MTR-C (NETHERLANDS) 509 T9: Aluminum-based Stable Metals Intact C-141 D-14l 
FRR MTR-C (PERU) 503 T9: Aluminum-based Stable Metals Intact C-142 D-142 
FRR MTR-C (PORTUGAL) 540 T9: Aluminum-based Stable Metals Intact C-143 D-143 
FRR MTR-C (PORTUGAL) 631 T9: Aluminum-based Stable Metals Intact C-144 D-144 
FRR MTR-C (SWEDEN) 523 T9: Aluminum-based Stable Metals Intact C-145 D-145 
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FRR MTR-C (TURKEY) 643 T9: Aluminum-based Stable Metals Intact C-146 0-146 
FRR MTR-Cl (SWITZERLAND) 656 T9: Aluminum-based Stable Metals Intact C-147 0-147 
FRR MTR-C2 (SWITZERLAND) 657 T9: Aluminum-based Stable Metals Intact C-148 0-148 
FRR MTR-C2 (TURKEY) 527 T9: Aluminum-based Stable Metals Intact C-149 0-149 
FRR MTR-O (PORTUGAL) 541 T9: Aluminum-based Stable Metals Intact C-150 0-150 
FRR MTR-O (TURKEY) 642 T9: Aluminum-based Stable Metals Intact C-151 0-151 
FRR MTR-S (CANADA) 720 T9: Aluminum-based Stable Metals Intact C-152 0-152 
FRR MTR-S (CANADA) 513 T9: Aluminum-based Stable Metals Intact C-153 0-153 
FRR MTR-S (GERMANY) 588 T9: Aluminum-based Stable Metals Intact C-154 0-154 
FRR MTR-S (GERMANY) 584 T9: Aluminum-based Stable Metals Intact C-155 0-155 
FRR MTR-S (GERMANY) 582 T9: Aluminum-based Stable Metals Intact C-156 0-156 
FRR MTR-S (GERMANY) 1068 T9: Aluminum-based Stable Metals Intact C-157 D-157 
FRR MTR-S (GERMANY) 519 T9: Aluminum-based Stable Metals Intact C-158 0-158 
FRR MTR-S (GERMANY) 585 T9: Aluminum-based Stable Metals Intact C-159 0-159 
FRR MTR-S (GERMANY) 1067 T9: Aluminum-based Stable Metals Intact C-160 0-160 
FRR MTR-S (GREECE) 532 T9: Aluminum-based Stable Metals Intact C-161 0-161 
FRR MTR-S (INDONESIA) 502 T9: Aluminum-based Stable Metals Intact C-162 0-162 
FRR MTR-S (JAPAN) 602 T9: Aluminum-based Stable Metals Intact C-163 0-163 
FRR MTR-S (JAPAN) 553 T9: Aluminum-based Stable Metals Intact C-I64 0-164 
FRR MTR-S (JAPAN) 506 T9: Aluminum-based Stable Metals Intact C-165 0-165 
FRR MTR-S (JAPAN) 508 T9: Aluminum-based Stable Metals Intact C-I66 0-166 
FRR MTR-S (NETHERLANDS) 608 T9: Aluminum-based Stable Metals Intact C-167 0-167 
FRR MTR-S (NETHERLANDS) 510 T9: Aluminum-based Stable Metals Intact C-168 0-168 
FRR MTR-S (NETHERLANDS) 607 T9: Aluminum-based Stable Metals Intact C-169 0-169 
FRR MTR-S (PERU) 504 T9: Aluminum-based Stable Metals Intact C-170 D-170 
FRR MTR-S (PORTUGAL) 632 T9: Aluminum-based Stable Metals Intact C-171 0-171 
FRR MTR-S (PORTUGAL) 542 T9: Aluminum-based Stable Metals Intact C-I72 0-172 
FRR MTR-S (SWITZERLAND) 658 T9: Aluminum-based Stable Metals Intact C-173 0-173 
FRR MTR-S (TURKEY) 644 T9: Aluminum-based Stable Metals Intact C-174 0-174 
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FRR MTR-S (TURKEY) 528 T9: Aluminum-based Stable Metals Intact C-175 D-175 
FRR PIN CLUSTER (CANADA) 660 T9: Aluminum-based Stable Metals Intact C-176 D-176 
FRR PIN CLUSTER (CANADA) 662 T9: Aluminum-based Stable Metals Intact C-I77 D-I77 
FRR PIN CLUSTER (CANADA) 663 T9: Aluminum-based Stable Metals Intact C-178 D-I78 
FRR PIN CLUSTER (CANADA) 661 T9: Aluminum-based Stable Metals Intact C-179 D-179 
FRR PIN CLUSTER (SO. KOREA) 293 T9: Aluminum-based Stable Metals Intact C-180 D-180 
FRR PIN CLUSTER (SO. KOREA) 659 T9: Aluminum-based Stable Metals Intact C-181 D-181 
FRR SLOWPOKE (CANADA) 665 T9: Aluminum-based Stable Metals Intact C-182 D-182 
FRR SLOWPOKE (CANADA) 669 T9: Aluminum-based Stable Metals Intact C-183 D-183 
FRR SLOWPOKE (CANADA) 668 T9: Aluminum-based Stable Metals Intact C-184 D-184 
FRR SLOWPOKE (CANADA) 666 T9: Aluminum-based Stable Metals Intact C-185 D-185 
FRR SLOWPOKE (MONTREAL) 667 T9: Aluminum-based Stable Metals Intact C-186 D-186 
FRR TARGET (ARGENTINA) 297 T8: U Oxide Non-Metals Not Intact C-187 D-187 
FRR TARGET (CANADA) 671 T8: U Oxide Non-Metals Not Intact C-188 D-188 
FRR TARGET (INDONESIA) 672 T8: U Oxide Non-Metals Not Intact C-189 D-189 
FRR TUBES (AUSTRALIA) 684 T9: Aluminum-based Stable Metals Intact C-190 D-190 
FRR TUBES (AUSTRALIA) 300 T9: Aluminum-based Stable Metals Intact C-191 D-191 
FRR TUBES (AUSTRALIA) 299 T9: Aluminum-based Stable Metals Intact C-I92 D-192 
FRR TUBES (DENMARK) 298 T9: Aluminum-based Stable Metals Intact C-193 D-193 
FRR TUBES (DENMARK) 678 T9: Aluminum-based Stable Metals Intact C-194 D-194 
FRR TUBES (DENMARK) 676 T9: Aluminum-based Stable Metals Intact C-195 D-195 
IFRR TUBES (GERMANY) 674 T9: Aluminum-based Stable Metals Intact C-196 D-196 
FRR TUBES (GERMANY) 675 T9: Aluminum-based Stable Metals Intact C-197 D-197 
FRR TUBES (GERMANY) 685 T9: Aluminum-based Stable Metals Intact C-198 D-198 
FRR TUBES (GERMANY) 673 T9: Aluminum-based Stable Metals Intact C-199 D-199 
FRR TUBES (GERMANY) 683 T9: Aluminum-based Stable Metals Intact C-200 D-200 
FSVR 86 T5: Urrh Carbide Non-Metals Intact C-201 D-201 
FSVR 85 T5: urrh Carbide Non-Metals Intact C-202 D-202 
GA HTGR FUEL 89 T5: Urrh Carbide Non-Metals Not Intact C-203 D-203 
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GARERTR 90 Til: U~ZrHx Non-Metals Not Intact C-204 D-204 
GCRE (IB SERIES) 745 T8: U Oxide Non-Metals Intact C-205 D-205 
GCRE (IZ SERIES) 916 T8: U Oxide Non-Metals Intact C-206 D-206 
GCRE CAN (IB-8T 1&2) 94 T8: U Oxide Non-Metals Not Intact C-207 D-207 
GCRE PELLETS (lB-7T-I) 95 T8: U Oxide Non-Metals Not Intact C-208 D-208 
GE TEST 96 T4:MOX Non-Metals Not Intact C-209 D-209 
GENTR 97 T9: Aluminum-based Stable Metals Intact C-21O D-21O 
GETR FILTERS 98 T8: U Oxide Non-Metals Not Intact C-211 D-211 
GRR (GREECE) 1069 T9: Aluminum-based Stable Metals Intact C-212 D-212 
GRR (GREECE) 440 T9: Aluminum-based Stable Metals Intact C-213 D-213 
GTRR 87 T9: Aluminum-based Stable Metals Intact C-214 D-214 
H. B. ROBINSON 99 T4:MOX Non-Metals Not Intact C-215 D-215 
H. B. ROBINSON (ASSEMBLY) 383 T8: U Oxide Non-Metals Intact C-216 D-216 
H. B. ROBINSON RODS 864 T8: U Oxide Non-Metals Not Intact C-217 D-217 
HFBR 102 T9: Aluminum-based Stable Metals Intact C-218 D-218 
HFBR 961 T9: Aluminum-based Stable Metals Intact C-219 D-219 
HFBR 706 T9: Aluminum-based Stable Metals Intact C-220 D-220 
HFEF FISSION CHAMBERS 894 T7: U Metal Other Not Intact C-221 D-221 
HFIR (INNER) 103 T9: Aluminum-based Stable Metals Intact C-222 D-222 
HFIR (INNER) 1083 T9: Aluminum-based Stable Metals Intact C-223 D-223 
HFIR (OUTER) 1084 T9: Aluminum-based Stable Metals Intact C-224 D-224 
HFIR (OUTER) 707 T9: Aluminum-based Stable Metals Intact C-225 D-225 
HIFAR (AUSTRALIA) 680 T9: Aluminum-based Stable Metals Intact C-226 D-226 
HOR (NETHERLANDS) 713 11'9: Aluminum-based Stable Metals Intact C-227 D-227 
HTGR (PEACH BOTTOM SCRAP) 935 T5: UlTh Carbide Non-Metals Intact C-228 D-228 
HTRE (ANP) 105 T8: U Oxide Non-Metals Not Intact C-229 D-229 
HWCTR 3EMT-2 118 T2: PulU Alloy Other Intact C-230 D-230 
HWCTR DRIVER 117 T2: PuIU Alloy Other Intact C-231 D-231 
HWCTRETWO 867 T7: U Metal Other Intact C-232 D-232 
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HWCTRIMT 113 T7: U Metal Other Intact C-233 D-233 
HWCTRIRO 976 T8: U Oxide Non-Metals Intact C-234 D-234 
HWCTRIS 977 T2: Pu/U Alloy Other Intact C-235 D-235 
HWCTROT 283 T8: U Oxide Non-Metals Intact C-236 D-236 
HWCTR RMT & SMT 790 T7: U Metal Other Intact C-237 D-237 
HWCTRSOT 120 T8: U Oxide Non-Metals Intact C-238 D-238 
HWCTRSPR 783 T2: PulU Alloy Other Intact C-239 D-239 
HWCTRSPRO 115 T8: U Oxide Non-Metals Intact C-240 D-240 
HWCTRSPRO 978 T8: U Oxide Non-Metals Intact C-241 D-241 
HWCTRSPRO 772 T8: U Oxide Non-Metals Intact C-242 D-242 
HWCTRTFEN 880 T2: Pu/U Alloy Other Intact C-243 D-243 
HWCTR TMT-1-2 & 1-3 112 T1O: Misc Other Intact C-244 D-244 
HWCTRTWNT 791 T7: U Metal Other Intact C-245 D-245 
IAN-Rl (COLUMBIA) 596 T9: Aluminum-based Stable Metals Intact C-246 D-246 
IAN-Rl (COLUMBIA) 803 T9: Aluminum-based Stable Metals Intact C-247 D-247 
IEA-Rl (BRAZIL) 954 T9: Aluminum-based Stable Metals Intact C-248 D-248 
IEA-Rl (BRAZIL) 1076 T9: Aluminum-based Stable Metals Intact C-249 D-249 
IEA-Rl (BRAZIL) 545 T9: Aluminum-based Stable Metals Intact C-250 D-250 
IOWA ST. UNIV. 953 T9: Aluminum-based Stable Metals Intact C-251 D-251 
IOWA ST. UNIV. 792 T9: Aluminum-based Stable Metals Intact C-252 D-252 
JEN-l (SPAIN) 749 T9: Aluminum-based Stable Metals Intact C-253 D-253 
JEN-l (SPAIN) 795 T9: Aluminum-based Stable Metals Intact C-254 D-254 
JMTR (JAPAN) 507 T9: Aluminum-based Stable Metals Intact C-255 D-255 
JMTR (JAPAN) 886 T9: Aluminum-based Stable Metals Intact C-256 D-256 
JMTR (JAPAN) 123 T9: Aluminum-based Stable Metals Intact C-257 D-257 
JRR-2 (JAPAN) 885 T9: Aluminum-based Stable Metals Intact C-258 D-258 
JRR-2 (JAPAN) 606 T9: Aluminum-based Stable Metals Intact C-259 D-259 
JRR-3M (JAPAN) 1056 T9: Aluminum-based Stable Metals Intact C-260 D-260 
JRR-4 (JAPAN) 1071 T9: Aluminum-based Stable Metals Intact C-261 D-261 
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JRR-4 (JAPAN) 1070 T9: Aluminum-based Stable Metals Intact C-262 D-262 
JRR-4 (JAPAN) 505 T9: Aluminum-based Stable Metals Intact C-263 D-263 
KEMA 861 TIO: Misc Other Not Intact C-264 D-264 
KURR (JAPAN) 601 T9: Aluminum-based Stable Metals Intact C-265 D-265 
LOfT CENTER FUEL MODULE (Al,A2,A3,Fl) 127 T8: U Oxide Non-Metals Intact C-266 D-266 
LOFf CENTER FUEL MODULE (FP-l) 1061 T8: U Oxide Non-Metals Intact C-267 D-267 
LOFf CENTER FUEL MODULE FP-2 REMAINS 923 T8: U Oxide Non-Metals Not Intact C-268 D-268 
LOFf CORNER FUEL MODULE 128 T8: U Oxide Non-Metals Intact C-269 D-269 
LOFf FUEL RODS 924 T8: U Oxide Non-Metals Not Intact C-270 D-270 
LOFf SQUARE FUEL MODULE 129 T8: U Oxide Non-Metals Intact C-271 D-271 
LOOSE FUEL ROD STORAGE BASKET (LFRSB) 126 T8: U Oxide Non-Metals Not Intact C-272 D-272 
LWR COMMERCIAL FUEL 130 T8: U Oxide Non-Metals Not Intact C-273 D-273 
LWRSAMPLES 134 T4:MOX Non-Metals Not Intact C-274 D-274 
LWRSCRAP 309 T8: U Oxide Non-Metals Not Intact C-275 D-275 
LWR SNF SCRAP 940 T8: U Oxide Non-Metals Not Intact C-276 D-276 
MACMASTER (CANADA) 614 T9: Aluminum-based Stable Metals Intact C-277 D-277 
MISCELLANEOUS RSWF FUEL 366 T7: U Metal Other Intact C-278 D-278 
MISCELLANEOUS TREAT FUEL 369 T4:MOX Non-Metals Not Intact C-279 D-279 
MISCELLANEOUS TREAT FUEL 905 TIO: Misc Other Not Intact C-280 D-280 
MIT 135 T9: Aluminum-based Stable Metals Intact C-281 D-281 
MIT 136 T9: Aluminum-based Stable Metals Intact C-282 D-282 
ML-l (GCRE) 137 T8: U Oxide Non-Metals Intact C-283 D-283 
MNR (CANADA) 1064 T9: Aluminum-based Stable Metals Intact C-284 D-284 
MOX SCRAP SNF 368 T4:MOX Non-Metals Not Intact C-285 D-285 
MTR CANAL SCRAP 1062 T8: U Oxide Non-Metals Not Intact C-286 D-286 
MURR (COLUMBIA) 142 T9: Aluminum-based Stable Metals Intact C-287 D-287 
MURR (COLUMBIA) 144 T9: Aluminum-based Stable Metals Intact C-288 D-288 
MURR (COLUMBIA) 143 T9: Aluminum-based Stable Metals Intact C-289 D-289 
MURR (COLUMBIA) 962 T9: Aluminum-based Stable Metals Intact C-290 D-290 
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NREACTOR 991 T7: U Metal Other Not Intact C-291 D-291 
N.S. SAVANNAH 854 T8: U Oxide Non-Metals Intact C-292 D-292 
NEREIDE (FRANCE) 751 T9: Aluminum-based Stable Metals Intact C-293 D-293 
NIST 154 T9: Aluminum-based Stable Metals Intact C-294 D-294 
NIST 752 T9: Aluminum-based Stable Metals Intact C-295 D-295 
OCONEE 156 T8: U Oxide Non-Metals Intact C-296 D-296 
OHIO STATE 157 T9: Aluminum-based Stable Metals Intact C-297 D-297 
OHIO STATE 158 T9: Aluminum-based Stable Metals Intact C-298 D-298 
OMEGA WEST (204) 406 1'9: Aluminum-based Stable Metals Intact C-299 D-299 
OMEGA WEST (236) 407 T9: Aluminum-based Stable Metals Intact C-300 D-300 
OMEGA WEST (250) 408 T9: Aluminum-based Stable Metals Intact C-301 D-301 
ORR 944 T9: Aluminum-based Stable Metals Intact C-302 D-302 
ORR 461 T9: Aluminum-based Stable Metals Intact C-303 D-303 
ORR 850 T9: Aluminum-based Stable Metals Intact C-304 D-304 
ORR 753 T9: Aluminum-based Stable Metals Intact C-305 D-305 
ORR 903 T9: Aluminum-based Stable Metals Intact C-306 D-306 
ORR 165 T9: Aluminum-based Stable Metals Intact C-307 D-307 
ORR EXPERIMENTS 1086 T9: Aluminum-based Stable Metals Not Intact C-308 D-308 
ORR SPECIAL 163 T9: Aluminum-based Stable Metals Intact C-309 D-309 
ORR-BW-l 160 T4: MOX Non-Metals Intact C-31O D-31O 
PATHFINDER (SUPERHEATER) 166 T8: U Oxide Non-Metals Intact C-311 D-311 
PATHFINDER (SUPERHEATER) 814 T8: U Oxide Non-Metals Intact C-312 D-312 
PBF DRIVER CORE 167 T8: U Oxide Non-Metals Intact C-313 D-313 
PEACH BOTTOM (ASSEMBLY) 385 T8: U Oxide Non-Metals Intact C-314 D-314 
PEACH BOTTOM RODS 386 T8: U Oxide Non-Metals Not Intact C-315 D-315 
PEACH BOTTOM UNIT I CORE I 170 T5: Urfh Carbide Non-Metals Not Intact C-316 D-316 
PEACH BOTTOM UNIT I CORE I 169 T5: Urfh Carbide Non-Metals Not Intact C-317 D-317 
PEACH BOTTOM UNIT I CORE I (PTE-I) 1085 T5: Urfh Carbide Non-Metals Not Intact C-318 D-318 
PEACH BOTTOM UNIT I CORE II 171 T5: Urfh Carbide Non-Metals Intact C-319 D-319 
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PEACH BOTTOM UNIT I CORE II (1NTACT) 206 T5: Uffh Carbide Non-Metals Intact C-320 D-320 
PNL MIXED MATERIAL EXP.DCC-I 430 T8: U Oxide Non-Metals Not Intact C-321 D-321 
PNL MIXED MATERIAL EXP.DCC-2 431 T8: U Oxide Non-Metals Not Intact C-322 D-322 
PNL MIXED MATERIAL EXP.DCC-3 432 T8: U Oxide Non-Metals Not Intact C-323 D-323 
PNLMOXFUEL 414 T4:MOX Non-Metals Not Intact C-324 D-324 
PNL MOX FUEL (7010) 415 T4:MOX Non-Metals Not Intact C-325 D-325 
PNL MOX FUEL (7055) 416 T4:MOX Non-Metals Not Intact C-326 D-326 
PNL MOX FUEL (7057) 417 T4:MOX Non-Metals Not Intact C-327 D-327 
PNL MOX PELLETS (7057) 418 T4:MOX Non-Metals Not Intact C-328 D-328 
PNL MOX PINS (7057) 419 T4: MOX Non-Metals Not Intact C-329 D-329 
PNL MOX STAR 3 433 T4: MOX Non-Metals Not Intact C-330 D-330 
PNL MOX STAR 4 434 T4:MOX Non-Metals Not Intact C-331 D-331 
PNL MOX STAR 5 435 T4: MOX Non-Metals Not Intact C-332 D-332 
PNL MOX STAR 6 436 T4:MOX Non-Metals Not Intact C-333 D-333 
PNLMOX STAR 7 422 T4:MOX Non-Metals Intact C-334 D-334 
PNL-3 420 T4:MOX Non-Metals Intact C-335 D-335 
POINT BEACH 311 T8: U Oxide Non-Metals Intact C-336 D-336 
PRR-l (PHILlPPIINES) 638 T9: Aluminum-based Stable Metals Intact C-337 D-337 
PRR-l (PHILLIPPINES) 558 T9: Aluminum-based Stable Metals Intact C-338 D-338 
PULSTAR - BUFFALO 174 T8: U Oxide Non-Metals Intact C-339 D-339 
PULSTAR-N.C. STATE UNIV. 175 T8: U Oxide Non-Metals Intact C-340 D-340 
PULSTAR-SUNY-BUFFALO 176 T8: U Oxide Non-Metals Intact C-341 D-341 
PURDUE UNIVERSITY 177 T9: Aluminum-based Stable Metals Intact C-342 D-342 
PURDUE UNIVERSITY 178 T9: Aluminum-based Stable Metals Intact C-343 D-343 
R-2 SVTR (SWEDEN) 801 T9: Aluminum-based Stable Metals Intact C-344 D-344 
R-2 SVTR (SWEDEN) 942 T9: Aluminum-based Stable Metals Intact C-345 D-345 
RA-3 (ARGENTINA) 636 T9: Aluminum-based Stable Metals Intact C-346 D-346 
RA-3 (ARGENTINA) 634 T9: Aluminum-based Stable Metals Intact C-347 D-347 
RECH-l (CHILE) 708 T9: Aluminum-based Stable Metals Intact C-348 D-348 
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RERTR MINIPLATES 1090 TIO: Misc Other Not Intact C-349 0-349 
RESIDUE FAILEO PBF ROOS 381 T8: U Oxide Non-Metals Not Intact C-350 0-350 
RHF (FRANCE) 179 T9: Aluminum-based Stable Metals Intact C-351 0-351 
RINSC 180 T9: Aluminum-based Stable Metals Intact C-352 0-352 
RINSC 181 T9: Aluminum-based Stable Metals Intact C-353 0-353 
ROBERT E. GINNA 182 T8: U Oxide Non-Metals Intact C-354 0-354 
ROVER (UBM) 840 T8: U Oxide Non-Metals Not Intact C-355 0-355 
RPI (PORTUGAL) 943 T9: Aluminum-based Stable Metals Intact C-356 0-356 
RSG-GAS (lNOONESIA) 288 T9: Aluminum-based Stable Metals Intact C-357 0-357 
RU-l (URAGUAY) 557 T9: Aluminum-based Stable Metals Intact C-358 0-358 
RU-l (URAGUAY) 1073 T9: Aluminum-based Stable Metals Intact C-359 0-359 
RV-l (VENEZUELA) 816 T9: Aluminum-based Stable Metals Intact C-360 0-360 
SAPHIR (SWITZERLANO) 444 T9: Aluminum-based Stable Metals Intact C-361 0-361 
SAPHIR (SWITZERLANO) 443 T9: Aluminum-based Stable Metals Intact C-362 0-362 
SA~HIR (SWITZERLANO) 945 T9: Aluminum-based Stable Metals Intact C-363 0-363 
SAXTON 882 T8: U Oxide Non-Metals Intact C-364 0-364 
SAXTON 787 T4:MOX Non-Metals Not Intact C-365 0-365 
SAXTON 883 T4:MOX Non-Metals Not Intact C-366 0-366 
SAXTON 788 T8: U Oxide Non-Metals Intact C-367 0-367 
SHIPPINGPORT (MET MOUNTS) 1087 T6: UrTh Oxide Non-Metals Not Intact C-368 0-368 
SHIPPINGPORT LWBR BLKT I 374 T6: UrTh Oxide Non-Metals Intact C-369 0-369 
SHIPPINGPORT LWBR BLKT II 375 T6: UrTh Oxide Non-Metals Intact C-370 0-370 
SHIPPINGPORT LWBR BLKT III 376 T6: Urrh Oxide Non-Metals Intact C-371 0-371 
SHIPPINGPORT LWBR REFLCT. IV 371 T6: Urrh Oxide Non-Metals Intact C-372 0-372 
SHIPPINGPORT LWBR REFLCT. V 372 T6: Urrh Oxide Non-Metals Intact C-373 0-373 
SHIPPINGPORT LWBR SCRAP 377 T6: Urrh Oxide Non-Metals Not Intact C-374 0-374 
SHIPPINGPORT LWBR SCRAP (LINER 15718) 379 T6: Urrh Oxide Non-Metals Not Intact C-375 0-375 
SHIPPINGPORT LWBR SEEO 380 T6: Urrh Oxide Non-Metals Intact C-376 0-376 
SHIPPINGPORT PWR Cl BLKT 191 T8: U Oxide Non-Metals Intact C-377 0-377 
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SHIPPINGPORT PWR C1 BLKT (RODS) 189 T8: V Oxide Non-Metals Intact C-378 D-378 
SHIPPINGPORT PWR C2 BLKT 193 T8: V Oxide Non-Metals Intact C-379 D-379 
SHIPPINGPORT PWR C2 BLKT 192 T8: V Oxide Non-Metals Intact C-380 D-380 
SHIPPINGPORT PWR-C1-S4 194 T2: PuIU Alloy Other Intact C-381 D-381 
SHIPPINGPORT PWR-C2-S1 195 T8: V Oxide Non-Metals Intact C-382 D-382 
SHIPPINGPORT PWR-C2-S2 196 T8: V Oxide Non-Metals Intact C-383 D-383 
SINGLE PASS REACTOR FVEL 198 T7: V Metal Other Not Intact C-384 D-384 
SINGLE PASS REACTOR FUEL 197 T7: V Metal Other Not Intact C-385 D-385 
SLOWPOKE (CANADA) 296 T9: Aluminum-based Stable Metals Intact C-386 D-386 
SLOWPOKE (CANADA) 1065 T9: Aluminum-based Stable Metals Intact C-387 D-387 
SM-1A 201 T8: V Oxide Non-Metals Not Intact C-388 D·388 
SNAP 203 Til: V-ZrHx Non-Metals Not Intact C-389 D-389 
SODIVM LOOP SAFETY FAC. 352 T4:MOX Non-Metals Not Intact C-390 D-390 
SODIUM LOOP SAFETY FAC. 367 T4:MOX Non-Metals Not Intact C-391 D-391 
SP-100 FUEL 777 T8: U Oxide Non-Metals Not Intact C-392 D-392 
SPEC (ORME) 208 T2: PuIU Alloy Other Not Intact C-393 D-393 
SPERT-III 209 T8: U Oxide Non-Metals Not Intact C-394 D-394 
SPSS (SPERT) 213 T8: V Oxide Non-Metals Not Intact C-395 D-395 
THOR (TAIWAN) 629 T9: Aluminum-based Stable Metals Intact C-396 D-396 
TMI-2 228 T8: U Oxide Non-Metals Not Intact C-397 D-397 
TMI-2 CORE DEBRIS 914 T8: U Oxide Non-Metals Not Intact C-398 D-398 
TMI-2 CORE DEBRIS (D-153 & 388) 229 T8: V Oxide Non-Metals Not Intact C-399 D-399 
TORY-IIA 230 T8: U Oxide Non-Metals Not Intact C-400 DAOO 
TORY-IIC 231 T8: U Oxide Non-Metals Not Intact C-401 D-401 
TREAT DRIVER 232 T8: U Oxide Non-Metals Intact C-402 D-402 
TRIGA FFCR (AFRRI) 969 Til: U-ZrHx Non-Metals Intact C-403 D-403 
TRIGA FFCR (VC-IRVINE) 1050 Til: V-ZrHx Non-Metals Intact C-404 D-404 
TRIGA FFCR (VC-IRVINE) 1052 TIl: V-ZrHx Non-Metals Intact CA05 D-405 
TRIGA STD (HANFORD) 316 Til: V-ZrHx Non-Metals Intact C-406 D-406 
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TRIGA (DEMOUNTABLE) (U OF AZ) 971 Til: U-ZrHx Non-Metals Intact C-407 0-407 
TRIGA 20/30 (GA) 995 Til: U-ZrHx Non-Metals Intact C-408 0-408 
TRIGA ACPR (SLOVENIA) 932 Til: U-ZrHx Non-Metals Intact C-409 0-409 
TRIGA ACPR (JAPAN) 480 Til: U-ZrHx Non-Metals Intact C-41O 0-410 
TRIGA ACPR (ROMANIA) 1077 Til: U-ZrHx Non-Metals Intact C-411 0-411 
TRIGA ACPR PENN. STATE UNIV. 1002 Til: U-ZrHx Non-Metals Intact C-4l2 0-412 
TRIGAFFCR 448 TIl: U-ZrHx Non-Metals Intact C-4l3 0-413 
TRIGA FFCR (OORF) 315 Til: U-ZrHx Non-Metals Intact C-4l4 0-414 
TRIGA FFCR (ENGLANO) 987 Til: U-ZrHx Non-Metals Intact C-4l5 0-415 
TRIGA FFCR (GA) 1003 Til: U-ZrHx Non-Metals Intact C-4l6 0-416 
TRIGA FFCR (HEIDELBERG) 1045 Til: U-ZrHx Non-Metals Intact C-4l7 0-417 
TRIGA FFCR (ITALY) 730 Til: U-ZrHx Non-Metals Intact C-4l8 0-418 
TRIGA FFCR (MNRC) 737 Til: U-ZrHx Non-Metals Intact C-4l9 0-419 
TRIGA FFCR (MNRC) 703 Til: U-ZrHx Non-Metals Intact C-420 0-420 
TRIGA FFCR (MNRC) 1055 Til: U-ZrHx Non-Metals Intact C-42l 0-421 
TRIGA FFCR (OSU) 1041 Til: U-ZrHx Non-Metals Intact C-422 0-422 
TRIGA FFCR (OSU) 1039 Til: U-ZrHx Non-Metals Intact C-423 0-423 
TRIGA FFCR (PENN. STATE UNIV.) 815 Til: U-ZrHx Non-Metals Intact C-424 0-424 
TRIGA FFCR (SLOVENIA) 941 Til: U-ZrHx Non-Metals Intact C-425 0-425 
TRIGA FFCR (SO. KOREA) 734 Til: U-ZrHx Non-Metals Intact C-426 0-426 
TRIGA FFCR (U OF AZ) 974 Til: U-ZrHx Non-Metals Intact C-427 0-427 
TRIGA FFCR (U OF TX AUSTIN) 825 Til: U-ZrHx Non-Metals Intact C-428 0-428 
TRIGA FFCR (ZAIRE) 735 Til: U-ZrHx Non-Metals Intact C-429 0-429 
TRIGAFLIP 354 Til: U-ZrHx Non-Metals Intact C-430 0-430 
TRIGAFLIP 241 Til: U-ZrHx Non-Metals Intact C-43l 0-431 
TRIGAFLIP 242 Til: U-ZrHx Non-Metals Intact C-432 0-432 
TRIGAFLIP 243 Til: U-ZrHx Non-Metals Intact C-433 0-433 
TRIGAFLIP 240 TIl: U-ZrHx Non-Metals Intact C-434 0-434 
TRIGAFLIP 239 Til: U-ZrHx Non-Metals Intact C-435 0-435 
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TRIGA FLIP (AUSTRIA) 492 TIl: U-ZrHx Non-Metals Intact C-436 D-436 
TRIGA FLIP (BANGLADESH) 470 TIl: U-ZrHx Non-Metals Intact C-437 D-437 
TRIGA FLIP (DAMAGED) (SO. KOREA) 819 TIl: U-ZrHx Non-Metals Intact C-438 D-438 
TRIGA FLIP (GA) 729 TIl: U-ZrHx Non-Metals Intact C-439 D-439 
TRIGA FLIP (MALAYSIA) 497 TIl: U-ZrHx Non-Metals Intact C-440 D-440 
TRIGA FLIP (MEXICO) 493 TIl: U-ZrHx Non-Metals Intact C-441 D-441 
TRIGA FLIP (PHILIPPINES) 499 TIl: U-ZrHx Non-Metals Intact C-442 D-442 
TRIGA FLIP (SLOVENIA) 495 TIl: U-ZrHx Non-Metals Intact C-443 D-443 
TRIGA FLIP (SOo KOREA) 494 TIl: U-ZrHx Non-Metals Intact C-444 D-444 
TRIGA FLIP (TAIWAN) 498 TIl: U-ZrHx Non-Metals Intact C-445 D-445 
TRIGA FLIP (THAILAND) 496 TIl: U-ZrHx Non-Metals Intact C-446 D-446 
TRIGA FLIP [DAMAGED] (TEXAS A&M ) 844 TIl: U-ZrHx Non-Metals Intact C-447 D-44°/ 
TRIGA FLIP ANL-W (NRAD) 884 TIl: U-ZrHx Non-Metals Intact C-448 D-448 
TRIGA FLIP FFCR (GA) 996 TIl: U-ZrHx Non-Metals Intact C-449 D-449 
TRIGA FLIP FFCR (OSU) 702 TIl: U-ZrHx Non-Metals Intact C-450 D-450 
TRIGA FLIP FFCR (SOo KOREA) 733 TIl: U-ZrHx Non-Metals Intact C-45 1 D-45 1 
TRIGA FLIP UNIV OF WISCONSIN 1035 TIl: U-ZrHx Non-Metals Intact C-452 D-452 
TRIGA HIGH POWER (GA) 998 TIl: U-ZrHx Non-Metals Intact C-453 D-453 
TRIGA HIGH POWER (ROMANIA) 930 TIl: U-ZrHx Non-Metals Intact C-454 D-454 
TRIGA HIGH POWER (ROMANIA) 302 TIl: U-ZrHx Non-Metals Intact C-455 D-455 
TRIGASTD 261 TIl: U-ZrHx Non-Metals Intact C-456 D-456 
TRIGASTD 314 TIl: U-ZrHx Non-Metals Intact C-457 D-457 
TRIGASTD 256 TIl: U-ZrHx Non-Metals Intact C-458 D-458 
TRIGASTD 233 TIl: U-ZrHx Non-Metals Intact C-459 D-459 
TRIGASTD 258 TIl: U-ZrHx Non-Metals Intact C-460 D-460 
TRIGASTD 237 TIl: U-ZrHx Non-Metals Intact C-461 D-46 I 
TRIGASTD 353 TIl: U-ZrHx Non-Metals Intact C-462 D-462 
TRIGASTD 264 TIl: U-ZrHx Non-Metals Intact C-463 D-463 
TRIGASTD 262 TIl: U-ZrHx Non-Metals Intact C-464 D-464 
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TRIGASTD 265 TIl: U-ZrHx Non-Metals Intact C-465 D-465 
TRIGASTD 268 TIl: U-ZrHx Non-Metals Intact C-466 D-466 
TRIGASTD 370 TIl: U-ZrHx Non-Metals Intact C-467 D-467 
TRIGASTD 252 TIl: U-ZrHx Non-Metals Intact C-468 D-468 
TRIGASTD 447 TIl: U-ZrHx Non-Metals Intact C-469 D-469 
TRIGASTD 238 TIl: U-ZrHx Non-Metals Intact C-470 D-470 
TRIGASTD 253 TIl: U-ZrHx Non-Metals Intact C-47 1 D-47 1 
TRIGASTD 251 TIl: U-ZrHx Non-Metals Intact C-472 D-472 
TRIGASTD 235 TIl: U-ZrHx Non-Metals Intact C-473 D-473 
TRIGASTD 246 TIl: U-ZrHx Non-Metals Intact C-474 D-474 
TRIGASTD 244 TIl: U-ZrHx Non-Metals Not Intact C-475 D-475 
TRIGASTD 250 TIl: U-ZrHx Non-Metals Intact C-476 D-476 
TRIGASTD 254 TIl: U-ZrHx Non-Metals Intact C-477 . D-477 
TRIGASTD 267 TIl: U-ZrHx Non-Metals Intact C-478 D-478 
TRIGASTD 260 TIl: U-ZrHx Non-Metals lr.tact C-479 D-479 
TRIGA STD (ACPR) 895 TIl: U-ZrHx Non-Metals Intact C-480 D-480 
TRIGA STD (ARRR) 780 TIl: U-ZrHx Non-Metals Intact C-481 D-481 
TRIGA STD (AUSTRIA) 469 TIl: U-ZrHx Non-Metals Intact C-482 D-482 
TRIGA STD (AUSTRIA) 462 TIl: U-ZrHx Non-Metals Intact C-483 D-483 
TRIGA STD (BRAZIL) 1063 TIl: U-ZrHx Non-Metals Intact C-484 D-484 
TRIGA STD (BRAZIL) 471 TIl: U-ZrHx Non-Metals Intact C-485 D-485 
TRIGA STD (CORNELL) 1047 TIl: U-ZrHx Non-Metals Intact C-486 D-486 
TRIGA STD (DOW) 970 TIl: U-ZrHx Non-Metals Intact C-487 D-487 
TRIGA STD (ENGLAND) 485 TIl: U-ZrHx Non-Metals Intact C-488 D-488 
TRIGA STD (FINLAND) 472 TIl: U-ZrHx Non-Metals Intact C-489 D-489 
TRIGA STD (FINLAND) 463 TIl: U-ZrHx Non-Metals Intact C-490 D-490 
TRIGA STD (GA) 728 TIl: U-ZrHx Non-Metals Intact C-491 D-491 
TRIGA STD (GA) 870 TIl: U-ZrHx Non-Metals Intact C-492 D-492 
TRIGA STD (GERMANY) 465 TIl: U-ZrHx Non-Metals Intact C-493 D-493 
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TRIGA STD (GERMANY) 474 Til: U-ZrHx Non-Metals Intact C-494 D-494 
TRIGA STD (GERMANY) 305 Til: U-ZrHx Non-Metals Intact C-495 D-495 
TRIGA STD (HANFORD) 876 Til: U-ZrHx Non-Metals Intact C-496 D-496 
TRIGA STD (HANNOVER) 303 TIl: U-ZrHx Non-Metals Intact C-497 D-497 
TRIGA STD (HANNOVER) 473 Til: U-ZrHx Non-Metals Intact C-498 D-498 
TRIGA STD (HEIDELBERG) 1044 Til: U-ZrHx Non-Metals Intact C-499 D-499 
TRIGA STD (HEIDELBERG) 464 Til: U-ZrHx Non-Metals Intact C-500 D-500 
TRIGA STD (IFE) (ENGLAND) 1043 Til: U-ZrHx Non-Metals Intact C-501 D-501 
TRIGA STD (IFE) (ITALY) 929 Til: U-ZrHx Non-Metals Intact C-502 D-502 
TRIGA STD (IFE) (OSU) 1040 Til: U-ZrHx Non-Metals Intact C-503 D-503 
TRIGA STD (IFE) (U OF AZ) 972 Til: U-ZrHx Non-Metals Intact C-504 D-504 
TRIGA STD (IFE) (U OF AZ) 973 Til: U-ZrHx Non-Metals Intact C-505 D-505 
TRIGA STD (IFE) (U OF IL) 1048 Til: U-ZrHx Non-Metals Intact C-506 D-506 
TRIGA STD (IFE) (UC-IRVINE) 824 Til: U-ZrHx Non-Metals Intact C-507 D-507 
TRIGA STD (IFE) (UC-IRVINE) 1051 Til: U-ZrHx Non-Metals Intact C-508 D-508 
TRIGA STD (INDONESIA) 475 Til: U-ZrHx Non-Metals Intact C-509 D-509 
TRIGA STD (INDONESIA) 476 Til: U-ZrHx Non-Metals Intact C-510 D-51O 
TRIGA STD (ITALY) 467 Til: U-ZrHx Non-Metals Intact C-511 D-5Il 
TRIGA STD (ITALY) 478 Til: U-ZrHx Non-Metals Intact C-512 D-512 
TRIGA STD (ITALY) 466 Til: U-ZrHx Non-Metals Intact C-513 D-513 
TRIGA STD (ITALY) 1080 TIl: U-ZrHx Non-Metals Intact C-514 D-514 
TRIGA STD (ITALY) 477 Til: U-ZrHx Non-Metals Intact C-515 D-515 
TRIGA STD (JAPAN) 481 Til: U-ZrHx Non-Metals Intact C-516 D-516 
TRIGA STD (JAPAN) 479 Til: U-ZrHx Non-Metals Intact C-517 D-517 
TRIGA STD (KSU) 804 Til: U-ZrHx Non-Metals Intact C-518 D-518 
TRIGA STD (KSU) 871 Til: U-ZrHx Non-Metals Intact C-519 D-519 
TRIGA STD (MEXICO) 482 Til: U-ZrHx Non-Metals Intact C-520 D-520 
TRIGA STD (MNRC) 704 Til: U-ZrHx Non-Metals Intact C-521 D-521 
TRIGA STD (MNRC) 1053 Til: U-ZrHx Non-Metals Intact C-522 D-522 
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TRIGA STD (MNRC) 1054 Til: U-ZrHx Non-Metals Intact C-523 D-523 
TRIGA STD (MSU) 873 Til: U-ZrHx Non-Metals Not Intact C-524 D-524 
TRIGA STD (MSU) 878 Til: U-ZrHx Non-Metals Intact C-525 D-525 
TRIGA STD (REED COLLEGE) 775 Til: U-ZrHx Non-Metals Intact C-526 D-526 
TRIGA STD (ROMANIA) 1078 Til: U-ZrHx Non-Metals Intact C-527 D-527 
TRIGA STD (SLOVENIA) 468 Til: U-ZrHx Non-Metals Intact C-528 D-528 
TRIGA STD (SLOVENIA) 488 Til: U-ZrHx Non-Metals Intact C-529 D-529 
TRIGA STD (SLOVENIA) 1079 Til: U-ZrHx Non-Metals Intact C-530 D-530 
TRIGA STD (SO. KOREA) 484 Til: U-ZrHx Non-Metals Intact C-531 D-531 
TRIGA STD (SO. KOREA) 483 Til: U-ZrHx Non-Metals Intact C-532 D-532 
TRIGA STD (SOLVENIA) 731 Til: U-ZrHx Non-Metals Intact C-533 D-533 
TRIGA STD (THAILAND) 489 Til: U-ZrHx Non-Metals Intact C-534 D-534 
TRIGA STD (TURKEY) 490 Til: U-ZrHx Non-Metals Intact C-535 D-535 
TRIGA STD (U OF AZ) 59 Til: U-ZrHx Non-Metals Intact C-536 D-536 
TRIGA STD (U OF AZ) 975 Til: U-ZrHx Non-Metals Intact C-537 D-537 
TRIGA STD (U OF ILL) 449 Til: U-ZrHx Non-Metals Intact C-538 D-538 
TRIGA STD (U OF UTAH) 699 Til: U-ZrHx Non-Metals Intact C-539 D-539 
TRIGA STD (UC BERKLEY) 874 Til: U-ZrHx Non-Metals Not Intact C-540 D-540 
TRIGA STD (UNIV. OF TEXAS) 877 Til: U-ZrHx Non-Metals Intact C-541 D-541 
TRIGA STD (USGS) 964 Til: U-ZrHx Non-Metals Intact C-542 D-542 
TRIGA STD (ZAIRE) 486 Til: U-ZrHx Non-Metals Intact C-543 D-543 
TRIGA STD (ZAIRE) 487 Til: U-ZrHx Non-Metals Intact C-544 D-544 
TRR-l (THAILAND) 633 T9: Aluminum-based Stable Metals Intact C-545 D-545 
TRU SCRAP SNF 904 TiO: Misc Other Not Intact C-546 D-546 
TURKEY POINT 271 T8: U Oxide Non-Metals Intact C-547 D-547 
UMRR (ROLLA) 146 T9: Aluminum-based Stable Metals Intact C-548 D-548 
UMRR (ROLLA) 881 T9: Aluminum-based Stable Metals Intact C-549 D-549 
UNIV OF FLORIDA (ARGONAUT) 273 T9: Aluminum-based Stable Metals Intact C-550 D-550 
UNIV OF FLORIDA (ARGONAUT) 272 T9: Aluminum-based Stable Metals Intact C-551 D-551 
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UNIV OF MASS-LOWELL 275 T9: Aluminum-based Stable Metals Intact C-552 0-552 
UNIV OF MASS-LOWELL 274 T9: Aluminum-based Stable Metals Intact C-553 0-553 
UNIV OF MICHIGAN 276 T9: Aluminum-based Stable Metals Intact C-554 0-554 
UNIV OF MICHIGAN 277 T9: Aluminum-based Stable Metals Intact C-555 0-555 
UNIV OF MICHIGAN (CONTROL) 1005 T9: Aluminum-based Stable Metals Intact C-556 0-556 
UNIV OF VIRGINIA 279 T9: Aluminum-based Stable Metals Intact C-557 0-557 
UNIV OF VIRGINIA 952 T9: Aluminum-based Stable Metals Intact C-558 0-558 
USIUK FUEL PINS 356 T4:MOX Non-Metals Not Intact C-559 0-559 
VBWR 855 T8: U Oxide Non-Metals Intact C-560 0-560 
VBWR (GENEVA) 285 T8: U Oxide Non-Metals Not Intact C-561 0-561 
VEPCO 700 T8: U Oxide Non-Metals Intact C-562 0-562 
VEPCO 286 T8: U Oxide Non-Metals Intact C-563 0-563 
VEPCO (T-lI ASSEMBLY) 993 T8: U Oxide Non-Metals Intact C-564 0-564 
VEPCO (T-lI RODS) 1049 T8: U Oxide Non-Metals Intact C-565 0-565 
VEPCO (T-11) 994 T8: U Oxide Non-Metals Intact C-566 0-566 
WORCESTER POLY INSTITUTE 287 T9: Aluminum-based Stable Metals Intact C-567 0-567 
ZPRL (TAIWAN) 554 T9: Aluminum-based Stable Metals Intact C-568 0-568 
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Appendix C 

Source Term Estimates for the Year 2010
 

(See Volume II) 
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Appendix D 

Source Term Estimates for the Year 2030
 

(See Volume III) 
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Appendix E 

uncertainty Estimates 
Spent nuclear fuel (SNF) source terms generated using the template methodology are estimates 

based on reasonable assumptions, conservative analyses, and available characterization data. Each 
assumption, analysis, and piece of data introduces some level of uncertainty into the final source estimate. 
Uncertainties are introduced by (1) uncertainty within the calculational methodology (i.e., ORIGEN) used 
to generate the radionuclide inventories for the template fuels, (2) uncertainty in the ORIGEN input data 
used to generate the radionuclide inventories for the template fuels, and (3) the information relied on for 
selecting and scaling a template (i.e., precalculated results from a similar fuel) including the effects of 
estimating the bumup and of using the linear approximation to estimate the radionuclide inventories. 
These uncertainties may enter the approximation in association with each of the terms used in the 
estimate. Recall that the template methodology estimates the inventory for each radionuclide by using a 
linear approximation of the form 

y=mx+b 

where 

y = estimated radionuclide inventory 

m = generation (or depletion) rate of the radionuclide per MWd and is determined by the 
change in the template inventory divided by the template bumup 

x bumup associated with the fuel whose radionuclide inventory is being estimated 

b = initial radionuclide inventory (i.e., prior to any bumup).
 

The radionuclide generation rate, "m," is determined from the precalculated template results and
 
is affected by the uncertainty inherent in the ORIGEN calculation, UORIGEN calc (see Section E-l). This term
 
is also affected by the degree to which the ORIGEN inputs match the fuel whose radionuclide inventory
 
is being estimated. When the fuel being estimated is in fact the fuel used to generate the template (i.e., the
 
template fuel), this uncertainty is termed UORIGEN input (see Section E-2). When a template must be selected

from a similar fuel, this uncertainty is referred to as UtempseI (see Section E-3.1).
 

The accuracy of the bumup, "x," of the fuel being estimated also contributes to the uncertainty.
 
This uncertainty is referred to as UBU, and its value varies based on whether the bumup came directly (or
 
was calculated directly) from information in the Spent Fuel Database or whether it was estimated using
 
the fuel's end-of-life (EOL) heavy metal content. The uncertainty associated with the bumup is discussed
 
in Section E-3.2.1.
 

The accuracy of the initial inventory, "b," is not explicitly considered in this uncertainty analysis.
 
This is because "b" is zero for all radionuclides except those present in fresh fuel (e.g., U-235 and U-238).
 
Consequently, radionuclides with nonzero initial values are not significant contributors to the overall
 
source term. 

Lastly, uncertainty is introduced by the methodology itself because it relies on a linear 
approximation to model radionuclide production as a function of bumup. This uncertainty, termed Ulin seal. 
is discussed in Section E-3.2.2. 
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The following discussion is intended to help the reader better understand the limitations and 
sources of these uncertainties. In Sections E-I through E-3, each of these sources of uncertainties in the 
template-generated source term estimates are identified and assigned a quantitative value. These values 
are based on validation studies that provide a confidence level on how well the calculations compare to 
measured assay data and by engineering judgment based on the logic imbedded within the template 
methodology. As such, the quantitative values assigned are based on SNF experience and are themselves 
estimates. In Section E-4, after making a number of simplifying assumptions, these uncertainties are 
combined to derive an expression that can be Ulsed to estimate a confidence level associated with the 
radionuclide inventories calculated on each of the Fuel Radionuclide Inventory Worksheets. 

E-1. UNCERTAINTY IN CALCULATIONAL 
METHODOLOGY, UORIGEN CALC 

The ORIGEN computer code is the primary calculational tool used in the development of the 
radionuclide inventories or source term for each of the template fuels. The ORIGEN code is widely used 
and accepted throughout the nuclear industry to perform depletion calculations for predicting radionuclide 
inventories. Much effort has gone into validating the ORIGEN computer code over the years with the 
primary focus on commercial oxide SNFs. The DOE-owned nuclear reactor spent fuels, on the other 
hand, span the gamut of the fuel element designs, uranium enrichment and loading, and neutron spectrum. 
Validation of the ORIGEN code for these fuels required a special effort to demonstrate ORIGEN's 
capability to predict inventories other than commercial SNF. 

A limited number of validation studies have been performed for the ORIGEN code in support of 
the template methodology on both commercial and noncommercial DOE SNFs. Two commercial fuels 
were included to give the validation studies a reference base with the main intention to test a variety of 
unusual spent fuels and thereby demonstrate the ORIGEN code's capability for predicting spent fuel 
nuclide concentrations and other spent fuel parameters for any SNF. Specifically, these validation studies 
included the spent fuels from the following nuclear reactors: 

• H. B. Robinson (commercial low-enriched uranium [LEU]) 

• Turkey Point (commercial LEU) 

• Advanced Test Reactor (light water highly-enriched uranium [HEU]) 

• Advanced Reactivity Measurement Facility Reactor (light water HEU) 

• Light Water Breeder Reactor (light water HEU-U233) 

• N-Reactor (graphite, light water LEU) 

• Fort St. Vrain (graphite HEU) 

• TRIGA (light water medium-enriched uranium). 

The main goal of these validation studies was to demonstrate the accuracy of the code and 
develop a level of understanding of what the expected uncertainties might be for the calculational 
methodology for commercial and noncommercial SNF types. In these validation studies, the calculation 
input is assumed to be exact, and the calculated source terms are then compared against measured data. 
Based on these comparisons between calculated and measured data, the uncertainty or level of confidence 



I 
I 
I 
I 
I 
I 
I
 
I 
I 
I 
I 
I 
I 
I 
I
 
I 
I 
I
 
I
 

DOE/SNFIREP-078 January 1004 
Revision 0 Page E-5 of E-20 

bands can be determined on a radionuclide-by-radionuclide basis. Integrated values, such as decay heats 
and gross gamma dose rates, are also compared in order to draw conclusions relative to total inventories. 
However, because the input data can never be exact, a portion of the uncertainty identified by the 
validation studies must be attributed to uncertainty in the input data. 

In order to understand the magnitude of expected uncertainty under the best input data conditions, 
validation studies were performed for specific fuel types used in the template methodology. 1-5 These 
studies compare measured radionuclide concentrations, isotopic ratios, decay heats, or gamma dose rates 
with calculated values. The input data for the calculation is based on measured values that include burnup 
data, power or irradiation history information, beginning-of-life (BOL) fuel element heavy metal 
loadings, and material constituent impurity concentrations. As with any computer code prediction, there is 
an uncertainty associated with the calculated values rel?'ive to the experimentally measured values. And 
although the comparison of calculated versus measured values is the generally accepted means to validate 
a computer code, one needs to be cognizant of any associated experimental error in the measured values 
too. Based on experience, the template methodology and computer codes used to estimate radionuclide 
depletion, buildup, and decay are, however, quite accurate given accurate input and library data.
 

The following uncertainty estimates are based on generalized results from template validation 
studies and represent expected calculated uncertainties for various radionuclides for EOL conditions: 

1. ±1-5% for U-235, U-238, Pu-239, Th-232 concentrations 

2. ±10-30% for U-233, U-234, U-236, Np-237, Pu-240 concentrations 

3. ±30-50% for other significant concentration higher-order actinides (Pu-238, Pu-241, Pu-242, etc.) 

4. ±50-400% for other insignificant concentration higher order actinides and daughter decay 
products 

5. ±1-5% for direct yield fission products 

6. ±5-50% for indirect yield and transmutation fission products 

7. ±5-50% for major constituent activation products 

8. ± factor of 2-3 for activation product impurities (Co-60, C-14, etc.) 

9. ±5-10% for decay heat
 

10. ± factor of 1.2-2.0 gross gamma dose rates.
 

Based on the validation studies, uncertainties of this magnitude can be expected from the ORIGEN 
code using the best available or most accurate experimental input data for a particular spent fuel prediction.
 
Based on these generalized validation results, the following values are considered appropriate to represent
 
the calculational uncertainty for fission products and for significant nonfission products, respectively.
 

UORIGEN calc =± 5% fission products
 
±40% nonfission products.
 

E-2. UNCERTAINTV IN ORIGEN INPUT OATA, UORIGEN INPUT

The key ORIGEN input data parameters that have associated uncertainties include the following: 
(1) burnup (MWD, MWDIMT, fissions/cc, %FIMA, etc.), (2) BOL heavy metal and structural mass 
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loadings, and (3) neutron cross sections. The next three subsections address the potential uncertainties 
associated with each of these parameters and their influence on the ORIGEN calculation results. Based on 
these discussions, it was concluded that 

UORIGEN input = ± 5% fission products 
±20% nonfission products. 

These uncertainties are sufficient to conservatively account for that associated with the both BOL 
mass loadings and the neutron cross sections. They apply only when the template methodology is used to 
estimate radionuclide inventories for fuels that are in fact the template fuels. When the fuel being 
estimated is not the same fuel as the template fuel, the effects of the uncertainties associated with the 
ORIGEN input data are accounted for by the uncertainties associated with selecting an appropriate 
template (Utcmp scI discussed in Section E-3.1). 

These uncertainties (i.e., UORIGEN input and Utcmp scI) are also considered sufficient to account for any 
error associated with the updates to the ORIGEN data libraries that have occurred since the 1980 version 
of the ORIGEN2 code used to generate the template results. 

E-2.1 Burnup 

Spent fuel radionuclide concentrations of activation products, actinides/daughter decay nuclides, 
and fission products are all functions of the spent fuel bumup. In fact, uncertainty in the spent fuel bumup 
is the principal factor in predicting activation, actinide, and fission product radionuclide concentrations. 
The bumup is, therefore, the major contributor to uncertainty in the resulting source term. However, the 
template methodology scales the template fuel's ORIGEN results to account for differences between the 
bumup used to generate the template and the bumup of the particular fuel being estimated. Consequently, 
the error associated with the bumup is not attributable to the accuracy of the burnup inputs for the 
template calculation but rather the accuracy of the bumup value for the fuel being estimated. The 
remainder of this section illustrates the importance of bumup in predicting the source term. The error 
associated with uncertainty in the burnup of the fuel being estimated is discussed in Section E-3.2.1. 

The bumup is the key parameter in predicting radionuclide inventories because many 
radionuclides are directly dependent on the bumup. For example, all fission product radionuclides are 
directly dependent on the bumup or the number of fission events. And because each fission event yields a 
distribution of fission products that are quite well known, the accuracy of the estimated fission product 
concentration is tightly coupled to the accuracy ofthe bumup. U-235 and U-238 concentrations are also 
directly dependent on the bumup. Indirect-yield and transmutation fission products, although typically 
very low concentrations in SNFs, have a cross-sectional dependency and, therefore, a cross-sectional 
uncertainty from the calculation. 

The following discussion is provided to help one understand the relative importance of activation, 
actinide, and fission products on source term for a fixed bumup. The source term may be used for a 
variety of purposes such as shielding or thermal analyses, i.e., gamma-ray energy emissions or decay heat 
generation, respectively. First consider the source term in terms of its gamma energy emission rates. The 
gamma energy for the high bumup Advanced Test Reactor and Fort St. Vrain fuel elements (Tables 1 
and 2) show that the fission products dominate the gamma energy emission rate across the 5 to 100-year 
decay time span addressed by the template methodology. A similar analysis shows that the decay heat 
(beta-gamma emission energy) is also dominated by the fission products, particularly at early times (see 
Tables 3 and 4). 
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Table 1. Gamma radiation energy emission by component for high bumup Advanced Test Reactor as a 
function of decay time. 

Component 5-YearDecay 35-Year Decay 100-Year Decay 

Activation products 0.02% 0.0002% 4E-6% 

Actinides/daughters 0.002% 0.01% 0.04%
 

Fission products 99.98% 99.99% 99.96% 

Table 2. Gamma radiation energy emission by component for high bumup FSV SNF as a function of 
decay time. 

Component 5-Year Decay 35-Year Decay 100-Year Decay 

Activation products 1.69% 0.124% 5.68E-3% 

Actinides/daughters 0.1% 0.319% 0.82%

Fission products 98.21% 99.56% 99.17%
 

Table 3. Advanced Test Reactor SNF decay heat partitions as a function of decay time.
 

Component 5-Year Decay 35-Year Decay 100-Year Decay 

Activation products 0.027% 0.0005% 0.0012%
 

Actinides/daughters 1.44% 3.84% 11.11 % 

Fission products 98.53% 96.16% 88.89% 

Table 4. Fort St. Vrain SNF decay heat partitions as a function of decay time.
 

Component 5-Year Decay 35-Year Decay 100-Year Decay
 

Activation products 0.756% 0.0366% 0.0016%
 

Actinides/daughters 15.77% 29.07% 52.99%
 

Fission products 83.47% 70.89% 47.0%
 

Thus, accuracy in predicting the concentrations of fission products is key to reducing uncertainty
 
in the source term estimates. Fission product concentrations are dependent on the accuracy of the bumup
 
used to determine the scaling factor applied to the template results. The uncertainties associated with this
 
scaling factor are discussed in Section E-3.1.
 

E-2.2 Beginning-of-Life Mass Loadings 

The BOL heavy metal masses for most SNF elements are usually well known and well 
documented. The as-fabricated fuel elements typically have uranium or other heavy metal mass loading 
that have been measured to a relatively high degree of accuracy. This is especially true for the spent fuels 
in the validation studies and many of the template fuels where typical uncertainties range from ±1-2 
percent, or less, for the major heavy metal components (U-235, U-238, Pu-239). For the minor BOL 
actinides (U-234, U-236, etc.), the uncertainties may be in the range of 5 to 10%. Other fuel constituents 
are, in general, equally well characterized for the purpose of inclusion into a fuel depletion calculation. 

In addition to the heavy metal mass loading, the fuel element structural material masses also 
contribute to the source term (i.e., activation products). BOL concentration uncertainties in the structural 
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materials are typically on the order of ±2 to 10% for the major constituents. Structural materials also 
contain impurities that can contribute significantly to the source term. Impurities with concentrations in 
the 0-500 ppm range can have uncertainties in the range of ±1O to 200%. In order to reduce these 
uncertainties, the BOL impurity concentration would have to actually be measured. The structural 
material masses and impurity concentrations are provided and referenced for each of the template 
calculations. For conservatism, the templates are based on the upper limit of ppm concentrations for each 
impurity. The impurity mass is also assumed to be additional mass relative to the major structural material 
components and the total mass of structural materials is slightly overestimated in order to be conservative, 
particularly for fuel elements with complex fabrication features (grooves, holes, slots, tapers, etc.). 

For some of the DOE spent fuels, i.e., nonvalidation or nontemplate fuels, the BOL heavy metal 
mass and even the exact fuel type may not be well know'. This of course presents a problem in scaling 
the template inventories for these fuels, and perhaps even in selecting the appropriate template for the 
fuel. In addition, the BOL masses can influence the neutron cross sections used in the depletion 
calculation. However, this effect is minimized in the template selection process by choosing the template 
with the most similar properties and, therefore, the most similar neutron spectral characteristics as well. 
The template selection process and associated uncertainties are discussed in Section E-3.1. 

E-2.3 Neutron Reaction Cross Sections 

Neutron cross sections are also part of the input data used in the ORIGEN calculations to predict 
radionuclide inventories. The neutron cross sections can change as a complex function of core burnup, 
BOL heavy metal mass loading, location in the core relative to targets, safety rods, etc., shim control 
rod/drum movement, and other neutron spatial and spectral effects. Although the neutron cross section 
can be difficult to calculate and change as a function of many variables, experience has shown that using 
calculated BOL neutron cross sections results in very good radionuclide estimates for the activation and 
actinide nuclides. The fission products, as men.tioned in Section E-2.1, are primarily a function of the 
spent fuel bumup only. Use of the calculated BOL neutron cross sections for the template fuels is the 
approach taken for the template methodology. 

For each template fuel, BOL neutron cross sections are calculated with the intent to refine or 
increase the accuracy of the predicted radionuclide inventory for each template. The template fuel was 
selected to represent all fuel assigned to a particular fuel group. The fuels in each group are carefully 
placed in a particular group based on similarity in moderator, fuel compound, enrichment, and cladding. 
Therefore, fuels in a particular group can be expected to have similar spectra characteristics and similar 
BOL cross sections. Cross sections were specifically developed to represent each of the template fuels 
and those nontemplate fuels in each template group. Template fuel cross sections were developed for 
37 different actinides and 77 different fission products. For the actinides, cross section for the (n,y), 
(n,2n), (n,3n), and (n,f) nuclear reactions were specifically developed. The statistical uncertainty in these 
cross sections at BOL were typically less than 1% for the (n,y) and (n,f) nuclear reactions, approximately 
5 to 10% for the (n,2n), >10% for the (n,3n) reaction cross sections. 

E-3. UNCERTAINTY FROM SELECTING AND SCALING TEMPLATES 

When applying the template methodology to estimate an SNF source term, the precalculated 
results from the selected template fuel are scaled to account for differences in bumup between the 
template fuel and the fuel being estimated. Consequently, the fidelity with which the ORIGEN input data 
matches the template fuel is not a significant source of the uncertainty within the template methodology. 
The primary source of uncertainty results from (1) template selection-how well the input parameters for 
the ORIGEN calculation that generated the selected template represent those of the fuel being estimated, 



I DOE/SNFIREP-078 January 2004 
Revision 0 Page E-9 ofE-20 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 

I 
I 
I 
I 
I
 
I
 

(2) the accuracy of the bumup information of the fuel being estimated, and (3) the linear scaling to 
account for the difference between the bumup of the fuel and the template fuel. 

Information used to select an appropriate template and to determine the proper scaling factor is 
taken directly from the License Application version of the National Spent Nuclear Fuel Program 
(NSNFP) SFD when available. The SFD is maintained in accordance with NSNFP procedure PSO 19.02 
and contains the best currently available information with respect to DOE SNFs. Information within the 
SFD has been drawn from documented historical records including manufacturing data, operational 
histories, and shipping and subsequent storage records. When SFD information is not available, the 
template methodology applies conservative assumptions to provide a high level of confidence that the 
resulting estimate will be conservative. The uncertainty associated with the SFD data as well as any 
assumptions employed to compensate for missing data are discussed in the appropriate sections below. 

E-3.1 Template Selection, Utemp sel 

When the template methodology is used to estimate radionuclide inventories for fuels other than 
the fuel used to generate the template, the uncertainty associated with the ORIGEN input data (see 
Section E-2) is replaced by the uncertainty associated with template selection uncertainty. In this case, the 
uncertainty does not represent the fidelity with which the ORIGEN inputs model the template fuel, but the 
fidelity with which the ORIGEN inputs model the fuel being estimated. Templates are selected based on 
matching the reactor moderator and the fuel compound, cladding, and enrichment. Matching these 
parameters ensures selection of a template that was calculated using ORIGEN inputs (i.e., BOL 
constituents and relative masses and cross sections) similar to the fuel being estimated. The cross sections 
for the actinides of a particular SNF may not coincide exactly with cross sections of the template. 
However, because the template uses a moderator, clad, fuel compound, and enrichment similar to the 
SNF, they should be within a factor of 2. For high bumup fuels, the cross section can change significantly 
with bumup, and differences of factors of 2-3 might be possible. Activation products from particle 
threshold reactions (high energy neutrons) will be relatively independent of cross section and a very small 
cross-section uncertainty could be expected «20%). Activation products produced from thermal reactions 
will be cross-section dependent and may vary by a factor of 2 or more from the template-generated cross 
sections. 

The four parameters used to select a template are generally available from the SFD. Whe:n 
fuel-specific information is not available for one or more of these parameters, conservative assumptions 
are made as shown in Table 1 of report DOE/SNFIREP-078. Use of these assumptions biases the 
uncertainty such that, although not explicitly known, the resulting estimate will tend to overpredict the 
radionuclide inventories and thus increase confidence that the resulting estimate envelopes the actual 
source term. The uncertainty applied when selecting a template using Table 1 assumptions reflects this 
conservatism. 

In the event that an appropriate template cannot be identified, a worst case template is provided 
that is composed of the highest normalized radionuclide production rates (i.e., CilMWdlMTIHM) for each 
radionuclide from each of the other templates. Use of this worst case template thus maximizes the 
radionuclide production as a function of bumup and produces an extremely conservative estimate. The 
error associated with use of the worst case template cannot be quantified in a general way. However, 
because the 15 other templates represent a wide variety of existing fuel types, use of the worst case 
template provides a very high degree of confidence that, for a given bumup, the resulting radionuclide 
estimate will bound virtually any fuel's actual radionuclide content. 
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From the discussion above, the range of uncertainty associated with selecting a template is 
estimated as shown. 

Source of Template Selection Parameters 
U temp sel =-50% to +100% from the SFD (i.e., within a factor of 2) 

Utempsel =-75% to + 50% assumptions per Table 1 of DOE/SNFIREP-078 
U temp sel =-90% to +10% used worst case template 

Although these uncertainties associated with template selection have a much smaller effect on 
fission products, they are conservatively applied to all radionuclides. 

E-3.2 Scaling a Template 

In the template methodology, bumup is addressed by scaling the precalculated results for the 
template fuel by the ratio of the bumup between the template fuel and the fuel being estimated. This 
scaling introduces uncertainty both as a result of the uncertainty associated with the bumup of the fuel 
being estimated and from the linear scaling used to account for the difference between the fuel bumup 
and that of the template. Each of these sources of uncertainty are addressed separately below. 

E-3.2.1 Burnup, UBU 

The bumup values used to determine the scaling factors used in the estimates come directly (or 
are calculated directly) from information in the SFD. The bumups provided in the SFD are documented 
and are typically derived from calculations (or in a small number of cases derived from measurements). 
The calculations are typically based on actual reactor power histories and estimated fuel element bumups 
appropriately partitioned based on a total core power output over the known bumup period. An estimate 
for the uncertainty associated with a calculated bumup value would be approximately ±1O%. This 
uncertainty would also envelop the uncertainty associated with a measured bumup value. Therefore, an 
error band of ±1O% is used to account for the uncertainty in the bumups provided in the SFD. 

Wlhen available, the SFD provides a minimum, a nominal, and a maximum bumup value. The 
difference between these bumups provides some insight into the distribution of bumups within the 
individual fuel elements associated with the SFD fuel record. The radionuclide estimates, which were 
produced using the template methodology and included as Appendixes C and D, include an estimate 
based on both a nominal and a maximum (i.e., bounding) bumup value. The estimates based on the 
bounding bumup value are intended to show the upper range of the radionuclide concentrations that can 
be expected due to the variation of bumup within all the fuels associated with that SFD record. If a 
maximum bumup value is not provided by the SFD, it is estimated using the logic shown in Figure 1 of 
report DOE/SNFIREP-078. The radionuclides estimated using this maximum bumup value are 
appropriate when assessing the highest potential impacts associated with a single canister or package of 
fuel. Use of the bounding values is expected to significantly overpredict the impacts if used to represent 
the composite source term for all the fuel elements included within the fuel record. 

Although the SFD contains fields for both the nominal and maximum (i.e., bounding) bumup, 
these fields are not populated for a significant number of fuels. When bumup information is not available 
from the SFD, it is estimated using the logic shown in Figure 1 of the report. As noted in Figure 1, the 
nominal bumup is calculated from the heavy metal that is depleted when both BOL and EOL are 
available in the SFD. The accuracy of the resulting estimate is proportional to the accuracy of the mass 
values in the SFD. Because the EOL values in the SFD are checked against material accountability 
records and the BOL values are normally from vendor specifications and/or measurements, the calculated 



nominal burnups are also expected to have an accuracy within ±109''0. When neither the burnup nor the 
BOL heavy metal is known, the BOL heavy metal is determined using very conservative assumptions 
(i.e., 100% depletion of all fissile material if BOL enrichment is known or that BOL heavy metal was 
equal to twice the EOL heavy metal). Use of these assumptions biases the resulting estimates to predict 
higher radionuclide inventories and, as explained below, skews the uncertainty sharply. 

Assuming that BOL heavy metal mass was twice the EOL heavy metal mass will result in 
overestimating burnup for fuels where the material fissioned is less than one half of the original heavy 
metal mass. Consequently, this assumption could be nonconservative only for highly enriched, highly 
burned fuels. The percentage of initial heavy metal mass depleted (fissioned) can be approximated as the 
product of the percent enrichment and the percent burnup. Because DOE SNFs are primarily the products 
of research, test, and materials production programs, most fuels are not highly enriched. Burnups 
approaching 50% are very uncommon. Consequently, fuels with greater than 50% of the initial heavy 
metal mass depleted are not expected. 

The SFD version 5.0.1 data were reviewed to evaluate both the need for and the conservatism of 
estimating burnup by assuming BOL heavy metal mass to be twice the EOL heavy metal mass. Of 
568 records for repository-bound SNF, the BOL heavy metal mass is not known for 97 records. Of these 
97 records, 47 have burnup information (i.e., nominal or bounding burnup can be obtained directly from 
the SFD), resulting in the need to estimate burnup for the other 50 SNF records. The assumption is made 
that BOL heavy metal mass is twice the EOL heavy metal mass for these 50 of 568 SNF records in the 
SFD. 

The conservatism of this assumption was evaluated by reviewing the 471 SFD records with both 
BOL and EOL heavy metal mass known. Of these 471 records, estimating the BOL heavy metal mass to 
be twice the EOL heavy metal mass would have resulted in overestimating the heavy metal mass depleted 
(i.e., burnup) for 97% (458) of the 471 fuel records (see Figure 1). 

Heavy Metal Mass Depletion of 471 DOE SNFs 
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Figure 1. Heavy metal mass depletion of 471 DOE spent nuclear fuels.
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The actual EOL heavy metal mass to BOL heavy metal mass was examined for these same 
471 SNF records. As shown in Table 5, assuming this ratio to be 0.5 would overestimate the burnup by 
one to thee orders of magnitude for over 97% (all but 13 of 471) of these SNFs. A review of the thirteen 
fuels, whose present data indicate that BOL heavy metal mass is more than twice the EOL heavy metal 
mass, reveals that these are primarily foreign research reactor fuels not yet returned to DOE custody. The 
burnup shown in the database for these fuels conservatively provides the maximum burnup that could be 
expected for these fuels. Historically, actual bumups, which are provided by the reactor sites when the 
fuel is returned, have been significantly less than the conservative estimates in the SFD projections. 

By assuming that the burnup distribution of the fuels with unknown BOL heavy metal mass is 
reasonably represented by the 471 fuel records evaluated, one concludes that assuming BOL mass to be 
twice the EOL mass will produce an extremely conservative bumup estimate. From the above, it can be 
seen that estimating burnup in this manner skews the uncertainty sharply toward overpredicting the 
expectec radionuclide inventory. In this case, the actual burnup (proportional to radionuclide predictions) 
is expected to be within the range of 1 to 110% of the estimated burnup. 

In summary, uncertainty in the estimated radionuclide inventories that can be associated with the 
burnup is estimated to be: 

Source of Burnup Value used in Estimate 
UBU = ±1O% given in(or calculated from) the SFD 
UBU = -99% to + 10% estimated by assuming BOL heavy metal mass as twice EOL 

heavy metal mass 

This uncertainty applies to all radionuclides estimated with the template methodology because all 
radionuclides are scaled by the ratio of the fuel burnup to the template burnup. 

Table 5. EOL over BOL heavy metal mass distribution of 471 DOE spent nuclear fuels. 

Heavy Metal Mass Ratio 
(EOLIBOL) No. of SNFs in Range Conservatisma 

0.999 to 1.0 58 >500 

0.99 to 0.999 61 >50 

0.9 to 0.99 200 >5 

0.83 to 0.9 55 >3 

0.667 to 0.83 59 >1.5 

0.5 to 0.667 25 >1 

0.135 to 0.5 13 Nonconservative by a factor of up to 1.7 

Total SNF records evaluated 471 

a. This represents the minimum conservatism (i.e., factor of overprediction) by the ratio of the heavy metal mass depletion
 
predicted using the conservative assumption (i.e., 0.5) to the maximum heavy metal mass actually depleted for these fuels.
 

E-3.2.2 Linear Scaling, Ulin seal 

The scaling factor used in the template methodology can also be represented as the product of a 
burnup multiplier and a mass multiplier (see Section 6 of DOE/SNFIREP-078) where the mass multiplier 



scales the template results for any difference in mass and the burnup multiplier accounts for the difference 
in specific burnup (i.e., burnup per unit mass). This decomposition of the scaling factor is useful in 
understanding uncertainty because all radionuclide inventories scale linearly with the mass multiplier 
while only fission products scale relatively linear with the burnup multiplier. Thus, the magnitude of the 
burnup multiplier is an indication of the uncertainty potentially introduced into the inventories of actinide 
and other transmutation products. The affect of scaling to account for differences in specific burnup on 
each radionuclide is determined by the slope and curvature of its rate of buildup at the burnup modeled in 
the template and the magnitude and direction (i.e., scaling up or down) of the burnup multiplier. As 
illustrated in Figure 2, if the rate of buildup of a radionuclide is positive and increasing with burnup at the 
template burnup value, an estimate using a burnup multiplier with a value of less than one would 
overpredict the actual radionuclide inventory while an estimate with a multiplier greater than one would 
underpredict the actual value. 

As a result, the effect of the burnup multiplier on uncertainty may vary for each radionuclide and 
for each fuel and, therefore, cannot be quantified in any generalized way. However, analysis of the data 
summarized in Reference 6 confirms that representing radionuclides as a linear function of burnup 
reasonably models radionuclide production over a broad range of burnups and that, for most radionuclides 
with nonlinear buildup rates with respect to burnup, the rate is both positive and increasing (i.e., slope and 
curvature are positive). For purposes of estimating the uncertainty associated with the template 
methodology, a range of 0.5 to 2 is considered adequate to account for the uncertainty introduced from 
the linear scaling when using templates other than the worst case template. Because use of the worst case 
template uses the maximum production rate (with respect to burnup) for each radionuclide, the likelihood 
that the actual radionuclide inventory will be underestimated is significantly reduced. 

/
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Figure 2. Burnup multiplier. 

Ulinscal =-50% to +100% except when using worst case template 
U lin seal = -50% to +10% when using worst case template 
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Because fission products will scale linearly with bumup, Ulin scale is applied only to nonfission 
products. 

E-4. CONCLUSIONS 

Although conservatism is used throughout the template methodology, there can be no absolute 
guarantee that the final template source term is indeed conservative. This is because of both distribution 
of uncertainty associated with each of the inputs relied on by the methodology and the additional 
complexity resulting from the fact that each SNF will have a unique set of uncertainties based on the 
completeness and accuracy of its available information. The template methodology addresses these 
uncertainties by adding conservatism throughout the process with the intent of biasing the uncertainty to 
provide a high degree of confidence that the actual source term will not exceed the estimated value. 

The template methodology provides several potential paths for estimating radionuclide 
inventories depending on the available information. The uncertainty in the result is, therefore, dependent 
on the path taken. Figure 3 illustrates these paths and the associated path-dependent uncertainties. 
Figures 4, 5, and 6 illustrate the portion of the total curies estimated using each of the sixteen potential 
paths. 

The uncertainties shown represent a range, about the estimated value of the radionuclide 
inventory, within which the actual value would be expected to fall. Each uncertainty is given in terms of 
the contribution it would be expected to make if there were no uncertainty in each of the other parameters. 
For each uncertainty, the figure refers back to the section of this appendix where it is discussed. 

These individual sources of uncertainty can be combined to determine an overall range of 
uncertainty using accepted error propagation techniques. For purposes of combining these uncertainties, 
each of the ranges was assumed to have a normal distribution about the estimated value and to represent a 
95% corJidence level. Thus one half of this confidence interval can be equated to one standard deviation. 
Because these confidence intervals are not symmetrical in all cases, the positive and negative errors are 
combined separately in the following approximation. 

In the basic linear equation (Y =rnx + b) used in the estimate, the uncertainties associated with 
the ORIGEN calculation and the ORIGEN inputs affect the "m" term, and the uncertainty associated with 
the burnup affects the "x" term. The uncertainty associated with the linear scaling affects the combined 
"rnx" term because it applies to the overall estimate "Y." By assuming each of these uncertainties to be 
independent, the combined standard deviations (i.e., the positive and negative standard deviations are 
combined separately) can be estimated as the square root of the sum of the squares of each of the 
individual standard deviations. This combined standard deviation is shown for each of the potential paths 
in Table 6 along with the percentage of the total estimated curie inventory associated with each path. A 
weighted standard deviation is also shown in order to estimate the contribution from each path on the 
uncertainty in the total estimated radionuclide inventory (i.e., total curies) from all DOE SNFs. 

The overall uncertainties determined by the foregoing analyses are still expected to provide a very 
conservz.tive estimate. This is because it was presumed that the value estimated using the template 
methodology is in fact the expected value. However, additional conservatism is implicit in the template 
methodology. Because of the conservative nature of the assumptions used to compensate for insufficient 
fuel information, the methodology sharply skews the radionuclide inventory estimates toward 
overprecicting the actual values for these fuels. The total radionuclide inventory is likely to be 
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Figure 3. Path-dependent sources of uncertainty.
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Figure 6. Breakdown of nonfission product curies. 

Table 6. Overall standard deviations. 

Case # 
1 

Template 
Fuel 
yes 

Radionuclide 
fission product 

Template Selection 
Basis 

NA--Template Fuel 
Burnup Basis 
SFD Information 

Standard Deviation 

lower upper 
-6.12% 6.12% 

%ofCi 

(weighted) 

l

::IICmaara LJeVlatlon 

ower upper 
-3.15% 3.15%51.49% 

2 yes fission product NA--Template Fuel Assumed BOl=2*EOl -49.63% 6.12% 0.00% 0.00% 0.00% 
3 yes non fission product NA--Template Fuel SFD Information -33.91% 55.00% 4.40% -1.49% 2.42% 
4 yes non fission product NA--Template Fuel Assumed BOl=2*EOl -59.79% 55.00% 0.00% 0.00% 0.00% 
5 no fission product SFD Information SFD Information -25.62% 50.31% 16.81% -4.31% 8.46% 
6 no fission product SFD Information Assumed BOl=2*EOl -55.51% 50.31% 0.00% 0.00% 0.00% 
7 no fission product Table 1 assumptions SFD Information -37.91% 25.62% 6.11% -2.32% 1.57% 
8 no fission product Table 1 assumptions Assumed BOl=2*EOl -62.15% 25.62% 6.21% -3.86% 1.59% 
9 no fission product worst case template SFD Information -45.35% 7.50% 3.29% -1.49% 0.25% 
10 no fission product worst case template Assumed BOl=2*EOl -66.94% 7.50% 1.33% -0.89% 0.10% 
11 no non-fission product SFD Information SFD Information -40.93% 73.65% 1.15% -0.47% 0.85% 
12 no non-fission product SFD Information Assumed BOl=2*EOl -64.03% 73.65% 0.00% 0.00% 0.00% 
13 no non-fission product Table 1 assumptions SFD Information -49.56% 59.58% 2.71% -1.34% 1.61% 
14 no non-fission product Table 1 assumptions Assumed BOl=2*EOl -69.87% 59.58% 1.17% -0.82% 0.70% 
15 no non-fission product worst case template SFD Information -55.45% 21.79% 4.20% -2.33% 0.92% 
16 no non-fission product worst case template Assumed BOl=2*EOl -74.16% 21.79% 1.13% -0.84% 0.25% 

-23% 22%100.00% 

overestimated because of a relatively small quantity of fuels for which the estimates were based on 
conservative assumptions (e.g., worst case template and/or estimating bumup by assuming the BOL 
heavy metal mass was twice the EOL mass). The following discussion illustrates the effects of these 
conservative assumptions by examining their effects on the predicted radionuclide concentrations in terms 
ofCi/MTHM. 

In terms of MTHM, the source term estimate for about 91 % of the DOE SNF inventory is based 
on a validated ORIGEN output that was developed for that fuel type (i.e., Paths 1 through 4). As an 
example, the N-Reactor template was developed specifically to model the N-Reactor fuel and was 
validated against available N-Reactor fuel data. Thus, applying the N-Reactor template to the N-Reactor 
fuel introduces minimal uncertainty. This 91 % of the MTHM accounts for only 55.9% of the total curies 
in the estimate. 
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By MTHM, approximately 5.9% of the DOE SNF inventory uses a template that, although based 
on another fuel type, shares parameters (i.e., reactor moderator, fuel compound, enrichment, cladding) 
that dominate the model with respect to generation of radionuclides. An example is the use of the 
N-Reactor fuel template for a uranium metal fuel such as Single Pass Reactor fuels that have a slightly 
different configuration (tube type fuel design vs. concentric tubes design for the N-Reactor fuels). These 
fuels take Paths 5, 6,11, and 12 of Figure 3. This 5.9% of the fuels account for 18% of the total curies in 
the estimate. 

For about 2.9% of the fuels by MTHM, conservative assumptions were used to select an 
appropriate template (Paths 7 and 13). For about 0.11 % of the fuels, the bumup information is uncertain 
because of missing or incomplete BOL and bumup values (Paths 8 and 14). For these fuels, BOL heavy 
metal is assumed to be two times the EOL value, which would overestimate the bumup for 97% of the 
DOE SNFs (see Section E-3.2.1). This assumption produces a very conservative estimate of the bumup, 
which results in an increased scaling of the template radionuclide inventories. These 2.9% and 0.11 % of 
the fuels account, respectively, for 8.8% and 7.4% of the total curies in the estimate. 

About 0.08% of the DOE SNF by MTHM uses a worst case template that was derived by taking the 
highest normalized (CilMTU) values for each radionuclide from all the available templates. These fuels take 
Paths 9 and 15 of Figure 3. Although such a fuel does not physically exist, this template is used to bound 
fuel materials in the DOE SNF inventory for which a template cannot be selected. There are two reasons for 
this: (1) the unavailability of a template that adequately models the fuel or (2) the unavailability of sufficient 
information to identify a proper template. About 0.001% of the DOE SNF uses a worst case template and 
assumes BOL heavy metal is two times the EOL value (Paths 10 and 16). These 0.08% and 0.001 % of the 
fuels account, respectively, for 7.5% and 2.5% of the total curies in the estimate. 

Based on the above, it is clear that each of the conservative assumptions employed by the 
methodology to compensate for insufficient information adds a degree of conservatism. Figure 7 
illustrates the effects of these conservative assumptions. This figure clearly shows an inverse correlation 
between the available information used in the methodology and the resulting radionuclide concentrations 
estimated. This phenomenon is evident in Figure 8, which shows the radionuc1ide concentrations 
(CiIMTHM). Figure 8 provides clear evidence that the assumptions employed within the methodology are 
indeed conservative. 

As shown in Figure 7, 17.4% (7.4% + 7.5% + 2.5%) of the radionuclide inventory comes from 
the result of 0.2% of the total fuel. This 0.2% of the mass relied heavily on conservative assumptions to 
compensate for missing information. Consequently by assuming this 0.2% of fuel with sufficient 
information can be reasonably represented by the 99.8% of fuels with sufficient information, one may 
conclude that the expected value for the total radionuclide inventory associated with DOE SNF is more 
reasonably about 83% of the nominal inventory estimated. 
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Figure 8. Activity per MTHM relating to known information about SNF. 
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Appendix F 

DOE SNF Canister Count 
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Appendix F 

DOE SNF Canister Count 

INTRODUCTION
 

The Spent Fuel Database (SFD) (See Reference 1) provides point estimates of the number of U.S. 
Department of Energy (DOE) spent nuclear fuel (SNF) canisters required for all DOE SNF) except the 
SNF identified for placement into high integrity cans (HICs). This appendix provides an estimate of the 
number of standardized canisters required for HICs. 

It is projected that there will be about 3,500 DOE SNF canisters. This projected number of 
canisters could be affected by numerous uncertainties. Some examples of uncertainties that could affect 
the number of canisters include the following: 

• Canister and basket designs-The point-estimates are based on specific canister and basket 
designs. As evidenced by the proposed Idaho Dry Storage Project canister and basket design, it is 
possible that the final canister or basket designs will be different than those currently planned. 
Different designs could affect the number of canisters. 

• Canisters and baskets used--The current estimates are based on the selection of a specific 
canister size for each fuel. It is possible that different canister sizes will be used for some fuels. 
Use of different canisters will likely affect the number of canisters. 

• Mixing of SNF-The point-estimates are based on the assumption that different types of SNF can 
be mixed in canisters. If different SNFs are not mixed in canisters, then there will be several 
hundred additional canisters. 

• Loading of HICs-It is planned that some DOE SNF will be placed in HICs prior to loading into 
canisters. Placing more or fewer HICs into canisters affects the number of standardized canisters. 

• Treatment option~The decision to implement or not to implement the melt and dilute treatment 
of aluminum SNF results in a difference about 1,000 standard canisters. The decision regarding 
treatment of the sodium-bonded fuel also affects the total number of standard canisters. 

• Projections-The SFD estimates include projections for the generation of domestic research 
reactor SNF and receipt of foreign research reactor SNF. The projections are considered 
conservative at this time because some domestic reactors may shut down earlier than expected 
and not all foreign research reactor SNF is likely to be shipped to the U.S. 

This appendix provides a range on the estimated number of DOE SNF canisters to account for 
these ranges. Details of both the standardized canisters required for HICs and the range of DOE SNF 
canisters are provided in Reference 2.

STANDARDIZED CANISTERS REQUIRED FOR HIGH INTEGRITY CANS 

DOE SNF whose condition does not allow it to be placed directly into a DOE SNF canister is first 
placed into an inner container referred to as a HIC. The HICs have an inner diameter of 4-7/8 in. with a 
length that is adjusted as needed for the specific DOE SNF (see Reference 3). SFD projects that about 
172 HICs will be required for DOE SNF. At least 5 HICs can be placed into an 18-in.-diameter
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requiring HICs have been identified to be longer than 10ft. Therefore, the 172 HICs will be placed into 
two 18 in. x 15 ft standardized canisters and thirty-three 18 in. x 10 ft standardized canisters. 

RANGE OF DOE SNF CANISTERS 

The estimated DOE SNF canister range is based on an assumed maximum and minimum overall 
packing efficiencies of 33.3 and 66.7%, respectively. The average packing efficiency for the SFD 
point-estimate is 49%. These assumed overall packing efficiencies are not intended to be bounding values 
for all individual canisters but are considered reasonable overall assumptions based on the evaluation of 
the packing efficiencies for Boiling Water Reactor waste packages, Pressurized Water Reactor waste 
packages, TRIGA SNF in a standardized canister and three theoretical configurations. Based on the 
assumed maximum and minimum overall packing efficiencies, the estimated range of DOE SNF canisters 
is 2,500 to 5,000. Table E-I reports the point-estimate, minimum, and maximum number of DOE SNF 
canisters of each size in each Total System Performance Assessment group. 

Table F-I DOE SNF Canister Count 
Group Minimum Point-Estimate Maximum 

TOI Naval (Evaluated by NNPP) - - -

T02 PuIU A24 in. x 15 ft oy 18 in. x 10 ft = 6.5 
18 in. x 15 ft = 5.5 

18 in. x 10 ft = 9.1 
18in.xI5ft=7.6 

18 in. x 10 ft = 13.0 
18 in. x 15 ft = 11.0 

T03 UlPu Carbide 18 in. x 10 ft = 1.0 
18 in. x 15 ft = 1.6 

18 in. x 10 ft = 1.4 
18 in. x 15 ft = 2.3 

18 in. x 10 ft = 1.9 
18 in. x 15 ft = 3.3 

T04MOX 18 in. x 10 ft = 10.2 
18 in. x 15 ft = 91.4 

18 in. x 10 ft = 14.3 
18 in. x 15 ft = 127.5 

18 in. x 10 ft = 20.4 
18 in. x 15 ft = 182.8 

T05 Urrh Carbide 18 in. x 10 ft = 0.1 
18 in. x 15 ft = 406.8 

18 in. x 10 ft = 0.2 
18 in. x 15 ft = 567.3 

18 in. x 10 ft = 0.3 
18 in. x 15 ft = 813.5 

T06 urrh Oxide 18 in. x 10 ft = 9.0 
18 in. x 15 ft = 9.3 
24 in. x 15 ft = 19.4 

18 in. x 10 ft = 12.5 
18 in. x 15 ft = 13 
24 in. x 15 ft = 27.0 

18 in. X 10 ft = 18.0 
18 in. x 15 ft = 18.6 
24 in. x 15 ft = 38.7 

T07 U Metal 18 in. x 10 ft = 10.1 
18 in. x 15 ft= 1.0 
MCO = 287.5 

18 in. x 10 ft = 14.1 
18 in. x 15 ft = 1.4 
MCO =401.0 

18 in. x 10 ft = 20.2 
18 in. x 15 ft = 2.0 
MCO =575.1 

T08 U Oxide 18 in. x 10 ft = 198.2 
18 in. x 15 ft = 350.4 
MCO = 12.9 

18 in. x 10 ft = 276.4 
18 in. x 15 ft = 488.7 
MCO = 18.0 

18 in. x 10 ft = 396.3 
18 in. x 15 ft = 700.9 
MCO=25.8 

T09 Aluminum-based 18 in. x 10 ft = 726.1 
18 in. x 15 ft = 169.1 
24 in. x 10 ft = 118.5 

18 in. x 10 ft = 1,012.6 
18 in. x 15 ft = 235.8 
24 in. x 10 ft = 165.3 

18 in. x 10 ft = 1,452.1 
18 in. x 15 ft = 338.2 
24 in. x 10 ft = 237.1 

TIO Misc 18 in. x 10 ft = 2.1 
18 in. x 15 ft = 0.1 

18 in. x 10 ft = 2.9 
18 in. x 15 ft = 0.1 

18 in. x 10 ft = 4.1 
18 in. x 15 ft = 0.1 

Til U-ZrHx 18 in. x 10 ft = 63.2 18 in. x 10 ft = 88.2 18 in. x 10 ft = 126.4 
Total by canister size 18 in. x 10 ft = 1,026.4 

18 in. x 15 ft = 1,035.2 
24 in. x 10 ft = 118.5 
24 in. x 15 ft = 19.4 
MCO = 300.4 
Total = 2,500.0 

18 in. x 10 ft = 1,431.5 
18 in. x 15 ft = 1,443.8 
24 in. x 10 ft = 165.3 
24 in. x 15 ft = 27.0 
MCO=419.0 
Total = 3,486.7 

18 in. x 10 ft = 2,052.9 
18 in. x 15 ft = 2,070.4 
24 in. x 10 ft = 237.1 
24 in. x 15 ft = 38.7 
MCO=600.9 
Total = 5,000.0 
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The point-estimate reported in Table F-l differs from the SFD estimate reported in the summary 
tables of Appendix C of DOE/SNFIREP-078 because it includes the number of canisters required for 
HICs. The SFD point-estimate number of canisters plus the canisters required for HICs (i.e., 3,486.7) is 
rounded to 3,500. 
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1. Department of Energy Office of Spent Fuel Management, "Spent Fuel Database (SFD)," 

Version 5.0.1, December 11, 2003. 

2. A. J. Luptak, National Spent Nuclear Fuel Program, "Determination of the Range of DOE SNF 
Canisters," EDF-NSNF-033, Revision 1, December 2003. 

3.	 Lockheed Martin drawing, "High Integrity Can," DWG-500884, Rev. 3, Sheet 1 of 4, 
November 14, 2002. 
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and T~("Information Estimated 

Fuel Name: ACRR (PULSED CORE) 1Fuel decay start date:
 2035 Canister usage: 
SNFID#: 757 Estimates 8S of:
 2010 18"x10' 

Fuel Units & Oeser: 251 - ELEMENT Template:
 Pathfinder (Ught Water. SST, 60 to 100%. U) 2.26 
Heavy Metal Mass: BOl=12O.83k9 ; EOl=120.83k9 2Template Bumup(MWd):
 6.01 
ROD Storage Site; INEEl Template BOl Heavy Metal Mass (MT):
 0.00012882
 

Template Decay Time" 5 years
 

n. Eslhnales m x" Xb b y" Yb Gamma Sources
Photon Total 

CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 
Radionuclide Template Fuel Burnup (MWd)' Burnup (MWd)' (Ci) Inventories(CI) Inventories(Ci) Group (bounding) 

Ac-227 1.9667E-09 2,282.862 4,565.724 O.OOE+OO 4.49E-OO 8.98E-OO AV9. MeV 
Am-241 4.9468E-05 2,282.862 4,565.724 O.OOE+OO 1.13E-Ol 2.26E-Ol 0.0150 8.978E+14 
Am-242m 9.7537E-09 2,282.862 4,565.724 O.OOE+OO 2.23E-OS 4.45E-OS 0.0250 1.915E+14 
Am-243 9.8802E-l0 2,282.862 4,565.724 O.OOE+OO 2.26E-OO 4.51E-OO 0.0375 1.709E+14 
C-14 2.3095E-04 2,282.862 4,565.724 O.OOE+OO 5.27E-Ol loOSE+OO 0.0575 1.718E+14 
CI-36 lo2261E-OO 2,282.862 4,565.724 O.OOE+OO 2.SOE-03 5.SOE-03 0.0850 1.089E+14 
Cm-243 5.1581E-l0 2,282.862 4,565.724 O.OOE+OO 1.18E-OO 2.36E-OO 0.1250 8.686E+13 
Cm-244 7.3012E-09 2,282.862 4,565.724 O.OOE+OO lo67E-05 3.33E-OS 0.2250 9.015E+13 
Co-SO 3.6556E+OO 2,282.862 4,565.724 O.OOE+OO 8.35E+03 1.67E+04 0.3750 4.376E+13 
Cs-134 7.2063E-02 2,282.862 4,565.724 O.OOE+OO lo65E+02 3.29E+02 0.5750 5.305E+14 
Cs-135 3.0316E-05 2,282.862 4,565.724 O.OOE+OO 6.92E-02 1.38E-Ol 0.8500 2.568E+13 
Cs-137 2.9002E+OO 2,282.862 4,565.724 O.OOE+OO 6.62E+03 lo32E+04 1.2500 1.240E+15 
Eu-154 7.5025E-03 2,282.862 4,565.724 O.OOE+OO 1.71E+Ol 3.43E+Ol 1.7500 4.379E+11 
Eu-155 4.6123E-02 2,282.862 4,565.724 O.OOE+OO 1.05E+02 2.11E+02 2.2500 1.253E+12 
Fe-55 3.6439E+OO 2,282.862 4,565.724 O.OOE+OO 8.32E+03 lo66E+04 2.7500 7.109E+09 
H-3 lo3524E-02 2,282.862 4,565.724 O.OOE+OO 3.09E+Ol 6.17E+Ol 3.5000 7.849E+08 
1-129 7.3195E-07 2,282.862 4,565.724 O.OOE+OO lo67E-03 3.34E-Q3 5.ססOO 1.891E+02 
Kr-85 2.8686E-Ol 2,282.862 4,565.724 O.OOE+OO 6.55E+02 1.31E+03 7.ססOO 2.123E+01 
Np-237 1.1478E-OO 2,282.862 4,565.724 O.OOE+OO 2.62E-03 5.24E-03 11.ססOO 2.406E+00 
Pa-231 lo0990E-08 2,282.862 4,565.724 O.OOE+OO 2.51E-Q5 5.02E-Q5 
Pb-210 8.0782E-15 2,282.862 4,565.724 O.OOE+OO lo84E-ll 3.69E-ll 
Pm-147 3.2097E+OO 2,282.862 4,585.724 O.OOE+OO 7.33E+03 1.47E+04 
Pu-238 3.7404E-04 2,282.862 4,565.724 O.OOE+OO 8.54E-Ql 1.71E+OO 
Pu-239 6.6839E-04 2,282.862 4,565.724 O.OOE+OO 1.53E+OO 3.05E+OO 
Pu-240 8.7121E-OS 2,282.862 4,585.724 O.OOE+OO 1.99E-Ol 3.98E-Ql 
Pu-241 3.0283E-Q3 2,282.862 4,585.724 O.OOE+OO 6.91E+OO 1.38E+Ol 
Pu-242 1.9717E-09 2,282.862 4,565.724 O.OOE+OO 4.50E-Q6 9.00E-Q6 
Ra-226 7.3527E-14 2,282.862 4,565.724 O.OOE+OO 1.68E-l0 3.36E-l0 
Ra-228 6.0965E-12 2,282.862 4,565.724 O.OOE+OO 1.39E-08 2.78E-Q8 
RU-lOO 1.6531E-Ol 2,282.862 4,585.724 O.OOE+OO 3.ITE+02 7.55E+02 
5e-79 1.3228E-OS 2,282.862 4,565.724 O.OOE+OO 3.02E-02 6.04E-Q2 
5n-126 1.1494E-QS 2,282.862 4,585.724 O.OOE+OO 2.62E-02 5.25E-Q2 
5r-90 2.7854E+OO 2,282.862 4,585.724 O.OOE+OO 6.36E+03 lo27E+04 
TC-99 4.6856E-04 2,282.862 4,585.724 O.OOE+OO 1.07E+OO 2.13E+OO 
Th-229 2.9368E-12 2,282.862 4,585.724 O.OOE+OO 6.70E-Q9 1.34E-Q8 
Th-230 3.2862E-l1 2,282.862 4,565.724 O.OOE+OO 7.46E-08 1.49E-07 
Th-232 8.3045E-12 2,282.862 4,565.724 O.OOE+OO lo90E-08 3.79E-Q8 
TI-208 2.6722E-Q8 2,282.862 4,565.724 O.OOE+OO 6.10E-OS 1.22E-Q4 
U-232 7.IT20E-Q8 2,282.862 4,585.724 O.OOE+OO 1.ITE-04 3.55E-Q4 Thermal Power 
U-233 2.9834E-Q9 2,282.862 4,565.724 O.OOE+OO 6.81E-OO 1.36E-QS Nominal Heat Bounding 
U-234 3.5275E-Q7 2,282.862 4,585.724 O.OOE+OO 8.05E-04 1.61E-03 Output Heat Output 
U-235 -2.7761E-Q6 2,282.862 0.000 5.51E-02 4.88E-02 5.51E-Q2 /Watts\ /Watts\ 
U-236 1.6190E-QS 2,282.862 4,565.724 O.OOE+OO 3.70E-Q2 7.39E-02 2.42E+02 4.85E+02 
U-238 -2.8547E-Q9 2,282.862 0.000 3.20E-02 3.20E-02 3.20E-Q2 Total Total 
V-90 2.7870E+OO 2,282.862 4,565.724 O.OOE+OO 6.36E+03 1.27E+04 
Other Radionuclides 1.20E+04 2.40E+04 
·1D. Temolate Se/ee(ion ~rv.'JJ_ andChed<s 
Template selection 5ummary 

From SFD Used Basis for Parameter Differences:  Reactor M_ator: LIGHT WATER UGHTWATER This Template was used for the following reasons;
 
Fuel Cladding: SST SST This fuel matches on all parameters except enrichment.
 

BOl HM Con_ts: U02-Be02 U 
BOl Enrichment %.: 21.10367543 60 to 100 

Burnup Summary (MWd) Basis for burnup used in estimate: 
FromSFD I Estimated 

Nominal: 2,282.862 Nominal bumup assumed 10 be 2010 01 BOL heavy metal mass. 
Bounding: 199.976 4.565.724 Bounding bumup assumed 10 be twice nominal bumup. 

Checks 

Estimated Bumup! 
Bumup Multiplier Given Bumup Estimated EOl HMiGiven EOl HM 

Nominal:1 0.40 1 0.981 
Bounding: 0.81 22.83 , 

Reactor shutdown, core removal, storage. shipping or other date confinmng that Irradiation ceased for fuel. 

2Total bumup for aU fuel associated with this worksheet must be dvided by SOL heavy metal mass to get specific bumup values (MWdIMT). 
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Fuel Radionuclide Inventory Worksheet 
I. Fuel aud TeDljIIate lnf(>nnation Estimated
 

Fuel Name: AMERICIUM TARGETS , Fuel decay start date: 1970 Canister usage:
 
SNFIDi/: n6 Estimates as of: 2010 HIC 

Fuel Units & Deser: 12 - ROD Template: (Worst Case) 3.00 
Heavy Me1aJ Ma",,: BOJ.-,.15kg : EOl=.l2kg 'Template Bumup(MWd): 62.5 
ROD Storage Silo: HANFORD Template BOl Heavy Metal Mas. (MT): 0.00186865 

Template Decay Time" 35 years 

U. Estimates m b Yn Yb Gamma Sources 
Photon Total 

CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 
Radionuclide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 2.3072E-OO 30.563 61.127 O.OOE_HlO 7.05E-OS 1.41E-04 Avg.MeV
"Ac:m~-2~4;'1-·-------;8'"'.4448~~E~+OO-:'Z;C------;3;;;0';.5;;;6""3----~6~1.127---0.00E~+OO~~======2~.5~8~E~_Hl~2~======5~.~16"'E:C:_Hl""2;c-----i�-'-c o"'.o==175o::-'-----7::-.5O=1::-E+--:lc;;:3 
Am-242m 1.6848E-02 30.563 61.1 27"---0-:-OOE_Hl0 5.15E-Ol 1.03E+OO 0.0250 1.491E+13 
Am-243 1.6320E_Q2 30.563 61.127 9;';.5"'7;~E:.,.+OO~---1;'.';;co1:E~_Hl~1-----:l;c.oo""'E'"'_Hl-:21---Il---;;0':.O:037"'5:-----:-1."304:-:~E:-+,;:-13 
C-14 1.2090E-Ol 30.563 61.127 OmE+OO 3.70E+OO 7.39E+OO 0.0575 2.049E+13 
CI-36 2.2849E-Q3 30.563 61.127 0.OOE_Hl'='0:c-----~6'-'.9c~8-==E,c-0~2:------'l;::.4'":0-==E,c_Q"'1---+--"0'-".08"'50=------'8c'.2O~3~'E'-'+=12 
Cm-243 8.6624E_Q4 30.563 61.127 O:OoE+iJo 2.65E-02 5.3OE_Q2 0.1250 8.270E+12 
Cm-244 1.6848E_Ql 30.563 61.127 O.OOE+OO 5.15E:c:+OO-===-~---'1~.03~:;E;..:_Hl;-1:--jIL...-0"'.-"22'"50c·----6:::.92=:..:8'=E+--l"'"2 
Co-50 2.8086E_Hll 30.563 61.127 O.OOE+OO 8.58E_Hl2 1.72E_Hl3 0.3750 2.963E+12 
"'C"S'--1~34o=__----_--.:;3~.4~1=48"'E:c:-Q4~-_---3O""'.5"'63~----~6'-'1.:.:.1",2~7 O.OOE+OO 1.04E-02 2.09E-02 0.5750 4.818E+13 
Cs-l35 4.3976E-04 30.563 61.127 O.OOE+OO 1.34E_Q2 2.69E-02 0.8500 1.841E+12 
Cs-137 2.1049E_Hll 30.563 61.127 O.OOE+OO 6.43E_Hl2 1.29E_Hl3 1.2500 1.287E+14 
Eu-l54 1.2500E+OO 30.563 61.127 +OO;;;;-____;;3"'.8::;:2"'E-Hl~1:-----:7c.;..64~E-Hl'_;0.00E__ 1:--jI_-:l:,:.7:::500~-----c5:,:.6::94=E~+-:1-:-0 
Eu-15.::.5_____ 6.8986E_Q2 30.563 61.127 O~OOE+OO 2.11E+OO 4.22E+OO 2.2500 6.750E+08 
Fe-55 2.9308E-Ol 30.563 61.127 0.OOEtoo~---'=8"'.96C:;::Ec:.+OO=-----'-1==.7"9E:::_Hl'7:1'-----1I--"2"'.7=500""'------"1'".90"'2E+08 
H-3 2.4311E_Ql 30.563 61.127 O.OOE+OO 7.43E+OO 1.49E_Hll 3.5000 1.527E+05 
1-129 1.OO18E-05 30.563 61.127 O.OOE_HlO 3.25E-04 6.49E-04 5.0000 6.484E+04 
Kr-85 5.9BB2E_Ql 30.563 61.127 0001=+00 l.83E_Hll 3.66E_Hll 7.0000 7.425E+03 
Np-237 1.5668E-04 30.563 61.127 0."O.OO~Ec:.+OO=_---4o:.=79o,E:::-Qc?:'3_-_-"9'-'.58="E~-03:__jI-...:lc.:l:.:.oooo='---__...:8=..4.:.:9::::5.-.E+.:.:02= 
Pa-231 2.8656E-Q6 30.563 61.127 O.OOE+OO 8.76E-05 1.75E_Q4 
Pb-21 0 2.3918E-Q6 30.563 61.127 O.OOE+OO 7.31E-07 1.46E-OO 
Pm-147 1.6900E-02 30.563 61.127 O.OOE+OO 5.17E_Ql 1.03E+OO 
Pu-238 -8.6123E_Ql 30.563 0.000 1.93E_Hl;;1:--__0"".:;,OOo::E~+OO~---_:_1.';;93;;;E~-Hl~1-_iI 
Pu-239 -4.8440E_Q2 30.563 0.000 2~33E+Oo 8.52E_Ql 2.33E+OO 
Pu-240 -3.0095E_Ql 30.563 0.000 2.98E+OO O.OOE+OO 2.98E+OD 
Pu-241 -1.0411E_Hl2 30.563 0.000 7.67E_Hl2 O.OOE+OO 7.67E+02 
Pu-242 -1.1381E_Q4 30.563 0.000 1.29E-02 9.41E_Q3 1.29E_Q2 
Ra-226 6.4400E-oB 30.563 61.127 O.OOE+OO 1.97E-OO 3.94E-Q6 
Ra-228 5.9952E_Q7 30.563 61.127 O.OOE+OO 1.83E-QS 3.66E-OS 
Ru-lOO 8.5526E_Q7 30.563 61.127 O.OOE+OO 2.61Eo--OS:::=------'5::'.2;;;3"'Eo--QS~---1' 
Se-79 1.9181E_Q4 30.563 61.127 O.OOE+OO 5.86E-Q3 1.17E-02 
-;;S:.::n--ol-;;26;;--------1:-:.66~-=7:01"'E_Q4~-----;3O~.5'>:63~-----;;6cO-l.=:;l:;O'27:0--- O.OOE+OO 5.10E-Q3 1.02E_Q2 
Sr-90 1.9799E_Hll 30.563 61.127 O.OOE+OO 6.OSE_Hl2 1.21E_Hl3 
Tc-99 6.7678E_Q3 30.563 61.127 O.OOE+OO 2.07E_Ql 4.14E_Ql 
Th-229 l.7488E-Q6 30.563 61.127 O.OOE+OO 5.34E-QS 1.07E_Q4 
Th-23O 5.8704E-Q6 30.563 61.127 O.OOE+OO 1.79E_Q4 3.59E-04 
Th-232 -4.2431 E-09 30.563 0.000 3.04E-Q6 2.91 E-OO 3.04E-Q6 
TI-208 8.7573E-05 30.563 61.127 O.OOE+OO 2.68E_Q3 5.35E-Q3 
U-232 2.37OOE_Q4 30.563 61.127 O.OOE+OO 7.25E-03 1.45E_Q2 Thenmal Power 
U-233 3.6128E-Q4 30.563 61.127 0.OO~Eo:+OO"'=---c'1.:.:.1:.:0:;::E-'-Q,,2'-------'=2."'2=lE:::-Q7:'2-__1INomina'Heat Bounding
U-234 1.2788E_Q2 30.563 61.127 O.OOE+OO 3.91 E_Ql 7.82E_Ql Output Heal OUlput 
U-235 5.7486E_Q4 30.563 61.127 6.45E-05 1.76E-Q2 3.52E-Q2 (Watts) (Walts) 
.;U=--7236~--------=2:.:.3485~=E~-Q4~-_-_-3O:c:::::.563'=_'~---~6~1.:.:.1c::2=7- O.OOE+OO 7.18E-03 1.44E_Q2 3_05E+Ol 6.14E+Ol 
U-238 1.1581E_Q4 30.563 61.127 8.03E-Q6 3.55E_Q3 7.09E-Q3 Total Total 
V-90 1.9804E_Hll 30.563 61.127 O.OOE+OO 6.OSE_Hl2 1.21E+03 
Other Radionuclides 1.88E_Hl3 3.77E+03 

Template Selection Summary 
From SFD Used Basis for Parameter Differences: 

Reactor Moderator:I-_-:-:=:GR"'A...:P-;-:"...:IT"'E::-_+--_-:(W::=;O<St:=-:c:.:ase=,)_ _jThis Template was used for the following reasons: 
Fuel Cladding: __ALUM (1100) SST/lnconel This fuel didnl dosely match any existing templates. lh&..f... lhe worst case template was used. 

BO~:'~_=~~_---'Am=20=3---'--+----'U"'~:-'_r:;.:o.'-';:cO::OCu=----f 

Bumup Summary (MWd) Basis for bumup used in estimate:
 
From SFD Estimated
 

NomJnal:1 I 30.563 Nominal bumup calculate<! from the heavy metal mass destroyed.
 
Bounding:1 I 61.127 Bounding bumup assumtd to be I\vice nominal bumup.
 

Checks 
Estimated Bumupl 

BumUD MultlDlIer Given Bumup Estimated EOl HMlGlven EOl HM 
6.09 Nomlnall~~ . I 160.661

Bounding: 12.18 ,
Reactor shutdown, core removal, storage, shipping or other date confmlllng that Irradiation ceased for fust 

~otar bumup for all fuel associated with this \YOrksheet must be divided by SOL heavy metal mass to get specific bumup vatues (MWdlMT). 

DOElSNF/REP_Q78 December 2003 
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Fuel Radionuclide Inventory Worksheet 
I.Fud and TeJI!PIlIte W..-tion Estimated 

Fuel Name: ANW 1Fuel deeay start date: 1966 Canister usage: 
SNFID#: 5 Estimates as ot: 2010
 18"xl0' 

Fuel Units & Oeser: 19 - ELEMENT Template: ATR (Ughl Watar, Alum., 60 to 100%, U)
 0.79 
Heavy Metal Mass: BOl=2.79k9 ; EOl=2.79k9 'Template Bumup(MWd): 367.2 
ROD Storage Site: SRS Template BOl Heavy Metal Mass (MT): 0.0011 6689

Template Decay Time: 35 yaars 

U. Estimates m x. x.
 b Y. Y. Gamma Sources 
Photon Total 

CilMWd From Nominal Bounding Fuel
 Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 
Radionuclide Template Fuel Burnup (MWd)' Burnup (MWd)' (Ci) Ci) Inventories( Inventories(Ci) Group (bounding) 
Ac-227 2.0068E-09 3.599 7.197 O.ooE+OO 7.22E-09 1.44E-08 Avg.MeV 
Am-241 2.5251E-03 3.599 7.197 O.ooE+OO 9.09E-03 1.82E-02 0.0150 5.302E+11 
Am-242m 3.9624E-Q7 3.599 7.197 O.ooE+OO 1.43E-06 2.85E-06 0.0250 1.101E+11 
Am-243 1.4880E-06 3.599 7.197 O.ooE+OO 5.35E-06 1.07E-05 0.0375 9.568E+10 
C-14 5.7OS3E-09 3.599 7.197 O.ooE+OO 2.OSE-08 4.11E-08 0.0575 1.030E+11 
CI-36 1.3124E-32 3.599 7.197 O.ooE+oo 4.72E-32 9.45E-32 0.0850 6.207E+10 
Cm-243 1.1419E-Q7 3.599 7.197 O.ooE+OO 4.11E-07 8.22E-07 0.1250 4.102E+10 
Cm-244 1.6522E-Q5 3.599 7.197 O.ooE+OO 5.95E-OS 1.19E-04 0.2250 5.368E+10 
Co-50 7.4047E-Q7 3.599 7.197 O.ooE+OO 2.66E-06 5.33E-06 0.3750 2.330E+10 
Cs-134 2.0455E-Q5 3.599 7.197 O.ooE+OO 7.36E-OS 1.47E-04 0.5750 3.852E+ll 
Cs-135 3.4477E-06 3.599 7.197 O.ooE+OO 1.24E-05 2.48E-OS 0.8500 4.705E+09 
Cs-137 1.4365E+OO 3.599 7.197 O.ooE+OO 5. 17E+OO 1.03E+01 1.2500 2.276E+09 
Eu-154 7.3230E-03 3.599 7.197 O.ooE+OO 2.64E-Q2 5.27E-02 1.7500 1.281E+08 
Eu-155 5.9259E-Q4 3.599 7.197 O.ooE+OO 2.13E-03 4.27E-03 2.2500 1.071E+04 
Fe-55 2.2791E-Q6 3.599 7.197 O.ooE+OO 8.20E-06 1.64E-OS 2.7500 1.022E+04 
H-3 1.9698E-Q3 3.599 7.197 O.ooE+OO 7.09E-03 1.42E-02 3.5000 6.449E+00 
1-129 7.5300E-Q7 3.599 7.197 O.ooE+OO 2.71E-06 5.42E-06 5.ססOO 2.641E+OO 
Kr-85 4.1176E-02 3.599 7.197 O.ooE+OO 1.48E-Ol 2.96E-01 7.ססOO 2.898E-01 
Np-237 9.5752E-06 3.599 7.197 O.ooE+OO 3.45E-Q5 6.89E-Q5 11.ססOO 3.236E-02 
Pa-231 3.9379E-09 3.599 7.197 O.ooE+OO 1.42E-Q8 2.63E-08 
Pb-21 0 3.3115E-l0 3.599 7.197 O.ooE+OO 1.19E-Q9 2.38E-Q9 
Pm-147 9.2402E-04 3.599 7.197 O.ooE+OO 3.33E-Q3 6.65E-Q3 
Pu-238 1.6217E-02 3.599 7.197 O.ooE+OO 5.84E-Q2 1.17E-01 
Pu-239 4.2810E-Q4 3.599 7.197 O.ooE+OO l.54E-03 3.08E-Q3 
Pu-240 2.4333E-04 3.599 7.197 O.ooE+OO 8.76E-Q4 1.75E-Q3 
Pu-241 1.6242E-02 3.599 7.197 O.ooE+OO 5.84E-Q2 1.17E-Q1 
Pu-242 3.6329E-07 3.599 7.197 O.ooE+OO 1.31E-06 2.61E-Q6 
Ra-226 9.0114E-10 3.599 7.197 O.ooE+OO 3.24E-Q9 6.49E-09 
Ra-228 3.1019E-14 3.599 7.197 O.ooE+OO 1.12E-13 2.23E-13 
Ru-l06 2.1225E-10 3.599 7.197 O.ooE+OO 7.64E-l0 1.53E-09 
5e-79 1.2930E-OS 3.599 7.197 O.ooE+OO 4.65E-Q5 9.31E-Q5 
5n-126 1.1571E-OS 3.599 7.197 O.ooE+OO 4.16E-OS 8.33E-05 
5'-90 1.3472E+OO 3.599 7.197 O.ooE+OO 4.85E+OO 9.70E+OO 
Tc-99 4.2239E-Q4 3.599 7.197 O.ooE+OO 1.52E-03 3.04E-Q3 
Th-229 1.2407E-11 3.599 7.197 O.ooE+OO 4.47E-11 8.93E-11 
Th-230 8.3497E-Q8 3.599 7.197 O.ooE+OO 3.ooE-07 6.01E-07 
Th-232 3.8371E-14 3.599 7.197 O.ooE+OO 1.38E-13 2.76E-13 
Tl-208 4.0414E-08 3.599 7.197 O.ooE+OO 1.45E-07 2.91E-Q7 
U-232 1.0948E-Q7 3.599 7.197 O.ooE+OO 3.94E-07 7.88E-07 
U-233 3.6275E-Q9 3.599 7.197 O.ooE+OO 1.31E-08 2.61E-08 
U-234 1.8562E-Q4 3.599 7.197 O.ooE+OO 6.68E-04 1.34E-03 
U-235 -2.7235E-Q6 3.599 0_000 5.63E-03 5.62E-03 5.63E-Q3 
U-236 1.5493E-Q5 3.599 7.197 O.ooE+OO 5.58E-OS 1.12E-04 
U-238 -4.2851 E-Q9 3.599 0.000 6.39E-Q5 6.38E-Q5 6.39E-Q5 
V-90 1.3475E+OO 3.599 7.197 O.ooE+OO 4.85E+OO 9.70E+OO 
Other Radionuclldes 4.92E+OO 9.85E+OO , 1m. TemnlateSelectlon s..a-rv, B_DSaJlllllllrilind C/IeclQI 
Template Selection Summary 

FromSFD Used Basis lor Parameter Differences: 
Reactor Moderator: UGtfTWATEA UGHTWATER 

Fuel Cladding: ALUM
 ALUM 
SOL HM Constituents: U-ALX
 U 

BOL Enrichment Of.:
 93.19727891 60 to 100 

Burnup Summary (MWd)' Basis for bumup used in estimate: 
FromSFD Estimated 

Nominal: 3.599 Nominal bumup calculated from the heavy metal mass destroyed. 
Bounding: 7.197 Bounding blImup assumed to be twice nominal bumup. 

Checks 

Estimated Bumupl 
BumuD MulllDller Given Bumup Estimated EOl HMlGlven EOl HM 

Nomlnal:1 0.00 I 1.001 
Bounding:1 0.01 

'Raactor shutdown, core removal, stomge, shipping or other date confinning that irradiation ceased for fual.
 

2Total bumup for all fuel associated INith this worksheet must be divided by BOl heavy metal mass to get specific bumup values (MWd'MT).
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Fuel Radionuclide Inventory Worksheet 

I. Fuel and TempIa'" blf~" Estimated
 
Fuel Name: ARKANSAS 1Fuel decay start date: 1986 Canister usage:
 

SNFID#: 7 Estimates as of: 2010 18"xl0' 
Fuel Units & Oeser: 3 - SCRAP Template: PWR (Ught Water. Zire. 0 to 5%, U) 0.17 
Heavy Metal Ma••: BOL;,12.60kg ; EOL;,11.90kg 'Template Bumup(MWd): 61.92 
ROD Storage Site: INEEl Template BOl Heavy Metal Ma•• (MT): 0.00176911 

Template Decay Time' 20 years 
U. Estimates m x" b y" y. Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuelide Template Fuel Bumup (MWd)2 Burnup (MWd)2 (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
~A_:::e-,-2==2"7,----------S,,.,,07630~Eo---=,10,----------,,6:=7coO.,,4'022=---_ _:1,,:,34~0~.84_3 O.OOE+OO 3.39E_o7 6.79E-07 Avg.Me.~V,----__~=~ 
Am-241 1.1489E_ol 670.422 1,34O.843~~-0-.oOE+OO 7.70E+Ol 1.S4E+02 0.0150 1.026E+14 
~Ac-m...-'024~2:c-m ~3~.0:=7'033o;E;_-04~_-----:6",7::;0-'c.4::::2:=2_--__,1:_"340::-7.,,,.843 O.OOE+OO 2.06E_ol 4.12E-Ol 0.0250 2.089E+13 
Am-243 6.2661E-04 670.422 1,340.843 0.ooE;_+OO'"='--------:4"'.2,~0'=E'-'-0~1c___--___"8:::.40"'=E__:-o'_'1-__1f--:0".03=7,,5-__-,2",.04"",IEO'+..:13" 
"C"-~14~----_-_-~4~.7==9~97;;-:E;_-~OS=--_-___;6,,,7::;0-'c.4::::2:=2-_----o1c':,34O~c;.84:-~;;3--___;0~.OO~-;;;Eo-+OO-;;;;----;o3",.2;;;2",E-;-0;:;2'-------76',;;44",E,,"--;;0:=2 __U__-:0c;.0:::5;::75c___----72.c;l44~E:c.+Co:,:13 
-;C='I--"36~=_------___"8~.0"'3"'13=:E=_-_"07':----------'6"'7::;0::.,.4'=2:=2----1:_,,34O~c,".843 0.OOE;_+OO'"='-----_::S:---.36~E'-'-04~----:1~.08"'=E__:-0"'3'---__1f--:0".08=50::__--____=1__:.1-:-75:::EO'+..:13::. 
Cm-243 3.6127E-04 670.422 1,34O.W---0-:-OOE+oo 2.42E-Ol 4.84E-Ol 0.1250 8.898E+12 

-;C'"m""c-"'244::.,:c. ~__8::..'=69=:99=.::E-:-0'=2'------__:6:=7"'0.c;422::=_----1:_',34O~c;.843 O.OOE+OO S.83E+Ol 1.17E+02 0.2250 l.oo7E+13 
.;C"O:..:-60~,---------_i:l"'.83~79;;;E=--~02;c_---~6:=7;;;O::::.4;;;2~2---__,1",34O;S;~.843 O.OOE+OO 1.23E+01 2.48E+Ol 0.3750 4.341E+12 
"C"S:c.-1o;34~------_-""6::;.2"'S"'48=:E=--o~3;c_.---___;6"'7~0'_;.4;;;22=_---__:l:_"340::-7.,,,.843 O.OOE+OO 4.19E+OO 8.39E+OO 0.5750 9.858E+13 
Cs-l35 1.4433E-OS 670.422 1,340.843 0.00E;_+OO'"='------:9;..:68=.oE'-'-o::;3=___-----=1~.94~E__:-o:::2:___1f--:0".8:::500=_----::2-:.5::.54::EO'+..:12::. 

-;C"'S--;-1c;:3';-7 1"'.~97;;;6"'7"'E__;+OO;;o_---__;:6"'7;;:0.,o42=:2=___--___,1;',34O~",.843 0.00;;:E==+OO~--___,1;c.33~E"'+O;c3;_--_o2<=:.65~E:-.:.+O;c3;___lf-__:1c:.2~500;;;o_--____:3'".8;;;36;;;EO'+~12 
.;:E"'u_:-l"'54-=--------6".-:-760:=3:;E-:-o"'2'------__:6:=7"'0.c;422::=_----1:-.:.,34O~c;.843 0.OOE;_+OO'==--___,4:-:.S='3"'E;.:+O~10:-----'9O'.08:=E;.:+O.;;:10:--U-__:lc;.7:o500=_-----'7:".063===E OC+-=:=.10 
"Eo::u'-;-1;;S"'S _i:l-:;:.4:-;3;;:73;;;E=--o~2;c_---~6:=7;;;O::::.4;;;2~2---__,1",34O;S;~.84::: 3 O.OOE+OO 9.84EO'+OO:=::. -:1'-'.9;o:3:;E-'-+O~1=___---jI __2"'.~250"""0----:1"'.6o-3~7E='+O'=-7 
-:-F.,,&-;::So-S'---- .:o2"'.3466::;.:::=:E=_-o.;;:3;c_.---___;6"'7::;0'_;.4::::2:=2---__,1O',34O::-7.:-:.843 0.OOE=-+OO-;;-:c "'1.-;;S::::7E""+OO'-;;-;:-----;3"'.';-lS=:E=-+OO~--jf--':2':.7':500=----71'::,14:-:9",E:c.+0;:::-7 
H-3 4.8143E-02 670.422 1,34O.a43---0-.00E+oo 3.23E+Ol 6.46E+Ol 3.5000 1.701E+06 
-:-1-;-'1~29~----_-__-:9~.82~68=.oE-:-oo.;7,--------;;67"'0~.4-;;2;;;2c___---c;lS,340:-;.843 O.OOE+OO 6.59E-04 1.32E_o3 5.ססOO 7.164E+05
Kr-8S 7.4386E_o2 670.422 1,340.843 O.OOE+OO 4.99E+Ol 9.97E+Ol 7.ססOO 8.260E+04 
Np-237 1.014SE_oS 670.422 1,340.843 O.OOE+OO 6.80E-03 1.36E-02 11.ססOO 9.488E+03 
~p~a~-2~3tl::::::::::::::::::::::::::::::::::::::::::tl.;02~58~~Ej-0~9::::::::::::::::::::::::~6~70~.~42~2~:::::::::::::::::::::1~,34O~~~.843:C;;;-----;;OS.OO;;;E""+OO'-;;;;--,--6;;:.68E-07 l.36E-06 
Pb-210 1.4183E-ll 670.422 1,340.843 O.OOE+OO 9.S0E-09 1.00E-08 
Pm-147 1.9170E-02 670.422 1,340.843 O.OOE+OO 1.29E+Ol 2.57E+Ol 
.;P"'U-;-2:;;36~------_~8'".'Oc39~1;;;S:;::E..;-o;;;2-----;60;70~."'42~2;---___,1;.',34O;S;:,,;.843 O.OOE+OO S.83E+Ol 1.13E+02 
Pu-239 1.1628E_o2 670.422 1,340.843 O.OOE+OO 7.80E+OO 1.S6E+Ol 
Pu-240 1.5050E_o2 670.422 1,340.843 0.OO"'E;.:+OO:=::.------'1.:;.0':1~E.::+O~l:----_::2"'.0'=2~E.::+O~1'-----11 
Pu-241 1.8S24E+OO 670.422 1,340.843 0.oiJ:.;:E'-'+OO~--____:1;';.2c;4';::E__;+O;;;3:__---';2;';.48~E__;+O;;;3:__--11 
Pu-242 6.4260E_oS 670.422 1,340.843 O.OOE+OO 4.31 E_o2 8.62E_o2 
Ra-226 6.0562E-ll 670.422 1,340.843 0.OOE==+OO~--____:4"'.06~Eo--OS~-----'8~.,;:12"'Eo--OS~---I1 
~R;-a..-22~8-------4"'."'99~1"'9~E--;-1"'2----_::6=70='.'742~2c___-_-l:-.:.,34O~~.84.3 0.0.~0.E:=+OO:_;;;:---3::..=3S=:E=_-09~---"'6."=69;:;E;_-09~--j1 
~Rc:u__;-1;:;08"--------_-lO-,.;;:8330="'E-;-0;:;S-----;;6"'70;;:.'742=:2;---___,1;-',34O~c;.843---0-.00:;=E-"+OO;;;O_-----i;1:;.2:;;3;oE-o-;;;;2---~2:;.46~E-o-;;;;2-__j1 
S&-79 1.2379E_oS 670.422 1,340.843 O.OOE+OO 8.30E-03 1.66E_o2 
-;;S:=::n-:c.l:c:26'----~_~ __-----'2cc,S~2~1"'OE=--05-;;;;-~~~----;6"'70;;:,-;;42;;;2:__~~---71 c ,,,,34O~.843 O.OOE+OO 1,69E-Q2 3,36E-Q2
~S::-r-.;;oo;;------_-___,l~.3098E+OO 670.422 1,340.843 O.OOE+OO 8.78E+02 1.76E+03 
Te-99 3.9357E-04 670.422 1,340.843 O.OOE+OO 2.64E_ol S.28E_ol 
Th-229 6.2968E-l1 670.422 1,340.843 O.OOE+OO 4.22E_OS 8.44E-08 
Th-230 1.0362E-08 670.422 1,340.843 O.OOE+OO 6.95E-06 1.39E-05 
~T:-:h-~2"'32=-----------'S?2':C8?_9=1"'E-:-l"'2----_::6=70='.'7422::=_---__:l;-,,34O~:'O.843 O.OOE+OO 3.S5E_o9 7.09E_o9 
T1-208 1.9977E_o7 670.422 1,340.843 O.OOE+OO 1.34E-04 2.68E-04 

.;:U;c-2;;;32;;;- ____:S"'.44~OO;:;;=E..;-o"'7-----;6=70"'.ci:422~---__:l;-':,34O;;,;;;:";.843'"';; __--;<0:;;.OO;;;E""+OO:.;;;;__,-~3.65E-04 7.31E-04 Thermal Power 
7U'"'-2:::33:;- ---'2?~39~34~E-;;-08:=-------::6=70='.'7422::=_---__:l;-',34~0:,o.843~-----;;0:::.OO;;:E""+OO:_;;;:---;cl.;;:60=:E=--05~---3;;:.:=21:-;E=--05~--jINominal Heat Bounding
U-234 4.4816E-05 670.422 1,340.843 O.OOE+OO 3.00E_o2 6.01E-02 Output t-teatOutput 
U-235 -l.4492E-06 670.422 0.000 7.00E-04 O.OOE+OO 7.00E-04 /Wattsl /Wattsl 
U-236 7.S711E-06 670.422 1,340.843 O.OOE+OO S.08E-03 1.02E_o2 2.01E+01 4.02E+01 
U-238 -2.6129E_o7 670.422 0.000 4.11E_o3 3_94E-03 4.11E-03 Total Total 
V-OO 1.3101E+OO 670.422 1,340.843 O.OOE+OO 8.78E+02 1.76E+03 
Other Radicnuelides 1.27E+03 2.54E+03 
m. Template SeIedion Summary,.~ , and Clled<s 
TemDlate Selection Summary 

From SFD Used Basis for Parameter Differences: 
Reactor Moderator: UGHT WATER UGHT WATER 

Fuel Qaddlng:f----''':::Z;OIR'''C'''-4:;.=-----+--='''Z'''IR'''C;O':':'''----l1 

BO~~==..~~f--- ..~;::.9;c2'---__+----;0'"~C-;-5----l1 

Bumup Summary (MWd) Basis for bumup used in estimate: 
From SFD Estimated 

Nominlll:f- -=5::92"'.200=+-_~_----:'"6o;7;;0.';;422'3NominaJbumup calculated from the heavy metal mass destroyed. 
Bounding: ! 1,340.843 Bounding bumup assumed to be twice nominal bumup. 

Checks 
Estimated Bumupl 

Bumul> Multiplier Given Bumup :Estimated EOl HMlGlven EOL HM 
NomInal: I 1.52 1.13 I 1.011
 

Bounding: 3.04
 ,
Reactor shutdown, core removal, storage, stllppmg or other date confmmng that nradiatlon ceased for fuel. 

2Total bumup for aU fuel associated with this worKsheet must be divided by BOl heavy metal mass to get specific bumup values (MWdIMT). 
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Template lJIfonnation Estimated 

Fuel Name: ARMF (PLATES) 'Fuel decay start date: 1987 Canister usage: 
SNFID#: 8 Estimates as of: 2010 18"xl0' 

Fuel Units & Oeser: 15 - FLAT PLATES IN CAN Template: ATR (Light Water, Alum" 60 10100%, U) 1.00 
Heavy Metal Mass: BOl.=.2Okg : EOL=.2Okg 'Template Bumup(MWd): 367.2 
ROD Storage Site: SRS Template BOL Heavy Metal Mass (MT): 0.00116689 

Template Decay Time: 20 years
 
'IL Estimates m
 x" Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuelide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 6.6313E-l0 0.023 0.046 O.ooE+OO 1.51E-ll 3.02E-ll Avg. MeV 
Am-241 2.0060E-03 0.023 0.046 O.ooE+OO 4.57E-05 9.14E-05 0.0150 4.816E+09 
Am-242m 4.2429E-07 0.023 0.046 O.ooE+OO 9.66E-09 1.93E-OS 0.0250 9.996E+08 
Am-243 1.4899E-06 0.023 0.046 O.ooE+OO 3.39E-OS 6.79E-OS 0.0375 8.719E+08 
C-14 5.7135E-09 0.023 0.046 O.ooE+OO 1.30E-l0 2.5OE-l0 0.0575 9.339E+08 
CI-36 1.3124E-32 0.023 0.046 O.ooE+OO 2.99E-34 5.98E-34 0.0850 5.654E+08 
Cm-243 1.6443E-07 0.023 0.046 O.ooE+OO 3.74E-09 7.49E-Q9 0.1250 3.841E+08 
Cm-244 2.9330E-05 0.023 0.046 O.ooE+OO 6.68E-07 1.34E-06 0.2250 4.949E+08 
Co-50 5.3186E-06 0.023 0.046 O.ooE+OO 1.21E-Q7 2.42E-Q7 0.3750 2. 12OE+08 
Cs-l34 3.1563E-Q3 0.023 0.046 O.ooE+OO 7.19E-Q5 1.44E-Q4 0.5750 3.458E+09 
Cs-135 3.4477E-OO 0.023 0.046 O.ooE+OO 7.85E-OS 1.57E-07 0.8500 5.845E+07 
Cs-137 2.0313E+OO 0.023 0.046 O.ooE+OO 4.63E-02 9.25E-02 1.2500 3.338E+07 
EU-154 2.4513E-02 0.023 0.046 O.ooE+OO 5.58E-04 1.12E-03 1.7500 1.532E+06 
Eu-155 4.8175E-03 0.023 0.046 O.ooE+OO 1.10E-04 2.19E-04 2.2500 1.345E+02 
Fe-55 1.2397E-04 0.023 0.046 O.ooE+OO 2.82E-OO 5.65E-OO 2.7500 7.601E+01 
H-3 4.5697E-03 0.023 0.046 O.ooE+oo 1.04E-04 2.08E-04 3.5000 3.911E-Ol 
1-129 7.5300E-07 0.023 0.046 O.ooE+OO 1.71E-08 3.43E-08 5.ססOO 3.743E-02 
Kr-85 1.0850E-Ol 0.023 0.046 O.ooE+OO 2.47E-03 4.94E-03 7.ססOO 4.178E-03 
Np-237 9.5561E-OO 0.023 0.046 O.ooE+OO 2.18E-Q7 4,35E-07 11.ססOO 4.716E-04 
Pa-231 2.0359E-Q9 0.023 0.046 O.ooE+OO 4.64E-ll 9.27E-ll 
Pb-21 0 4.9728E-ll 0.023 0.046 O.ooE+OO 1.13E-12 2.26E-12 
Pm-147 4,8502E-02 0.023 0.046 O.ooE+OO 1.10E-Q3 2.21E-Q3 
Pu-238 1.8254E-02 0.023 0.046 O.ooE+OO 4.16E-04 8.31E-04 
Pu-239 4.2810E-Q4 0.023 0.046 O.ooE+OO 9.75E-06 1.95E-05 
Pu-240 2.4368E-04 0.023 0.046 O.ooE+OO 5.55E-06 1.11E-OS 
Pu-241 3.3415E-02 0.023 0.046 O.ooE+OO 7.61E-04 1.52E-03 
Pu-242 3.6329E-07 0.023 0.046 O.ooE+OO 8.27E-09 1.65E-OS 
Ra-226 2.2854E-l0 0.023 0.046 O.ooE+OO 5.20E-12 1.04E-ll 
Ra-228 1.2426E-14 0.023 0.046 O,ooE+oo 2.83E-16 5.66E-16 
Ru-lOO 6.3589E-OO 0.023 0.046 O.ooE+OO 1.45E-Q7 2.90E-07 
5e-79 1.2933E-Q5 0.023 0.046 O.ooE+OO 2.94E-Q7 5.89E-Q7 
5n-126 1.1574E-Q5 0.023 0.046 O.ooE+OO 2.64E-Q7 5.27E-Q7 
5r-90 1.9248E+OO 0.023 0.046 O.ooE+OO 4.38E-Q2 8.77E-Q2 
Tc-99 4.2239E-Q4 0,023 0.046 O.ooE+OO 9.62E-06 1.92E-Q5
 
Th-229 5.0953E-12 0.023 0.046 O.ooE+OO 1.16E-13 2.32E-13
 
Th-230 4.1885E-OS 0.023 0.046 O.ooE+OO 9.54E-l0 1.91E-Q9
 
Th-232 1.9270E-14 0.023 0.046 O.ooE+OO 4.39E-16 8.78E-16
 
n-2OS 4.5024E-OS 0.023 0.046 O.ooE+OO 1.05E-09 2.10E-Q9
 
U-232 1.2582E-Q7 0.023 0.046 O.ooE+OO 2.86E-09 5.73E-09
 Thermal Power 
U-233 2.5825E-Q9 0.023 0.046 O.ooE+OO 5.88E-ll 1.18E-l0 Nominal Heat Bounding 
U-234 1.8450E-Q4 0.023 0.046 O,ooE+oo 4.20E-06 8.40E-OO Output Heat Output 
U-235 -2.7235E-06 0.023 0.000 3.93E-Q4 3.93E-Q4 3.93E-Q4 /Wattsl /Wattsl 
U-236 1.5493E-Q5 0.023 0.046 O.ooE+OO 3.53E-Q7 7.OOE-Q7 5.53E-44 1.10E-G3 
U-238 -4.2851E-Q9 0.023 0.000 5.39E-06 5.39E-06 5.39E-06 Total Total 
Y-90 1.9254E+OO 0,023 0.046 O.ooE+OO 4.38E-Q2 8.77E-Q2 
Other Radionuclktes 4.40E-Q2 8.81E-Q2 
m. Temolate ~Sumn>llrv.·~ ••nd~ 
TemDlate Selection SummarY 

From SFD ~ Basis for Parameter Differences: 
Reactor_: LIGHT WATER UGHTWATER 

Fuel Cladding: ALUM (1100) ALUM 
BOL HM Constituents: lJ.ALX U 

BOL enrichment Of.: 91.89393939 6010100 

Bumup Summary (MWd)' Basis for bumup used in estimate: 
FromSFD Estimated 

Nominal:1 0.023 Norrinal bumup taken liredly from 8FD (converted 10 MWd). 
Bounding: 0.046 BoUnding bumup assumed to be twice nOlTllnal bumup. 

Checks 

Estimated Bumupl
BumUD Mul1lDlIer Given BumuD Estimated EOL HMlGlven EOL HM 

Nominal: 0.00 0.00 I 1.001 
Bounding: 0.00 ,

Reactor shutdown, core removal, storage, shipping or other date conflmllng that Irradiation ceased for fuel.
 

2Total bumup for all fuel associated with this worksheet must be divided by SOL heavy metal mass to get specific bumup values (MWdIMT).
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Fuel Radionuclide Inventory Worksheet 
I. Fuel "ltd T......t. lJlfommtion Estimated 

Fuel N3IlIO: ARMF/CFRMF MARK II 'Fueldecaystartdate: 1991 Canister usage: 
SNFIDII: 11 Estimates as of: 2010 18"Xl0' 

Fuel Units & Oeser: 8·15 FLAT PLATES Template: ATR (Ught Water, Alum.. 60 10 100%, U) 0.33 
Heavy Metal MaS., BOl=1.16kg : EOl=1.16kg 'Template Bumup(MWd): 367.2
 
ROD Storage Silo: SRS Template BOl Heavy Metal Mass IMT): 0.00116689
 

Template Decay Time" 15 years
 

n. Estimates m x" x, b y. y, Gamma Sources 
Photon Total 

CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 
Radionucfide Template Fuel Bumup (MWd)' Burnup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 4.5861E-l0 0.134 1.417 O.OOE+OO 6.14E-ll 6.50E-l0 Avg. MeV 
Am-241 1.7832E-03 0.134 1.417 O.OOE+OO 2.39E-04 2.53E-03 0.0150 1.690E+ll 
Am-242m 4.3410E-Q7 0.134 1.417 O.OOE+OO 5.81E-08 6.15E-07 0.0250 3.524E+l0 
Am-243 1.4907E-Q6 0.134 1.417 O.OOE+OO 2.00E-Q7 2.11E-Q6 0.0375 3.0nE+l0 
C-14 5.7162E-09 0.134 1.417 O.OOE+OO 7.65E-l0 8.10E-09 0.0575 3.28tE+l0 
CI-36 1.3124E-32 0.134 1.417 O.OOE+OO 1.76E-33 1.86E-32 0.0850 1.988E+l0 
Cm-243 1.8568E-07 0.134 1.417 O.OOE+OO 2.49E-08 2.83E-Q7 0.1250 1.364E+l0 
Cm-244 3.5512E-05 0.134 1.417 O.OOE+OO 4.75E-OO 5.03E-Q5 0.2250 1.717E+10 
Co-GO 1.0261E-Q5 0.134 1.417 O.OOE+OO 1.37E-OO 1.45E-05 0.3750 7.501E+09 
Cs-l34 1.6931E-Q2 0.134 1.417 O.oOE+OO 2_27E-03 2.40E-Q2 0.5750 1.218E+l1 
Cs-l35 3.4477E-OO 0.134 1.417 O.OOE+OO 4.62E-Q7 4.68E-OO 0.8500 2.892E+09 
Cs-137 2.2800E+OO 0.134 1.417 O.OOE+OO 3.05E-Ql 3.23E+OO 1.2500 1.46tE+09 
Eu-l54 3.6656E-02 0.134 1.417 O.OOE+OO 4.91E-Q3 5.19E-02 1.7500 6.123E+07 
Eu-155 9.6B41E-03 0.134 1.417 O.OOE+OO 1.30E-03 1.37E-Q2 2.2500 7.660E+04 
Fe-55 4.6977E-Q4 0.134 1.417 O.OOE+OO 6.29E-05 6.65E-Q4 2.7500 4.603E+03 
H-3 6.0485E-03 0.134 1.417 O.OOE+OO 8.10E-Q4 8.57E-Q3 3.5000 2.929E+02 
1-129 7.5300E-07 0.134 1.417 O.OOE+OO 1.01E-Q7 1.07E-Q6 5.0000 7.699E.Ql 
Kr-85 1.4989E-Ol 0.134 1.417 O.OOE+oo 2.01E-02 2.12E-Ol 7.0000 8.546E.Q2 
Np-237 9.5534E-Q6 0.134 1.417 O.OOE+OO 1.28E-OO 1.35E-05 11.0000 9.608E.Q3 
Pa-231 1.6550E-Q9 0.134 1.417 O.OOE+OO 2.22E-l0 2.34E-Q9 
Pb-21 0 2.6831E-l1 0.134 1.417 O.OOE+OO 3.56E-12 3.77E-ll 
Pm-147 1.8156E-Ql 0.134 1.417 O.OOE+OO 2.43E-Q2 2.57E-Ol 
Pu-238 1.8990E-Q2 0.134 1.417 O.OOE+OO 2.54E-03 2.69E-02 
Pu-239 4.2838E-Q4 0.134 1.417 O.OOE+OO 5.73E-05 6.07E-Q4 
Pu-240 2.4379E-Q4 0.134 1.417 O.OOE+OO 3.26E-05 3.45E-Q4 
Pu-241 4.2511E-Q2 0.134 1.417 O.OOE+OO 5.69E-Q3 6.02E-Q2 
Pu-242 3.8329E-Q7 0.134 1.417 O.OOE+OO 4.86E-Q8 5.15E-Q7 
Ra-226 1.4725E-l0 0.134 1.417 O.OOE+OO 1.97E-l1 2.09E-l0 
Ra-228 8.9760E-15 0.134 1.417 O.OOE+OO 1.20E-15 1.27E-14 
Ru-lOO 1.9752E-Q4 0.134 1.417 O.OOE+OO 2.64E-05 2.80E-Q4 
8e-79 1.2933E-Q5 0.134 1.417 O.OOE+OO 1.73E-Q6 1.83E-Q5 
8n-126 1.1574E-Q5 0.134 1.417 O.OOE..oo 1.55E-06 1.64E-Q5 
8r-90 2.1680E+OO 0.134 1.417 O.OOE..oo 2.90E-Ol 3.07E+OO 
Tc-99 4.2239E-Q4 0.134 1.417 O.OOE..oo 5.65E-05 5.98E-Q4 
Th-229 3.9270E-12 0.134 1.417 O.OOE..oo 5.26E-13 5.56E-12 
Th-230 3.3578E-08 0.134 1.417 O.OOE..oo 4.49E-Q9 4.76E-08 
Th-232 1.5452E-14 0.134 1.417 O.OOE..oo 2.07E-15 2.19E-14 
n-208 4.6705E-Q8 0.134 1.417 O.OOE+OO 6.25E-09 6.62E-Q8 
U-232 1.3045E-Q7 0.134 1.417 O.OOE..oo 1.75E-Q8 1.85E-Q7 Thermal Power 
U-233 2.3739E-Q9 0.134 1.417 O.OOE+OO 3.18E-l0 3.36E-09 Nominal Heat Bounding 
U-234 1.8423E-Q4 0.134 1.417 O.OOE..oo 2.47E-Q5 2.61E-Q4 Output Heal Output 
U-235 -2.7235E-Q6 0.134 0.000 2.34E-Q3 2.34E-03 2.34E-Q3 lWattsl lWattsl 
U-236 1.5493E-Q5 0.134 1.417 O.OOE+OO 2.07E-06 2.19E-Q5 3.68E.Q3 3.84E-02 
U-238 -4.2851 E-Q9 0.134 0.000 2.69E-Q5 2.69E-Q5 2.69E-Q5 Total Total 
V-90 2.1686E..oo 0.134 1.417 O.OOE..oo 2.90E-Ql 3.07E..oo 
Other Radionuclides 2.91E-Ol 3.08E+OO 
m. TIl!1tQlIate seJediOIt SuJttmary,B\l!'!U! lind C/ledl$ 
Temolate selection Summary

FromSFD Used Basis for Parameter Differences: 
Reactor Moderat·:w: UGHTWATER UGHTWATER 

Fuel Cladding: ALUM (1100) ALUM
BOl HM Constituents: lJ-ALX U

BOl Enrichment %: 93.12714777 6010100 

Bumup Summary (MWd)< Basis for bumup used in estimate: 
From SFD Estimated 

Nominal: 0.1341 Nominal bumup taI<en c!ired~ 110m SFO (converted 10 MWd). 
Bounding:) 1.4171 Bounding bumup taken directly from SFD (converted to MWd). 

Checks 

Estimated Bumupl 
Bumup Multiplier Given Bumup EstIm.ted EOl HMlGlven EOl HM 

Nomlnal:1 0.00 0.00 I 1.001 
Bounding: 0.00 0.00,

Reactor shutdown, cora removal. storage, stllpptng or other date confirming that Irradiation ceased for fuel.
 

2Totat bumup for all fuel associated with this worksheet must be divided by BOL heavy metal mass 10 get specific bumup values (MWd'MT).
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Fuel Radionuclide Inventory Worksheet 
J. Fuel and Templak> Jnfonnation Estimated 

Fuel Name: ARMF/CFRMF MARK III 1Fuel decay start date: 1991 Canister usage: 
SNFID#: 12 Estimates as of: 2010 18"xl0'

Fuel Units & Deser: 4 - 15 FLAT PLATES Template: ATR (Ught Water. Alum., 60 10 100%, U) 0.17 
Heavy -..1 M.ss: BOl=.10kg ; EOl=.1Okg 'Template Bumup(MWd): 367.2
ROD Storage Site: SRS Template BOl Heavy Metal Mass (MT): 0.00116689"

Template Decay Time' 15 years 
D. Estimates m x" x. b y" y. Gamma Sources 

Photon Total
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Bumup (MWd)' Burnup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bOUnding) 
Ac-227 4.5861E-l0 0.011 0.117 O.ooE+OO 5.OOE-12 5.36E-l1 Avg. MeV 
Am-241 1.7832E-03 0.011 0.117 O.ooE+OO 1.97E-OS 2.08E-04 0.0150 1.394E+10 
Am-242m 4.3410E-Q7 0.011 0.117 O.ooE+OO 4.79E-09 5.07E-08 0.0250 2.907E+09 
Am-243 1.4907E-OO 0.011 0.117 O.ooE+OO 1.65E-08 1.74E-07 0.0375 2.538E+09 
C-14 5.7162E-09 0.011 0.117 O.ooE+OO 6.31E-ll 6.68E-l0 0.0575 2.706E+09 
CI-36 1.3124E-32 0.011 0.117 O.ooE+OO 1.45E-34 1.53E-33 0.0650 1.640E+09 
Cm-243 1.8568E-Q7 0.011 0.117 O.ooE+OO 2.OSE-09 2.17E-08 0.1250 1.125E+09 
Cm-244 3.5512E-05 0.011 0.117 O.ooE+OO 3.92E-07 4.15E-OO 0.2250 1.416E+09 
Co-50 1.0261E-05 0.011 0.117 O.ooE+OO 1.13E-Q7 1.20E-OO 0.3750 6.187E+08 
CS-I34 1.6931E-02 0.011 0.117 O.ooE+OO 1.87E-Q4 1.98E-Q3 0.5750 1.004E+l0 
Cs-l35 3.4477E-Q6 0.011 0.117 O.ooE+OO 3.81E-08 4.03E-07 0.8500 2.385E+08 
Cs-137 2.28ooE+OO 0.011 0.117 O.ooE+OO 2.52E-02 2.68E-Ol 1.2500 1.205E+06 
EU-I54 3.6656E-02 0.011 0.117 O.ooE+OO 4.OSE-04 4.28E-03 1.7500 5.050E+06 
Eu-155 9.6841E-03 0.011 0.117 O.ooE+OO 1.07E-04 1.13E-03 2.2500 6.317E+03 
Fe-55 4.6977E-04 0.011 0.117 O.ooE+OO 5.19E-OO 5.49E-05 2.7500 3.796E+02 
H-3 6.0485E-Q3 0.011 0.117 O.ooE+OO 6.68E-Q5 7.07E-Q4 3.5000 2.416E+01 
1-129 7.5300E-07 0.011 0.117 O.ooE+OO 8.31E-09 8.80E-08 5.0000 6.453E-ll2 
Kr-SS 1.4989E-Ql 0.011 0.117 O.ooE+OO 1.65E-03 1.75E-02 7.0000 7.168E-03 
Np-237 9.5534E-OO 0.011 0.117 O.ooE+OO 1.05E-Q7 1.12E-OO 11.0000 8.062E-04 
Pa-231 1.6550E-09 0.011 0.117 O.ooE+OO 1.83E-ll 1.93E-l0 
Pb-210 2.6631E-ll 0.011 0.117 O.ooE+OO 2.94E-13 3.11E-12 
Pm-147 1.8156E-Ql 0.011 0.117 O.ooE+OO 2.ooE-03 2.12E-Q2 
Pu-238 1.8990E-02 0.011 0.117 O.ooE+OO 2.10E-04 2.22E-03 
Pu-239 4.2838E-04 0.011 0.117 O.ooE+OO 4.73E-Q6 5.ooE-Q5 
Pu-240 2.4379E-04 0.011 0.117 O.ooE+OO 2.69E-Q6 2.85E-05 
Pu-241 4.2511E-02 0.011 0.117 O.ooE+OO 4.69E-04 4.97E-Q3 
PU-242 3.6329E-07 0.011 0.117 O.ooE+OO 4.01E-09 4.24E-08 
Ra-226 1.4725E-l0 0.011 0.117 O.ooE+OO 1.63E-12 1.72E-ll 
Ra-228 8.975OE-15 0.011 0.117 O.ooE+OO 9.91E-17 1.OSE-15 
RU-lOO 1.9752E-04 0.011 0.117 O.ooE+OO 2.18E-Q6 2.31E-OS 
5e-79 1.2933E-OS 0.011 0.117 O.ooE+OO 1.43E-Q7 1.51E-Q6 
5n-126 1.1574E-OS 0.011 0.117 O.ooE+OO 1.28E-07 1.35E-Q6 
5r-90 2.1680E+OO 0.011 0.117 O.ooE+OO 2.39E-02 2.53E-Ol 
Tc-99 4.2239E-<l4 0.011 0.117 O.OOE+OO 4.66E-Q6 4.93E-OS 
Th-229 3.9270E-12 0.011 0.117 O.ooE+OO 4.34E-14 4.59E-13 
Th-230 3.3578E-08 0.011 0.117 O.ooE+OO 3.71E-l0 3.92E-Q9 
Th-232 1.5452E-14 0.011 0.117 O.ooE+OO 1.71E-16 1.81E-15 
TI-208 4.67OSE-Q8 0.011 0.117 O.ooE+OO 5.16E-l0 5.46E-Q9 
U-232 1.3045E-Q7 0.011 0.117 O.ooE+OO 1.44E-Q9 1.52E-08 Thermal Power 
U-233 2.3739E-09 0.011 0.117 O.ooE+OO 2.62E-l1 2.77E-l0 Nominal Heat Bounding 
U-234 1.8423E-04 0.011 0.117 O.ooE+OO 2.03E-Q6 2.15E-Q5 Output Heat Output 
U-235 -2.7235E-Q6 0.011 0.000 1.90E-Q4 1.90E-Q4 1.90E-Q4 /Wattsl /Wattsl 
U-236 1.5493E-Q5 0.011 0.117 O.ooE+OO 1.71E-07 1.81E-Q6 3.04E-04 3_17E~ 

U-238 -4.2SS1E-Q9 0.011 0.000 2.69E-OO 2.69E-OO 2.69E-OO Total Total 
V-90 2.1686E+OO 0.011 0.117 O.ooE+OO 2.39E-02 2.53E-Ol 
Other Radionuclides 2.40E-Q2 2.54E-Ql 
ID. T_Ia~s..-.ry, llum.. >lOde... , 
TemDlate selection Summary 

From SFD ~ Basis for Parameter Differences: 
Reactor Moderator: UGHTWATER UGHTWATER 

Fuel Cladding: ALUM (1100) ALUM 
BOl HM Constituents: U-ALX U 

SOL Enrichment %: 91.66666667 60 to 100 

Burnup Summary (MWd) Basis for bumup used in estimate: 
From SFD Estimated 

Nominal: 0.011 Nominal bumup taken directly from SFD (converted 10 MWd).
Boundlng:1 0.1171 Bounding bumup taken directly from 8FD (converted to MWd). 

Checks 

Estimated Bumupl 
Bumup MultipU. Given Bumup Estimated EOl HMlGlven EOl HM 

Nominal: 0.00 0.00 I 1.001 
Bcundlng:! 0.00 0.00, 

Reactor shutdown, core removal. storage, shlppmg or other data confmmng that Irradiation ceased for fuel.
 

2Total bumup for all fuel associated with this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWd'MT).
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Templatt- Information Estimated
 

Fuel Name: ASTRA (AUSTRIA) 1Fuel decay start date: 1985 Canister usage:
 
SNFID#: 646 EstImates as of: 2010 18"xl0'
 

Fuel Units & Des",: 33 . MTR TYPE Template: ATR (Ught Water, Alum., 60 to 100%, U) 0.92
 
Heavy Metal Me",,: BOl=9.03kg ; EOl=4.36kg "Tomplate Bumup(MWd): 367.2 
ROD Storage Sile: SRS Template BOl ~leavy Metal Mass (MT): 0.00116689 

Template Decay Time' 25 years 
n.Estimateli m x. x. b y. y. Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Bumup (MWd)· Bumup (MWd)· (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 1.1465E-09 4,418.982 8,547.324 O.OOE+OO 5.07E-OO 9.80E-06 Avg, MeV 
Am-241 2.3056E-03 4,418.982 8,547.324 O.OOE+OO 1.02E-+Ol 1.97E-+Ol 0.0150 7.998E+14 
Am-242m 4.1476E-Q7 4,418.982 8,547.324 O.ooE+OO 1.83E-03 3.55E-Q3 0.0250 1.662E+14 
Am-243 1.4894E-06 4,418.982 8,547.324 O.OOE+OO 6.58E-03 1.27E-Q2 0.0375 1.447E+14 
C-14 5.7108E-Q9 4,418,982 8,547.324 O.oOE+OO 2.52E-05 4.88E-Q5 0.0575 1.554E+14 
CI-36 1.3124E-32 4,418.982 8,547.324 O.oOE+OO 5.80E-29 1.12E-28 0.0850 9.376E+13 
Cm-243 1.4562E-Q7 4,418.982 8,547.324 O.ooE+OO 6.43E-04 1.24E-Q3 0.1250 6.280E+13 
Cm-244 2.4221E-05 4,418.982 8,547.324 O.OOE+OO 1.07E-Ol 2.07E-Ol 0.2250 8.094E+13 
Co-GO 2.7580E-06 4,418,982 8,547.324 O.oOE+OO 1.22E-02 2.36E-Q2 0.3750 3.519E+13 
Cs-l34 5.8851E-04 4,418.982 8,547.324 O.OOE+OO 2.60E+OO 5.03E+OO 0.5750 5.769E+14 
Cs-135 3.4477E-06 4,418.982 8,547.324 O.OOE+OO 1.52E-02 2.95E-Q2 0.8500 8.313E+12 
Cs-137 1.8099E+OO 4,418,982 8,547.324 O.OOE+OO 8.00E-+03 1.55E+04 1.2500 4.623E+12 
Eu-l54 1.6386E-02 4,418.982 8,547.324 O.OOE+OO 7.24E-+Ol 1.40E-+02 1.7500 2.284E+ll 

EU-155 2.3957E-03 4,418.982 8,547.324 O.OOE+OO 1.06E-+Ol 2.05E-+Ol 2.2500 1.628E+07 
Fe-55 3.2707E-Q5 4,418.982 8,547.324 O.OOE+OO 1.45E-Ol 2.80E-Ql 2.7500 1.333E+07 
H-3 3.4504E-03 4,418.982 8,547.324 O.OOE+OO 1.52E-+Ol 2.95E-+Ol 3.5000 1.006E+04 
1-129 7.5300E-07 4,418.982 8,547.324 O.OOE+OO 3.33E-03 6.44E-Q3 5.0000 3.382E+03 
Kr-85 7.8540E-02 4,418.982 8,547.324 O.OOE+OO 3.47E-+02 6.71E-+02 7.0000 3.723E+02 
Np-237 9.5615E-06 4,418.982 8,547.324 O.OOE+OO 4.23E-02 8.17E-02 11.0000 4.164E+01 
Pa-231 2.7988E-Q9 4,418,982 8,547.324 O.OOE+OO 1.24E-05 2.39E-06 
Pb-21 0 1.2612E-l0 4,418.982 8,547.324 O.OOE+OO 5.57E-07 l.08E-06 
Pm-147 1.2952E-Q2 4,418.982 8,547.324 O.OOE+OO 5.72E-+Ol 1.11E-+02 
Pu-238 1.7549E-02 4,418.982 8,547.324 O.ooE+OO 7.75E-+Ol 1.50E-+02 
Pu-239 4.2810E-Q4 4,418.982 8,547.324 O.OOE+OO 1.89E+OO 3.66E+OO 
Pu-240 2.4357E-04 4,418.982 8,547.324 O.OOE+OO 1.08E+OO 2.08E+OO 

PU-241 2.6277E-Q2 4,418.982 8,547.324 O.OOE+OO 1.16E-+02 2.25E-+02 
Pu-242 3.6329E-07 4,418.982 8,547.324 O.ooE+OO 1,61E-03 3,11E-03 
Ra-226 4.4444E-l0 4,418.982 8,547.324 O.OOE+OO 1.98E-06 3.80E-06 
Ra-228 1.9714E-14 4,418.982 8,547.324 O.OOE+OO 8.71E-ll 1.69E-l0 
Ru-lOO 2.0477E-Q7 4,418.982 8,547.324 O.ooE+OO 9.05E-04 1.75E-03 
8e-79 1.2933E-06 4,418.982 8,547.324 O.ooE+OO S.72E-02 1.11E-Ql 
8n-126 1,1574E-06 4,418.982 8,547.324 O.ooE+OO 5.11E-02 9.89E-Q2 
8r-90 1.7092E+OO 4,418.982 8,547,324 O.OOE+OO 7.55E+03 l.46E+04 
Tc-99 4.2239E-Q4 4,418.982 8,547.324 O.ooE+OO 1.87E+OO 3.61E+OO 
Th-229 7.7260E-12 4,418.982 8,547.324 O.OOE+OO 3.41E-06 6.60E-06 
Th-230 5.8497E-Q8 4,418.982 8,547,324 O.OOE+OO 2.58E-Q4 5.ooE-Q4 
Th-232 2.6906E-14 4,418.982 8,547.324 O.ooE+OO 1.19E-l0 2.30E-l0 
TI-208 4.4336E-06 4,418.982 8,547.324 O.OOE-+OO 1.96E-04 3.79E-Q4 
U-232 1.2037E-Q7 4,418,982 8,547,324 O.OOE-+OO 5,32E-04 1.03E-Q3 Thermal Power 
U-233 3.(X)11E-Q9 4,418.982 8,547.324 O.ooE+OO 1.33E-Q5 2.57E-Q5 Nominal Heat Bounding 
U-234 1,8497E-Q4 4,418.982 8,547.324 O.ooE-+OO 8,17E-Ql 1,58E-+OO Output Heat Output 
U-235 -2.7235E-06 4,418.982 0.000 1.82E-Q2 6.12E-03 1.82E-Q2 (Walls) /Walls\ 
U-236 1,5493E-06 4,418.982 8,547.324 O.ooE-+OO 6.85E-Q2 1.32E-Ql 9,35E+Ol 1,81E+02 
U-238 -4.2851E-Q9 4,418.982 0.000 2.10E-04 1.91E-Q4 2,10E-Q4 Total Total 
Y-90 1.7094E+OO 4,418.982 8,547.324 O.ooE-+OO 7.55E+03 1.46E+04 
Other Radionuclides 7.61E-+03 1.47E+04 
m.Temolate 8eIedlllIl S_ry, Ilonu!D8ulmJIary,an4(;~ 
Template Selection Summary 

FromSFD Used Basis for Pammeier Differences: 
Reactor Modera1or: UGHTWATER UGHTWATER 

Fuel CIacldJag: ALUM ALUM 
BOl HM Constituen:s: lJ.ALX U 

BOL Enrichment 0/..: 93.07350223 60 to 100 

BumupSumma~(MWdt Basis for bumup used in estimate:
 
FromSFD Estimated
 

Nomln":1 I 4,418.982 Nominal bumup calculated tmm the heavy metat mass destroyed.
 
Bounding:1 I 8,547.324 Bounding bumup calcuiated assuming all BOt.. heavy metal bumed.
 

Checks 

Estimated Bumupl 
Bumup Mulllplier Given Bumup EsUma1ed EOl HMlGlven EOl HM 

Nomln":1 1.56 I 1.061 
Bounding: 3.01 ,

Reactor shutdown. core removal, storage, shipping or other date conflmllng that Irradiation ceased for fuel.
 

z.rotal bumup for all fuel associated with this worksheet must be divided by BOl heavy metal mass to get specific bumup values (MWdlMn.
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Fuel Radionuclide Inventory Worksheet 
I, Fuel an<l Teq>late Infonpation Estimated 

Fuel Name: ASTRA (AUSTRIA) 'Fuel decay start date: 1985 Canister usage: 
SNFID#: 712 Estimates as of: 2010 18"x10' 

Fuel Units & Desc:r: 39 - 19 FLAT PLATES Template: ATR (Ughl Water, Alum.• 60 to l00~o, U) LOS 
Heavy Metal Mass: BOL:72.24k9 ; EOl.=66.18k9 'Template Bumup(MWd): 367.2 
ROD Storage Site: SRS Template BOL Heavy Metal Mass (MT): 0.00116689 

Template Decay Time" 25 years 
U. Eotimates m x" x. b y" y. Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ae-227 1.1465E-OS 5,732.119 11,464.238 O.ooE-tOO 6.57E-Q6 1.31E·05 Avg. MeV 
Am-241 2.3056E-03 5,732.119 11,464.238 O.ooE-tOO 1.32E+Ol 2.64E+Ol 0.0150 1.073E+15 
Am-242m 4.1476E-Q7 5,732.119 11,464.238 O.ooE-tOO 2.38E-03 4.75E-03 0.0250 2.229E+14 
Am-243 1.4894E-06 5,732.119 11,464.238 O.ooE-tOO 8.54E-03 1.71E-02 0.0375 1.941E+14 
C-14 5.71OSE-Q9 5,732.119 11,464.238 O.ooE-tOO 3.27E-05 6.55E-Q5 0.0575 2.084E+14 
CI-36 1.3124E-32 5,732.119 11,464.238 O.ooE-tOO 7.52E-29 1.50E-28 0.0850 1.258E+14 
Cm-243 1.4562E-07 5,732.119 11,464.238 O.ooE-tOO 8.35E-04 1.67E-03 0.1250 8.423E+13 
Cm-244 2.4221E-05 5,732.119 11,464.238 O.ooE-tOO 1.39E-Ol 2.78E-01 0.2250 1.086E+14 
Co-60 2.7560E-06 5,732.119 11,464.238 O.ooE-tOO 1.58E-02 3.16E-02 0.3750 4.720E+13 
Cs-l34 5.8851E-Q4 5,732.119 11,464.238 O.ooE-tOO 3.37E-tOO 6.75E-tOO 0.5750 7.738E+14 
Cs-135 3.44nE-06 5,732.119 11,464.238 O.ooE-tOO 1.98E-02 3.95E-02 0.8500 1.115E+13 
Cs-137 1.6099E-tOO 5,732.119 11,464.238 O.ooE-tOO 1.04E+04 2.07E+04 1.2500 6.201E+12 
Eu-l54 1.6386E-02 5,732.119 11,464.238 O.ooE-tOO 9.39E+Ol I.88E+02 1.7500 3.064E+l1 
Eu-155 2.3957E-03 5,732.119 11,464.238 O.ooE-tOO 1.37E+Ol 2.75E+Ol 2.2500 2.184E+07 
Fe-55 3.2707E-DS 5,732.119 11,464.238 O.ooE-tOO 1.87E-Ql 3.75E-Ql 2.7500 1.788E+07 
H-3 3.4504E-03 5,732.119 11,464.238 O.ooE-tOO 1.98E+Ol 3.96E+Ol 3.5000 1.359E+04 
1-129 7.5300E-07 5,732.119 11,464.238 O.ooE-tOO 4.32E-03 8.63E-03 5.0000 4.581E+03 
Kr-85 7.8540E-02 5,732.119 11,464.238 O.ooE-tOO 4.50E+02 9.ooE+02 7.0000 5.044E+02 
Np-237 9.5615E-06 5,732.119 11,464.238 O.ooE-tOO 5.48E-02 1.10E-Ol 11.0000 5.643E+Ol 
Pa-231 2.7968E-Q9 5,732.119 11,464.238 O.ooE-tOO 1.60E-DS 3.21E-Q5 
Pb-210 1.2612E-l0 5,732.119 11,464.238 O.ooE-tOO 7.23E-07 1.45E-06 
Pm-147 1.2952E-02 5,732.119 11,464.238 O.ooE-tOO 7.42E+Ol 1.48E+02 
Pu-238 1.7549E-02 5,732.119 11,464.238 O.ooE-tOO 1.01E+02 2.01E+02 
Pu-239 4.2810E-04 5,732.119 11,464.238 O.ooE-tOO 2.45E-tOO 4.91E-tOO 
Pu-240 2.4357E-04 5,732.119 11,464.238 O.ooE-tOO 1.40E-tOO 2.79E-tOO 
Pu-241 2.62nE-Q2 5,732.119 11,464.238 O.ooE-tOO 1.51E+02 3.01E+02 
Pu-242 3.6329E-07 5,732.119 11,464.238 O.ooE-tOO 2.OSE-03 4.16E-03 
Ra-226 4.4444E-l0 5,732.119 11,464.238 O.ooE-tOO 2.55E-06 5.10E-06 
Ra-228 1.9714E-14 5,732.119 11,464.238 O.ooE-tOO 1.13E-l0 2.26E-l0 
Ru-l06 2.04nE-Q7 5,732.119 11,464.238 O.ooE-tOO 1.17E-03 2.35E-D3 
5e-79 1.2933E-Q5 5,732.119 11,464.238 O.ooE-tOO 7.41E-Q2 1.48E-Ql 
5n-126 1.1574E-05 5,732.119 11,464.238 O.ooE-tOO 6.63E-Q2 1.33E-Ol 
5r-90 1.7092E-tOO 5,732.119 11,464.238 O.ooE-tOO 9.80E+03 1.96E+04 
Te-99 4.2239E-D4 5,732.119 11,464.238 O.ooE+OO 2.42E+OO 4.84E+OO 
Th-229 7.7260E-12 5,732.119 11,464.238 O.ooE-tOO 4.43E-Q8 8.86E-D8 
Th-230 5.8497E-Q8 5,732.119 11,464.238 O.ooE-tOO 3.35E-Q4 6.71E-Q4 
Th-232 2.6906E-14 5,732.119 11,464.238 O.ooE-tOO 1.54E-l0 3.OSE-l0 
TI-2OS 4.4336E-OS 5,732.119 11,464.238 O.ooE-tOO 2.54E-04 5.08E-Q4 
U-232 1.2037E-Q7 5,732.119 11,464.238 O.ooE-tOO 6.90E-Q4 1.38E-D3 Thermal Power 
U-233 3.oo11E-Q9 5,732.119 11,464.238 O.ooE-tOO 1.72E-Q5 3.44E-DS Nominal Heal Bounding 
U-234 1.8497E-Q4 5,732.119 11,464.238 O.ooE-tOO 1.06E-tOO 2.12E-tOO Output HeatOulpul 
U-235 -2.7235E-06 5,732.119 0.000 3.10E-Q2 1.54E-02 3.10E-02 /Wattsl /Wallsl 
U-236 1.5493E-Q5 5,732.119 11,464.238 O.ooE-tOO 8.88E-Q2 1.78E-Ol 1.21E+02 2.42E+02 
U-238 -4.2851 E-Q9 5,732.119 0.000 I.95E-D2 1.94E-Q2 I.95E-Q2 Total Total 
V-90 1.7094E+OO 5,732.119 11,464.238 O.ooE-tOO 9.80E+03 1.96E+04 
Other Radionuelides 9.88E+03 1.98E+04 
m. TemDIltle SdeetlOOs.mmarv, BDIlUl an<l(;1l\lcl<s 
Template Selection Summary 

FromSFD Used Basis for Parameter Differences: 
Reactor Moderator: UGHTWATEA UGHTWATEA This Template was used for the foUoMn9 reasons: 

Fuel Cladding: ALUM ALUM This fuel matches ATR Templat. on all but on. pammeler(enridlmenl) meking ATR a ..asonab~ 

BOL HM Constituents: U3S12 U match. 
BOL Enrichment lY-= 19.83800556 60 to 100 

Bumup Summary (MWd) Basis for bumup used in estimate: 
From SFD Estimated 

Nominal: 5,732.119 Nominal bumup caJtulated from the heavy metal mass destroyed. 
Bounding:f 11,464.238 Bounding bumup assumed to be rwice nominal bumup. 

Checks 

Estimated Bumupl 
Bumup Muitilllier Given BumuD Estimated EOL HMlGlven EOL HM 

Nominal: 0.25 I 1.011
 
Bounding:'· 0.50
 ,

Reactor shutdown, core removal, storage, shipping or other date confmmng that IrradiatIOn ceased for fuel. 

2Total bumup for all fuel associated with this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWdlMT). 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I
 
,I
 
I
 
I 
I 
I 
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Template lJIfonnation Estimated 

Fuel Nama: ASTRA (AUSTRIA) , Fuel decay start date: 1985 Canister usage: 
SNF ID #: 1058 Estimates as of: 2010 18"X10' 

Fuel Units & Oeser: 3·19 FLAT PLATES Template: ATR (Ught Water, Alum., 60 to 100%, U) 0.08
 
Heavy Metal Mas" BOl=5.38k9 ; EOL=4.82k9 ;-emplate Bumup(MWd): 367.2
 
ROD Storage Sib: SRS Template BOl Heavy MelaI Mass (MT): 0.00116689
 

Template Decay Time' 25 YElats 

n. Estimates m Xn b Yn Gamma Sources 
Photon Total 

CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel BOUnding Fuel Energy Photons/sec 
Radionuclide Template Fuel Bumup (MWd)' Burnup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac·227 -c1"'.1'"'4''_'6'''5E:o:-.~0"'9----"'53=:0;:..9=:9:_:4----~1~,06:~1.::::988 O.OOE+OO 6.09"'E'--0;;:7:;-__-c1;-:.7.22"'E;--06~-~I_--'A_':V""9:o.Me:o:-'v'----_ ___,==_:_=_

';;A'=m:-.:-2"'4;;1'=- 2~.73056E-03 530.994 1,061.988--- 0.OOE+OO----122.:;E.+OO.:,~---"'2.""4~5"'E+OO~'----n-...:0::.0:.:1"_'5O"---------=9",.9",37.:,:E",+c.:1,,-3 
0250-';A::m::..-"'247.2:::m"---------~4:..;.1:::4.;;:76:;;E=_-"'07.;;:_---__o55c;:303:"0-';;·.99;;;9494,;------:1C',06~lcc·9~88:c O.oOE+oo 2.20E-04 41·.40SSEE:0403 00 ..0375 21·.064798EE++1133 

Am-243 1.4894E-06 "7- -='1,"'06"'1;0.:988 O.OOE+OO 7.91E_04 
""Co--1;;:4::- ----'5;.:.7"=1;.;08~E-_;:0"'9----_";'5~3O".9~94~---_::1"",0621~.9.:;:88:<-----__;;:0."'OOE+OO 3.03:;::E_::-06~--____:6c=:.06~E_::-06~-11-___;;0~.05:;o7~5c__---_::1~.93:;.:1;.;E::'+~13 
CI-36 1.3124E-32 530.994 1,061.988 O.OOE+OO 6.97E-3O 1.39E-29 0.0850 1.165E+13 

-;C"m=--.;;2':C43o- ---;;1:::;.4:;;5;c62~E=--Q~7~---___;5o;3O~.9~94,;_---_:1C':,08~1C':.9~;88;;;- O.OOE+OO 7.73E-05 1.55E_04 0.1250 7.802E+12 
Cm-2:=.o44'-'- __o2~.4::;2c;:2~1"'E:..;-05~----~53O~.;;c994~---__i_' :Oc: .:;;9-:c88;:----;;0c;.OO,~E+OO",,06  1.29E_Q2 2.57E-02 00·.2237505Oc:----1;c.00,~~6;'E+'c1:::-3
Co-60 2.7560E_06 530.994 "1,061.988 O.OOE+OO 1.48E-03 2.93E-03 4.372E+12 
-;C"S'c-1~;34;_,c_----_-_-__;;5=';.8857-;1;;;E='-04~----_;5o;3O~.9~94:;_---_:1C':,06~1C':.988~:s::_--0;c.~OO"'E:-+OO~----:;3";.1;;2"'E_::-0~1;_--__;;6::;.2;;:5.;::E_;-Q;;:1,___--jf-_:0~.5~7"'5O~----c71'-·.0~1,6833EE++1123 
-;C'""S_:-1"_'3~5-------_----'3":.44~77~E~-06~----~53O~.9~94c;__---_i1_';;,06~1.::::988; O.OOE+OO 1.83E-03 3.66E-03 0.8500 
Cs-137 1.8099E+OO 530.994 1,061.988 O.OOE+OO 9.61E+02 1.92E+03 1.2500 5.744E+11 
Eu-l54 1.6366E-02 530.994 1,061.988 O.OOE+OO 8.70E+OO 1.74E+01 1.7500 2.838E+10 
Eu-155 2.3957E-03 530.994 1,061.988 O.oOE+OO 1.27E+OO 2.54E+OO 2.2500 2.023E+06 

7F-;:e-;C5"'5'---- .---,3"'.~27;c0o-;7;;:E:_,-05;o;;_----_;5:;;3O"'.:;;9"'94O____---_i'_';;,06~1",.988 O.OOE+OO 1.74E-02 3.47E-02 2.7500 l.656E+06 
-'-H,,-3=- -;3~.4~504=E=--03-=-----~53O~.9~94c;__---_i1.:::,06~1."'988 O.OOE+OO 1.83E+OO 3.88E+OO 3.5000 1.257E+03 
1-129 7.5300E-07 530.994 1,061.988 O.OOE+OO 4.00;;E=_-:';;04:;---___;8;";.OO~E;--04~--U--~5.~0000~:_--...:4::.~23:;:5:;:E,,+02:;:c 
Kr-85 7.8540E-02 530.994 1,061.988 O.OOE+OO 4.17E+01 8.34E+01 7.0000 4.663E+01 
Np-237 9.5615E-06 530.994 1,061.988 O.OOE+OO 5.08E-03 1.02E-02 11.0000 5.217E+00 
Pa-231 2.7968E_Q9 530.994 1,061.988 O.OOE+OO 1.49E_06 2.97E_06 
-;,Pc=b-:-'2;c1~0,___------'::-:.~26~1:';;2.;::E_;-1:;;0----~5:;;3O;c.;<994~---_:1C':,06~1.:;.9,;;:88 O.OOE+OO 6.70E-08 1.34E-07 
-;p;:-m':-1"'4~7-------1::-:.=295~2"'E_:-Q:=2----_;5~3O"'."'994~---_:1:_':,O~6",'",.988 O.OOE+OO 6.88E+OO 1.36E+01 
Pu-236 1.7549E_Q2 530.994 1,061.988 O.OOE+OO 9.32E+OO 1.88E+01 
Pu-239 4.2810E_04 530.994 1,061.988 O.OOE+OO 2.27E-01 4.55E-01 

-=P:eu--':2"'40"__ 2='.743005=7=E-;-04c;__-----:o5"'3O"'.~994~---_:1"',06="_'1~.988: O.OOE+OO 1.29E-01 2.59E-01 
-;,P~u:o-2;::;4;;-1 ---'2"'.~62~77~EC;-0~2----~5003O;c·;c994~---_::1C':,06~'~.988 O.OOE+OO 1.40E+01 2.79E+01 
Pu-242 3.8329E-07 530.994 1,061.988 O.OOE+OO 1.93E_04 3.86E_04 
-;,R"'ac.;-22~6-------40'.4444~~E_::-1";0----~5~3O;c.;<994~---_;1C';,06~1.:;.988;:: O.OOE+OO 2.36E-07 4.72E-07 
-=R:=a-.:;-22===-8 .----:''''.9'''7=-=1=4E:o:---=1=4----~53O~.9:o;94o_;_---_:1_S,06~1.~988 O.OOE+OO 1.05E-11 2.09E-11 
-i;R"'u-,;-1"'06"-- 2;:.04~77~E-Q~7----~5;<3O;c.;<994~---_::'"",06~',_;:.988o;; O.OOE+OO 1.09E_04 2.17E-04 
~S:=e--:7"'9=--------1;.:.27.9=33:7.=E-05-=----_;5"'3O"'.;;c994~---_:'CS,06'.988 O.OOE+OO 6.87E_Q3 1.37E_Q2
Sn-126 1.1574E_05 530.994 1,061.988 O.OOE+OO 6.15E_Q3 1.23E-02 
Sr-90 1.7092E+OO 530.994 1,061.988 O.OOE+OO 9.08E+02 1.82E+03 
Tc-99 4.2239E_04 530.994 1,061.988 O.OOE+OO 2.24E_Q1 4.49E-01 
Th-229 7.7260E-12 530.994 1,061.988 O.OOE+OO 4.10E_Q9 8.20E-09 
iTh-~2~3O:<__-------_:5""'.84:29:;;7.;::E-08-';';----~53O~.~994~---_::1"",0621~.988 O.OOE+OO 3.11E-05 6.21E-05 
-=Th~-2"'3""2--------72.::;c6906~=E-:-1"'4,___---_:53O~.:;;9"'94o____--___,'",06~'-:;;:.988 O.OOE+OO 1.43,~Eo--;..'1~-----2:;'.~86"'E=--;..11~--j1 
TI-208 4.4336E-08 530.994 1,061.988 O.OOE+OO 2.35E_05 4.71 E_05 
U-232 1.2037E-07 530.994 1,061.988 O.OOE+OO 6.39E-Q5 1.28E_04 Thermal Power 

.;-U:-:-2:;;33;o;-- 3c;:."'OO~1;,.1"Eo--o~9o- __----;O""'.OO;;;<;EO'+OO~----i<1".5~9~E_;-06~_--:;_3.7.1;;9E:=-06~-__HNominal__-___;:5:;;30;<.:;;994~---___::1"",06~1.:;.988,:s: Heat Bounding 
U-234 1.8497E_04 530.994 1,061.988 O.OOE+OO 9.82E-02 1.96E_Q1 Output Heat Output 
U-235 -2.7235E_06 530.994 0.000 2.27E-03 8.21 E_04 227E-03 (Watts) (Watts) 
U-236 1.5493E_05 530.994 1,061.988 O.OOE+OO 8.23E-03 1.65E_Q2 1.12E+01 2.2SE+01 
U-238 -4.2851E-09 530.994 0.000 1.48E-03 1.45E-03 1.48E_Q3 Tolal Tola! 
V-90 1.7094E+OO 530.994 1,061.988 O.OOE+OO 9.08E+02 1.82E+03 
Other Radionuclides 9.15E+02 1.83E+03 

Template Selection Summary
F:::.:l:::::::.:::::::::::::::.:=:::.:::.:::::z:F~r:'om::-;S:::F::::D~-T'"---:U7.sed:::;----1Basisfor Parameler Differences: 

Reactor Moderator: UGHT WATER UGHT WATER This Templalewas used forlhe foUowing reasons:
 
Fuel Cl.ddJng:I---=-':A;-:LU-::M-':-"'-----+--=-:Ac-L;-;UM;-;-~- ....Th~ fuel matches ATR Template 011 all but one panuneter (enrichment).-g ATR. reasonable
 

BOl HM Conslltuenl!J: U308 U matctl.
 
BOl Enrtc:hment,.., 19.50065847 60 to 100
 

Bumup Summary (MWd) Basis for bumup used in estimate: 
FromSFD Estimated 

Nomlnal:1 I 530.994 Nomine! bumup calculated from the h,evy mete! mass destroyed.

Boundlng:I---------+-----c1:c,06=1-:.9::SS;;/Boundlng bumup assumed to be twice nominal bumup.
 

Checks 
Estimated Bumupl 

BumuD MultiDlier Given Bumup Estimated EOl HIWGlven EOl HM
Nomlnal:1 0.31 I 1.011
 

Bounding: 0.63
 ,
Reactor shutdo'Wl"l, core removal. storage, shipping or other date confurmng that Irradiation ceased for fuel. 

'-otal bumup for all fuel associated with this worksheet must be divided by BOl heavy metal mass to get specific bumup values (MWdlMT). 

I 
I
I

I 
I
I
I
I
I

I 
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I
 

DOElSNF/REP-078 December 2003 
Revision 1 PageC-14 



Fuel Radionuclide Inventory Worksheet 
J. Fuel and TeJIlIlIale Info-Uoo Estimaled 

Fuel Name: ASTRA (AUSTRIA) 'Fuel decay start date: 1985 Canister usage; 
SNFID#: 566 Estimates as of: 2010 18"x10' 

Fuel Units & Doser: 5 - MTR TYPE Template: AlA (Ught Water, Alum., 60 to 100%, U) 0.14 
Heavy Metal Mass: BOJ.;,3.62k9 ; EOJ.;,2.77k9 'Template Bumup(MWd): 367.2 
ROD Storage Site: SRS Template BOl Heavy Metel Mass (MT): 0.00116689 

Template Decay Time" 25 years 

H. E$timateo m x. x. b y. y. Gamma Sources 
Photon Total 

CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 
Radionuclide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 1.1465E-09 807.808 1,615.615 O.OOE+OO 9.26E-07 1.85E-06 AV9·MeV 
Am-241 2.3056E-03 807.808 1,615.615 O.OOE+OO 1.86E+OO 3.72E+00 0.0150 1.512E+14 
Am-242m 4.1476E-D7 807.808 1,615.615 O.OOE+OO 3.35E-Q4 6.70E-04 0.0250 3.141E+13 
Am-243 1.4894E-06 807.808 1,615.615 O.ooE+OO 1.20E-03 2.41E-03 0.0375 2.735E+13 
C-14 5.7108E-09 807.808 1,615.615 O.OOE+OO 4.61E-06 9.23E-06 0.0575 2.937E+13 
CI-36 1.3124E-32 807.808 1,615.615 O.ooE+OO 1.06E-29 2.12E-29 0.0850 1.772E+13 
Cm-243 1.4562E-07 807.808 1,615.615 O.OOE+OO 1.18E-04 2.35E-04 0.1250 1.187E+13 
Cm-244 2.4221E-05 807.808 1,615.615 O.OOE+OO 1.96E-02 3.91E-02 0.2250 1.530E+13 
Co-80 2.7580E-06 807.808 1,615.615 O.ooE+OO 2.23E-03 4.45E-D3 0.3750 6.651E+12 
Cs-l34 5.8851E-Q4 807.808 1,615.615 O.ooE+OO 4.75E-Ol 9.51E-Ol 0.5750 1.091E+14 
Cs-135 3.4477E-06 807.808 1,615.615 O.ooE+OO 2.79E-03 5.57E-03 0.8500 1.571E+12 
Cs-137 1.8099E+OO 807.808 1,615.615 O.OOE+OO 1.46E+03 2.92E+03 1.2500 8.739E+ll 
Eu-154 1.6386E-02 807.808 1,615.615 O.ooE+OO 1.32E+Ol 2.65E+Ol 1.7500 4.318E+10 
EU-155 2.3957E-03 807.808 1,615.615 O.ooE+OO l.94E+OO 3.87E+OO 2.2500 3.078E+06 
Fe-55 3.2707E-05 807.808 1,615.615 O.OOE+OO 2.64E-02 5.28E-02 2.7500 2.519E+06 
H-3 3.4504E-03 807.808 1,615.615 O.OOE+OO 2.79E+OO 5.57E+OO 3.5000 1.905E+03 
1-129 7.5300E-D7 807.808 1,615.615 O.ooE+OO 6.06E-04 1.22E-03 5.0000 6.408E+02 
Kr-85 7.8540E-02 807.808 1,615.615 O.ooE+OO 6.34E+Ol 1.27E+02 7.0000 7.053E+01 
Np-237 9.5615E·06 807.808 1,615.615 O.OOE+OO 7.72E-03 1.54E-02 11.0000 7.890E+00 
Pa-231 2.7968E-D9 807.808 1,615.615 O.OOE+OO 2.26E-06 4.52E-Q8 
Pb-21 0 1.2612E-l0 807.808 1,615.615 O.ooE+OO 1.02E-D7 2.04E-07 
Pm-147 1.2952E-02 807.808 1,615.615 O.OOE+OO 1.05E+Ol 2.09E+Ol 
Pu-238 1.7549E-D2 807.808 1,615.615 O.OOE+OO 1.42E+Ol 2.84E+Ol 
PU-239 4.2810E-Q4 807.808 1,615.615 O.ooE+OO 3.46E-Ol 6.92E-Dl 
Pu-240 2.4357E-Q4 807.808 1,615.615 O.OOE+OO 1.97E-Ol 3.94E-Ol 
Pu-241 2.6277E-02 807.808 1,615.615 O.ooE+OO 2.12E+Ol 4.25E+Ol 
Pu-242 3.6329E-07 807.808 1,615.615 O.ooE+OO 2.93E-04 5.87E-Q4 
Ra-226 4.4444E-10 807.808 1,615.615 O.ooE+OO 3.59E-07 7.18E-07 
Ra-228 1.9714E-14 807.808 1,615.615 O.OOE+OO 1.59E-ll 3.19E-ll 
Ru-106 2.0477E-D7 807.808 1,615.615 O.ooE+OO 1.65E-04 3.31E-04 
5e-79 1.2933E-05 807.808 1,615.615 O.ooE+OO 1.04E-02 2.09E-02 
5n·126 1.1574E-Q5 807.808 1,615.615 O.ooE+OO 9.35E-Q3 1.87E-02 
5r-90 1.7092E+OO 807.808 1,615.615 O.ooE+OO 1.38E+03 2.76E+03 
Tc-99 4.2239E-Q4 807.808 1,615.615 O.OOE+OO 3.41E-01 6.82E-D1 
Th-229 7.7260E-12 807.808 1,615.615 O.ooE+OO 6.24E-D9 1.25E-Q8 
Th-230 5.8497E-08 807.808 1,615.615 O.ooE+OO 4.73E-D5 9.45E-05 
Th-232 2.6906E-14 807.808 1,615.615 O.ooE+OO 2.17E-ll 4.35E-ll 
TI-208 4.4338E-Q8 807.808 1,615.615 O.ooE+OO 3.58E-05 7.16E-Q5 
U-232 1.2037E-D7 807.808 1,615.615 O.ooE+OO 9.72E-D5 1.94E-04 Thermal Power 
U-233 3.oo11E-D9 807.808 1,615.615 O.ooE+OO 2.42E-06 4.85E-06 Nominal Heat Bounding 
U-234 1.8497E-04 807.808 1,615.615 O.ooE+OO 1.49E-01 2.99E-Ol Output HeatOUlput 
U-235 -2.7235E-Q8 807.808 0.000 3.48E-03 1.28E-D3 3.48E-D3 (Watts) (Watts) 
U-236 1.5493E-Q5 807.808 1,615.615 O.ooE+OO 1.25E-D2 2.50E-D2 1.71E+01 3.42E+01 
U-238 -4.2851 E-D9 807.808 0.000 6.76E-Q4 6.72E-04 6.76E-04 Total Total 
Y-90 1.7094E+OO 807.808 1,615.615 O.ooE+OO 1.38E+03 2.76E+03 
Other Radionucfldes 1.39E+03 2.78E+03 

IiI.TemoJale~SQIllmafY.IJ\I1I!ll lIndCheck& 
Template selection Summary 

FromSFD Used Basis for Parameter Differences:
 
Resclor _ator: UGHTWATER UGHTWATER This Template was used for the following reasons:
 

Fuel Cladding: ALUM ALUM Th~ 1001 matche, ATR Template on atl but ... parameter (enrichmenl) making ATR areasonable
 
BOl HM Constituents: IJ..AlX U match.
 

BOL Enrichment 0/.: 44.43904151 60 to 100

Bumup Summary (MWdt Basis for burnup used in estimate: 
FromSFD Estimated 

Nominal:1 I 807.808 Nominal bumup calculated from the heavy metal mass destroyed. 
Boundlng:1 I 1,615.615 Bounding bumup assul1l9d to be twice nominal bumup. 

Checks 

Estimated Bumupl 
Bumup Mul1lpller Given Bumup Estimated EOl HMlGlven EOl HM 

Nominal: 0.71 I 1.021 
Boundlng:1 1.42 

1Reactor shutdown, core removal, storage. shlppmg or other date conflnnlng that Irradiation ceased for fuel.
 

2Total bumup for 811 fuel associated with this worksheet must be divided by SOL heavy metal mass to get specific bumup values (MWd'Mn.
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Template Infonnation Estimated 

Fuel Nam3: ATR 1 Fuel decay start date: 1985 Canister usage: 
SNFID~: 15 Estimates as of: 2010 18"xl0' 

Fuel Units & Oeser: 1760 - 19 CURVED PLATES Template: ATR (Ught Water, AJum., 60 to 100C}o, U) 88.00 
Heavy Metal Mass: BOl:2031.04kg ; EOl=1477.70kg 'Template Bumup(MWd): 367.2 
ROD Storage Sib: SRS Template BOL Heavy Metal Mass (MT): 0.00116689 

Template Decay Time" 25 years 

n. E>1imates m x" x. b y" y. Gamma Sources 
Photon Total 

CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 
Radionuclide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
-,;A,:::C:-c-2~27.,;----_- __-cl;c_.;O,l46~5::=E_;-0;;;9---~52",4;,;,0",2",7_;.5",03~__~1.046.055.00S 0.00.~E::.;+OO~__-;6:".:01 E_D4 1.20E-03 Avg. MeV 
-,:A",m"--::o24""1~---__-~-,27.~305,=6;;:Eo_-0,,,3:;-----5:o:2::_4;.'_.O:o:2~7oC·5,,oc:3'----;c1.,O46,,~.::o05=::5~00S--O'OOE:-'+OO~---1_:c.~2_=lE~-Hl~3'----'20'.4_=2~EO'_Hl~3_-jI-_-:O,:.0-:15=,O~::::::::::::~9.~80~7~E~+:;:'"16:-
Am-242m 4.1476E-07 524.027.503 1.048.055.006-- -o.OO~E"+OO.;;;;.-_-;;2.=;;1,,7;=E-~0:-;1----c4c.:.;;;35~E~--,;0,,1--+-~0,,.02:;o5O~ -,;2.-:03~7;;Eo:+-::16;. 

-';Ai"m:o--,,243=- ""1"'.48~94'"E~-~06:::___---.;c5::o24_;'."'02;::7"'.5:o:0~3:_----:1":.046~"',055.006 0.60E+OO 7.80E-Ol 1.56E+OO °0.. °0537755 1.774E+16 
C-14 5.7108E-09 524.027.503 1,046,055:OOS 0.00:.;E,,+OO~---72~.99'==E-_:0=3----'5"'.,,99:c:E~-{)~3-_jf_-.:::.:::::::'------:-I.c:905c:o==Eo:+=16 
_;:C;:,~=-36;:-;;;c_-------l='_'."'31~2;;;4::=E_;-3c:2c_--~52"'4;.'_.0;;;2"'7_;.5=0;:;_3-_-.;1,,::-,046:,055.OOS O.OOE+OO 6.86E-27 1.36E-26 0.0850 1.15OE+16 
""C::.:m'-'-2~43'_7_------~_clo.:.4-"56=2=E-_:0::o7----5:o:2o_:4'".0"'2::o7~.5,,03=-_--:-lS,046~,_='05='5'"':OO:-cS--- O.ooE_HlO 7.63E-02 1.53E_{)1 0.1250 7.7ooE+15 
_;:CC'm-'-;2;;;44'-'--------2~.~422~1::=E_;-0;;;5c_--~52"'4;';.0;;;2"'7_;.5=0;:;_3-_-.;1-S,046~."'05~5,';.OOS O.ooE+OO 1.27E_Hll 2.54E_Hll 0.2250 9.925E+15 
""C:"o-6O~c--------'2==._:c75~60~E_c-06'_7_---_='52::_4;.'_,0~2c=7"'.5c:0'=_3--_;1'",046~."'05:o:5,:.OO6 O.ooE+OO 1.44E+OO 2.89E+OO 0.3750 4.315E+15 
Cs-l34 5.8851 E_D4 524.027.503 1.046,055.00S O.OOE+OO 3.08E_Hl2 6.17E_Hl2 0.5750 7.074E+16 
Cs-135 3.4477E-06 524,027.503 1,046.055.00S O.OOE+OO 1.81E+OO 3.61E+OO 0.8500 1.019E+15 

""C:"S_'-1":3::,7 1.::.,,80~9==9"'E='-HlO_==_---__':'52'='47',0,o2:::7:o:.5='0'"3'___ _ _:_1S.046=-.",05=5.006 O.OOE-HlO 9.48E+05 l.90E+06 1.2500 5.669E+14 
Eu-l54 1.6366E-02 524,027.503 1.046,055.008 O.OOE+OO 8.59E_Hl3 1.72E+04 1.7500 2.801E+13 
Eu-155 2.3957E-03 524.027.503 1.046.055.006 0.60E+OO 1.26E_Hl3 2.51 E_Hl3 2.2500 1.997E+09 
Fe-55 3.2707E_{)5 524,027.503 1,046.055.006 0.00=E-'c+OO~_-__:1"".7;,cl;-;EO'-Hl-o..::l---_;:3C;.4"'3;_;:E-'c-Hl"'1;;__iII___;o2.""75OO=c_-__l".634==E-',+09:-:
_'H"--3~--------__':'3."'4_='504~Ec;-{)o=3:_--~5"24:_',,o02=7oc.5o=03=_-___::1"O.046:-;o:""0=55= ..,,00:c:6:_-_:0,,,.00~E+oo~;c:,---_:c1.,,81E+03 3.62E_Hl3 3.5000 1.234E+06 
1-129 7.5300E_{)7 524,027.503 1.046,055.006 O.OOE+OO 3.95E-Ol 7.89E_{)1 5.0000 4.148E+05 
Kr-SS 7.SS40E_{)2 524.027.503 1,046,055.006 O.OOE+OO 4.12E+04 8.23E+04 7.0000 4.565E+04 
Np-237 9.5615E-06 524.027.503 1.046.055.006 O.OOE+OO 5.01E+OO 1.00E_Hll 11.0000 5.107E+03 

""P"ca-;-2:-';3""1 ~2.::o7;:;_988~Ec;-{)9;;o_---_=5;:;_24_;'.0~2=7oC.5o=0=3 ___,;1"0,046:-;0::;::,055.006 O.ooE+OO 1.47E-03 2.93E-{j3 
""Po"-b-'-'2,,1"'0:-- :.1."'26'=_1=2"'Eo_-l=0'----~5724_;'.0,o2=7oc.5O==3 ___'1"',046~S,0='55.oo6 O.ooE+OO 6.61 E_{)5 1.32E-04 
Pm-147 1.2952E-02 524.027.503 1.046.055.006 O.ooE+OO 6.79E_Hl3 1.36E+04 
-=Po"-U_C-2=36=---------"1.::o754~9"'Ec;-0"'2:---~52::o4:.:.0='2~7oC.5"'0,,3-_ _,;1"',046~"'.0=55.oo6 O.ooE+OO 9.20E_Hl3 1.84E+04 
""P.=U-;-2"'3"'9-------Oc4.-';28;o.lo=0;_;:E'-;-D4~---_=52;:;_4;'.0~2::=7;';.5"'03=__---::1"O.046~';;.Oc;o_;55.006 O.ooE+OO 2.24E_Hl2 4.49E_Hl2 
""P.=u_c-2c:40.::----------72."'435=7:oEc;-D4'""""---.;c52::o4:.:,O:o:2~7oC.5"'03=_-___::1'".046~"'.05,,5?.006 O.ooE+OO 1.28E_Hl2 2.55E_Hl2 
Pu-241 2.6277E_{)2 524.027.503 1.046,055.006 0.OOE~+OO~---10'.38~E='+04~-----'2"'.7i;'5;,E='+04~-~1 
Pu-242 3.6329E_{)7 524,027.503 1.046.055.006 O.OOE+OO 1.90E-Ol 3.81E_{)1 
-=R;oa'-'-22~6-------"'4.~4444~:;E:---l,,0'----~5=-24.::,0='2:,:7"'.5:::03=_----'1'".046~,055.006 O.OOE-HlO 2.33E-04 4.86E-{)4 
-=R;=a'-:-22~8------.-Oc1."'977.1'=4;_;:E'-;-1~4c_---.;c52;:;_4;'.0;;;2::=7oC.503~--_,;1_S.046~"',05"'5;~.006 O.ooE+OO 1.03E_08 2.07E_08 
-=R?'u-;-1"'06=--- ....=:2.=04='77~ECC-{)=7c_----':'52::o4:.:,0='2~7oc.5O==3--_:1-S.046~"',05_='50'.:OOc6 O.ooE+OO 1.07E-Ol 2.15E_{)1 
..;:S;-=e_,;-7;O;9-;;---------;cl.~29;:'33~E'-;-{)5:-:------=52;:;_4;'.02;;::::7;';.5O~3--_,;1_S,046~,;;.05~5.oo6 O.ooE+OO 6.78E+OO 1.36E_Hll 
-=S"'n'=-1'='2,,6 :.1.~15"'7'""4:;E'-'-05==-----=52::o4:.:.0='2~7oc.5O==3 ___:1"',048~"',05_='5o,.:00-'6 O.ooE+OO 6.07E+OO 1.21 E_Hll 
Sr-90 1.7092E-HlO 524,027.503 1,046.055.oo6QOoE+oo 8.96E+05 1.79E+06 
.;T:;-C-_:9-=9=---------=4.=22~3o=9:;E'-'-D4c=__---,,52::o4:.:,0='2~7"'.5:::0=3-_ _:1-S,046~."'05=_5o,.006 O.ooE+OO 2.21 E_Hl2 4.43E_Hl2 
Th-229 7.7260E-12 524,027.503 1.046.055.006 0.ooE~+OO~-----c4;c_.05~Eo--08;;;;------c8;;'.""1O",Eo_-08;;;;-----i1 
Th-230 5.8497E_08 524.027.503 1.046,055.006 O.ooE+OO 3.07E_{)2 6.13E_{)2 
~Th"'-;;;2~32;:--------2~."'6906~;;::E'-;-1"'4:_---;'52"'4;'.0;;;2"'7;";.5~03~-_;1-S.046~,S;05~5'_,.006 0.00~E~+OO.;;;;.--___;1;:;.4;;1"'E'"'-08;;c---_c2c;.8:;;2"'E'"'-08;;c--11 
-i-ni-:-2;;;08~-------4.;:.,,4336~~E:-;-08~---~52;c4i-'.0~2"'7,:;.5~03~-_;1_S,046~.",0~55.00~ooE+OO 2.32E_{)2 4.65E_{)2
U-232 1.2037E_{)7 524,027.503 1.046,055.008 O.ooE+OO 6.31E-02 1.26E_{)1 Thermal Power 
U-233 3.oo11E-09 524.027.503 1.046.055.006 O.OOE-HlO 1.57E_{)3 3.15E-Q3 Nominal Heat Bounding 
U-234 1.8497E_D4 524.027.503 1,046.055.006 O.ooE+OO 9.69E_Hll 1.94E_Hl2 Output Heat Output 
U-235 -2.7235E-08 524.027.503 0.000 4.09E+OO 2.66E+OO 4.09E+OO (Walts) (Watts) 

7U;--'-2=36=- -;1.'=54""93:::::;E;--'-05~---_=_52::-4;.:.0='2"'7".5O=3---'1.::,046:..:-:-,,,,05_=_50".006 O.ooE+OO 8.12E-HlO 1.62E_Hll 1.11 E+04 2.22E+04 
U-238 -4.2851 E_{)9 524.027.503 0.000 4.67E_{)2 4.45E_{)2 4.67E_{)2 Total Total 
Y-90 1.7094E-HlO 524,027.503 1.046.055.006 O.ooE-HlO 8.96E+05 1.79E+06 
Other Radionuclides 9.03E_Hl5 1.81 E+06 

Template selection Summary 
From SFD Used Basis for Parameter Differences: 

Reactor Moderator: UGHTWATER LIGHT WATER 
Fuel C1addln9:J--A""l:=;U:;;M~(606~1:~-T;;6::-)-+--=:';A';-l;';UM;:;:"::::':"--1 

BO;o~=;=~~i---c937U-"1""~,,:a.::':46=-lc---!---:6O~t~"-1-c00~--1 

Bumup Summary (MWd)' Basis for bumup used in estimate: 
From SFD EstImated 

NomIMI:Ii 5::,1:.:0".4:=:::85.:-:656:-6-j-1__-,..::5=.24:.:.02:::c7-:;.503:-: Nominal bumup caJcu!aled from the heavy metal mass destroyed. 
Bounding:1 868.779.3911 1,048,055.006 Bounding bumup assumed to be twice nominal bumup. 

Checks 
EstImated Bumupf 

Bumup Multiplier Given Bumup EstImated EOl HMlGlven EOL HM 
Nominal: 0.82 1.03 I 1.021
 

Bounding: I 1.64
 1.21 ,
Reactor shutdovvn, core removal, storage. shiPPing or other date confrnmng that Irradiation ceased for fuel.
 

2Total bumup for all fuel associated YJith this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWd'MT).
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Fuel Radionuclide Inventory Worksheet  
I. Fuel and Template btfomlation 

Fuel Name: AlR 1Fuel decay start date: 2035 
SNFIO#: 16 Estimates 89 of: 2010 

Fuel Units & Oeser: 3948 - 19 CURVED PLATES Template: ATR (Ught Water, Alum., 60 to 100%. U) 
Heavy Metal Mass: BOl=4555.99k9 ; EOl=3489.64k9 'Template Bumup(MWd): 367.2 
ROD Storage Site: SAS Template BOl Heavy Metal Ma.s (MT): 0.00116689 

Template Decay Time' 5 years 
D.Estimateti m xn x. b y" y. 

CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel 
Radionuelide Template Fuel Burnup (MWd)2 Bumup (MWd)2 (Ci) Inventories(Ci) Inventories(Ci) 
Ae-227 1.4545E-l0 1,145,112.141 2,019,717.366 O,OOE+OO l,67E-04 2,94E-04 
Am-241 1.1190E-03 1,145,112.141 2,019,717.366 O.OOE+OO 1.28E+03 2.26E+03 
Am-242m 4.5425E'()7 1,145,112,141 2,019,717.366 O.OOE+OO 5.20E-Ol 9.17E-Ol 
Am-243 l,4921E-06 1,145,112,141 2,019,717.366 O.OOE+OO 1.71E+OO 3,OlE+OO 
C-14 5.7244E'()9 1,145,112.141 2,019,717,366 O.OOE+OO 6.56E-03 1.16E-02 
CI-36 1.3124E-32 1,145,112.141 2,019,717.366 O.OOE+OO 1.50E-26 2.65E-26 
Cm-243 2.3676E-07 1,145,112,141 2,019,717.366 O.OOE+OO 2.71E-Ol 4.78E-Ol 
Cm-244 5.2042E-05 1,145,112.141 2,019,717.366 O,OOE+OO 5.96E+Ol 1,05E+02 
Co-OO 3.8208E-05 1,145,112.141 2,019,717.366 O.OOE+OO 4.38E+Ol 7.72E+Ol 
Cs-l34 4.8693E-Ol 1,145,112.141 2,019,717.366 O.OOE+OO 5.58E+05 9.83E+05 
Cs-l35 3.4477E-06 1,145,112.141 2,019,717.366 O.OOE+OO 3.95E+OO 6.96E+OO 
Cs-137 2,8731E+OO 1,145,112,141 2,019,717.366 O.OOE+OO 3.29E+06 5,80E+06 
Eu-154 8,2053E-02 1,145,112.141 2,019,717.366 O.OOE+OO 9.40E+04 1,66E+05 
Eu-155 3.9134E-02 1,145,112.141 2,019,717.366 O.OOE+OO 4.48E+04 7.90E+04 
Fe-55 6.7429E'()3 1,145,112,141 2,019,717.366 O.OOE+OO 7,72E+03 l,36E+04 
H-3 1,0599E-02 1,145,112.141 2,019,717.366 O,OOE+OO 1.21E+04 2.14E+04 
1-129 7,5300E-07 1,145,112.141 2,019,717.366 O.OOE+OO 8.62E'()1 1.52E+OO 
Kr-85 2.8595E-Ol 1,145,112,141 2,019,717.366 O,OOE+OO 3,27E+05 5,78E+05 
Np-237 9.5479E-06 1,145,112.141 2,019,717.366 O.OOE+OO 1.09E+Ol 1.93E+Ol 
Pa-231 8.9297E-l0 1,145,112.141 2,019,717.366 O.OOE+OO 1.02E-03 1,80E.()3 
Pb-210 3.7609E-12 1,145,112.141 2,019,717.366 O.OOE+OO 4.31E-06 7.60E-06 
Pm-147 2.5452E+OO 1,145,112.141 2,019,717.366 O.OOE+OO 2.91E+06 5.14E+06 
Pu-238 2.0550E-02 1,145,112.141 2,019,717.366 O.OOE+OO 2.35E+04 4.15E+04 
Pu-239 4.2838E-04 1,145,112.141 2,019,717.366 O.OOE+OO 4.91E+02 8.65E+02 
Pu-240 2.4401E-04 1,145,112.141 2,019,717.366 O.OOE+OO 2.79E+02 4.93E+02 
Pu-241 6.8764E-Q2 1,145,112.141 2,019,717,366 O.OOE+OO 7.87E+04 1.39E+05 
Pu-242 3.6329E.()7 1,145,112.141 2,019,717.366 O.OOE+OO 4.16E-Ol 7,34E-Ol 
Ra-226 3.8045E-l1 1,145,112.141 2,019,717.366 O.OOE+OO 4,36E'()5 7.68E-05 
Ra-228 2.9902E-15 1,145,112.141 2,019,717,366 O.OOE+OO 3.42E.()9 6.04E'()9 
Ru-l06 l,9055E-Ol 1,145,112.141 2,019,717.366 O,OOE+OO 2.18E+05 3.85E+05 
8e-79 1.2936E-05 1,145,112.141 2,019,717.366 O.OOE+OO 1.48E+Ol 2.61E+Ol 
8n-126 1,1574E.()5 1,145,112.141 2,019,717.366 O,OOE+OO l,33E+Ol 2.34E+Ol 
8r-90 2.7505E+OO 1,145,112.141 2,019,717.366 O.OOE+OO 3,15E+06 5.56E+06 
Te-99 4.2239E-04 1,145.112.141 2,019,717.366 O.OOE+OO 4.84E+02 8.53E+02 
Th-229 1.8848E-12 1,145,112.141 2,019,717.366 O.OOE+OO 2.16E-06 3.81E-06 
Th-230 l,7042E.()8 1,145,112.141 2,019,717.366 O.OOE+OO 1.95E-02 3.44E'()2 
Th-232 7.8132E-15 1,145,112.141 2,019,717.366 O.OOE+OO 8.95E-09 1.58E.()8 
TI-208 4.4063E.()8 1,145,112.141 2,019,717.366 O.OOE+OO 5.05E-02 8.90E-02 
U-232 1.3151E-Q7 1,145,112.141 2,019,717.366 O.OOE+OO 1.51E-Ql 2.66E-Ql 
U-233 1,9564E-Q9 1,145,112.141 2,019,717,366 O.OOE+OO 224E-03 3.95E-Q3 
U-234 1,6371E-Q4 1,145,112.141 2,019,717.366 O.OOE+OO 2.10E+02 3.71E+02 
U-235 -2.7235E-06 1,145,112.141 0,000 9.17E+OO 6.05E+OO 9,17E+OO 
U-236 1.5493E.()5 1,145,112.141 2,019,717.366 O,OOE+OO 1,77E+Ol 3.13E+Ol 
U-238 -4,2851 E-Q9 1,145,112.141 0.000 1,05E-Ol 9,99E-Q2 1.05E-Ql 
Y-90 2.7505E+OO 1,145,112.141 2,019,717.366 O.OOE+OO 3.15E+06 5.56E+06 
Other Radionuelldes 5.89E+06 1,04E+07 
m. Template.S$ctionSuo!!mao-,11 •andC1Jed<li I 
Template Selection Summary 

FromSFD Used Basis for Parameter Differences: 
Reactor Moderator: LIGHT WATER UGHTWATER

Fuel Cladding: ALUM (6061-T6) ALUM
SOL HM Constituents: U-ALX U

SOL Enrichment 0/0: 93.1542461 60 to 100

Bumup Summary (MWd) Basis lor bumup used in estimate: 
From SFD Estimated 

Nominal: 1,145,112.141 1,009,858.683 Nominal bumup taken <Irectly Irom SFD (oonverted to MWd). 
Boundlng:1 1,948,830.1341 2,019,717.366 Bounding bumup assumed 10 be twice nominal bumup. 

Checks 
Estimated Bumupl 

Bumu Multi lei' Given Bumup Estimated EOL HMlGlven EOl HM 
Nominal: 0.80 0.88 I 0.981 

Bounding: 1.41 1.04 
1Reactor shutdown. core removal. storage. shipping or other date confirming that irradiation ceased for fuel.
 

ltotaJ bumup for all fuel associated 'Nith this vvorksheet must be divided by BOl heavy metal mass to get specific bumup values (MWdlMT).
 

Estimated 
Canister usage: 

18"xl0' 
197.40 

Gamma Sources 
Photon Total 
Energy Photons/sec 
Group (bounding) 

Avg.MeV 
0.0150 3.897E+17 
0.0250 8.395E+16 
0.0375 7.747E+16 
0.0575 7.617E+16 
0.0850 4.856E+16 
0.1250 4.205E+16 
0,2250 4.116E+16 
0.3750 1.992E+16 
0,5750 2.736E+17 
0.8500 3.832E+16 
1.2500 7.13OE+15 
1.7500 2.990E+14 
2.2500 6.272E+14 
2.7500 3.608E+12 
3.5000 4.003E+l1 
 OO 1.196E+06סס.5
 OO 1.334E+05סס.7
 oo 1.503E+04סס.11

Thermal Power 
Nominal Heat Bounding 

Output Heat Output 
/Wattsl /Wattsi 
5.81E+04 1.e2E+05 

Total Total 
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and TempIlIte Wormalion Estimated 

Fuel NaIllG: ATR 'Fuel decay start date: 1985 Canister usage: 
SNFID(#: 843 Estimates as of: 2010 18"x10' 

Fuel Units & Oeser: 128 - 19 CURVED PLATES Template: ATR (Ught Water, Alum.• 60 to 1~o, U) 6.40 
Heavy Metal MllS3: BOl=147.71kg ; EOl=99.39kg 'Template Bumup(MWd): 367.2 
ROD Storage Slta: SRS . Template BOl Heavy Metal Ma•• (MT): 0.00116689 

Template Decay Time' 25 years 

n. Estimates m x" b y" Yb Gamma Sources 
Photon Total 

CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel BOUnding Fuel Energy Photons/sec 
Radionuelide Template Fuel Bumup (MWd)' Bumup (MWcl)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 

-':A"'C-'-2='2,,7,- 1='.'=146=5~E=_-0='9=_---...;4_='5,.759.977 91,519.955 O.OOE+OO 5.25E-05 1.05E-04 Avg MeV 
Am-241 2.3056E-03 45,759.977 91,519.955 -0-:-OOE+OO=----:1"'.OBE+02 2.11 E+02 0.~15O:;;-:.----c8:-.584==E+-l;:05 
-';Ai':m=--""24-O;2;;::m=--------~4'O.1~47~6;;;E=-_{)""7=----"""'4"'5~,7;;:5-;;9';.9"'770;----;O9'1" ,';,5-0;19"".955 O.OOE+OO 1.90E-02 3.80E-02 0.0250 1.779E+15 
-':A:::m"C-2=-43:="''--------c1O:-.48=94':'E=-~OB-=-----::45?,-=75=-:9;c.9=-:77=-----=91:-',5:':1:-:;9CO:.95S--MOE=-+OO~-----'6"'.8='2:"E=--0=-:2O----71.""36::iE:-?0:c:1t-=--=-it-=--=-~0t:.03~=:7=5t-=--=--=--=--=--=-lt.54~~9",E~+~1-=-5 
C-14 5.7108E-09. 45,759.977 91,519.955 O.OOE+OO 2.61E-04 5.23E:~ 0.0575 1.664E+15 
CI-36~--------'1?"'3~12~4;;:E=--3=-:2O---~"';4-=-5,"-7-=-59?"'977=----9~1,519.955 0.OO~E:~+OO~---';:6C;.0~1-;:E-:-2"'8;---~lc.;2;;:0~E-27 -O:OS5O-----1.004--E-+-1-5 

.;C"m,,-.;;24"'37- --Oo1.,,40056;;:2;.;E==-~07~---_.:;4~5~,7"'5009:;.9C:77~_--oo91~,~5~19~.;:9.5~5~-====-:O~.OO;:~E==+OO~---~6~.:66';--'i=Ej-0~3~======;1~.33~~E~-{)~2~==~~==::00~ .. ~=:2c:505O::-----:86C;.. 667C:2-"47EEC-++'-'11-':-44 
Cm-244 2.4221 E-05 45,759.977 91,519.955 0.OOc~Ec:.+OO~__--:1.:.;.1",1""E+OO~'--__-,;2;c.2;::2""E"'+OO~_jl---::"=~:': -7::c:7.~ 
C<>-80 2.7580E-{)6 45,759.977 91,519.95S---~OoE+OO 1.26E-01 2.52E-Ol 0.3750 3.768E+14 
Cs-l34 5.8851E-{)4 45,759.977 91,519.955-- O.OOE+OO 2.69E+01 5.39E+01 0.5750 6.178E+15 
Cs-l35 3.4477E-OB 45,759.977 91,519.955 O.OOE+OO 1:':';.5:o8;;::E"'-0~1'-----:3;;C.~16"'E~-0~1;--jf-"';0c;.80:-5O:-;0;----:80':.90;c-7. 1E='+-:-:::13 
Cs-137 1.8099E+OO 45,759.977 91,519.95S--o.-00E+oo 8.28E+04 1.66E+05 1.2500 4.95OE+13 
Eu-l54 1.6386E-02 45,759.977 91 ,519.955 0.00E+oo~;---c':7:':.5';:0"'E~+O"2;'-----:lc.;5c;O"'E"+O;;:3~--jI---::'1.:;:75OO:=----co-.44O':C:6=E+-'1:::-22  
Eu-155 2.3957E-03 45,759.977 91,519.955 -~OOE+OO 1.10E+02 2.19E+02 2.2500 1.744E+08 
Fe-55 3.2707E-{)5 45,759.977 91,519.955 O.OOE+OO 1.50E+OO 2.99E+OO 2.7500 1.427E+08 
H-3 3.4504E_{)3 45,759.977 91,519.955 O.OOE+OO 1.58E+02 3.16E+02 3.5000 1.077E+05 
1-129 7.5300E-07 45,759.977 91,519.955 O.OOE+OO 3.45E-0c:2,-__~6",.~8=:9E=--..:;0c:2__c_-U_--::5c;.0000=:-----~3.-::6:22.=:E;.:+04= 
Kr-85 7.8540E-02 45,759.977 91,519.955 0.60E+OO 3.59E+<l3 7.19E+03 7.0000 3.986E+03 
Np-237 9.5615E-OB 45,759.977 91,519.955 O.OoE+OO 4.38E-01 8.75E-01 11.0000 4.459E+02 
Pa-231 2.7968E_{)9 45,759.977 91,519.955 O.OOE+OO 1.28E-04 2.56E-04 
Pb-21 0 1.2612E-10 45,759.977 91,519.955 O.OOE+OO 5.77E-OB 1.15E-{)5 
Pm-147 1.2952E-02 45,759.977 91,519.955 O.OOE+OO 5.93E+02 1.19E+03 
Pu-238 1.7549E_{)2 45,759.977 91,519.955 O.OOE+OO 8.03E+02 1.61E+03 
Pu-239 4.2810E-{)4 45,759.977 91,519.955 0.OO:oE",+OO~__----:1".96::~E,,+O:,:1;-__-:30':.9=_:2;;:Ec:.+O-=-1:---_j1
Pu-240 2.4357E-{)4 45,759.977 91,519.95s---o.00E+oo 1.11E+01 2.23E+01 
Pu-241 2.6277E-02 45,759.977 91,519.955 O.OOE+OO 1.20E+03 2.40E+03 
Pu-242 3.6329E-07 45,759.977 91,519.955 0.OO~:E",+OO_~__---c1",.66",-o;ECC-{)~2,-----,3?3",2=E=--{)=_:2:---_j1 
Ra-226 4.4444E-10 45,759.977 91,519.955 O.OOE+OO 2.03E-05 4.07E-{)5 
Ra-228 1.9714E-14 45,759.977 91 ,519.955 0.OO":E=-+OO~ 9::.:.0",2=E=_-1;;;0o-----71.,,,80=:E=--o-=-9O-__1I 
Ru-1OB 2.0477E_{)7 45,759.977 91,519.955 O.OOE+OO 9:.. :3"'7c:=E-:-03c::-__---c1:.::.8~7~E'-'-0=:2=___j1 
5e-79 12933E-{)5 45,759.977 91,519.955 O.oOE+oo 5.92E-D1 1.18E+OO 
5n"126 1.1574E-{)5 45,759.977 91,519.955 O.OOE+OO 5.30E-01 l.06E+OO 
5r-90 1.7092E+OO 45,759.977 91,519.955 O.OOE+OO 7.82E+04 1.56E+05 
Te-99 4.2239E-{)4 45,759.977 91,519.955 O.OOE+OO 1.93E+01 3.87E+01 
Th-229 7.7280E-12 45,759.977 91,519.955 O.OOE+OO 3.54E-07 7.07E_{)7 
Th-230 5.8497E-{)6 45,759.977 91,519.955 O.OOE+OO 2.68E_{)3 5.35E_{)3
Th-232 2.6906E-14 45,759.977 91,519.955 0.OO~E~+OO~----:1c::.2~3"'ECC-0~9:-----:2::.:.46SE=-_{)=-:9=--j1 
T1-208 4.4336E-{)6 45,759.977 91,519.955 O.OOE+OO 2.03E-03 4.OBE-{)3
U-232 1.2037E_{)7 45,759,977 91,519.955 O.OO~iE;:+OO~----:5"'.5~1"'E~-0;;;3;-------i1.~10~E=-_o"'2;-----II---:;T:;:h=er::ma=I";:;P::::o:::w=e:"r-
U-233 3.0011E-09 45,759.977 91,519.955 O.OOE+OO 1.37E-04 2.75E-04 Nominal Heat Bounding 
U-234 1.8497E-{)4 45,759.977 91,519.955 O.OOE+OO 8.46E+OO 1.69E+01 Output Heat Output 
U-235 -2.7235E-{)6 45,759.977 0.000 2.97~E;"_{).;.1~__",1:;;.7~3E~-{);;;1;-- __-=-=__-;2C':.9;;;7~E-;-{),,,lc-+_~lW,a::;IIs~'::!:-1 lW:,;'QIIs;,;s:=-i_ 
U-236 1.5493E-{)5 45,759.977 91,519.955 O.OOE+OO 7.09E-01 1.42E+OO 9_68E+02 1.94E+03 
U-238 -4.2851E_{)9 45,759.977 0.000 3.40~E:o--~03,=-__-"3,,,.2~0'o::E;..:-03~ 3~.~40~E=_-{)3~-~1 Total Total 
V-90 1.7094E+OO 45,759.977 91,519.955--------o.-00E+oo 7.82E+04 1.58E+05 
Other Radionuclides 7.68E+04 1.58E+05 
lB. Template SeIedi<Jn SUll101ll11\B_ _"mteh. 
Template Selection Sumrnarv 

From SFD Used Basis for Parameter Differences: 
Reactor Moderator: UGHT WATER UGHT WATER 

Fuel C1addlng:I---: coMAl"'U"'MO-;:;(606=1"'-T:::6"')--t---='-:A';-lUc:-''----t 

BO;O~==~I----::93"'.-O-~~~;;;~~1;-----t------:;60=t~~1;-;;00:::----t 

Bumup Summary (MWdl Basis for bumup used in estimate: 
From SFD Estimated 

Nornln31:1 37,126.2301 45,759.977 Nominal bumup calculated from Ihe heavy metal mass destroyed. 
Bounding:1 63,183.9561 91,519.955 Bounding bumup assumed to be twice nominal bumup. 

Checks 
Estimated Bumupl 

BumUD MultiPlier Given BumUD Estimated EOL HMlGiven EOL HM 
NomInal: 0.98 1.23 I 1.031 

Boundir.g: 1.97 1.45 ,
Reaaor shutdown. core removal. storage. shipptng or other date confnnllng that IRadiatlon ceased for fuel. 

2Tolal bumup for all fuel associated with this worksheet must be divided by SOL heavy metal mc:lSS to get specific bumup values (MWd'MT). 

I
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and TtlQplateWotnl8tio.u Estimated 

Fuel Name: ATSR 'Fuel decay start date: 1988 Canister usage: 
SNFID.: 17 Estimates as of: 2010 18"xl0' 

Fuel Units & Oeser: 20·19 FLAT PLATES Template: ATR (Ught Water, Alum.• 60 to 100'%, U) 0.56 
Heavy Metal Mas.: BOl.: ; EOl.:3.21 k9 'Template Bumup(MWd): 367.2 
ROD Storage Site: SRS Template BOl Heavy Metal Ma.s (MT): 0.00116689 

Template Decay Time' 20 years 
n.Estimates m x" x. b y" y. Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Bumup (MWd)' Burnup (MWd)' (Ci) Inventories(Ci) Inventorias(Ci) Group (bounding) 
Ac-227 6.6313E-l0 3,039.932 3,039.932 O.OOE+OO 2.02E-06 2.02E·06 Avg.MeV 
Am·241 2.0060E-03 3,039.932 3,039.932 O.OOE+OO 6.10E+OO 6.10E+OO 0.0150 3.209E+14 
Am-242m 4.2429E-07 3,039.932 3,039.932 O.OOE+OO 1.29E-03 1.29E-03 0.0250 6.673E+13 
Am-243 1.4899E-06 3,039.932 3,039.932 O.OOE+OO 4.53E-03 4.53E-03 0.0375 5.82OE+13 
C-14 5.7135E-09 3,039.932 3,039.932 O.OOE+OO 1.74E-05 1.74E-05 0.0575 6.234E+13 
CI-36 1.3124E-32 3,039.932 3,039.932 O.OOE+OO 3.99E-29 3.99E-29 0.0850 3.767E+13 
Cm-243 1.6443E-07 3,039.932 3,039.932 O.OOE+OO 5.00E-04 5.00E-04 0.1250 2.549E+13 
Cm-244 2.9330E-05 3,039.932 3,039.932 O.OOE+OO 8.92E-02 8.92E-02 0.2250 3.250E+13 
Co-W 5.3186E-06 3,039.932 3,039.932 O.OOE+OO 1.62E-02 1.62E-02 0.3750 1.415E+13 
Cs-l34 3.1563E-03 3,039.932 3,039.932 O.OOE+OO 9.59E+OO 9.59E+OO 0.5750 2.308E+14 
Cs-135 3.4477E-06 3,039.932 3,039.932 O.OOE+OO 1.05E-02 1.05E-Q2 0.8500 3.902E+12 
Cs-137 2.0313E+OO 3,039.932 3,039.932 O.OOE+OO 6.18E+03 6.18E+03 1.2500 2.228E+12 
EU-l54 2.4513E-02 3,039.932 3,039.932 O.OOE+OO 7.45E+Ol 7.45E+Ol 1.7500 1.023E+11 
Eu-155 4.8175E-03 3,039.932 3,039.932 O.OOE+OO 1.46E+Ol 1.46E+Ol 2.2500 8.973E+06 
Fe-55 1.2397E-04 3,039.932 3,039.932 O.OOE+OO 3.77E-Ol 3.77E-01 2.7500 5.071E+06 
H-3 4.5697E-03 3,039.932 3,039.932 O.OOE+OO 1.39E+Ol 1.39E+Ol 3.5000 2.330E+04 
1-129 7.5300E-07 3,039.932 3,039.932 O.OOE+OO 2.29E-03 2.29E-03 5.0000 1.317E+03 
Kr-85 1.0850E-Ol 3,039.932 3,039.932 O.OOE+OO 3.30E+02 3.30E+02 7.0000 1.454E+02 
Np-237 9.5561E-06 3,039.932 3,039.932 O.OOE+OO 2.90E-02 2.90E-Q2 11.0000 1.630E+01 
Pa-231 2.0359E-09 3,039.932 3,039.932 O.OOE+OO 6.19E-06 6.19E-06 
Pb-21 0 4.9728E-l1 3,039.932 3,039.932 O.OOE+OO 1.51E-Q7 1.51E-07 
Pm-147 4.8502E-Q2 3,039.932 3,039.932 O.OOE+OO 1.47E+02 1.47E+02 
Pu-238 1.8254E-02 3,039.932 3,039.932 O.OOE+OO 5.55E+Ol 5.55E+01 
Pu-239 4.2810E-Q4 3,039.932 3,039.932 O.OOE+OO 1.30E+OO 1.30E+OO 
Pu-240 2.4368E-04 3,039.932 3,039.932 O.OOE+OO 7.41E-Ol 7.41E-Ol 
Pu-241 3.3415E-02 3,039.932 3,039.932 O.OOE+OO 1.02E+02 1.02E+02 
Pu-242 3.6329E-Q7 3,039.932 3,039.932 O.OOE+OO 1.10E-03 1.10E-Q3 
Ra-226 2.2854E-l0 3,039.932 3,039.932 O.OOE+OO 6.95E-07 6.95E-07 
Ra-228 12426E-14 3,039.932 3,039.932 O.OOE+OO 3.78E-l1 3.78E-l1 
Ru-l06 6.3589E-06 3,039.932 3,039.932 O.OOE+OO 1.93E-02 1.93E-02 
5e-79 1.2933E-Q5 3,039.932 3,039.932 O.OOE+OO 3.93E-02 3.93E-02 
5n-126 1.1574E-Q5 3,039.932 3,039.932 O.OOE+OO 3.52E-Q2 3.52E-Q2 
5r-90 1.9248E+OO 3,039.932 3,039.932 O.OOE+OO 5.85E+03 5.85E+03 
Tc-99 4.2239E-04 3,039.932 3,039.932 O'OOE+OO 1.28E+OO 1.28E+OO 
-Th-229 5.0953E-12 3,039.932 3,039.932 O.OOE+OO 1.55E-08 1.55E-06 
Th-230 4.1865E-06 3,039.932 3,039.932 O.OOE+OO 1.27E-04 1.27E-04 
Th-232 1.9270E-14 3,039.932 3,039.932 O.OOE+OO 5.86E-l1 5.86E-l1 
T1-208 4.6024E-06 3,039.932 3,039.932 O.OOE+OO 1.40E-04 1.40E-Q4 
U-232 1.2582E-07 3,039.932 3,039.932 O.OOE+OO 3.82E-04 3.82E-04 Thennal Power 
U-233 2.5825E-Q9 3,039.932 3,039.932 O.OOE+OO 7.85E-06 7.85E-06 Nominal Heat Bounding 
U-234 1.8450E-Q4 3,039.932 3,039.932 O.OOE+OO 5.61E-Ol 5.61E-Ql Output Heat Output 
U-235 -2.7235E-Q6 3,039.932 0.000 1.28E-02 4.50E-03 1.28E-02 /Wattal /Wattal 
U-236 1.5493E-Q5 3,039.932 3,039.932 O.OOE+OO 4.71E-Q2 4.71E-Q2 7,25E+Ol 7.25E+01 
U-238 -4.2851 E-09 3,039.932 0.000 1.29E-04 1.16E-04 1.29E-Q4 Total Total 
Y-90 1.9254E+OO 3,039.932 3,039.932 O.OOE+OO 5.85E+03 5.85E+03 
Other Radionuclides 5.88E+03 5.88E+03 
W. 1'emDlate SelectiOn SulDman'. •and Ched<Io 
TomDlate Selection Summary 

FromSFD Used Basis for Parameter Differences:
 
Reactor _&tor: UGHTWATER UGHTWATER This Template was used for the following reasons:
 

Fuel Cladding: ALUM ALUM This fuel malches on all pammeters except enrichment (unknown). 
BOl HM Constituents: U-ALX U 

BOL Enrichment 0/.: 60 to 100 

Bumup Summary (MWd) Basis for bumup used in estimate: 
FromSFD Estimated 

Nominal: 3,039.932 Nominal bumup set equal to bounding bumup. 
Bounding:r I 3,039.932 Bounding bumup estimated by assuming BOL heavy metal mass was twice EOL. 

Checks 

EaUmated Bumupl 
Bumup Multiplier Given Bumup Estimated EOl HMlGlven EOl HM 

Nominal: 1.50 I 1.021 
Boundlng:1 1.50 ,

Reactor shutoo'Ml, core removal, storage, shiPPing or other date confirming that Irradiation ceased for fuel.
 

2Total bumup for all fuel associated with this wor1<sheet must be divided by BOL heavy metal mass to get specific bumup values (MWd'MT).
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Template fnfonuation Estimated 

Fuel Name: BABCOCK & WilCOX SCRAP 1Fuel decay start elate: 1969 Canister usage: 
5NFIDII: 18 Estimates as of: 2010 HIC 

Fuel Units & Desc:: 1 - CANiSTER OF SCRAP Template: (Worst Case)
 1.00 
Heavy Metal Mas", BOL., ; EOL.,.07kg ~empl3te Bumup(MWd): 62.5
 
ROD Storage Site: INEEl Tempi.... BOL Heavy Metal Mass (MT): 0.00186865
 

Templ.... Decay Time' 35 years 

n. Estimates m x. Xb b Y. Yb Gamma Sources 
Photon Total 

CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 
Radionuclide Template Fuel Bumup (MWd)' Bumup (MWdj' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 2.3072E-06 66.525 66.525 O.OOE-tOO 1.53E-04 1.53E-04 Avg. Me_V________ 
Am-241 8.4448E-tOO 66.525 66.525 -----O:OOE-tOO 5.62E+02 5.62E+02 0.0150 8.152E+13 
Am-242m 1.6648E-02 66.525 66.525 O.ooE+OO 1.12E-tOO 1.12E+OO 0.0250 1.622E+13 
Am-243 1.6320E-02 66.525 66.525 O.OOE-tOO 1.09E+OO 1.09E+OO 0.0375 1.417E+13 
C-14 1.2090E-Ol 66.525 66.525 O.OOE-tOO 8.04E+OO 8.04E-tOO 0.0575 2.230E+13 
CI-36 2.2849E-03 66.525 66.525 O.OOE+OO 1.52E-Ol 1.52E.Ql 0.0850 8.703E+12 
Cm-243 8.6624E.Q4 66.525 66.525 O'ooE-tOO 5.76E.Q2 5.76E.Q2 0.1250 6.821E+12 
Cm-244 1.6648E-Ol 66.525 66.525 O.OOE-tOO 1.12E+Ol 1.12E+Ol 0.2250 7.539E+12 
Co-6O 2.8086E+Ol 66.525 66.525 O.OOE-tOO 1.87E+03 1.87E+03 0.3750 3.224E+12 
Cs-l34 3.4148E-04 66.525 66.525 O.oOE+oo 2.27E.Q2 2.27E-02 0.5750 5.244E+13 
Cs-135 4.3976E.Q4 66.525 66.525 O.OOE+OO 2.93E.Q2 2.93E.Q2 0.8500 2.004E+12 
Cs-137 2.1049E+Ol 66.525 66.525 O.OOE-tOO 1.40E+03 1.40E+03 1.2500 1.401E+14 
Eu-l54 1.25OOE-tOO 66.525 66.525 O.OOE+OO 8.32E+Ol 8.32E+Ol 1.7500 6.197E+l0 
Eu-155 6.8986E-02 66.525 66.525 O.OOE+OO 4.59E-tOO 4.59E-tOO 2.2500 7.346E+08 
Fe-55 2.9308E.Ql 66.525 66.525 O.ooE-tOO 1.9sE+Ol 1.95E+Ol 2.7500 2.070E+08 
H-3 2.4311E-Ol 66.525 66.525 O.OOE-tOO 1.62E+Ol 1.62E+Ol 3.5000 1.657E+05 
1-129 1.0618E.Q5 66.525 66.525 O.ooE+OO 7.06E-04 7.06E.Q4 5.0000 7.036E+04 
Kr-SS 5.9882E-Ol 66.525 66.525 O.ooE+OO 3.98E+Ol 3.98E+Ol 7.0000 8.057E+03 
Np-237 1.5668E.Q4 66.525 66.525 O'ooE-tOO 1.04E.Q2 1.04E.Q2 11.0000 9.219E+02 
Pa-231 2.8656E.Q6 66.525 66.525 O.ooE-tOO 1.91E-04 1.91E.Q4 
Pb-21 0 2.3918E-08 66.525 66.525 O.ooE-tOO 1.59E-06 1.59E.Q6 
Pm-147 1.6900E.Q2 66.525 66.525 O.ooE-tOO 1.12E-tOO 1.12E-tOO 
Pu-238 -8.6123E.Ql 66.525 0.000 1.80E+Ol O.OOE-tOO 1.80E+Ol 
Pu-239 -4_8440E.Q2 66.525 0.000 2.18E-tOO O.ooE+OO 2.18E+OO 
Pu-240 -3.oo95E.Ql 66.525 0.000 2.78E+OO O.ooE-tOO 2.78E+OO 
Pu-241 -1.0411E+02 66.525 0.000 7.16E+02 O.OOE-tOO 7.16E+02 
Pu-242 -1.1381E.Q4 66.525 0.000 1.20E.Q2 4.46E.Q3 1.20E.Q2 
Ra-226 6.4400E.Q6 66.525 66.525 O.ooE-tOO 4.28E-06 4.28E.Q6 
Ra-228 5.9952E.Q7 66.525 66.525 O.ooE-tOO 3.99E-os 3.99E.Q5 
Ru-l06 8.5526E·07 66.525 66.525 O.ooE-tOO 5.69E.Q5 5.69E-os 
Se-79 1.9181 E.Q4 66.525 66.525 O.ooE-tOO 1.28E.Q2 1.28E.Q2 
Sn-126 1.6671 E.Q4 66.525 66.525 O.ooE-tOO 1.11E.Q2 1.11E.Q2 
Sr-90 1.9799E+Ol 66.525 66.525 O.ooE-tOO 1.32E+03 1.32E+03 
Tc-99 6.7678E.Q3 66.525 66.525 O.OOE-tOO 4.50E-Ol 4.50E.Ql 
Th-229 1.7488E.Q6 66.525 66.525 O.ooE-tOO 1.16E.Q4 1.16E.Q4 
Th-230 5.8704E.Q6 66.525 66.525 O.ooE-tOO 3.91 E.Q4 3.91E.Q4 
Th-232 6.0208E.Q7 66.525 66.525 O.ooE-tOO 4.01E.Q5 4.01E.Q5 
-f1-208 8.7573E.Q5 66.525 66.525 O_OOE-tOO 5.83E.Q3 5.83E.Q3 
U-232 2.3706E.Q4 66.525 66.525 O.OOE-tOO 1.58E.Q2 1.58E.Q2 Them1a1 Power 
U-233 3.6128E.Q4 66.525 66.525 O.OOE+OO 2.40E-Q2 2.40E-Q2 Nominal Heat Bounding 
U-234 1.2788E.Q2 66.525 66.525 O.ooE-tOO 8.51E-Ol 8.51E.Ql Output Heat OUtput 
U-235 5.7488E.Q4 66.525 66.525 6.02E.Q5 3.83E.Q2 3.83E.Q2 /Wattsl /Wattsl 
U-236 2.3485E.Q4 66.525 66.525 O.ooE-tOO 1.56E.Q2 1.56E.Q2 6.56E+Dl 6_63E+Dl 
U-238 1.1581E.Q4 66.525 66.525 7.49E.Q6 7.71E.Q3 7.71E.Q3 Total Total 
Y-90 1.9804E+Ol 66.525 66.525 O.ooE-tOO 1.32E+03 1.32E+03 
Other Radionuclides 4.10E+03 4.10E+03 
ID. Template Seleetion Summarv,ll andCheeb 
Template Selection Summary 

FromSFD Used Basis for Parameter Differences: 
Reactor Moderator: UGHTWATER (Worst Case) This Template was used for the foUowing reasons: 

Fuel Cladding: SST SSTllnconel This fu&I didn, dosety matc:tl any existing templates, therefore the worst case template was used. 
BOL HM ConsUtuenls: Pu02-U02 U. Th. &Pu 

BOL enrichment %: Oto 100 

Bumup Summary (MWd)' Basis for bumup used in estimate: 
FromSFD Estimated 

Nomlnal:1 66.525 Nominal bumup set equal to boUnding bumup. 
Bounding:1 66.525 Bounding bumup estimated by assuming BOL heewy metal mass was twice EOL 

Checks 

Estimated Bumupl 
Bumup Multiplier Given Bumup EsUmated EOL HMlGiven EOl HM 

NomIr.al: 14.21 I 591.641 
Boundlng:1 14.21 ,

Reactor shutdown, cora removal. storage. shlppmg or other date confmnln9 that Irradiation ceased for fuel.
 

2rotal bumup for all fuel associated with this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWd'MT).
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and TeIQ}lIale hlf_tion Estimated 

Fuel Name: BCD 8-17 (TURKEY POINT 3) 1Fuel decay start date: 1975 Canister usage: 
SNFID#: 19 Estimates as of: 2010 PWR 

Fuel Units & Oeser: 1 - 15 X 15 ROD ARRAY Template: PWR (Ught Water, Zirc, 0 to 5%, U) 1.00 
Heavy Metal Mass: BOl=458.98kg ; E0l=411.81kg 'Template Bumup(MWd): 61.92 
ROD Storage Site: INEEl Template BOl Heavy Metal Mass (MT): 0.00176911 

Template Decay Time' 35 years 

n.Estimates m x. x, b y. y, Gamma Sources 
Photon Total 

CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 
Radionuclide Template Fuel Burnup (MWd)' Burnup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ae-227 8.7758E-l0 44.857.390 89.714.780 O.ooE+OO 3.94E-05 7.87E-Q5 Avg. MeV 
Am-241 1.4352E-Ol 44.857.390 89.714.780 O.ooE+OO 6.44E+03 1.29E+04 0.0150 4.827E+15 
Am-242m 2.8696E-04 44.857.390 89.714.780 O.ooE+OO 1.29E+Ol 2.57E+Ol 0.0250 9.734E+14 
Am-243 6.2565E-04 44.857.390 89.714.780 O.ooE+OO 2.81E+Ol 5.61E+Ol 0.0375 9.284E+14 
C-14 4.7901E-OS 44.857.390 89.714.780 O.ooE+OO 2.15E+OO 4.30E+OO 0.0575 1.073E+15 
CI-36 8.0297E-07 44.857.390 89.714.780 O.ooE+OO 3.60E-02 7.20E-02 0.0850 5.401E+14 
Cm-243 2.5081E-04 44.857.390 89,714.780 O.ooE+OO 1.13E+Ol 2.25E+Ol 0.1250 3.748E+14 
Cm-244 4.9015E-02 44,857.390 89.714.780 O.ooE+OO 2.20E+03 4.40E+03 0.2250 4.632E+14 
Co-60 2.5581E-03 44.857.390 89.714.780 O.ooE+OO 1.15E+02 2.30E+02 0.3750 1.992E+14 
Cs-l34 4.OS36E-05 44.857.390 89,714.780 O.ooE+OO 1.82E+00 3.64E+OO 0.5750 4.632E+15 
Cs-l35 1.4433E-05 44.857.390 89.714.780 O.ooE+OO 6.47E-Ol 1.29E+OO 0.8500 6.408E+13 
Cs-137 1.3979E+OO 44.857.390 89.714.780 O.ooE+OO 6.27E+04 1.25E+05 1.2500 6.295E+13 
Eu-l54 2.0203E-02 44.857.390 89.714.780 O.ooE+OO 9.06E+02 1.81E+03 1.7500 1.885E+12 
Eu-155 1.7684E-Q3 44,857.390 89.714.780 O.ooE+OO 7.93E+Ol 1.59E+02 2.2500 3.036E+08 
Fe-55 4.3136E-OS 44.857.390 89,714.780 O.ooE+OO 1.93E+OO 3.87E+OO 2.7500 6.218E+08 
H-3 2.0769E-02 44,857.390 89.714.780 O.ooE+OO 9.32E+02 1.86E+03 3.5000 6.404E+07 
1-129 9.8288E-07 44.857.390 89.714.780 O.ooE+OO 4.41E-02 8.82E-02 5.0000 2.738E+07 
Kr-85 2.8214E-02 44.857.390 89.714.780 O.ooE+OO 1.27E+03 2.53E+03 7.0000 3.155E+06 
Np-237 1.1218E-05 44,857.390 89.714.780 O.ooE+OO 5.03E-Ol 1.01E+OO 11.0000 3,624E+05 
Pa-231 1.3036E-Q9 44,857.390 89.714.780 O.OOE+OO 5.85E-OS 1.17E-Q4 
Pb-21 0 8.5078E-ll 44.857.390 89,714.780 O.ooE+OO 3.82E-06 7.63E-06 
Pm-147 3.6531E-04 44,857.390 89.714.780 O.ooE+OO 1.64E+Ol 3.28E+Ol 
Pu-236 7.4564E-Q2 44.857.390 89.714.780 O.ooE+OO 3.34E+03 6.69E+03 
Pu-239 1.1623E-02 44.857.390 89,714.780 O.ooE+OO 5.21E+02 1.04E+03 
Pu-240 1.5132E-Q2 44,857.390 89.714.780 O.ooE+OO 6.79E+02 1.36E+03 
Pu-241 9.0036E-Ql 44.857.390 89.714.780 O.ooE+OO 4.04E+04 8.08E+04 
Pu-242 6.4260E-05 44.857.390 89,714.780 O.ooE+OO 2.88E+OO 5.77E+OO 
Ra-226 2.2804E-l0 44,857.390 89,714.780 O.ooE+OO 1.02E-05 2.OSE-Q5 
Ra-228 5.2713E-12 44.857.390 89.714.780 O.ooE+OO 2.36E-Q7 4.73E-07 
RU-l06 6.1160E-l0 44.857.390 89,714.780 O.ooE+OO 2.74E-05 5.49E-OS 
5e-79 1.2377E-Q5 44,857.390 89.714.780 O.OOE+OO &.55E-Ol 1.11E+OO 
5n-126 2.5210E-Q5 44.857.390 89.714.780 O.OOE+OO 1.13E+OO 226E+OO 
5r-90 9.1867E-Ol 44,857.390 89,714.780 O.OOE+OO 4.11E+04 8.22E+04 
Tc-99 3.9357E-04 44,857.390 89,714.780 O.ooE+OO 1.77E+Ol 3.53E+Ol 
Th-229 1.2057E-l0 44.857.390 89,714.780 O.OOE+OO 5.41E-06 1.08E-05 
Th-230 2.1043E-08 44,857.390 89.714.780 O.ooE+OO 9.44E-Q4 1.89E-03 
Th-232 5.2972E-12 44.857.390 89.714.780 O.ooE+OO 2.38E-07 4.75E-07 
T1-208 1.7474E-07 44.857.390 89,714.780 O.OOE+OO 7.84E-03 1.57E-Q2 
U-232 4.7368E-07 44,857.390 89.714.780 O.ooE+OO 2.12E-02 4.25E-Q2 Thenmal Power 
U-233 2.5097E-Q8 44.857.390 89.714.780 O.ooE+OO 1.13E-03 2.25E-Q3 Nominal Heat Bounding 
U-234 5.0000E-Q5 44.857.390 89,714.780 O.ooE+OO 2.24E+OO 4.49E+OO Output Heat Output 
U-235 -1.4489E-06 44,857.390 0.000 2.54E-Q2 O.ooE+OO 2.54E-02 (WallS) (WallS) 
U-236 7.5824E-06 44.857.390 89.714.780 O.ooE+OO 3.40E-Ol 6.80E-Ql 1.03E+03 2.08E+03 
U-238 -2.6129E-Q7 44.857.390 0.000 1.50E-Ql 1.39E-Ql 1.50E-Ol Total Total 
Y-90 9.1699E-Ql 44,857.390 89,714.780 O.ooE+OO 4.11E+04 8.23E+04 
Other Radionuelides 6.02E+04 1.20E+05 
ID.'I'~le·~SwnmarY.» •and C/ledQI 
Template Selection Summary 

FromSFD Used Basis lor Parameter Differences: -_: UGHTWATER LIGHT WATER 
Fuel Cladding: ZIRC4 ZIRC 

BOl HM Constituents: 002 U 
BOl enrichment 0.4: 2.560002614 Ot05 

Bumup Summary (MWd)' Basis for bumup used in estimate: 
FromSFD Estimated 

Nomlnal:1 11.n9.722! 44,857.390 Nominal bumup calculated from the heavy metal mass destroyed. 
Boundlng:1 I 89.714.780 Bounding bumup assumed to be twice nominal bumup. 

Checks
 

Estimated Bumupl
 
Bumup Multiplier Given Bumup Estimated EOl HMlGlven EOl HM 

Nominal: 2.79 3.81 1 1.051 
Bounding: 5.58 ,

Reactor shutdown, core removal, storage, shiPPing or other date confirming that Irradiation ceased for fuel. 

2101a1 bumup for all fuel associated with this worksheet must be divided by BOl heavy metal mass to get specific bumup values (MWd'M1). 
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Template Inf_tion Estimated 

Fuel NOire: BER-II [HMI] (END BOXES) (GERMANY) 1Fuel decay start date: 1996 Canister usage:
 
SNF ID#: 892 Estimates as of: 2010 HIC
 

Fuel Units & Deser: 6 - MTR TYPE Template: ATR (Ught Water. Alum., 60 10 100%, U) 1.00
 
Heavy Metal Mas.: BOl=.ook9 ; EOl=.ook9 2Template Bumup(MWd): 367.2
 
ROD Storage Sib: SAS Template SOL Heavy Metal Mass (MTl: 0.00116689
 

Template Decay Time' 10 years 
ll. Estimates m b Yo Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuelide Template Fuel Bumup (MWdj' Bumup (MWcl)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
-,:Aoe~--=2:o:27~ --,2;c.8404~~E-;-1",0 __:;:0.",000~7----__,0",.~0;00 O.OOE+OO O.OO;=E+OO~:_--_;;O-;;.OO:;;;=E+OO"';;;':_--fl-~Ac:Vg~:.~Me,::-,-V-_-----;;-;;;--
-'A''_m''_-724"'1'__ -o-1'-'.4co93~5~E'_'.03==_----_':0"'.000=----__cco.OOO---(l.OOE+OO---0-.00:;E-'+OO==_--__;O"'.OO~EC'_+OO==_-11---'O"'.0=15O==_--.__;O",.OOOc;:;-;;EO'+OO-=::: 
-':A=::m'-'-2~4:~2::.:m'----------4"'.'-;-43"'90~E_;-0;;;7~---~Oc·000:~-----oo;'.';;OOO"'-, __:;:O."'OOE+oo 0.00:_;:EO'+OO~-----c0"'.OO""'EO-:+OO~-ij----co:c.02~5O;____--__,0;;_;;.OOOE+00 
-::A;.m"--.-:24"'3'-----------_=51.==·74cc2911""73~EE'-'_o-Q6"'9'-------;O"'.000=- ~0':O.ooo O.OOE+OO O.OOE+OO O.OOE+OO 00.'00357755 0.000E+00 
c::C-:c-l~4'-- ___'~2;=::;:~----~0."'000;;;;-----_co~.000~ O.OOE+OO O.OOE+OO O.OOE+OO O.OOOE+OO 
CI-36 1.3124E·32 0.000 0.000 O.OOE+OO O.OOE+OO O.OOE+OO 0.0850 O.OOOE+oo 

-':C"'m"--.-:243= .-:2~.0796=-7~Eo_-o=-7~----_"0"'.000=-~---0=_·7000 O.OOE+OO O.OOE+OO O.OOE+OO 0.1250 O.ooOE+oo 
Cm-244 4.3001 E-OS 0.000 0.000 O.OOE+OO O.OOE+OO O.OOE+OO 0.2250 O.ooOE+oo 
-;:C"'0"-;-60;;;:-'---------·-'-;-1."'9~79B~E'-:-OS==------':0.:;.000~----~0"'.0"'00;----- ----O:"'.OOE+oo O.oOE+OO O.OOE+OO 0.3750 O.OOOE+oo 
~C~S-:c-l~34~ --;o9.",0~79:;o5;;:E",-o,;2:___---~0:=;.00022C------;00""'0~OO~ --70.00E+OO O.OOE+OO O.OOE+OO 0.5750 O.OOOE+OO 
-,:CO'S,---1,-,35~ ~3,=.44;c:77~E,---06==_----_,:0",,000=----~0~.000 O.OOE+OO O.OOE+OO O.OOE+OO 0.8500 O.OOOE+OO 
Cs-137 2.5588E+OO 0.000 0.000 O.OOE+OO O.OOE+OO O.OOE+OO 1.2500 O.OOOE+oo 
.;EE"'UU'----11"-'545'=5-------75.'-"4B4~7"'E'-:-o:::;2:-------0".000.=----~0~.000 O.OOE+OO O.OOE+OO O.OOE+OO 1.7500 O.OOOE+oo 
~~"'----------'1.~946~9~E'_'-o"'2'------~___"0"'.000=----__':'0"'.00~0 O.OOE+OO O.OOE+OO O.OOE+OO 2.2500 O.OOOE+oo 
~F""e-:;;5"'5'-----_~-- ___;;1".77~97~E~-~0,,3----_;0"'.000~:___----,,0,._;:00;;;O----O-.OOE+oo O.OOE+OO O.OOE+OO ~:= O.OOOE+oo 
-'HI_-',1-3~29~-------=8.~006=5~E'-'-03=------:::0"'.000~----~0~.0070~_-_-_~~-=~O:OOE+OO O.OOE+OO O.OOE+OO O.OOOE+OO="' 7"'."'53OO~~E~-o"-7----__':'0.~000~-----0=_.=000~ O.OoE+OO O.OOE+OO O.OOE+OO 5.ססOO O.OOOE+OO 
~Kr7--..:::B5=-------=2."'0"'705~E'_'-0==1:___---___"0"'.000~----~0,.~000_;;; O.OOE+OO O.OOE+OO O.OOE+OO 171'ססOO.ססoo O.OOOE+oo 
""N;.tp-'-'2~3"-7----_---"-9.~5=50e.:7~E;-'-Q6=-----_"0"'.000"'=_----__':'0.~000""- _"O"'.OOE+oo O.OOE+OO O.OOE+OO O.OOOE+oo 
.;p"'a'-::-2"'3c:cl '-;-1.'=2-;;;740~E'_:-o~9'-----~0.:;.000~----~0."'00_;;;0~ O.OOE+OO O.OOE+OO O.OOE+OO 
~P..:::b-'-'2'"1~0~------_=1.'=1;:-:838~;E'c-l'"'1'-----___"0"'.000~----~0"'.000""-- _"O"'.OOE+oo O.OOE+OO O.OOE+OO 
~P~m"'.~14~7 "'6."-7=97'-'4"'EC-'-o'-'1 ___"0".000"'=_----~0.000 O.oOE+OO O.OOE+OO O.OOE+OO 
Pu-238 1.9755E_o2 0.000 0.000 O.OOE+OO O.OOE+OO O.OOE+OO 
Pu-239 4.2838E_Q4 0.000 0.000 O.OOE+OO O.OOE+OO O.OOE+OO 

.;P="U'-::-2'"'40-7-- ~2.c.;43"'90~E'_:-Q4~----_':0"'.000~----__:;:0."'00_;;;0~~--~O",.OOE+oo O.OOE+OO O.OOE+OO 
""P="u'-'-2~4c:cl-------=-5.'=4058=~;E'_:-o~2:------___"0"'.000"'=_----__:;:0·o:OOcoO~ ----':"'O.OOE+OO 0.OOE~+OO""'---_"0"'.OO7E~+OO""'---j1 
"'PO!,U~-2:.:;4~2-------~3."'63~2'"'9;;:E"'-oc;7----~0:=;.00022C----~0.000 O.OOE+OO O.OOE+OO O.OOE+OO 
Ra-226 8.3742E-ll 0.000 0.000 O.OOE+OO O.OOE+OO O.OOE+OO 

-::R;:a'-'-22=8'-- :::'5.-'77:c34~E'---1'_'5'--------"0".000"'=_----__':'0.~000~----~O.OOE+OO O.OO:_;:E~+OO~--____;0'C;.OO""'E~+OO~----tl 
.;R;:u,-O-1:c:06"'-- ...:6"'.1"'356=.:E:=-o~3-----0=.coOOO==_-----0~.000 O.OOE+OO O.OOE+OO O.OOE+OO 
Se-79 12936E-OS 0.000 O:oOo---O.OOE+OO O.OOE+OO O.OOE+OO 
Sn-126 1.1574E-OS 0.000 0.000 O.OOE+OO O.OOE+OO O.OOE+OO 
Sr-90 2.4417E+OO 0.000 0.000 O.OOE+OO O.OOE+OO O.OOE+OO 
~T"'e:..;-9:::;9'=_---------;;4"'.2:;o23;;:9:::;Eo_-Q4~----_;0"'.000~----~0';.000~---_,:O.:;:-;:.OOE+OO O.OOE+OO O.OOE+OO 
Th-229 2.8588E-12 0.000 0.000 O.OOE+OO O.OOE+OO O.OOE+OO 
,Th~-2"'30==_------~2=;.5~3;cl0;;Eo=-oB';';_----~0;.;.00022C----~0:=;.000:;;; O.OOE+OO O.OOE+OO O.OOE+OO 
Th-232 1.1631E-14 0.000 0.000 O.OOE+OO O.OOE+OO O.OOE+OO 
T1-2OB 4.67OSE_oB 0.000 0.000 O.OOE+OO O.OOE+OO O.OOE+OO 
U-232 1.3151E_o7 0.000 0.000 O.OOE+OO O.OOE+OO O.OOE+OO Thennal Power 
~U7--::2cc33:;--------_-:2"-;.1"'B50=.:;=E-_':OB:-:--_-_ __:O".000~:___----_;;0';.000~--_ __:;:O."'OO"'E~+OO'-;;;:___--_':O"'.OO~EC'+OO~--_ _;;O"'.OO~E~+OO;;;;_-~INominal Heat Bounding 
7U'-'.2~34o=----------_=1."'83"'99=Eo-,-Q4==------"0~.000~----__':'0.~000=:----~0.OOE+OO O.OOE+OO O.OOE+OO Output Heal OUtput
U-235 -2.7235E-Q6 0.000 0.000 O.OOE+OO O.OOE+OO O.OOE+OO (WallS) lWattsi 
~U:;..-.;;2~36~-_-----...:1~.54;;;o;93~E"'-OS""':__--~0~.000~;_----.;;0".000~----0~.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
U-238 -4.2B51E-OB 0.000 0.000 O.OOE+OO O.OO:==E'-'+OO-=-__---'O".OO=E='+OO~---I Total Total 
Y-90 2.4423E+OO 0.000 0.000 O.OOE+OO O.OOE+OO O.OOE+OO 
Other Radionuelides O.OOE+OO O.OOE+OO 
m. Template8e!edion Summarv.llum" andChed\s 
TemDlate selection Summary 

From SFD Used Basis for Parameter Differences: 
Reactor Moderator.f---_L=IG=HT~Wc:Ac:Tc::E::.:R--+---=Uc::G::.:HT-',W'::.:CAT::.:E=R'--__1 

SOL ~:'=~;I--__;;~=:L~",~::--__+-__-"A":LU'7U,,,M'--_--I 

SOL Enrichment 0/..: 100 60 to 100 

Bumup SUmmary (MWd) Basis for bumup used in estimate: 
FromSFD I Estimated 

Nomlnal:1 I Nominal bumup assumed to be 2% of BOL heavy metal mass. 
Bounding: I Bounding bumup assumed to b9 t\vice nominal OOmup. 

Checks 
Estimated Bumupl

SumUD MultlDlier Given BumuD Estima1ed EOL HMiGiven EOL HM 
Nominal: I I 

Bounding: 

1Reador shutdown, core retr.:oval, storage, shlpptng or other date confirming that Irradiation ceased for fuel. 

2Total bumup for all fue! associated with this worksheet must be divided by BOl heavy metal mass to get specific bumup values (MWcVMT). 
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Fuel Radionuclide Inventory Worksheet 
J. Fuel and T~lale Jnfonnation Estimated 

Fuel Name: BER·JI [HMI] (GERMANY) 1 Fuel decay start date: 1996 Canister usage: 
SNFID#: 758 Estimates as of: 2010 18"xl0' 

Fuel Units & Oeser: 112 ·17 FLAT PLATES Template: ATR (Ught Water. Alum., 60 to 100%, U) 4.67 
Heavy Metal Mass: BOl=20.65k9 : EOl=12.07k9 "remplate Bumup(MWd): 367.2 
ROD Storage Site: SRS Template BOl Heavy Metal Ma•• (MT): 0.00116689 

Template Decay Time' 10 years 
n. Estimates m x" x. b Y" Y. Gamma Sources 

Photon Total 
CI/MWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Burnup (MWd)' Burnup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 2.8404E-l0 8,124.669 16,249.338 O.ooE+OO 2.31E-OO 4.62E-06 AV9. MeV 
Am-241 1.4935E-03 8,124.669 16,249.338 O.ooE+OO 1.21E+Ol 2.43E+Ol 0.0150 2.210E+15 
Am-242m 4.4390E-07 8,124.669 16,249.338 O.ooE+OO 3.61E-03 7.21E-D3 0.0250 4.651E+14 
Am-243 1.4913E-OO 8,124.669 16,249.338 O.ooE+OO 1.21E-02 2.42E-02 0.0375 4.055E+14 
C-14 5.7217E-09 8,124.669 16,249.338 O.ooE+oo 4.65E-05 9.30E-05 0.0575 4.284E+14 
CI-36 1.3124E-32 8,124.669 16,249.338 O.ooE+OO 1.07E-28 2.13E-28 0.0850 2.606E+14 
Cm-243 2.0967E-07 8,124.669 16,249.338 O.ooE+OO 1.70E-03 3.41E-03 0.1250 1.823E+14 
Cm-244 4.3001E-05 8,124.669 16,249.338 O.ooE+OO 3.49E-Ol 6.99E-Ol 0.2250 2.238E+14 
Co-50 1.9798E-05 8,124.669 16,249.338 O.ooE+OO 1.61E-Ol 322E-ol 0.3750 1.003E+14 
Cs-l34 9.0795E-02 8,124.669 16,249.338 O.ooE+OO 7.38E+02 1.48E+03 0.5750 1.628E+15 
Cs-135 3.4477E-OO 8,124.669 16,249.338 O.ooE+OO 2.80E-02 5.5OE-02 0.8500 7.943E+13 
Cs-137 2.5588E+OO 8,124.669 16,249.338 O.ooE+OO 2.08E+04 4.16E+04 1.2500 2.585E+13 
Eu-154 5.4847E-02 8,124.669 16,249.338 O.ooE+OO 4.46E+02 8.91E+02 1.7500 9.441E+l1 
Eu-155 1.9489E-02 8,124.669 16,249.338 O.ooE+OO 1.58E+02 3.16E+02 2.2500 6.242E+l0 
Fe-55 1.7797E-03 8,124.669 16,249.338 O.ooE+OO 1.45E+Ol 2.89E+Ol 2.7500 8.708E+08 
H-3 8.0065E-03 8,124.669 16,249.338 O.ooE+oo 6.51E+Ol 1.30E+02 3.5000 1.037E+08 
1-129 7.53OOE-07 8,124.669 16,249.338 O.ooE+OO 6.12E-03 1.22E-02 5.ססOO 8.613E+03 
Kr-85 2.0705E-Ol 8,124.669 16,249.338 O.ooE+OO 1.68E+03 3.36E+03 7.ססOO 9.S71E+02 
Np-237 9.5507E-OO 8,124.669 16,249.338 O.ooE+OO 7.76E-02 1.55E-Ol 11.ססOO 1.077E+02 
Pa-231 1.2740E-09 8,124.689 16,249.338 O.ooE+OO 1.04E-05 2.07E-05 
Pb-21 0 1.1838E-ll 8,124.669 16,249.338 O.ooE+OO 9.62E-08 1.92E-07 
Pm-147 6.7974E-Ol 8,124.669 16,249.338 O.ooE+OO 5.52E+03 1.10E+04 
Pu-238 1.9755E-02 8,124.669 16,249.338 O.ooE+OO 1.61E+02 3.21E+02 
Pu-239 4.2838E-04 8,124.669 16,249.338 O.ooE+OO 3.48E+OO 6.96E+OO 
Pu-240 2.4390E-04 8,124.669 16,249.338 O.ooE+OO 1.98E+OO 3.96E+OO 
Pu-241 5.4058E-02 8,124.669 16,249.338 O.ooE+OO 4.39E+02 8.78E+02 
Pu-242 3.6329E-07 8,124.669 16,249.338 O.ooE+OO 2.95E-03 5.90E-03 
Ra-226 8.3742E-ll 8,124.669 16,249.338 O.ooE+OO 6.80E-07 l.36E-OO 
Ra-228 5.7734E-15 8,124.669 16,249.338 O.ooE+OO 4.69E-ll 9.38E-ll 
Ru-lOO 6.1356E-03 8,124.669 16,249.338 O.ooE+OO 4.98E+Ol 9.97E+Ol 
Se-79 1.2936E-05 8,124.669 16,249.338 O.ooE+OO 1.OSE-Ol 2.10E-Ol 
Sn-126 1.1574E-05 8,124.669 16,249.338 O.ooE+OO 9.40E-02 1.88E-ol 
Sr-90 2.4417E+OO 8,124.669 16,249.338 O.ooE+OO 1.98E+04 3.97E+04 
Tc-99 4.2239E-04 8.124.689 16249.338 O.ooE+OO 3.43E+OO 6.86E+OO 
Th-229 2.8568E-12 8,124.669 16,249.338 O.ooE+OO 2.32E-08 4.64E-08 
Th-230 2.5310E-08 8,124.669 16,249.338 O.ooE+OO 2.OOE-04 4.11E-04 
Th-232 1.1631E-14 8.124.669 16,249.338 O.ooE+OO 9.45E-ll 1.89E-l0 
TI-208 4.67OSE-08 8,124.669 16,249.338 O.ooE+OO 3.79E-04 7.59E-04 
U-232 1.3151E-07 8,124.669 16,249.338 O.ooE+OO 1.07E-03 2.14E-03 Thermal Power 
U-233 2.1650E-09 8,124.669 16,249.338 O.ooE+OO 1.76E-06 3.52E-06 Nominal Heat Bounding 
U-234 1.8399E-04 8,124.669 16,249.338 O.ooE+OO 1.49E+OO 2.99E+OO Output Heat Output 
U-235 -2.7235E-06 8.124.669 0.000 4.15E-02 1.94E-02 4.15E-02 (Wattsl lWattsi 
U-236 1.5493E-06 8,124.669 16,249.338 O.ooE+OO l.26E-ol 2.52E-ol 2.57E+02 5.14E+02 
U-238 -4.2851E-09 8,124.669 0.000 4.84E-04 4.49E-04 4.84E-04 Total Total 
Y-90 2.4423E+OO 8,124.669 16,249.338 O.ooE+OO 1.98E+04 3.97E+04 
Other Radionuclides 2.02E+04 4.04E+04 
'In. Temnlate SeJediou S--ry, IIonuI ,amr C... 
Template Selection Summary 

FromSFD Used Basis for Parameter Differences: 
Reactor_r: UGHTWATER UGHTWATER 

Fuel Cladding: ALUM ALUM 
BOL HM Constltuenlll: lJ-ALX U 

BOL Enrichment %: 93.03245367 6010100 

Bumup Summary (MWd) Basis for bumup used in estimate: 
FromSFD Estimated 

NomlnalJ 8,124.669 Nominal bumup calculated from tOO heavy metal mass destroyed. 
Boundlng:1 I 16,249.338 Bounding bumup assumed to be twice nominal bumup. 

Checka 

Estimated Bumupl 
Bumup Multiplier Given Bumup Estimated EOL HMlGlven EOL HM 

Nominal: 1.25 I 1.041 
Bounding: I 2.50 ,

Reactor shutdown, core removal, storage, shipping or other date confirming that Irradiation ceased for fuel.
 

2Total bumup for all fuel associated Vttith ttUs worksheet must be divided by SOL heavy metal mass to get specific bumup values (MWd'MT).
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Fuel Radionuclide Inventory Worl<sheet 
L Fuel and Templat1! fnformation Estimated
 

Fuel Na""': BEA-ll TRIGA (GERMANY) 1r-uel decay start date: 1982 Canister usage:
 
SNF ID I': 23$ Estimates as of: 2010 18"xl0' 

Fuel Units & Oeser: 21 - 4 X 4 ROO ARRAY Template: TRIGA-SS (LWIU-Zrx, SST, 10 to 20%, U) 2,63 
Heavy Metal Mas., BOl=9.20kg ; EOl=9.19kg 'Template Bumup(MWd): 6.65 
ROD Slor_ SIte: INEEL Template BOL Heavy Metal Mass (MT): 0.000195 

Template Decay Time' 25 years 

ll. Estimates m x" x. b y" y. Gamma Sources 
Photon Total 

CilMWd From Nominal BOUnding Fue,' Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 
Radionuelide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Invenlorles(Ci) Invenlories(Ci) Group (bounding) 
Ae-227 4.1459E-09 22.401 9.407 O,ooE+OO 9,29E-08 3.90E-08 Avg,MeV 
Am-241 3,5850E-03 22.401 9.407 o.ooE+OO 8.03E-02 3.37E-02 0.0150 8.352E+l1 
Am-242m 1.2899E-06 22.401 9.407 O.ooE+OO 2.89E-05 1.21E-05 0.0250 1.736E+l1 
Am-243 1,4747E-07 22,401 9.407 O,ooE+OO 3.30E-06 1.39E-06 0.0375 1.506E+11 
C-14 1.2839E-04 22.401 9.407 O,ooE+OO 2.88E-03 1,21E-03 0.0575 1.622E+l1 
CI-36 2,8120E-06 22,401 9,407 O.ooE+OO 6.30E-05 2.65E-05 0.0850 9.779E+10 
Cm-243 1.1038E-07 22.401 9.407 O.ooE+OO 2.47E-06 1,04E-06 0.1250 6.383E+l0 
Cm-244 7.8917E-07 22.401 9.407 O,ooE+OO 1,77E-05 7,42E-06 0.2250 8.426E+l0 
Co-6O 9,2647E-02 22,401 9,407 O.OOE+OO 2,08E+OO 8.72E-ol 0.3750 3.672E+10 
Cs-l34 1.094OE-04 22.401 9.407 O.ooE+OO 2.45E-03 1,03E-03 0.5750 6.087E+ll 
Cs-135 3,2195E-05 22.401 9,407 O,ooE+OO 7.21E-04 3.03E-04 0.8500 6.536E+09 
Cs-137 1,7388E+OO 22.401 9.407 O.ooE+OO 3.89E+Ol 1.63E+Ol 1.2500 6.711E+l0 
Eu-l54 3.0677E-03 22.401 9.407 O,ooE+OO 6.87E-02 2,89E-02 1.7500 1.702E+08 
Eu-155 1,7925E-03 22,401 9.407 O.ooE+OO 4,02E-02 1.69E-02 2.2500 3.587E+05 
Fe-55 3.7444E-03 22.401 9.407 O.ooE+OO 8.39E-02 3,52E-02 2.7500 6.076E+03 
H-3 3,6180E-03 22,401 9.407 O,ooE+OO 8,10E-02 3,4OE-02 3.5000 2.206E+Ol 
1-129 7,3884E-07 22,401 9,407 O,OOE+OO 1.65E-05 6,93E-06 5.0000 8.959E+OO 
Kr-85 6,9388E-02 22.401 9,407 ~~- o.ooE+OO 1,55E+OO 6,53E-Ol 7.0000 1.020E+OO 
Np-237 1.2882E-06 22.401 9,407 O,ooE~ 2,84E-05 1.19E-05 11.0000 1.165E-ol 
Pa-231 9.1654E-09 22.401 9.407 O.ooE+OO 2.05E-07 8.62E-08 
Pb-21 0 1.3728E-13 22.401 9.407 O,ooE+OO 3,08E-12 1,29E-12 
Pm-147 1.0702E-02 22,401 9,407 O.ooE+OO 2,4OE-Ol 1.01E-ol 
Pu-238 8.8892E-04 22.401 9.407 O.ooE+OO 1.99E-02 8.34E-03 
Pu-239 5,5263E-03 22.401 9.407 O,ooE+OO 1,24E-ol 5,20E-02 
Pu-24O 2,1233E-03 22.401 9,407 O.ooE+OO 4.76E-02 2.ooE-02 
Pu-241 3.8962E-02 22.401 9.407 O.ooE+OO 8.73E-ol 3.67E-ol 
Pu-242 2,3128E-07 22,401 9,407 O,ooE+OO 5,18E-06 2,18E-06 
Ra-226 4.6752E-13 22.401 9.407 O']OE+OO 1.05E-ll 4.4OE-12 
Ra-228 2.4827E-l0 22.401 9.407 O.ooE+OO 5.56E-09 2_34E-09 
Ru-l06 9,8526E-08 22,401 9.407 O,ooE+OO 2,21E-06 9.27E-07 
5e-79 1.3015E-05 22.401 9.407 O.ooE+OO 2:92E-04 1.22E-04 
5n-126 1,2165E-05 22,401 9.407 O,ooE+OO 2,73E-04 1,14E-04 
5r-90 1,6195E+OO 22,401 9,407 O.ooE+OO 3,63E+Ol 1.52E+Ol 
Te-99 4.4241E-04 22.401 9.407 O.ooE+OO 9.91E-03 4,16E-03 
Th-229 4,2451E-l0 22.401 9.407 O,ooE+OO 9.51E-09 3,99E-09 
Th-230 6,1398E-l1 22,401 9,407 O,ooE+OO 1.38E-09 5,78E-l0 
Th-232 2.5278E-l0 22.401 9.407 O.ooE+OO 5.66E-09 2.38E-09 
TI-208 1.5098E-08 22,401 9,407 O,ooE+OO 3,38E-07 1.42E-07 
U-232 4,0662E-08 22,401 9,407 O,ooE+OO 9,11E-07 3,83E-07 Thermal Power 
U-233 1.2217E-07 22.401 9.407 O.ooE+OO 2.74E-06 1.15E-06 Nominal Heat Bounding 
U-234 2,2391E-07 22.401 9,407 O,ooE+oo 5,02E-06 2,11E-06 Output Heat Output 
U-235 -2,6194E-06 22,401 0,000 8.75E-03 8,69E-03 8,75E-03 (Watts) (Watts) 
U-236 1.2695E-05 22.401 9.407 O.ooE+OO 2,84E-04 1.19E-04 4.76E-01 2.ooE-01 
U-238 -3,6331 E-OS 22,401 0,000 1,73E-03 1.73E-03 1.73E-03 Total Total 
Y-90 1,6195E+OO 22,401 9,407 O,ooE+OO 3,63E+Ol 1,52E+Ol 
Other Radionuelides 3,85E+Ol 1,62E+Ol 

m. TemJ)!llte Seleetim' ~Jy, Bu- ."ad~ 
Template Selection Summary 

FromSFD Used Basis for Parameter Differences: 
Reac:1or Moderator: LW AND U ZIAC HYDRIDE LW AND U ZIRC HYDRIDE This Template was used for the following reasons: 

Fuel CIaddlng: SST (347) SST This fuel matches on Ell pa'"8lTleters except enrichment. 
SOL HM Cons1l1uenlll: U-ZIHX-Er U 

SOL enrichment %: 44.02590702 101020 

Bumup Summary (MVld) Basis for bumI'D used in estimate:
 
FromSFD estimated
 

Nominal: 22.4011 4.009 Nominal bumup taken directly from SFD (converted to MWd).
 
Bounding: 9.407 8.019 Bounding bumup taken directly from 8FD (converted to MINd).
 

Checks 

Estimated Bumupl 
SumuD Multiplier Given Bumup Es1lmated EOL HMlGlven EOL HM 

Nominal: 0.07 0.18 I 1.001 
Bounding: 0.03 0.85 , 

Reactor shutdown, core removal. storage, stuPPIng or other date confurmng that irradiation ceased for fuel. 

2Total bumup for all fuel associatecl with this 'NOrksheet must be divided by SOL heavy metal mass to get specific bumup values (MWdlMT). 

DOEl5NF/REP-078 December 2003 
Revision 1 PageC-24 

 
 



I 
I 
I 
I
 
I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I
 

I 

Fuel Radionuclide Inventory Worksheet 
I. Fuel • ..., 'fempblte WormatioJ> Estimated 

Fuel Name: 8MI (CPI-24) 1Fuel decay start date: 1961 Canister usage: 
SNFID#: 774 Estimates as of: 2010 18"xl0' 

FuaI Unl.. & Doser: 2 - CANISTER OF SCRAP Template: Pathfinder (Ught Water, SST, 60 to 100%, U) 0.15 
Heavy Metal Mass: BOl.: ; EOl=.56kg 2Template Bumup(MWd): 6.01 
ROD Storage Site: INEEl Templa... BOl Heavy Metel Mo•• (MIl: 0.00012882 

Template Decay Time" 35 years 
U. Estimate; m Xo x. b Yo Y.
 Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Burnup (MWd)' Burnup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 2.3344E-08 528.247 528.247 O.OOE-+OO 1.23E-05 1.23E-05
 Avg.MeV 
Am-241 1.1135E-04 528.247 528.247 O.OOE-+OO 5.88E-Q2 5.88E-Q2
 0.0150 3.943E+13 
Am-242m 8.5075E-09 528.247 528247 O.OOE-+OO 4.49E-OS 4.49E-OS
 0.0250 8.193E+12 
Am-243 9.8519E-l0 528.247 528.247 O.OOE-+OO 5.20E-07 5.20E-07
 0.0375 7.087E+12 
C-14 2.3012E-Q4 528.247 528.247 O.OOE-+OO lo22E-Ol 1.22E-Ol
 0.0575 7.639E+12 
CI-36 lo2261E-06 528.247 528.247 O.OOE-+OO 6.48E-04 6.48E-04 0.0850 4.615E+12 
Cm-243 2.4875E-l0 528.247 528.247 O.OOE-+OO 1.31E-07 1.31E-07 0.1250 2.997E+12 
Cm-244 2.3178E-09 528.247 528.247 O.OOE-+OO 1.22E-OS 1.22E-OS 0.2250 3.973E+12 
Co-50 7.0849E-02 528.247 528.247 O.OOE-+OO 3.74E+Ol 3.74E+Ol 0.3750 1.733E+12 
Cs-l34 3.0266E-OS 528.247 528.247 O.OOE-+OO 1.5OE-03 1.5OE-Q3 0.5750 2.8S4E+13 
Cs-135 3.0316E-05 528.247 528.247 O.OOE-+OO lo5OE-02 lo5OE-Q2 0.8500 2.889E+11 
Cs-137 1.4511E-+OO 528.247 528.247 O.OOE-+OO 7.67E+02 7.67E+02
 1.2500 2.872E+12 
Eu-154 6.6955E-04 528.247 528.247 O.OOE-+OO 3.54E-Ql 3.54E-Ol
 1.7500 7.455E+09 
Eu-155 6.9850E-04 528.247 528.247 O.OOE-+OO 3.69E-Ol 3.69E-01
 2.2500 1.547E+07 
Fe-55 lo2318E-03 528.247 528.247 O.OOE+OO 6.51E-Ol 6.51E-Ol
 2.7500 4.473E+05 
H-3 2.5141E-03 528.247 528.247 O.OOE-+OO 1.33E-+OO lo33E-+OO
 3.5000 3.154E+01 
1-129 7.3195E-07 528.247 528.247 O.OOE-+OO 3.87E-04 3.87E-Q4
 5.0000 1.297E+01 
Kr-85 4.1281E-Q2 528.247 528.247 O.OOE-+OO 2.18E+01 2.18E+Ol
 7.0000 1.432E+OO 
Np-237 1.1489E-OS 528.247 528.247 O.OOE-+OO 6.07E-04 6.07E-04
 11.0000 1.607E-Q1 
Pa-231 4.5241E-06 528.247 528.247 O.OOE-+OO 2.39E-05 2.39E-05
 
Pb-210 6.4476E-13 528.247 528.247 O.OOE-+OO 3.41E-l0 3.41E-l0
 
Pm-147 1.1651E-03 528.247 528.247 O.OOE-+OO 6.15E-Ol 6.15E-Ql
 
Pu-238 2.9517E-Q4 528.247 528.247 O.OOE-+OO lo56E-Ol lo56E-Ol 
Pu-239 6.6772E-Q4 528.247 528.247 O.OOE-+OO 3.53E-Ol 3.53E-Ql 
Pu-240 8.6839E-Q5 528.247 528.247 O.OOE-+OO 4.59E-Q2 4.59E-02 
PU-241 7.1514E-04 528.247 528.247 O.OOE-+OO 3.78E-Ql 3.78E-Ol 
Pu-242 1.9717E-Q9 528.247 528.247 O.OOE-+OO lo04E-OS 1.04E-OS 
Ra-226 lo7654E-12 528.247 528.247 O.OOE-+OO 9.33E-l0 9.33E-l0 
Ra-228 8.2928E-12 528247 528247 O.OOE-+OO 4.38E-09 4.38E-Q9 
Ru-1OS 1.8419E-l0 528.247 528.247 O.OOE-+OO 9.73E-06 9.73E-06 
Se-79 1.3223E-Q5 528.247 528.247 O.OOE-+OO 6.98E-03 6.98E-03 
Sn-126 1.1493E-Q5 528.247 528.247 O.OOE-+OO 6.07E-03 6.07E-03 
Sr-90 1.3849E-+OO 528.247 528.247 O.OOE-+OO 7.21E+02 7.21E+02 
Tc-99 4.6656E-04 528.247 528.247 O.OOE-+OO 2.46E-Ol 2.46E-Ql 
Th-229 1.4547E-ll 528247 528.247 O.OOE-+OO 7.68E-Q9 7.68E-Q9
 
Th-230 1.6617E-l0 528.247 528.247 O.OOE-+OO 8.78E-06 8.78E-06
 
Th-232 8.3361E-12 528.247 528.247 O.OOE-+OO 4.40E-09 4.40E-Q9
 
TI-208 2.1684E-08 528.247 528.247 O.OOE-+OO lo14E-05 1.14E-05
 
U-232 5.8669E-06 528.247 528.247 O.OOE-+OO 3.10E-Q5 3.10E-Q5
 Thermal Power 
U-233 3.1847E-Q9 528.247 528.247 O.OOE-+OO lo68E-06 1.68E-06
 Nominal Heat Bounding 
U-234 3.8769E-Q7 528.247 528.247 O.OOE-+OO 2.05E-Q4 2.05E-Q4
 Output Heat Output 
U-235 -2.7761E-06 528.247 0.000 2.26E-03 7.92E-Q4 2.26E-03
 /Wattsl /Wattsl 
U-236 1.6190E-Q5 528.247 528247 O.OOE-+OO 8.55E-03 8.55E-03
 9.22E+OO 9.22E+OO 
U-238 -2.8547E-09 528.247 0.000 2.44E-Q5 2.29E-05 2.44E-05
 Total Total 
Y-90 1.3652E-+OO 528.247 528.247 O.OOE-+OO 7_21E+02 7.21E+02
 
Other Radionuclides 8.72E+02 8.72E+02
 

m.'femolate~~rv.lJ_ 9Jtd ClIeIlks
 
Template Selection Summary 

FromSFD Uaed Basis for Parameter Differences: 
Reactor Moderator: UGHTWATER LIGHT WATER This Tefllliate was used for the following reasons: 

FuaI Cladding: SST SST This fuel matches on all parameters except enridlment (unknown). 
BOL HM Conatltuenla: U02 U 

BOl Enrichment Of.: 60 to 100 

Burnup Summary (MWdY Basis for bumup used in estimate: 
FromSFD Estimated 

Nomlnal:1 I 528.247 Nominal bumup sel equal 10 bounding bumup.
Bounding:II---~-----t-I-----:5:::278.724-:::7 Bounding bumup estimaled by o=o;ng BOl heavy metal mass was twi<:e EO!.. 

Checks 

Estimated Bumupl 
BumuD MultiDllar Given Bumup Estimated EOl HMlGlven EOl HM 

Nominal: 10.12 I 1.021 
Bounding: 10.12 ,

Reactor shutdo"Wl'l, core removal, storage. shlppcng or other date confllTning that Irradiation ceased for fuel.
 

2Total bumup for all fuel associated with this worksheet must be diVided by BOl heavy metal mass to get specific bumup values (MWd'MT).
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Fuel Radionuclide Inventory Worksheet 
1. Fuel and Template lnfurmatio.!\ Estimated 

Fuel Name: 8MI (CPI-38) 1Fuol decay start date: 1961 Canister usage:
 
SNFID#: 20 Estimates as of: 2010 18"xl0'
 

Fuel Units & Oeser: 1 - CANISTER OF SCRAP Template: Pathfinder (Ught Water. SST, 60 to 100%, U) 0.08 
Heavy MelaI Mass: BOL: ; EOL:l.29kg 'Template Bumup(MWd): 6_01 
ROD Storage Sits: INEEl Template BOl Heavy Metal Mass (MT): 0.00012882 

Template Decay Time" 35 years 
n. Estimates m x" Xb b Y" Yb Gamma Sources 

PlIoton Total 
CilMWd From Nominal SOUnding Fuel Initial Activity Nominal Fuel Sounding Fuel Energy Photonslsec 

Radionuclide Template Fuel sumup (MWd)' surnup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 2.3344E-OS 1,215.100 1,215.100 O.ooE+<lO 2.84E-05 2.84E-05 Avg.MeV 
Am-241 1.1135E-04 1,215.100 l,215.100---0-:00E+<l0 1.35E-Ol 1.35E-Ol 0.0150 9.069E+13 
Am-242m 8.5075E-09 1,215.100 1,215.100 O.OOE+OO 1.03E-05 1.03E-Q5 0.0250 1.88SE+13 
Am-243 9.8519E-l0 1,215.100 1,215.100 O.OOE+<lO 1.20E-08 1.20E-OS 0.0375 1.630E+13 
C-14 2.3012E-Q4 1,215.100 1,215.100 O.OOE+<lO 2.80E-Ol 2_80E-Ol 0.0575 1.757E+13 
CI-36 1.2261E-08 1,215.100 1,215.100 O.OOE+OO 1.49E-03 1.49E-Q3 0.0850 1.062E+13 
Cm-243 2.4875E-l0 1,215.100 1,215.100 O.OOE+OO 3_02E-07 3_02E-Q7 0.1250 6.893E+12 
Cm-244 2.3178E-09 1,215.100 1,215.100 O.OOE+OO 2.82E-OS 2_82E-08 0.2250 9.138E+12 
Co-6O 7.0849E-Q2 1,215_100 1,215.100 O.OOE+OO 8.61E+<l1 8.61 E+<ll 0.3750 3.986E+12 
Cs-l34 3.0266E-08 1,215.100 1,215.100 O.ooE+OO 3.66E-Q3 3_66E-Q3 0.5750 6.566E+13 
Cs-l35 3.0316E-Q5 1,215.100 1,215.100 O.OOE+OO 3.68E-Q2 3_66E-Q2 0.8500 6.646E+11 
Cs-137 1.4511E+OO 1,215.100 1,215.100 O.OOE+OO 1.76E+<l3 1.76E+<l3 1.2500 6.606E+12 
Eu-l54 6.6955E-Q4 1,215.100 1,215.100 O.OOE+OO 8_14E-Ol 8.14E-Ql 1.7500 1.715E+l0 
Eu-155 6_9650E-04 1,215.100 1,215.100 O.OOE+OO 8.49E·Ol 8.49E-Ol 2.2500 3.559E+07 
Fe-55 1.2318E-Q3 1,215.100 1,215.100 O.ooE+OO 1.50E+<l0 1.50E+OO 2.7500 1.029E+06 
H-3 2.5141E-03 1,215.100 1,215.100 O.OOE+OO 3.05E+OO 3.05E+OO 3.5000 7.255E+Ol 
1-129 7.3195E-Q7 1,215.100 1,215.100 O.OOE+OO 8.89E-04 8.89E-04 5.ססOO 2.983E+01 
Kr-85 4.1281E-02 1,215.100 1,215.100 O.ooE+OO 5.02E+<l1 5.02E+<l1 7.ססOO 3.294E+OO 
Np-237 1.1489E-OB 1,215.100 1,215.100 O.ooE+OO 1.40E-Q3 1.40E-Q3 11.ססOO 3.697E-ol 
Pa-231 4.5241E-Q8 1,215.100 1,215.100 O.ooE+OO 5.50E-Q5 5.50E-05 
Pb-21 0 6.4476E-13 1,215.100 1,215.100 O.ooE+OO 7.83E-l0 7.83E-l0 
Pm-147 1.1651E-Q3 1,215.100 1,215.100 O.ooE+OO 1.42E+OO 1.42E+OO 
Pu-238 2.9517E-04 1,215.100 1,215.100 O.ooE+OO 3.59E-Ql 3.59E-Ql 
Pu-239 6.6772E-Q4 1,215.100 1,215.100 O.ooE+OO 8.11E-Ql 8.11E-Ol 
Pu-240 8.6839E-Q5 1,215.100 1,215.100 O.ooE+OO I.OSE-Ol 1.OBE-Ol 
Pu-241 7.1514E-Q4 1,215.100 1,215.100 O.ooE+OO 8.69E-Ql 8.69E-Ol 
Pu-242 1.9717E-Q9 1,215.100 1,215.100 O.OOE+OO 2.40E-08 2.40E-08 
Ra-226 1.7654E-12 1,215.100 1,215.100 O.OOE+OO 2.15E-09 2.15E-09 
Ra-228 8.2928E-12 1,215.100 1,215.100 O.ooE+OO 1.01E-OS 1.0IE-Q8 
Ru-1OB 1.8419E-l0 1,215.100 1,215.100 O.ooE+OO 2.24E-07 2.24E-Q7 
Se-79 1.3223E-05 1,215.100 1,215.100 O.ooE+OO 1.61E-02 1.61E-Q2 
Sn-126 1.1493E-Q5 1,215.100 1,215.100 O.ooE+OO 1.40E-02 1.40E-Q2 
Sr-90 1.3649E+OO 1,215.100 1,215.100 O.ooE+OO 1.66E+<l3 1.66E+<l3 
Tc-99 4.6656E-Q4 1,215.100 1,215.100 O.OOE+OO 5.67E-Ol 5.67E-Ql 
Th-229 1.4547E-ll 1,215.100 1,215.100 O.ooE+OO 1.77E-OS 1.77E-Q8 
Th-230 1.6617E-l0 1,215.100 1,215.100 O.ooE+OO 2.02E-07 2.02E-Q7 
Th-232 8.3361E-12 1,215.100 1,215.100 O.ooE+OO 1.01E-OS 1.01E-Q8 
TI-2OS 2.1664E-Q8 1,215.100 1,215.100 O.ooE+OO 2.63E-Q5 2.63E-Q5 
U-232 5.8669E-Q8 1,215.100 1,215.100 O.ooE+OO 7.13E-Q5 7.13E-Q5 Thermal Power 
U-233 3.1847E-Q9 1,215.100 1,215.100 O.ooE+OO 3.87E-06 3.87E-06 Nominal Heat Bounding 
U-234 3.8769E-Q7 1,215.100 1,215.100 O.ooE+OO 4.71E-04 4.71E-Q4 Output Heat OUtput 
U-235 -2.7761E-06 1,215.100 0.000 5.20E-Q3 1.82E-Q3 5.20E-Q3 /Wattsl /Wattsl 
U-236 1.6190E-Q5 1,215.100 1,215.100 O.ooE+OO 1.97E-Q2 1.97E-Q2 2.12E+01 2.12E+01 
U-238 -2.8547E-Q9 1,215.100 0.000 5.62E-Q5 5.27E-Q5 5.62E-Q5 Total Total 
V-90 1.3652E+OO 1,215.100 1,215.100 O.ooE+OO 1.66E+03 1.66E+03 
Other Radionuclides 2_01E+<l3 2.01E+<l3 
ID. TeJlIllla~ 8e1ec1i<llls...-rv. 1l_11 alldC~ 
Template selection Summary 

FromSFD Used Basis for Parameter Differences:
 
_Moderater: UGH'TWATER LIGHT WATER This Templale was used for the following reasons:
 

Fuel Cladding: HASTEllOV SST
 This fuel matches on all parameters except dadding (SST is COIlS&IVative) and enrichment (unknown).
 
BOl HM Constituents:
 U02 U 

BOl Enrichment %: 60 to 100 

Bumup Summary (MWd) Basis for bumup used in estimate: 
FromSFD Estimated

NomIIUll:II- t---I l"',2:cl"'5.:.:1':00-: Nominal bumup set equal to bounding bumup. 
Bounding:1 I 1,215.100 Bounding bumup estimated by assuming BOl hsavy motal mass was twice EOL 

Checks 

Estimated Bumupl 
Bumup Multiplier Given Bumup Estlmatod EOl HMlGlven EOl HM 

Nominal: 10.12 I 1.021 
Boundlng:1 10.12 , 

Reactor shutdoYm, core removal, storage, shlppmg or other date confunung that Irradiation ceased for fuel. 

2Talai bumup for aU fuel associated with this worKsheet must be divided by BOl heavy metal mass to get specific bumup values (MWdIMT). 
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Fuel Radionuclide Inventory Worksheet 
I. Fuel sud T~te lIlf_doo, Estimated 

Fuel Name: BNL MEDICAL RX (BMRR) 1Fuel decay start date: 1989 Canister usage: 
SNFID#: 21 Estirnatas 81l of: 2010 18"x10' 

Fuol Units & Deaor: 40· CYLINDRICAL SECTiONS Template: AlR (Ught Water, Alum., 60 to 100%. U) 1.11 
Heavy Metal Mass: BOL=6,19kg ; EOL=5,12kg 'Template Bumup(MWd): 367,2 
ROD Storage SIte: SRS Template BOL Heavy Metal Mass (MT): 0,00116689 

Template Decay Time" 20 years 
JLEsdmates m x. x. b Y. Y. Gamma Sources 

Photon Total 
CilMWdFrom Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Bumup (MWd)' Burnup (MWdj' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac·227 6.6313E-l0 1,007.629 2,015.257 O.OOE+OO	 6.66E·07 l.34E·06 Avg. MeV 
Am·241 2.0060E-03 1,007.629 2,015.257 O.OOE+OO	 2.02E+OO 4.04E+00 0.0150 2.127E+14 
Am·242m 4.2429E-D7 1,007.629 2,015.257 O.OOE+OO	 4.28E-04 8.55E-04 0.0250 4.424E+13 
Am-243 l.4899E-D6 1,007.629 2,015.257 O.OOE+OO	 1.50E·03 3.00E-03 0.0375 3.859E+13 
C·14 5.7135E-09 1,007.629 2,015.257 O.OOE+OO	 5.76E·06 1.15E-05 0.0575 4.133E+13 
CI-36 1.3124E-32 1,007.629 2,015.257 O.OOE+OO	 1.32E·29 2.64E-29 0.0850 2.497E+13 
Cm-243 1.6443E-07 1,007.629 2,015.257 O.OOE+OO	 l.66E-04 3.31E-D4 0.1250 1.690E+13 
Cm-244 2.9330E-D5 1,007.629 2,015.257 O.OOE+OO	 2.96E-02 5.91E-D2 0.2250 2.155E+13 
Co-60 5.3186E-D6 1,007.629 2,015.257 O.OOE+OO	 5.36E-03 1.07E-02 0.3750 9.379E+12 
Cs-l34 3.1563E-03 1,007.629 2,015.257 O.OOE+OO	 3.18E+OO 6.36E+OO 0.5750 1.530E+14 
Cs-135 3.4477E-D6 1,007.629 2,015.257 O.OOE+OO	 3.47E-03 6.95E-03 0.8500 2.587E+12 
Cs-137 2.0313E+OO 1,007.629 2,015.257 O.OOE+OO	 2.05E+03 4.09E+03 1.2500 1.477E+12 
Eu-l54 2.4513E-02 1,007.629 2,015.257 O.OOE+OO	 2.47E+Ol 4.94E+Ol 1.7500 6.780E+10 
Eu-155 4.8175E-03 1,007.629 2,015.257 O.OOE+OO	 4.85E+OO 9.71E+OO 2.2500 5.948E+06 
Fe-55 1.2397E-D4 1,007.629 2,015.257 O.OOE+OO	 1.25E-Ol 2.50E-Ol 2.7500 3.362E+06 
H-3 4.5697E-03 1,007.629 2,015.257 O.OOE+OO	 4.60E+OO 9.21E+OO 3.5000 1.545E+04 
'-129 7.5300E-07 1,007.629 2,015.257 O.OOE+OO	 7.59E-04 1.52E-03 5.0000 8.733E+02 
Kr-85 1.0850E-D1 1,007.629 2,015.257 O.OOE+OO	 1.09E+02 2.19E+02 7.0000 9.643E+01 
Np-237 9.5561E-06 1,007.629 2,015.257 O.OOE+OO	 9.63E-D3 1.93E-D2 11.0000 1.081E+01 
Pa-231 2.0359E-09 1,007.629 2,015257 O.OOE+OO	 2.05E-D6 4.10E-D6 
Pb-210 4.9728E-ll 1,007.629 2,015.257 O.OOE+OO	 5.01E-08 1.00E-07 
Pm-147 4.8502E-D2 1,007.629 2,015.257 O.OOE+OO	 4.89E+Ol 9.77E+Ol 
Pu-238 1.8254E-D2 1,007.629 2,015.257 O.OOE+OO	 l.84E+Ol 3.66E+Ol 
Pu-239 4.2810E-D4 1,007.629 2,015.257 O.OOE+OO	 4.31E-Dl 8.63E-Dl 
PU-240 2.4366E-04 1,007.629 2,015.257 O.OOE+OO	 2.46E-Ol 4.91E-Ol 
Pu-241 3.3415E-D2 1,007.629 2,015.257 O.OOE+OO	 3.37E+Ol 6.73E+Ol 
Pu-242 3.6329E-07 1,007.629 2,015.257 O.OOE+OO	 3.66E-04 7.32E-04 
Ra-226 2.2854E-10 1,007.629 2,015.257 O.OOE+OO	 2.30E-07 4.61E-07 
Ra-228 1.2426E-14 1,007.629 2,015.257 O.OOE+OO	 1.25E-11 2.50E-11 
Ru-106 6.3589E-D6 1,007.629 2,015.257 O.OOE+OO	 6.41E-D3 1.28E-D2 
8e-79 1.2933E-D5 1,007.629 2,015.257 O.OOE+OO	 1.30E-02 2.61E-02 
5n-126 1.1574E-05 1,007.629 2,015.257 O.OOE+OO	 1.17E-02 2.33E-D2 
8r-90 1.9248E+OO 1,007.629 2,015.257 O.OOE+OO	 1.94E+03 3.88E+03 
Tc-99 4.2239E-D4 1,007.629 2,015.257 O.ooE+OO	 4.26E-01 8.51E-01 
Th-229 5.0953E-12 1,007.629 2,015.257 O.OOE+OO	 5.13E-09 1.03E-D8 
Th-230 4.1885E-08 1,007.629 2,015.257 O.OOE+OO	 4.22E-05 8.44E-05 
Th-232 1.9270E-14 1,007.629 2,015.257 O.OOE+OO	 1.94E-11 3.88E-11 
T~208 4.6024E-08 1,007.629 2,015.257 O.OOE+OO	 4.64E-05 9.28E-05 
U-232 1.2582E-07 1,007.629 2,015.257 O.OOE+OO	 1.27E-D4 2.54E-04 Thermal Power 
U-233 2.5825E-D9 1,007.629 2,015.257 O.OOE+OO	 2.60E-D6 5.20E-D6 Nominal Heat Bounding 
U-234 1.8450E-04 1,007.629 2,015.257 O.OOE+OO	 l.88E-Dl 3.72E-D1 Output Heat Output 
U-235 -2.7235E-06 1,007.629 0.000 1.24E-02 9.65E-03 1.24E-02 /Watts) /Watts) 
U-236 1.5493E-D5 1,007.629 2,015.257 O.OOE+OO 1.56E-02 3.12E-D2 2.40E+Ol 4.80E+Ol 
U-238 -4.2851 E-D9 1,007.629 0.000 1.53E-D4 1.49E-D4 1.53E-04 Total Total 
Y-90 1.9254E+OO 1,007.629 2,015.257	 O.OOE+OO 1.94E+03 3.88E+03 
Other Radionuclides 1.95E+03 3.90E+03 
·ro. TeJllIl!llteSelectiOll s...-rv, ·udell_ 
Template Selection Summary 

From SFD Used Basis for Parameter Differences: 
Reactor Moderator: UGHTWATER UGHTWATER 

Fuel C1addlng: ALUM (1100) ALUM 
SOL HM Constituents: U-ALX U 

BOL Enrtchment 'Yo: 92.65152255 60 to 100 

BumupSummary(MWdj' Basis for bumup used in estimate: 
FromSFD Estimated 

Nomlnal:1 I 1.007.629 Nominal bumup calculated from the heavy metal mass destroyed. 
Bounding:1 I 2,015.257 Bounding bumup assumed to be twice nominal bumup. 

Checks 

Estimated Bumupf 
Bumul> MultiDUeo- Given BumuD Estimated EOL HMlGlven EOL HM 

Nominal: 0.52 I 1.011 
Boundln9: 1.03 ,

Reaetor shutdown. core removal. storage. shiPPing or other date conflnnlng that Irradiation ceased for fuel.
 

2Total bumup for all fuel associated with this worksheet must be divided by BOl heavy metal mass to get specific bumup values (MWd'MT).
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Template Information Estimated 

Fuel Nama: BORAX V(SUPERHEATER) 1Fuel decay start date: 1964 Canister usage: 
SNFID#: 22 Estimates as of: 2010 18"x10' 

Fuel Units & lleo<:r: 36 - 20 FLAT PLATES Template: Pathfinder (Light Water. SST, 60 to 100%, U) 2.00
 
Heavy Metal Mas.: BOl.=22.02k9 ; EOl=20.83k9 "Template Bumup(MWd): 6.01
 
ROD Storage Sib: INEEl Template BOl Heavy Metal Mass (MT): 0.00012882
 

Template Decay Time· 35 years 

n. Estimates m Xn b Yn Yb Gamma Sources 
Photon Total 

CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 
Radionuelide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 

';Ace:c'-2,,2';:7;- ~2:.:.3344~o;E=--Q;;87_----1=",_::12;c2~.2;c4;:1:__- ,2",,,244.483 O.ooE+OO 2.62E-05 5.24E_Q5 Avg. MeV 
"A:::mc:.-;c24"cl:__--------=-1'=.1~13=5~E=_-Q4'=_----1'1,,,12=2~.2"'4:.:1'---__-::2;",2",44.483 O.ooE+OO 1.25"'E'c-0:-:1:__----::2"'.50~E"'-Q;::1:___lI--oC'.ccOl=50:::....--__:1:'_.6::7:75~E+,_,1~4 
';A"'m'-:-2"'4"'2:'-m=---------__:8~.5:;;O:o7_;;5~E-Q~9---____:1C':,1c;2"'2:.:.2:_;_41o_----::2';,2:_i44:_;_:-:.;483;C-;;----------O~OOE+oo 9.55~E:_;-OB~--____:1~.9~1c;:E:_;-Q5~-jf_____c0c:.02c:50:?'__--__o3;:;.48~lE="+~13 
.;A;c.m::.-.;:243= -=9"'.SS=19=E=--_=170----,,1,"'1':'22=.':'24.;_1'-----'2",2"'44~.4837: D.OOE+OO 1.11 E-OB 2.21 E-Q6 00 ..03057755 3.011E+13 
.;:C:,--l;c4;;- ___'2o:.30~1:~2~E-';-Q4~-----:1"',l;o2;;;2,:;.2~4o_1---_;2'",2;:;44~.483'.SC---0:<'.,,00.E+OO 2.58"'E:_;-0~1;_--...::5"'.1:;;6~E:_;-0~1;_____lf-...::c:~::__---:3"'.2;;46_;:E:+~13 
c;:Ccc-lm-.::~oo243=- -_--='1."'2,o26"'1"E=--OB~--_-1"',-"122~.2"'4:.:1- 483: __-::2""2,,,44'77. 0.00E+OO---1-.3aE-03 2.75E-03 08 000..12550 ::~~EE++1133
~::.;;~------_;o2.';;48~7;;5"'E:_;-1"'0;_---="1,_"12:;;2;c.2~4:_;_1---__:2~,2;c44'-:C':.483;-",,__-;;O,;;:.oo;_E+OO 2.79E-07 5.58E-07 0.2250 

~g~~~-~244~~:.::.::.::.::.::.::.::.::.::.::.::.::.::.:~~:~~~17~:~~~~~;~:.::.::.::.::.::.::.::.:~~:t~~~2~:;~:~~:.::.::.::.::.::.::.:~;~:;~::~::S~3--_ ~:~~~ i::~: ~:;~~~ 0.3750 ;::~::~ 
c;:C:"S-"'1_;;34~------__:3~.0"'2~66~E-Q6~---____:1;_:.,l"'2~2"'.2:_i4~1---_:2'",2",44:-,,-:.483-: O.ooE+OO 3.40"'E::;-03~--__o6~.7"'9"'E::;-Q:s3:____lf-_:oc:.5,o750~--___:l;c.2"'1:;:3E="+'_C14~ 
-;C<:S'-:-1;;3;:;5:- -73~.0'i:'3i-.16c;E~--';;0,,5----o_1,:;.1;;:22~.;c24:i:1:- _____;2",2"'44;:;:-.483~~~:_----C0~.ooE+oo 3.40E-02 6.80E-02 0.8500 1.228E+12 
~CO'S'c-l"'3:o7_--------;;1.:.;4;';;51;,1;C;E=-+OO:::-;-----_"l,:_;_1"'22~.;o24~1:__----;2"',2:o_44~.487:-;:3;_--cO"'.oo;o:E,,+OO~---.;;1."'63,oE;o+03';?2'------:3'::'.~26'"Eo:+O~3:--lf-..:l'".2;;:500~---_='1,o.220~E,,+'_Cl:.'3 
.;E"'u_:-l'=54-=-__~ 67.~695=5'=E"'-04oc.-----l'1,_"122='=".2"'4"_1---.:2",2=-=44::::.c.483c~--~0..00:E+OO 7.5:_1:~E"'-0:_il---"'1-:.50~E-"+OO==---11_____::1~.7'=500=__--____::3C:.1~68~E=+_=10
Eu-155 6.9SS0E-04 1,122.241 2,244.483 O.OOE+OO 7.84E-Ol 1.57E+OO 2.2500 6.575E+07 
-:-F7'e-~5"'5'--------_=1"'.2:':'3_"18?E=_-~03::;-------'11 ,"'1"'22=.'024.;_1:__---::2",2:0-44;-;-:-:-.483: O.ooE+OO 1.38E+OO 2.76E+OO 2.7500 1.900E+06 
.;.H'-.-3~-----.--~2.,,5o.;14~1.;:E:_;-03;:;_----1"',,;:122~.2;:;4:o_1---_:2'",2~44~.483 0.ooE+OO~---;2;::;.822~E+OO~'------:5"'.64~E,:;+OO~-1f_____c3:::;.5000~:_--_;1C;.3;;7_;:3E=,,+~02 
-:-1-,,1~29;';;-_--_----';7:::.3:;=;1;;95?E=_-Q_;;70;--_--__;:1,'71~22~.,o24~1:__----;2",2:o_44~",-:-.483 0.ooE'-'+OO~---"'8';;.2,,1~E__:-04~ ____:;;-1."'84:;;E=--Q,.;;:;3--+-_;5;c.OOOO::;;7_--__::5_;.6c5:~lEO'+_0"~1 
"'Ki':r-"'SS~-------~4.,o,12~8~1"'E:_;-0;;:2:__---1"',,;:122~.2"'4~1---_:2""2",44::;::;.483,,,,---------O:OOE+OO 4.63E+Ol 9.27E+Ol 7.0000 6.243E+00 
-""'::237 1.1489E-OB 1,122.241 2,244.483 O.ooE+OO 1.29"E=_-0;c3;-------;2c;.5~8"'E,,-0"'3;---_f!r---l'-'1"'.OOOO==-----~7~.00~7c'E:...-0,-,-1 
~P'-~a_;-2:"3-=-1--------4'7'."'52'C:4~1~Ec'-08"=_---_1'1,_"122='=".2"'4,,1- __.:2",2==44::::.c.483c~--~0.~ooE+OO 5.08E_Q5 1.02E_Q4 
"PC!:.b-,,2O'l~0;_------6::".o:44~7~6~E-;-1"'3:_--___:1"',,;:12:;o2"'.2;:;4~1-- _ _:2""2~44~.483",, O.ooE+OO 7.24E-l0 1.45E_Q9 
~P.cm'-,-1",4~7----- "'1._=160'5c:l~E"'-03=------1"',-"12"_'2"'.2"'4~1---"'2",2:o_44:77.483 O.ooE+OO 1.31 E+OO 2.61 E+OO 
"P"'U-';-2;;:38;;- 2"'.oo95"'1;;;7"'E_:-04;:;-----1;_',,;:122~.2;:;4~1---_:2",,2:::;44~.483 O.ooE+OO 3.31E_Ql 6.63E_Q1 
~P"'U_;-2;::3;;9-------6"'.;;677=2'=E"'-04:=-----1"',-"12"_'2"'.2:_i4~1---",2""2,,,44:--:-:-:-:.483 O.ooE+OO 7.49E-01 1.50E+OO 
"P"'U_:-2~400,---------8:;:."'683~9~E_:-Q"'5'-----___:1;_',,;:122~.2;:;4~1---_;2'",2:::;44c:-",.483~ O.ooE+OO 9.75E_Q2 1.95E-01 
"PU__-;c247;1:__-------__:7~.1"'5-:-14;;;E=_-;;04o_---_;1-;,l_;;2::;:2.~24.;_1;--- __~2,c::27.44.483 0.ooE:...+OO~-----;8;c.03~E__:-Q~1:------'1;'.6;-;lo;:E:_;+OO~____t1 
-Pu-242 1.9717E_Q9 1,122.241 2,244.483 O.ooE+oo 2.21E-Q6 4.43E-Q6 
Ra-226 1.76S4E-12 1,122.241 2,244.483 O.ooE+OO 1.9BE_Q9 3.96E-09 
Ra-228 8.2928E-12 1,122.241 2,244.483 O.ooE+OO 9.31E-09 1.66E-oB 
Ru-1OB 1.8419E-l0 1,122.241 2,244.483 O.ooE+OO 2.07E_Q7 4.13E-07 
-;:S"'e--'-7-=9~-------17'.7322=3'=E_;-Q5"=_----1"',-"12"_'2"'.2'"4~1---_;2'",2",44:--:-:-:-:.483 O.ooE+OO 1.48E_Q2 2.97E_Q2
Sn-126 1.1493E_Q5 1,122.241 2,244.483 O.ooE+OO 1.29E_Q2 2.58E_Q2 
Sr-90 1.3649E+OO 1,122.241 2,244.483 O.ooE+OO 1.53E+03 3.06E+03 
Te-99 4.6856E_Q4 1,122.241 2,244.483 O.ooE+OO 5.24~E:c-Q~1;___--_cl;;::.OS~E"'+OO~-~1 
Th-229 1.4547E-ll 1,122.241 2,244.483 O.ooE+OO 1.63E-Q6 3.27E-08 
~T""h-~2~30;;-------_;c1."'66~1~7~E-;-1~0---___:1;_',,;:12;;;2:.:;.2"'4:;_1---_;2",,2;:;44~.483::; O.ooE+OO 1.66E_Q7 3.73E_Q7 
"'Th"'-"'2"'32~ 8"'.~336~1'=E--:-l:=2---___:1"',~122~.2'"4~1---_;2"',2"'44~.483.~--_;o0.~ooE+OO 9.36E-09 1.87E-oB 
T~208 2.1664E-08 1,122.241 2,244.483 O.ooE+OO 2.43E-OS 4.66E_Q5 
U-232 5.8669E-Q6 1,122.241 2,244.483 O.ooE+OO 6.58E_Q5 1.32E_Q4 Thennal Power 
7Ui-'-2~33~_------_...:::o3."'1;;84~7::;Eo:-Q9~---__:1;_',,;:12~20'.2~4;::1:_--_o2'",2;:;44~.483?S;--___;O".00~E,,+OO~---"'3::;.5;;7~E_:-06~_--.;;.7."'1;;5;oE-:;06:7_____lI Nominal Heat Bounding 
7U;-:-2~34:=-----------'3"".8'=7:o:6~9~Ec=-Q"'7c_--___:l:-!.,l"'2~2"'.2:_i4_;_1---c'2c:,2=,44=.483,= 0",.~ooE+OO 4.35E-Q4 8.70E_Q4 Output Heat Output
U-235 -2.7761E-Q6 1,122.241 0.000 4.43E-02 4.12E-Q2 4.43E_Q2 /Watts\ /Wattsl 
U-238 1.6190E_Q5 1,122.241 2,244.483 O.ooE+OO 1.82E-02 3.63E-02 1.96E+Ol 3.92E+01 
U-238 -2.6S47E-09 1,122.241 0.000 5.07E-04 5.04E-04 5.07E-Q4 Total Total 
-;Y"'-90=-=-7."_~----1:::.385='=2"-E+OO==-----1:-!.,l-"2=2"".2"'4,,1----'2c:,2::44=.483= O",..::ooE+OO 1.53E+03 3.OBE+03 
Other Radionuelides 1.85E+03 3.71 E+03 
Ill.Temolate SeIedion Summlln.. Bumu 
Template Selection Summary 

From SFD Used Basis for Parameter Differences: 
Reactor Moderatcr:I----'U=:Gc:HT:::-::W;.:A"'T;:;E:..;R_-t_--=UG"HT'C::W"'A"'T:..:E"'R_-1 

BOl '::'=~:I---.::SS::::..:-:.o;;(304;;;2:=l)'----t-----:SS::;U~T---I 
BOl Enrichment %: 93.14999492 60 to 100 

Bumup Summary (MWd) Basis for bumup used in estimate: 
FromSFD 

Nomlnol:1j 5:..;.8"'58:..;!1-I --.:1--o,122.241 Nominal bumup caiculaled from the heavy metal mass destroyed. 
Bounding:1 I 2,244~ Bounding bumup assumed to be twice nominal bumup. 

Checks 
Estimated Bumupl 

Bumuo Multioller Given Bumup Estimated EOl HINGlven EOl HM
 
Nomlnol: 1.09
 191.59 I 1.001
 

Bounding: 2.18
 ,
Reactor shutdown, core removal, storage, shlppmg or other date conflnnmg that Irradiation ceased for fuel. 

2Total bumup for all fuel associated with this worksheet must be divided by SOL heavy metal mass to get specific bumup values (MWdlMT). 

DOElSNFIREP-078 December 2003 
Revision 1 Page C-28 



Fuel Radionuclide Inventory Worksheet 
I. Fuel and Template lIlf_tion Estimated 

Fuel Name: BR-3 1Fuel decay start date:
 1981 Canister usage: 
SNFID#: 927 EstImates as of:
 2010 18"x15' 

Fuel Units & Oeser: 16 - ROD Template:
 PWR (Ught Water, Zirc, 0 to 5%, U) 1.00 
Heavy Metal Mass: BOL,,5.60kg : EOL=5.11kg 'Template Bumup(MWd):
 61.92 
ROD St...age Site: INEEL Template BOL Heavy _I Mass (MT):
 0.00176911
 

Template Decay Time'
 25 years
 

n. Estimates m x. Xb b Y. Yb Gamma Sources 
Photon Total 

CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photonslsec 
Radionuclide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 6.6376E-l0 465.566 931.173 O.ooE+OO 3.09E-07 6.18E-07 AV9. MeV 
Am-241 1.3144E-Ql 465.566 931.173 O.ooE+OO 6.12E+Ol 1.22E+02 0.0150 6.332E+13 
Am-242m 3.oo39E-04 465.566 931.173 O.ooE+OO 1.40E-Ol 2.80E-Ol 0.0250 1.283E+13 
Am-243 6.2629E-04 465.586 931.173 O.ooE+OO 2.92E-Ol 5.83E-Ol 0.0375 1.241E+13 
C-14 4.7965E-05 465.566 931.173 O.ooE+OO 2.23E-02 4.47E-02 0.0575 1.354E+13 
CI-36 8.0297E-Q7 465.566 931.173 O.ooE+OO 3.74E-04 7.48E-04 0.0850 7.175E+12 
Cm-243 3.1993E-04 465.566 931.173 O.ooE+OO 1.49E-Ol 2.98E-Ql 0.1250 5.241E+12 
Cm-244 7.1851E-02 465.586 931.173 O.ooE+OO 3.35E+Ol 6.69E+Ol 0.2250 6.159E+12 
Co-80 9.5220E-03 465.586 931.173 O.ooE+OO 4.43E+OO 8.87E+OO 0.3750 2.643E+12 
Cs-l34 1.1662E-Q3 465.566 931.173 O.ooE+OO 5.43E-Ql 1.09E+OO 0.5750 6.073E+13 
Cs-l35 1.4433E-05 465.566 931.173 O.ooE+OO 6.72E-03 1.34E-02 0.8500 1.199E+12 
CS-137 1.7803E+OO 465.566 931.173 O.ooE+OO 8.20E+02 I.64E+03 1.2500 1.619E+12 
Eu-154 4.5203E-02 465.566 931.173 O.ooE+OO 2.10E+Ol 4.21E+Ol 1.7500 3.548E+l0 
Eu-155 7.1479E-Q3 465.566 931.173 O.ooE+OO 3.33E+OO 6.66E+OO 2.2500 6.553E+06 
Fe-55 6.1919E-04 465.566 931.173 O.ooE+OO 2.88E-Ol 5.nE-Ol 2.7500 7.364E+06 
H-3 3.6366E-02 465.566 931.173 O.ooE+OO 1.69E+Ol 3.39E+Ol 3.5000 9.652E+05 
1-129 9.8288E-07 465.566 931.173 O.ooE+OO 4.58E-04 9.15E-Q4 5.0000 4.124E+05 
Kr-85 5.3844E-Q2 465.566 931.173 O.ooE+OO 2.51E+Ol 5.01E+Ol 7.0000 4.755E+04 
Np-237 1.0546E-05 465.566 931.173 O.ooE+OO 4.91E-03 9.82E-Q3 11.0000 5.462E+03 
Pa-231 1.1370E-09 465.566 931.173 O.ooE+OO 5.29E-07 I.OSE-OS 
Pb-21 0 3.3624E-ll 465.566 931.173 O.ooE+OO 1.57E-OB 3.13E-08 
Pm-147 5.1211E-Q3 465.566 931.173 O.ooE+OO 2.36E+OO 4.nE+OO 
Pu-238 8.0669E-Q2 465.566 931.173 O.ooE+OO 3.76E+Ol 7.51E+Ol 
Pu-239 1.1626E-02 465.566 931.173 O.ooE+OO 5.41E+OO 1.OBE+Ol 
Pu-240 1.5097E-02 465.566 931.173 O.ooE+OO 7.03E+OO 1.41E+Ol 
Pu-241 1.4567E+OO 465.566 931.173 O.ooE+OO 6.78E+02 I.36E+03 
Pu-242 6.4280E-05 465.566 931.173 O.ooE+OO 2.99E-02 5.98E-02 
Ra-226 1.1392E-l0 465.566 931.173 O.ooE+OO 5.30E-OB 1.OSE-07 
Ra-228 5.1841E-12 465.566 931.173 O.ooE+OO 2.41E-09 4.83E-Q9 
Ru-1OS 5.9012E-Q7 465.566 931.173 O.ooE+OO 2.75E-Q4 5.50E-Q4 
Se-79 1.2379E-Q5 465.566 931.173 O.ooE+OO 5.76E-03 1.15E-02 
Sn-126 2.5210E-Q5 465.566 931.173 O.ooE+OO 1.17E-02 2.35E-Q2 
Sr-90 1.1630E+OO 465.566 931.173 O.ooE+OO 5.41E+02 1.OBE+03 
Tc-99 3.9357E-04 465.586 931.173 O.ooE+OO 1.83E-Ql 3.66E-Ql 
Th-229 8.5691E-ll 465.566 931.173 O.ooE+OO 3.99E-OB 7.98E-OB 
Th-230 1.4493E-Q8 465.566 931.173 O.ooE+OO 6.75E-Q6 1.35E-05 
Th-232 5.2923E-12 465.566 931.173 O.ooE+OO 2.46E-Q9 4.93E-Q9 
TI-2OB 1.9202E-Q7 465.566 931.173 O.ooE+OO 8.94E-Q5 1.79E-04 
U-232 5.2083E-07 465.566 931.173 O_ooE+OO 2.42E-04 4.85E-04 Thermal Power 
U-233 2.4366E-Q8 465.566 931.173 O.ooE+OO 1.14E-Q5 2.27E-Q5 Nominal Heat Bounding 
U-234 4.7012E-Q5 465.566 931.173 O.ooE+OO 2.19E-Q2 4.38E-Q2 Output Heat Output 
U-235 -1.4492E-OS 465.566 0.000 3.46E-03 2.78E-03 3.46E-03 /Watts) /Watts) 
U-236 7.5759E-OS 465.566 931.173 O.ooE+OO 3.53E-03 7.05E-Q3 1.28E+Ol 2.55E+Ol 
U-238 -2.6129E-Q7 465.566 0.000 1.34E-03 I.22E-Q3 1.34E-Q3 Total Total 
Y-90 1.1631E+OO 465.566 931.173 O.ooE+OO 5.42E+02 I.OBE+03 
Other Radionuclides 7.87E+02 1.57E+03 
W. l'emoIate SeJmloIj. $t.umlIarv, ,.1!!l'ICIledj$ 
Template selection Summary 

From SFD Used Basis lor Paramater Dillerences: 
Roactor Moderator: UGHTWATER UGHTWATER This Te"l>late was used tor the following reasons: 

Fuel ~Isddlng: ZIRG-4 ZIRC This fuel matches on all parameters except enrichment. 
BOL HM eonollluenls: 002 U 

BOL Enrtchment 0/0: 28.57142857 0105 

Bumup Summary (MWd)" Basis lor bumup used in estimate: 
FromSFD Estimated 

Nomlnal:\ I 465.586 Nominal bumup calculated from the heavy metal mass destroyed. 
Boundlng:1 I 931.173 Bounding bumup assumed to be twice nominal bumup. 

Checks
 

Estimatsd Bumupl
 
BumUD MultiDlier Given Bumup Estimatsd EOL HMlGlven EOL HM 

Nominal: 2.38 I 1.001 
Bounding: 4.75 ,

Reactor shutdown, core removaJ, storage, shipping or other date conflnnrng that Irradiation ceased for fuel. 

2TotaJ bumup for all fuel associated with this worksheet must be divided by BOl heavy metal mass to get specific bumup values (MWd'MT). 
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Template lIlfotmation Estimated
 

Fuel Namo: BR-3 FUEL 1Fuel decay start date: 1994 Canister usage:
 
SNF ID 'I: 340 Estimates as of: 2010 18"xl0' 

Fuel Units & 1lescT: 16 - ROD Template: PWR (Ught Water, :lire, 0 to 5%, U) 0.12 
Heavy Metal Maso: BOl=7.54k9 ; EOl=7.06k9 'Templ_ 8umup(MWd): 61.92 
ROD Storage SIlO: INEEl Template BOl Heavy Metal Mass (MT): 0.00176911 

- empiate Decay Time' lS years 
D. Estimates m b Y. Yb Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Bumup (MWd)' Burnup (MWdj' (Gi) Inventories(Gi) Inventories(Ci) Group (bounding) 
Ac-227 4.2135E-l0 448.850 897.699 O.ooE+OO 1.89E-07 3.78E-07 AV9. MeV 
-';A;=m::'-"24~1;---------';1".0;;;2::=57"'E~--;;0~1-----448;-;;;".85;::=;;0-----8;;;:90;7.c6~-;;99---o.oo-E+OO 4.60E+Ol 9.21E+Ol 0.0150 7.763E+13 
Am-242m 3.1444E-04 448.850 897.699------O:OOE+OO 1:41E-Ol 2.82E-Ol 0.0250 1.599E+13 
':A::':m"--2'='43~'---------~6.~2~694::=-E'-'-04o.;...-------'448'7:.~8:;50~---~8~9=7."==699 O.OOE+OO 2.81 E_Ql 5.63E-Ol 0.0375 1.575E+13 
,;C~-c:14=- ---"4".60'=730=:E;:--.;:05::o- 448~,,.85'=70 ~897.699 -~O;C.00~E:-'-+OO~---2;C."'16"E~--;;0"'2-----'4~.0;:31;;E=--0;:02Oc----lIr---.;0-';;.0::=S7"'5'-----_-_""1_.""5_;96_E_+.l_3 
C~36 8.0313E-07 448.850 897.699 O.ooE+OO 3.60E-Q4 7.21E-04 0.0850 9.022E+12 
~C"=m::'--;;2~43:;---------47.-;;0~795~E=--04;;-';-------;448C;-;;-."'85::=0;;----------;;89;o7:;';.699 O.ooE+OO 1.83E-Ol 3.66E-Ol 0.1250 7.131E+12 
~C",m"-;-;;:244c::- ~1.~0533~;;:Ec;-Q~1;-----.:;448~.~85~0<--------;;8,,,97'.o;.~699------O'OOE+oo 4.73E+Ol 9.46E+Ol 0.2250__ 7.690E+12 
Co-6O 3.5449E_Q2 448.850 897.699 O.ooE+OO 1.59E+Ol 3.18E+Ol 0.3750 3.388E+12 
~C"S:":-1;::34O-:----------';:3".354~3;oE"'_Q~2-----448;-;;;'::;.85::==0-----;;8:::9=7."'699 O.OOE+OO 1.51 E+Ol 3.01 E+Ol 0.5750 7.544E+13 
Cs-l35 1.4433E-05 448.850 897.699 O.OOE+OO 6.48E-03 1.30E-02 0.8500 3.098E+12 
Cs-137 2.2190E+OO 448.850 897.699 O.ooE+OO 9.96E+02 1.99E+03 1.2500 4.362E+12 
Eu-l54 1.0111E-Ol 448.850 897.699 O.ooE+OO 4.54E+Ol 9.08E+Ol 1.7500 6'645E+10 
.,E;u'--:-1;-;5';:5'-------------;;2-;.88~92;;:E"'_Q2-;;;;-----...:448;::::;;-;.8;05"'0-----~8"'9'.o;7.:;;;69g:==O'OOE:.:.+OO~--____cl"'.30~~E=-+O_;;;;;1:_--__c2;c.5"'9"'E"'+O~1-__Jl__-_;;22":·.2 :0-::500 51·.7200S1EE+O+077
Fe-55 8.8889E-03 448.850 897:699 O.ooE+OO 3.99E+OO 7.98E+OO 7500 
':H""-3~-----------"'6.~37~2~7~E'-'_Q"'2'----------'448'--"".~85:;0~---~8~97=.'::6';:99---0-.00E~+OO~----'::2-;.86:::;:-E+O~1'---------=5-==.7"'2~E+O-'.;:'1'-c--l~---=3--=.5000=---"':1':::.88=5:::E~+::C-06 
1-129 9.8288E_Q7 448.850 897.699---0~ooE+OO 4.41E-04 8.82E-Q4 5.0000 S.789E+05 
"'K,.:-r-85'=------ ------'"'1.'=02"'7"'6~E~-0~1-------:448'--"".~85=:0~----;;8=97.699--_____O'_OOE+OO 4.61 E+Ol 9.22E+Ol 7.0000 6.675E+04 
Np-237 9.9693E-Q6 448.850 897.699 O.ooE+OO 4.47E-03 8.95E_Q3 11.0000 7.667E+03 
Pa-231 9.7028E-l0 448.850 897.699 0.OOE=-,+OO~------=4",.36~E,_,-Q~7c---...:8=-.7o-:1",E,_,-00'7c-___j1 
Pb-21 0 8.0862E-12 448.850 897.699 O.ooE+OO 3.63E_Q9 7.26E-09 
Pm-147 7.1786E_Q2 448.850 897.699 -O:oo-E"'+OO~--------;3c;.2"'2;;=EC-'+O;;:1;---------;6;':'.44~E:":+O;;:1;--------l1 
Pu-238 8.7274E_Q2 448.850 897.699 0.ooE=-,+OO~------;3::;.9;;;2",E",+O:;;1;-------::7c;.83~Ec'.+O;cl;-----j1 

:~:~: ::~=~~~ ::::~ ::~:~:: ~:~",~",::~----':::'::::;~~;o~-'C::~-------;:---;:~~~-'C~,,=:;-----ll 
Pu-241 2.3563E+OO 448.850 897.699 O.ooE+OO 1.06E+03 2.12E+03 
c:P""U~-2~472 6'O'742=o60~E:---,-05'7-- ------,448'--""',=85,:,,0;____---_;;8:o:97=._,:,,:699 0.ooE"'+OO''''''-------;2c-;.88E-02 5.nE_Q2 
Ra-226 4.0407E-ll 448.850 897.699 0.00"'E"'+OO~-----;1c:.8c;l"'E---::-08?i_--______:3co.63~Ec;-Q8?i_____I1 
Ra-228 4.7917E-12 448.850 897.699 O.ooE+OO 2.15E_Q9 4.30E-Q9 

-;;R:-:,u--,;-1~06",---- 50'.~69",2;;;8c.::E---::-Q4;;o-- -----.:;448~.",850~ -----,;8'.<97'.o;.;?,699 O.ooE+OO 2.56E_Ql 5.11 E-Ol 
5e-79 1.2380E_Q5 448.850 897.699 O.ooE+OO 5.56E_Q3 1.11E-02 
Sn-126 2.5210E-05 448.850 897.699 O.ooE+OO 1.13E-Q2 2.26E_Q2 

.;S"-r-.:::o90-=- ._1=.4-=7::::5o.:1"'E---;+OO~---_____;448~.:::85':"0;____---_;;8:o:97==._':":699 O.ooE+OO 6.62E+02 1.32E+03 
Tc-99 3.9357E-Q4 448.850 897.699 0.ooE:.:.+OO~--_____;l;c.77~E~-0"'1----,--...:3=-.5?3;;:E'_'-Q"'1'-----___j1 
Th-229 5.1744E-l1 448.850 897.699 O.ooE+OO 2.32E-08 4.65E_Q8 
Th-230 8.3721 E-Q9 448.850 897.699 O.ooE+OO 3.76E-Q6 7.52E-Q6 
Th-232 5.2859E-12 448.850 897.699 O.ooE+OO 2.37E-09 4.75E-Q9 
Tl-208 2.0397E_Q7 448.850 897.699 O.OOE+OO 9.16E-05 l.83E-Q4 
U-232 5.6638E-07 448.850 897.699 O.ooE+OO 2.54E-Q4 5.08E-04 Thermal Power 
U-233 2.3708E_Q8 448.850 897.699 O.ooE+OO 1.06E-Q5 2.13E-OS Nominal Heat Bounding 

..cU,;-2;;;34:ic- 47.365~~3E'F-05~---________;448~.;;;85o;:0;____-------'8';;9_';:7."'69~~9 0.00;c,E"'+OOi.-;';-__--i:l."'96~E=--Q;c2;-------;3c;.9"'2_i=E__;;-Q"'2-__j1 Output Heat Output
U-235 -l.4494E-Q6 448.850 0.000 1.35E_Q3 6.98E-04 1.35E-Q3 (Walts) (Watts) 
U-236 7.5694E-Q6 448.850 897_699 O.ooE+OO 3.40E-03 6.80E-Q3 1.51E+Ol 3.01E+Ol 
U-238 -2.6129E_Q7 448.850 0.000 2.32E-Q3 2.21 E-03 2.32E_Q3 Total Total 
V-90 1.4755E+OO 448.850 897.699 O.ooE+OO 6.62E+02 1.32E+03 
Other RadionuclideS 9.60E+02 1.92E+03 
m. Tenmlate ~ s.m-ry,lJ •and Chedls' 
Template Selection Summary 

From SFD Used Basis for Parameter Differences: 
Reactor Moderator: UGHT WATER UGHT WATER This Template was used lor the following reasons:
 

Fuel Clacldln9:1---=:Z=I-;;:RG-4::--':=---+--=-=-:Z"IR::-C::-:":::':"'--1Th~fuel matches PNR Template on all but one parameter (enrichment) maldng PNR. n>asonabie
 
BOl HM Constituents: U02 U match. 

BOL enrichment rio: 8.280254777 0 to 5

Bumup Summary (MWd) Basis for burnup used in estimate:
 
FromSFD Estimated
 

Nominal:1 293.9041 448.850 Nominal bumup calculated trom the heavy metal mass destroyed.
 
Bounding: 316.512 897.699 Bounding bumup assumed 10 be twice nominal bumup.
 

Checks 
Estimated Bumupl

Bumup MuttlPller Given Bumup Estimated EOl HMiGiven EOl HM
 
Nominal:1 1.70
 1.53 1 1.001
 

Bounding: 3.40
 2.84 ,
Reactor shutdown, core removal, storage, shlpptng or other date conflmllng that lnacfiatton ceased for fuel. 

2Total bumup for all fuel associated with this worksheet must be divided by BOl heavy metal mass to get specific bumup values (MWd'MT).  
 
 

I
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Ttmplate Inf_tWn Estimated 

Fuel Name: BRp·B 1Fuel decay start date: 1972 Canister usage: 
SNFID#: 23 Estimates as of: 2010 BWR 

Fuel Units & Oeser: 2· 11 X 11 ROD ARRAY Template: PWR (Ught Water, Zirc. 0 to 5%. U) 1.00 
_vy Molal Ma••: BOl:262.68kg ; EOl=250.07kg 'Template Bumup(MWd): 61.92 
ROD Slorage Site: INEEl Template BOL Heavy Molal Mas. (MT): 0.00176911 

Template oaeay Time' 35 years 
n. Estimates m Xo x. b Yo Y. Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ae·227 8.7758E-l0 11.990.372 23.980.745 O.OOE+OO 1.05E-05 2.10E-05 Avg. MaV 
Am-241 1.4352E-Ol 11.990.372 23.980.745 O.OOE+OO 1.72E+03 3.44E-Kl3 0.0150 1.290E+15 
Am-242m 2.8698E-04 11.990.372 23,980.745 O.OOE+OO 3.44E+OO 6.88E+OO 0.0250 2.602E+14 
Am-243 6.2565E-04 11.990.372 23.980.745 O.OOE+OO 7.50E+OO 1.50E-Kll 0.0375 2.482E+14 
C-14 4.7901E-Q5 11.990.372 23.980.745 O.OOE+OO 5.74E-Ql 1.15E+OO 0.0575 2.867E+14 
CI-36 8.0297E-07 11.990.372 23.980.745 O.OOE+OO 9.63E-03 1.93E-02 0.0850 1.444E+14 
Cm-243 2.5081E-04 11.990.372 23,980.745 O.OOE+OO 3.01E+OO 6.01E+OO 0.1250 1.002E+14 
Cm-244 4.9015E-02 11.990.372 23.980.745 O.OOE+OO 5.88E-Kl2 1.18E-Kl3 0.2250 1.238E+14 
Co-60 2.5581E-Q3 11.990.372 23.980.745 O.OOE+OO 3.07E-Kll 6. 13E-Kll 0.3750 5.323E+13 
Cs-l34 4.0536E-05 11.990.372 23,980.745 O.OOE+OO 4.86E-Ol 9.72E-Ol 0.5750 1.238E+15 
Cs-l35 1.4433E-05 11,990.372 23.980.745 O.OOE+OO 1.73E-Ol 3.46E-Ol 0.8500 1.713E+13 
Cs-137 1.3979E+OO 11.990.372 23,980.745 O.OOE+OO 1.68E+04 3.35E+04 1.2500 1.683E+13 
Eu-154 2.0203E-02 11,990.372 23,980.745 O,OOE+OO 2.42E-Kl2 4.84E-Kl2 1.7500 5.039E+l1 
Eu-155 1.7684E-03 11.990.372 23,980.745 O.OOE+OO 2.12E-Kll 4.24E-Kll 2.2500 8.114E+07 
Fe-55 4.3136E-05 11.990.372 23.980.745 O.OOE+OO 5.17E-Ql 1.03E+OO 2.7500 1.662E+08 
H-3 2.0769E-02 11,990.372 23.980.745 O.OOE+OO 2,49E-Kl2 4.98E-Kl2 3.5000 1.712E+07 
1-129 9.8288E-07 11.990.372 23.980.745 O.OOE+OO 1.18E-Q2 2.36E-02 5.0000 7.318E+06 
Kr-85 2.8214E-02 11.990.372 23.980.745 O.OOE+OO 3.38E-Kl2 6.nE-Kl2 7.0000 8.434E+05 
Np-237 1.1218E-Q5 11.990.372 23,980.745 O.OOE+OO 1.35E-Ol 2.69E-Ol 11.0000 9.687E+04 
Pa-231 1.3036E-09 11,990.372 23,980.745 O.OOE+OO 1.56E-OS 3.13E-OS 
Pb-21 0 8.5078E-ll 11.990.372 23,980.745 O.OOE+OO 1.02E-oo 2.04E-Q6 
Pm-147 3.6531E-Q4 11.990.372 23.980.745 O.OOE+OO 4.38E+OO 8.76E+OO 
Pu-238 7.4564E-Q2 11.990.372 23.980.745 O.OOE+OO 8.94E-Kl2 1.79E-Kl3 
Pu-239 1.1623E-02 11,990.372 23,980.745 O.OOE+OO 1.39E-Kl2 2.79E-Kl2 
Pu-240 1.5132E-02 11.990.372 23.980.745 O.OOE+OO 1.81 E-Kl2 3.63E-Kl2 
Pu-241 9.0036E-Ql 11,990.372 23.980.745 O.OOE+OO 1.08E+04 2.16E+04 
Pu-242 6.4260E-Q5 11,990.372 23,980.745 O.OOE+OO 7.71E-Ol 1.54E+OO 
Ra-226 2.2804E-l0 11.990.372 23.980.745 O.OOE+OO 2.73E-oo 5.47E-oo 
Ra-228 52713E-12 11,990.372 23,980.745 O.OOE+OO 6.32E-08 1.26E-Q7 
RU-loo 6.1160E-l0 11,990.372 23.980.745 O.OOE+OO 7.33E-oo 1.47E-Q5 
5e-79 1.23nE-OS 11,990.372 23,980.745 O.OOE+OO 1.48E-Ql 2.97E-Ol 
5n-126 2.5210E-Q5 11.990.372 23.980.745 O.OOE+OO 3.02E-Ol 6.OSE-Ql 
5r-90 9.1687E-Ql 11.990.372 23,980.745 O.OOE+OO 1.10E+04 220E+04 
Te-99 3.9357E-04 11,990.372 23,980.745 O.OOE+OO 4.72E+OO 9.44E+OO 
Th-229 1.2057E-l0 11,990.372 23.980.745 O.OOE+OO 1,45E-Q6 2.89E-Q6 
Th-230 2.1043E-Q8 11,990.372 23,980.745 O.OOE+OO 2.52E-04 5.OSE-04 
Th-232 5.2972E-12 11.990.372 23,980.745 O.OOE+OO 6.35E-Q8 1.27E-07 
TI-208 1.7474E-07 11.990.372 23,980.745 O.OOE+OO 2.10E-Q3 4.19E-03 
U-232 4.7368E-Q7 11,990.372 23.980.745 O.OOE+OO 5.68E-03 1.14E-Q2 Thermal Power 
U-233 2.5097E-Q8 11,990.372 23,980.745 O.OOE+OO 3.01E-04 6.02E-Q4 Nominal Heat Bounding 
U-234 5.0000E-Q5 11,990.372 23.980.745 O.OOE+OO 6.00E-Ql 1.20E+OO Output Heat Output 
U-235 -1 .4489E-Q6 11.990.372 0.000 1.69E-Q2 O.OOE+OO 1.69E-Q2 /Watts) /Watts) 
U-236 7.5824E-Q6 11,990.372 23.980.745 O.OOE+OO 9.09E-02 1.82E-Ql 2.76E+02 5.52E+02 
U-236 -2.6129E-Q7 11,990.372 0.000 8.57E-Q2 8.25E-02 8.57E-Q2 Total Total 
Y-90 9.1699E-Ql 11.990.372 23.980.745 O.OOE+OO 1.10E+04 2.20E+04 
Other Radionuclldes 1.61E+04 322E+04 
'm. T.......te Sdection SQmmarv, e-u •.llndC~ 
Template Selection Summary 

FromSFD Used Basis for Parameter Differences: 
Reactor_: UGHTWATEA LIGHT WATER 

Fuel Cladding: ZIRC-2 ZIRC 
BOL HM COnstituents: U02 U 

SOL Enrichment %: 2.982065336 Ot05 

Bumup Summary (MWd) Basis for bumup used in estimate: 
FromSFD 1 Estimated

Nomlnal:1 5.310.8931 11.990.372 Nominal bumup calculated from the heavy metal mass destroyed. 
Bounding: 5.318.510 23.980.745 Bounding bumup assumed to be twice nominal bumup. 

Checks 

Estimated Bumup' 
BumuD MultiDlier Given Bumup Estimated EOL HMlGlven EOL HM 

Nomlnal:1 1.30 2.26 I 1.001 
Bounding: 2.61 4.51 , 

Reactor shutdoVvTl, core removal, storage. shlpptng or other date confirming that madiation ceased for fuel. 

2Tolal bumup for aU fuel associated with this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWdIMT). 
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Fuel Radionuclide Inventory Worksheet 
1. Fuel and Template lnfc·rmatioJ> Estimated 

Fuel Namo: BRP~C 'Fuel decay start date: 1968 Canister usage: 
SNFID<I: 24 Estimates as of: 2010 BWR 

Fuel Units & 1les<:T: 4 - 11 X 11 ROD ARRAY Template: PWR (Ught Water, Zire, 0 to 5~o. U) 1.00
 
Heavy Metal Masn: BOL=468.95kg ; E0l=459.84kg "Templ.te Bumup(MWd): 61.92
 
ROD Storage Site: INEEl Template BOl Heavy Metal Mass (MT): 0.00176911
 

Template Decay Time' 35 years
 
m x" b y"
 Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
AAem-~;:;'224,,71C------_~81..77435582EE:0101 11,298.833 17,314.186 0.00E+OO'_::c~ -o9",.92E-06 1.52E-05 Avg. MeV
 

11,298.833 17,314.186 ~- o.OOE:-,+oo~-_-",1'c6:72E=+O~3c---...:2",.~48",E=-+O'7.:3,--+_-:O:o:.0:::1,=5O::__-_--=9",.3::16",E",+..':14
 
Am-242m 2.8698E-04 11,298.833 17,314.186 O:OOE+OO 3.24E+OO 4.97E+OO 0.0250 1.S79E+14
 

"'A;cmi--;o243=- .::'6'=.2"'56:::5;:;E=--,,04;:.- --:1c;1"',2:::98~.833~--_-,-17""",3.:.14;':'.01,86 0.ooE:_:+O~0--_7-=.":0C:7E"'+OO~'----1';C."'08o:E"'+07:1--+_-:0c:.0:-:3=75::__----=1,::.7"92",E,,,+-c14~ 
C-14 4.7901E-05 11,298.833 17,314.1s6--0.ooE+OO 5.41E-01 8.29E-01 0.057~5 -:2,".0,,7,"OE=-+,-,12.4 
CI-36 8.0297E-07 11,298.833 17,314,186 O,ooE+oo 9.07E=--"'03';;--__--=1'i:,37.9E=--Q~2--U_--=00·.':'0812:::505O=-----=1'::.04;:;2:-:E:-'+c:c14 
-;:C:::m,-,2~4;-;3:__-------'2:;:.~508~1;=E--;-04;;;__---__;1~1,,o:2~98"',833;;;;;:_--_;c:.17,314.186 O.ooE+OO 2.83E+OO 4.34E+OO 7.233E+13 
"Cc:m-';-,,244;'-'- -;;4.'=90-;,1"'5;:;Eo_-0;;:2;;-------:1-=1.:;,2:_:98~.833~---."17"",,,3,l c4;.:.:.186 0.ooE+OO~----=5c:.54:""E:-:+O~2-_--';8'c.4;-;9"'Ec-+O;c2::___jIr----='0.c;::22:;:5O=---_cSo_.9",3;;:9;oE+...:l:-::-3 
Co-60 2.5581E-03 11,298.833 17,314.100--O:OOE+oo 2.89E+Ol 4.43E+Ol 0.3750 3.843E+13 

.;:C;cS-;-1;.;34:;'- ~4."'OS"'36~Eo--OS~----:::I~I_,o,2;o98~.833~---~17~,003",14;:.;.186 O.ooE+OO 4.58E-Ol 7.02E_Ql 0.5750 S.940E+14 
Cs-135 1.4433E-OS 11,298.833 17,314.186 O.ooE+OO l.83E_Ql 2.50E-Ol 0.S500 1.237E+13 
Cs-137 1.3979E+OO 11,298.833 17,314.186 O.ooE+OO 1.58E+04 2.42E+04 1.2500 1.215E+13 
Eu-154 .__~20.:0:::;2,,037.E=--,,02;;----'Cl"'1c;,2298:::.:;.833=-_--=1=7,'=3~147.~18:;:6;;--_r-0:,.0:;:0"E=-+oo~ ,,2.:;.2ilE+02 3.50E+02 1.7500 3.638E+l1 
Eu-155 1.7684E-03 11,298.833 17,314.186 O.ooE+OO 2.ooE+01 3.06E+Ol 2.2500 5.S59E+07 
Fe-55 4.3136E-05 11,298.833 17,314.186 O.ooE+OO 4.87E-Ol 7.47E-Ol 2.7500 1.200E+OS 
H-3 2.0769E-02 11,298.833 17,314.186 O.ooE+OO 2.3SE+02 3.60E+02 3.5000 1.236E+07 

-i:1-,:1.:;;2""9 _;;9~.8"'2'i'887.E=--_;;0;,7---_c1c;1'-';,2~9"'8";.833~--_~1;,7,s:3,o-14;:..186 O.ooE+OO l.l1E-02 1.70E-QZ 5.0000 5.284E+06 
Kr-85 2.8214E_Q2 11,298.833 17,314.1~O:OOE+OO 3.19E+02 4.88E+02 7.0000 6.090E+05 
Np-237 1.1218E-05 11,298.833 17,314.186 O.ooE+OO 1.27E-Ol 1.94E-Ql 11.0000 6.994E+04 
Pa-231 1.3036E_Q9 11,298.833 17,314.186 O.ooE+OO 1.47E-05 2.26E_Q5
Pb-21 0 ---'C8"'.520O:;7"'8E~-"'I~1-----=10'I,"298~.8233;-;----"""17:::.,3::-:1"'4-'.;.I:~86-;;---:OO-.00:;-:"'E"-+OO~-----;9"'.6;,;1"'E"'-0"'7;------:I;'.4"'7;;E"'-06=--11 
Pm-147 3.6531E-Q4 11,298.833 17,314.186 O.ooE+OO 4.13E+OO 6.33E+OO 
-;Pu;=-;-2;o;38_;;_-------7"'.~45~64~Ec;-Q;-;2'------::1,o1'=,2,,98:::.:::833=_--___::1=7,'='3.;:14;.:.:.186 O.ooE+OO 8.42E+02 1.29E+03 
C:P:=U--:-2c:3"'9 ._-"1.=-16"'2o::3~E--:-0"'2-----'I--:-I":,2"'98"'.:;833=_-_--,1=7,,,,3.:.:14~.186 O.ooE+OO 1.31E+02 2.01E+02 
Pu-240 1.5132E-02 11,298.833 17,314.186 O.ooE+OO 1.71E+02 2.62E+02 
Pu-241 9.oo36E-Ol 11,298.833 17,314.186 O.OOE+OO 1.02E+04 1.56E+04 
Pu-242 6.4260E-05 11,298.833 17,314.186 O.ooE+OO 7.26E-Q1 1.11E+OO 
Ra-226 2.2804E-l0 11,298.833 17,314.186 O.ooE+OO 2.58E_06 3.95E_06 
Ra-228 5.2713E-12 11,298.833 17,314.186 O.ooE+OO 5.96E-Q8 9.13E-Q8 

-ioR"'u'-::-I;;.:06"- 6:.".Oc11~60~E...;-1~0---__;;1~1S,2~98~.o;:833:2C_--_:::1~7,s:3",14;:..1,,86~ O.ooE+OO 6.91 E-06 1.06E-Q5
Se-79 1.2377E-OS 11,298.833 17,314.186 O.ooE+OO l.40E_Ql 2.14E-Ql 
~S:':'n.-;;;1"'26'--------'--2"'.5"'2"'I""OE~-Q5~---_;1co1.:;;,2:;;:98"'.833~c_-__,1;::7;S,3:-.;.147,~1;86 O,OOE+OO 2.85E-Ol 4.36E_Ql
Sr-90 9.1667E_Ql 11,298.833 17,314.186 O.ooE+OO 1.04E+04 1.59E+04 
~T~e-~99~-------3:.".~935~7"'E~-Q4~---__;1~1,o:,2"'98~.o;:833:2C_--_:::l~7,s:3",14;:.;.186 O.ooE+OO 4.45"E+OO 6.81E+OO 
Th-229 'Cl"'.205~"'7~E-_;;1,,0---___::I.;:I,"'2:::98:'.833=:_--.,,17"";o31~4:::.1:~86=-__0"'.00=E=-+OO~--__:1"'.36=E"'-06~---:2"'.0,,9~Eo--06~--11 
Th-230 2.1043E-Q8 11,298.833 17,314.186 O.ooE+OO 2.36E-Q4 3.64E-Q4 
~Th"'-;;;2"'32c--------5:;'.::;-29"'7;:;2"'E_;-1"'2---__=I-=I:;;,2::;-98"'.::_:833=--__;.172,,,,3:-14;.:.:.186 O.ooE+OO 5.99E-Q8 9.17E-Q8
TI-208 1.7474E-Q7 11,298.833 17,314.186 O.ooE+OO 1.97E_Q3 3.03E-03 
7U;c-2;;;3;;;2c_-------4==.=7368=~E--:-Q"'7-----::1~1'=,2:;98"'.:;833=_--__;.17=,",31c-4;:.1~:::86 O.OOE+OO 5.3SE_Q3 8.20E_Q3 Thermal Power 
7U;c-2~33~-------_;:.2.s:508~7:;;Eo--;;:08;'------::lc;1",2;;;98~.833~_--~17~,s:30'14;.:.,I,86:2C_--...;0".00~E:-'+OO~--_~2~.84:;;;=E...;-Q4;:;_---;c4s:.35~E-Q4~-_IINominaI BoundingHeat 
U-234 5.0000E-05 11,298.833 17,314.186 O.ooE+OO 5.65E-Q1 8.86E_Ql Output Heat Output 
U-235 _-""I:.;.448~9~E-06ii_---~11;c,2~9~8.:;;833~---..:;~0._;_:ooo?O"-;:----...;c3"".67:.;E~-Q;.;2<___---;2"'.04~E-Q~2-----;3c;.6~7~E-Q~2:;--+-:!rw_==:I_;.::S=-I--~rw._:::.:::.~i_ 
U-236 7.5824E_06 11,298.833 17,314.186 O.ooE+OO 8.57E-02 1.31E_Q1 2.60E+02 3.98E+02 
U-238 -2.6129E_Q7 11,298.833 0.000 1.52E_Q1 1.49E_Ql 1.52E-Q1 Total Total 
V-90 9.1699E_Ql 11,298.833 17,314.186 O.ooE+OO 1,04E+04 1.59E+04 
Other Radionuelides 1.52E+04 2.32E+04 

Template selection Summary 
From SFD Used Basis for Parameter Differences: 

Reactor Moderatcr: UGHT WATER UGHT WATER 
Fuel ctadding:t--'--=-'-;Z"'IR;ce-=2---+--=..c...:,ZocIR=:C;;'-''---i 

BO;~lM==~I---"3-;:"6;;;~=.;°:;o2;;;;;;~_-j-----;O;-:~c-O-;:5----1 

Bumup Summary (MWd)' Basis for bumup used in estimate: 
From SFD Estimated 

Nornlnol:I- 'C1o-:1-:,298;::.:::8333 -::S:;',6:'S:::7::;.0933Nom1na1 bumup taken diredly from 8FO (converted to MWd). 
Bounding:1 11,722.293 17,314.186 Bounding bumup assvmed to be Iwi<:e nominal bumup. 

Checks 
Estimated Sumupl' 

Bumut> Multiplier Given Bumup Estimated EOl HMlGlven EOl HM
 
Nominal: 0.69
 o.n I 0.991 

Bounding:1 1.05 1.48,
Reactor shutdown. core removal, storage, shipping or other date confnmlng that mamatlon ceased for fuel.
 

2Total bumup for all fuel associated with this Yt'Orksheet must be divided by BOL heavy metal mass to get specific bumup values (MWd'MT).
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Fuel Radionuclide Inventory Worksheet 
1. Fuel and T......l~ Informalion Estimated 

Fuel Name: BRP-Dl 1FueI decay start date: 1968 Canister usage: 
SNF 10 #: 25 Estimates as of: 2010 BWR 

Fuel Units & Oeser: 4 - 9 X 9 ROD ARRAY Template: PWR (Ughl Water, Zirc, 0 to 5%, U) 1.00 
_vy Metal Mass: BOl=548.28kg ; EOl=508.34kg 'Template Bumup(MWd): 61.92 
ROD Stor_ Site: INEEl Template BOl _vy Metal Mass (MT): 0.00176911 

Template Decay Time' 35 years 
n.Estimates m x. x. b y. y. Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photonslsec 

Radionuclide Template Fuel Burnup (MWd)2 Bumup(MWdj' (Ci) Inventories(Ci) Invento'ies(Ci) Group (bounding) 
Ac-227 8.7758E-l0 37,986.376 75,972.752 O.ooE+OO 3.33E-05 6.67E-05 Avg. MeV 
Am-241 1.4352E-01 37,986.376 75,972.752 O.ooE+OO 5.45E-KJ3 1.09E+04 0.0150 4.088E+15 
Am-242m 2.8698E-04 37,986.376 75,972.752 O.ooE+OO 1.09E-KJl 2.18E-KJl 0.0250 8.243E+14 
Am-243 6.2565E-04 37,986.376 75,972.752 O.ooE+OO 2.38E-KJl 4.75E-KJl 0.0375 7.862E+14 
C-14 4.7901E-Q5 37,986.376 75,972.752 O.ooE+OO 1.82E+OO 3.64E+00 0.0575 9.084E+14 
CI-36 8.0297E-07 37,986.376 75,972.752 O.ooE+OO 3.05E-02 6.10E-02 0.0850 4.574E+14 
Cm-243 2.5081E-Q4 37,986.376 75,972.752 O.ooE+OO 9.53E+OO 1.91 E-KJl 0.1250 3.174E+14 
Cm-244 4.9015E-Q2 37,986.376 75,972.752 O.ooE+OO 1.86E-KJ3 3.72E-KJ3 0.2250 3.922E+14 
Co-6O 2.5581E-03 37,986.376 75,972.752 O.ooE+OO 9.72E-KJl 1.94E-KJ2 0.3750 1.686E+14 
Cs-l34 4.0536E-05 37,986.376 75,972.752 O.ooE+OO 1.54E+OO 3.08E+OO 0.5750 3.923E+15 
Cs-135 1.4433E-Q5 37,986.376 75,972.752 O.ooE+OO 5.48E-Ol 1.10E+OO 0.8500 5.426E+13 
Cs-137 1.3979E+OO 37,986.376 75,972.752 O.ooE+OO 5.31E+04 l.06E+05 1.2500 5.331E+13 
Eu-l54 2.0203E-02 37,986.376 75,972.752 O.ooE+OO 7.67E-KJ2 1.53E-KJ3 1'.7500 1.597E+12 
Eu-155 1.7684E-03 37,986.376 75,972.752 O.ooE+OO 6.72E-KJl 1.34E-KJ2 2.2500 2.571E+08 
Fe-55 4.3136E-Q5 37,986.376 75,972.752 O.ooE+OO 1.64E+OO 3.28E+OO 2.7500 5.266E+08 
H-3 2.0769E-Q2 37,986.376 75,972.752 O.ooE+OO 7.89E-KJ2 1.58E-KJ3 3.5000 5.423E+07 
1-129 9.8288E-07 37,986.376 75,972.752 O.ooE+OO 3.73E-02 7.47E-Q2 5.0000 2.318E+07 
Kr-85 2.8214E-02 37,986.376 75,972.752 O.ooE+OO 1.07E-KJ3 2.14E+03 7.0000 2.672E+06 
Np-237 1.1218E-Q5 37,986.376 75,972.752 O.ooE+OO 4.26E-Ol 8.52E-Ol 11.0000 3.069E+05 
Pa-231 1.3036E-09 37,986.376 75,972.752 O.ooE+OO 4.95E-Q5 9.90E-05 
Pb-21 0 8.5078E-ll 37,986.376 75,972.752 O.ooE+OO 3.23E-06 6.46E-06 
Pm-147 3.6531E-04 37,986.376 75,972.752 O.ooE+OO 1.39E-KJl 2.78E-KJl 
Pu-238 7.4564E-Q2 37,986.376 75,972.752 O.ooE+OO 2.83E-KJ3 5.86E-KJ3 
Pu-239 1.1623E-02 37,986.376 75,972.752 O.ooE+OO 4.42E-KJ2 8.83E-KJ2 
Pu-240 1.5132E-02 37,986.376 75,972.752 O.ooE+OO 5.75E-KJ2 1.15E-KJ3 
Pu-241 9.oo36E-Ql 37,986.376 75,972.752 O.ooE+OO 3.42E+04 6.84E+04 
Pu-242 6.4260E-Q5 37,986.376 75,972.752 O.ooE+OO 2.44E+OO 4.88E+OO 
Ra-226 2.2804E-l0 37,986.376 75,972.752 O.ooE+OO 8.86E-06 1.73E-05 
Ra-228 52713E-12 37,986.376 75,972.752 O.ooE+OO 2.ooE-07 4.ooE-07 
RU-l06 6.1160E-l0 37,986.376 75,972.752 O.ooE+OO 2.32E-05 4.65E-Q5 
5e-79 1.2377E-Q5 37,986.376 75,972.752 O.ooE+OO 4.70E-Ol 9.40E-Ol 
5n-126 2.5210E-Q5 37,986.376 75,972.752 O.OOE+OO 9,58E-Ql 1,92E+oo 
5r-90 9.1867E-Ol 37,986.376 75,972.752 O.OOE+OO 3.48E+04 6.96E+04 
Tc-99 3.9357E-Q4 37,986.376 75,972.752 O.ooE+OO 1.50E-KJl 2.99E-KJl 
Th-229 1.2057E-l0 37,986.376 75,972.752 O.ooE+OO 4.58E-Q6 9.16E-Q6 
Th-230 2.1043E-OB 37,986.376 75,972.752 O.ooE+OO 7.99E-Q4 1.60E-03 
Th-232 5.2972E-12 37,986.376 75,972.752 O.OOE+OO 2.01E-07 4.02E-Q7 
TI-2OB 1.7474E-Q7 37,986.376 75,972.752 O.OOE+OO 6.64E-Q3 1.33E-Q2 
U-232 4.7368E-Q7 37,986.376 75,972.752 O.OOE+OO 1.80E-02 3.60E-02 Thermal Power 
U-233 2.5097E-Q8 37,986.376 75,972.752 O.OOE+OO 9.53E-Q4 1.91E-Q3 Nominal Heat Bounding 
U-234 5.0000E-Q5 37,986.376 75,972.752 O.ooE+OO 1.90E+OO 3.80E+OO Outpul HealOulput 
U-235 -1.4489E-Q6 37,986.376 0.000 3.40E-Q2 O.ooE+OO 3.40E-Q2 IWatte) IWattei 
U-236 7.5824E-Q6 37,986.376 75,972.752 O.OOE+OO 2.88E-Ol 5.76E-Ol 8.74E+02 1.75E+03 
U-238 -2.6129E-Q7 37,986.376 0.000 1.79E-Ql 1.69E-Ql 1.79E-Ol Total Total 
Y-90 9.1699E-Ql 37,986.376 75,972.752 O.OOE+OO 3.48E+04 6.97E+04 
Other Radionuclides 5.10E+04 1.02E-KJ5 

lll. l'<lRIPIate ~ Sumt\latY. lltmnl • ll"" Ched!$ 
Template Selection Summary 

From SFD Used Basis for Parameter Differences: 
Reactor Moderator: LIGHT WATER UGHTWATER 

Fuel Cladding: ZIRG-2 ZIRe 
BOl HM Cons_IS: 002 U 

BOL Enrichment %: 2.873465935 atoS 

Bumup Summary (MWd) Basis fo, bu,nup used in estimate: 
FromSFD Estimated 

Nominal: 900.827 37,986.376 Nominal bumup caJcutated from Ihe heavy melal mass destroyed. 
Boundlng:1 926.596 75,972.752 Bounding bumup assumed to be twice nominal bumup. 

Checks 

EstlmatedBumupl
Bumup Multiplier Given Bumup Eetimated EOl HMiGiven EOl HM 

Nominal: 1.98 42.17 I 1.021 
Bounding:1 3.96 81.99 ,

Reactor shutdo'Nll, core removal, storage, shiPPing or other date confirming that irradiation ceased for fuel.
 

210lal bumup for all fuel associated with this worksheet must be divided by BOl heavy melal mass to get specific bumup values (MWdlMT).
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Template Information Estimated 

Fuel Name: BRP-D2 'Fuel decay start date: 1968 Canister usage: 
SNFIDI/: 26 Estimates as of: 2010 BWR 

Fuel Units & Desc" 2 - 7 X 7 ROD ARRAY Template: PWR (Ught Water, Zire, Oto 5%, U) 1.00
 
Heavy Metal Mas., BOL=233.59k9 ; EOl=217.10k9 2Template Bumup(MWd): 61.92
 
ROD Storage Silo: INEEL Template BOl Heavy Metal Mass (MT): 0.00176911
 

Template Decay Time' 35 years 
n. Estimates m x. b Y. Y. Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photonslsec 

Radionuclide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
"A"'Cc;-22:o;7;-,- ~8.";77;;;58~E'c-1c:;0'---__::1c;o5.:.;,685~.:;;204~--_o:3:_:_1~,:3~70.408 0.OO~:E'"'-HlO~--____;1~.;38E-05 2.75E-D5 AV9. MeV 
Am-241 1.4352E-01 15,685~.2.04=7___--~3"'1,'=3=io:c.7.400-- O.OoE-HlO 2.25E+03 4.50E+03 0.0150---1'"".688=E=-+--;1";;:5 
Am~242m 2.8698E_D4 15,685.204 31.370.408 0.ooc:E,",-HJ-:-;o0 ;;-4',_;;5~0~E-HlO-'-;C;c------9:c:.::OO;cE=--HlO~----It---:0.:.;.02=50~_----:-3',=404c::;:E~+.;-;-14 
-';A;::m::--2;o43=- ::::6.~2"'56:o:5"E=_-D4=---____::1_:::5.:.;,68~5.'_;;2,,047_--~31 ,370.408 O.ooE-HlO 9.81 E-HlO 1.96E-HJ1 0.0375 3.246E+14 
""C~-1-"4'c----------~4.~7=90==1"'E=_-05~-------=1_:::5_S,68~5.~2_:::04"'-----~3"'1.",37=0:".,,4:0==8 ~E:_-HlO;;;;- 7::-.::5-;:1E~--;;0",1 __;1;;,.5~0",EO'-HlO;;;;--_jt__ _ _::0.-:0;:57:::5:- 3::-.7;;:5:::1",Ee,+1;-:-4 
-;C.=:I-=-38~,---- ---:-8.~0",29~7c;E=_-D",7;---_-:1-:::5.:.;,685~',_;;2"047__-~3,,,1.~370.408 0.00:-;:EC'--HlO~ __:-",1.",,2:c.6E=_--:0;,;2:---.c20";;o52:;E=_-.:;;02;;__--11____:_0.:.:0:::85O~ 1::-.88::c,9-;:Ee,+1:4-; 
Cm-243 2.5081E_D4 15,685.204 31.3ioA08----MOE=-+OO.~---~3.. :9_:::3=E+OO_'7''_---7:.:.~87~E=_+OO_='---+--':0"'.1"'2"'50'--- __-"1."'3.:,11:.::E::+=14 
Cm-244 4.9015E-02 15.685.204 31.370.408 0.OO"'E,:--HlO;;;;-__---'7;:.6;c9o;E=_-HJ~2---'-_ _;810':·.054~2;;EEO'~~31--jt----::00·.c::2237~5050:-::-----1;:.6::20:~E+e,1:::4 
-;C"'0:..-60~:-----.-----:;2".:.5C'58"'1;;;E""-""03;;__---__;1,,5::;.685~".:.2o;:04:_:__--___:_3-;1",.3:=7",,0.408 O.OOE+OO 4.01E-HJ1 ~ 6.964E+13 
-;C:-'S:..-1"34=-- .:4.:::.05~36=:E=_-_:::05~----1:.::5"'.68~5".2:.::04~--____':3,,1""3:=7=0.,,,408= O.OOE+OO 6.38E-D1 1.27E+OO 0.5750 1.620E+15 
-;C"'S:..-1;-;3o::5;--- -i-1';;.44~33"E=--""05;;__---__;1c;o5::;.68~5".:.2o;:04:_:__--~3:_:_1""3:=7,,,0',-;408 O.OOE+OO 2.26E-D1 4.53E-01 0.8500 2.241E+13 
-;C'-'S:..-1"3o-:7:-----.---,01.'"-'3c=97"'9:c.E='+OO~---'--1:.::5::;,685~,,.2:.::04:o_--____':3"1""3:=70=',-:408,,,, 0.ooE=_+OO_=--_",2:.:.1:.::9-;:E"+04=_--74.:o:3",9E=+04~'---If-_1,,,.2=500:::::..- __-=2:.::.20"1,,Eo:+..13-. 
EU-1.:.::54~_~ __~~_2,;,.~02",0;:;3:;;E..;-0;;;2~__---o1:.::5",.68:;;5~.;;:204~~_--..;;3:0-1,,,;3.70.408 0.00-;:E-'c+OO~ _____:_3c·~1",7E~-HJ~2,__~-:::6".:.34o:E~-HJ~2-+--=1.-;;:7500=---76._::592~E-'c+1:::-1 
Eu-155 1.7684E-03 15,685.204 31.37D.40S------o.o0E+OO 2.77E-HJ1 5.55E-HJ1 2.2500 1.061E+08 
Fe-55 4.3138E-05 15.685.204 31.370.408 O.ooE+OO 6.77E-01 1.35E+OO 2.7500 2.174E+08 
H-3 2.0769E-02 15.685.204 31.370.408 0.ooE:c:+OO~_~_o:3",.2,6c:.::E",-HJ:;;2:,---.-;6,".5=2:.::E",-HJ:;;2'----1t---::3:.::.5000=~~--::2.:.::23c:9=E~+~07 
1-129 9.8286E-07 15,685.204 31.370.408 0.OOE+OO'-==- 1'-'.':54,~E=_-D"'==2---.-;3:::.08~E:..-0';2=__j1_...."5."'0000"""----.c9".5",7.::.3~E+,-,06", 
Kr-SS 2.8214E-D2 15.685.204 31,370.408 O.OOE+OO 4.43E+02 8.85E-HJ2 7.0000 1.103E+ll6 
Np-237 1.1218E-D5 15,685.204 31.370.408 O.OOE-HlO 1.76E-D1 3.52E-01 11.0000 1.267E+05 
Pa-231 1.3036E-D9 15.685.204 31,370.408 O.oOE-HlO 2.04E-D5 4.09E-05 
Pb-21 0 8.5078E-11 15.685.204 31,370.408 O.ooE+OO 1.33E-06 2.67E-08 
Pm-147 3.6531 E_D4 15,685.204 31.370.408 0.00E=,+oo-"",~_-----,5".7~3:.::Eo-'+OO=-__~1".1,-,5:.::E::-HJ=1~-j1 
Pu-238 7.4564E-D2 15,685.204 31.370.408 O.oOE+OO 1.17E-HJ3 2.34E+03 
Pu-239 1.1623E-02 15.685.204 31.370.408 O.OOE+OO 1.82E-HJ2 3.65E-HJ2 
Pu-24O 1.5132E-D2 15.685.204 31.370.408 0.00E=,+OO~__---:2;c.3:-;7,;:EC'--HJ;c2;--____;40':.7;,;5;;E"--HJ,,,2;-----j1
Pu-241 9.0036E-01 15.685.204 31,370.408 0.0010+00 1.41E+04 2.82E+04 
Pu-242 6.4260E-D5 15,685.204 31,370.408 O.OOE+OO 1.01 E+OO 2.02E+OO 
Ra-226 2.2804E-10 15,685.204 31,370.408 O.OOE+OO 3.58E-08 7.15E-D6 
Ra-228 5.2713E-12 15,685.204 31,370.408 O.OOE+OO 8.27E-08 1.65E-07 
-Ru-108 6.1160E-10 15,685.204 31.370.408 O.ooE+OO 9.59E-08 1.92E-D5 
5e-79 1.2377E-D5 15,685204 31.370.408 0.ooE::+OO~____::1",.94~E.-;-0o-:1----:3?,.86~E.-;-Do-:1--I1 
5n-126 2.5210E-D5 15,685.204 31.370.408 O.oOE+OO 3.95E-01 7.91E-Q1 
5r-90 9. 1667E-D1 15,685.204 31.370.408 O.OOE+OO 1.44E+04 2.86E+04 
Tc-99 3.9357E-04 15.685.204 31,370.408 O.OOE+OO 6.17E+OO 1.23E-HJ1 
Th-229 1.2057E-10 15.685.204 31.370.408 O.OOE+OO 1.89E-D6 3.78E-08 
Th-230 2.1043E-08 15.685.204 31,370.408 O.OOE+OO 3.30E_D4 6.60E-04 
Th-232 5.2972E-12 15.685.204 31,370.408 O.OOE+OO 8.31E-D8 1.66E-D7 
TI-208 1.7474E-D7 15.685.204 31,370.408 0.OOE;.:+OO~__---.:2:;:.~74",E;.-D3~ 5;::.:;:48",E;.-D~3~_n__=====,.....__ 
U-232 4.7368E-Q7 15,685.204 31,370.408 __~1;.:.4~9;E..;-0;:;2_-1f:="".;T,;.;h:::erma~::..10.OOE;:+OO~_~~7:-;.4;3~E-D3~ p:.;o.,:w;,;e;;,r=.".
U-233 2.5097E-D8 15.685.204 31.370.408 O.OOE+OO 3.94E_D4 7.87E-Q4 Nominal Heat Bounding 
U-234 5.0000E-D5 15,685.204 31.370.408 0.OOE"'+OO=-__--=7'=.84~E-Q~1--~1"'.5~7:.::E"'+OOc=--l1 Output Heat Output
U-235 -1.4489E-D6 15,685.204 0.000 1.42E-D2 O.ooE+OO 1.42E-D2 lWattsl lWattsl 
U-236 7.5824E-D6 15,685.204 31.370~4Oa O.OOE+OO 1.19E-D1 2.38E-D1 3.61E+02 7.22E+02 
U-238 -2.6129E-D7 15.685.204 0.000 7.63E-02 7.22E-02 7.63E-D2 Total Total 
V-90 9.1699E-01 15.685.204 31.370.408 O.ooE+OO 1.44E+04 2.86E+04 
Other Radionuclides 2.11 E+04 4.21 E+04 
m. Temulak SeIectWn Sumolarv. n_ •.IlndCkdls 
Template Selection Summary 

From SFD Used Basis for Parameter Differences: 
Reactor Moderatar: LIGHT WATER LIGHT WATER 

Fuel C1addlng:I--=:Z~I-=RC-=--':2=--+--==Z:"IR=-C::-.c:::':"--1 

BO~O~==~~I--";;:2.-;:8:-:1~~~'"5"'28;:--+-----;O;-:~:"O";;:5---1 

Bumup Summary (MWd) Basis for bumup used in estimate: 
From SFD 1 Estimated 

Nomlnal:1 1,061.9121 15,685.204 Nominal b<lmup calculaled lromthe heavy metal mass_yed.
BOUnding:I-------'1.:.:,64~,.-',455::5:t1-----=-31:'-,3:-:7'O=.4OeBounding bumup assul'Md to be twice nominal bumup. 

Checks 
Estimated Bumupl

BumUD MultiDlIer Given Bumup Estimated EOl HMiGiven EOL HM
 
Nominal: 1.92
 14.n I 1.021
 

Bounding: 3.84
 19.11,
Reactor shutdown. core removal, storage, shlppmg or other date conflnnlng that irradiation ceased for fuel. 

~otal bUmup for all fuel associated with this worKsheet must be divided by BOL heavy metal mass to get specific bumup values (MWdlMT). 
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Fuel Radionuclide Inventory Worksheet 
J. Fuel and TempiateWonnation Estimated 

Fuel Name: BRP-E 1 FueI decay start date: 1972 Canister usage: 
SNFID#: 27 Estimates as of: 2010 BWR 

Fuel Units & Oeser: 18·9 X9 ROO ARRAY Template: PWR (Ught Water, Zire. 0 to 5%. U) 1.00 
_vy Metal Mas.: BOl=2443.47k9 ; EOl=2420.59k9 "Templata Bumup(MWd): 61.92 
ROD Storage Site: INEEL Template BOl _vy Metal Maa. (MT): 0.00176911 

Template Dscsy Time' 35 ye.rs 
u.Estimatlls m x" x. b y" y. Gamma Sources 

Photon Total 
CilMWdFrom Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuelide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ae-227 8.7758E-l0 29.160.321 43.511.792 O.OOE+OO 2.56E-05 3.82E-05 Avg. MeV 
Am-241 1.4352E-Ql 29.160.321 43.511.792 O.OOE+OO 4.19E+03 6.24E+03 0.0150 2.341E+15 
Am-242m 2.8698E-04 29.160.321 43,511.792 O.OOE+OO 8.37E+OO 1.25E+Ol 0.0250 4.721E+14 
Am-243 6.2565E-04 29.160.321 43.511.792 O.OOE+OO 1.82E+Ol 2.72E+Ol 0.0375 4.503E+14 
C-14 4.7901E-05 29.160.321 43.511.792 O.OOE+OO 1.40E+OO 2.08E+OO 0.0575 5.202E+14 
CI-36 8.0297E-Q7 29,160.321 43,511.792 O.OOE+OO 2.34E-02 3.49E-02 0.0850 2.620E+14 
Cm-243 2.5081E-04 29,160.321 43.511.792 O.ooE+OO 7.31E+OO 1.09E+Ol 0.1250 1.818E+14 
Cm-244 4.9015E-02 29.160.321 43.511.792 O.OOE+OO 1.43E+03 2.13E+03 0.2250 2.246E+14 
Co-50 2.5581E-03 29.160.321 43.511.792 O.ooE+OO 7.46E+Ol l.l1E+02 0.3750 9.659E+13 
Cs-l34 4.0536E-05 29,160.321 43.511.792 O.ooE+OO 1.18E+OO 1.76E+OO 0.5750 2.247E+15 
Cs-l35 1.4433E-05 29,160.321 43.511.792 O.ooE+OO 4.21E-Ol 6.28E-Ql 0.8500 3.108E+13 
Cs-137 1.3979E+OO 29.160.321 43.511.792 O.OOE+OO 4.08E+04 6.08E+04 1.2500 3.053E+13 
EU-l54 2.0203E-02 29.160.321 43,511.792 O.OOE+OO 5.89E+02 8.79E+02 1.7500 9.144E+11 
Eu-155 1.7684E-Q3 29,160.321 43.511.792 O.ooE+OO 5.16E+Ol 7.69E+Ol 2.2500 1.472E+08 
Fe-55 4.3136E-Q5 29.160.321 43.511.792 O.ooE+OO 1.26E+OO 1.88E+OO 2.7500 3.016E+08 
H-3 2.0769E-02 29.160.321 43.511.792 O.OOE+OO 6.06E+02 9.04E+02 3.5000 3.107E+07 
1-129 9.8288E-Q7 29.160.321 43,511.792 O.ooE+OO 2.87E-02 4.28E-02 5.0000 1.328E+07 
Kr-85 2.8214E-Q2 29,160.321 43,511.792 O.ooE+OO 8.23E+02 1.23E+03 7.0000 1.531E+06 
Np-237 1.1218E-Q5 29,160.321 43.511.792 O.OOE+OO 3.27E-Ql 4.88E-Ql 11.0000 1.758E+05 
Pa-231 1.3036E-09 29.160.321 43.511.792 O.ooE+OO 3.80E-05 5.67E-05 
Pb-210 8.5078E-ll 29.160.321 43,511.792 O.OOE+OO 2.46E-06 3.70E-06 
Pm-147 3.6531E-04 29,160.321 43,511.792 O.ooE+OO 1.07E+Ol 1.59E+Ol 
Pu-238 7.4564E-02 29,160.321 43.511.792 O.ooE+OO 2.17E+03 3.24E+03 
Pu-239 1.1623E-02 29.160.321 43.511.792 O.ooE+OO 3.39E+02 5.06E+02 
Pu-240 1.5132E-Q2 29.160.321 43,511.792 O.OOE+OO 4.41E+02 6.58E+02 
Pu-241 9.oo36E-01 29,160.321 43,511.792 O.ooE+OO 2.63E+04 3.92E+04 
PU-242 6.4260E-05 29.160.321 43.511.792 O.ooE+OO 1.87E+OO 2.80E+OO 
Ra-226 2.2804E-l0 29,160.321 43.511.792 O.OOE+OO 6.65E-06 9.92E-06 
Ra-228 52713E-12 29.160.321 43,511.792 O.OOE+OO 1.54E-Q7 2.29E-07 
RU-l06 6.1160E-l0 29,160.321 43.511.792 O.OOE+OO 1.78E-Q5 2.66E-05 
5e-79 1.2377E-Q5 29.160.321 43.511.792 O.ooE+OO 3.61E-Ol 5.39E-Ql 
5n-126 2.5210E-05 29.160.321 43,511.792 O.ooE+OO 7.35E-Ol 1.10E+OO 
5r-90 9.1667E-Ql 29,160.321 43,511.792 O.OOE+OO 2.67E+04 3.99E+04 
Tc-99 3.9357E-Q4 29,160.321 43,511.792 O.ooE+OO 1.15E+Ol 1.71E+Ol 
Th-229 1.2057E-l0 29.160.321 43.511.792 O.ooE+OO 3.52E-06 5.25E-06 
Th-230 2.1043E-08 29.160.321 43,511.792 O.OOE+OO 6.14E-04 9.16E-04 
Th-232 5.2972E-12 29,160.321 43.511.792 O.OOE+OO 1.54E-07 2.30E-Q7 
TI-208 1.7474E-Q7 29,160.321 43.511.792 O.OOE+OO 5.10E-Q3 7.60E-03 
U-232 4.7368E-07 29,160.321 43.511.792 O.OOE+OO 1.38E-02 2.06E-Q2 Thermal Power 
U-233 2.5097E-oB 29,160.321 43.511.792 O.ooE+OO 7.32E-04 1.09E-03 Nominal Heat Bounding 
U-234 5.0000E-05 29,160.321 43,511.792 O.OOE+OO 1.46E+OO 2.18E+OO Output Heal Output 
U-235 -1.4489E-06 29,160.321 0.000 1.58E-Ql 1.16E-Ql 1.58E-Ql /Wattsl /Wattsl 
U-236 7.5824E-06 29.160.321 43.511.792 O.OOE+OO 2.21E-Ol 3.30E-Ql 6.nE+02 1.00E+03 
U-238 -2.6129E-Q7 29,160.321 0.000 7.97E-Ol 7.89E-Ol 7.97E-Ol Total Total 
Y-90 9.1699E-Ql 29,160.321 43,511.792 O.OOE+OO 2.67E+04 3.99E+04 
Other Radionuclides 3.91E+04 5.84E+04 
im.1!!'JIII)Iate~~I'V.Bum ,and~~ 
Template Selection Summary 

From SFD Used Basis lor Parameter Differences: 
Resctor_: UGHTWATER UGHTWATER 

Fuel Cladding: ZIRC-2 ZIRC 
BOl HM Constituents: 002 U 

SOL Enrichment "0: 2.995467825 OtoS 

Bumup Summary (MWd) Basis lor bumup used in estimate: 
From SFD Estimated 

Nomlnal:1 29.160.3211 21.755.896 Nominal bumup taken directly from SFD (converted to MWd). 
Boundlng:( 33.700.280 I 43.511.792 Bounding bumup assumed to be twice nominal bumup. 

Checks 
Estimated Bumupl

BumuD MultiDlier Given Bumup Estimated EOL HMlGlven EOl HM
Nomlnal:1 0.34 0.75 I 1.001 

Bounding: 0.51 1.29,
Reactor shutooYJll, core removal, storage, shiPping or other date confmmng that Irramatlon ceased for fuel.
 

ZTotal bumup for all fuel associated with this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWCVMT).
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Template IDfGmJation Estimated 

Fuel Namo: BRP~EG 1 Fuel decay start date: 1973 Canister usage: 
SNFIDi/: 2S Estimates as of: 2010 BWR 

Fuel Units & 1lescT: 33 - 9 X 9 ROD ARRAY Template: PWR (Ught Water, Zire, 0 to 5%. U) 1.00
 
Heavy MeIaI Mas,; BOI;4566.96k9 ; EOl.=4419.2Sk9 :2Template Bumup(MWd): 61.92
 
ROO Slo,_ Silo: INEEL Template BOL Heavy Metal Ma•• (MT): 0.00176911
 

Template Decay Time' 35 years 
n. Estimates m x. x. b Y. Y. Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Bumup (MWd)' Burnup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ae-227 8.7758E-10 140,435.078 280.870.156 O.ooE+OO 1.23E-04 2.46E-Q4 AV9·MeV 
Am-241 1.4352E-01 140,435.078 280,870.1-56 O.ooE+OO 2.02E+04 4.03E+04 0.0150 1.511E+16 
Am-242m 2.8698E-04 140.435.078 280.870.156 O-:DoE+OO 4.03E+01 8.06E+01 0.0250 3.047E+15 
Am-243 6.2565E-04 140,435.078 280.870.156 O.ooE+OO 8.79E+01 1.76E+02 0.0375 2.907E+15 
C-14 4.7901E-Q5 140.435.078 280,870.1-58 O.ooE+OO 6.73E+OO 1.35E+01 0.0575 3.358E+15 
CI-36 8.0297E-07 140,435.078 280,870.156 O.OOE+OO 1.13E-Q1 2.26E-Q1 0.0850 1.691E+15 
Cm-243 2.5081E-04 140,435.078 280;870.156 O.ooE+OO 3.52E+01 7.04E+01 0.1250 1.173E+15 
Cm-244 4.9015E-02 140,435.078 280,870.156 O.ooE+OO 6.88E+03 1.38E+04 0.2250 1.450E+15 
Co-80 2.5581E-Q3 140,435.078 280,870.156 O.ooE+OO 3.59E+02 7.19E+02 0.3750 6.235E+14 
Cs-134 4.0536E-Q5 140,435.078 280,870.156--O-.OOE+oo 5.69E+OO 1.14E+01 0.5750 1.450E+16 
Cs-135 1.4433E-05 140,435.078 280,870.156 O.OOE+OO 2.03E+OO 4.05E+OO 0.8500 2.006E+14 
Cs-137 1.3979E+OO 140,435.078 280,870.156 O.ooE+OO 1.96E+05 3.93E+05 1.2500 1.971E+14 
Eu-154 2.0203E-02 140,435.078 280,870.156 O.ooE+OO 2.84E+03 5.67E+03 1.7500 5.902E+12 
Eu-155 1.7684E-03 140,435.078 280,870.156 O.ooE+OO 2.48E+02 4.97E+02 2.2500 9.504E+08 
Fe-55 4.3136E-Q5 140,435.078 280,870.156 O.ooE+OO 6.06E+OO 1.21E+01 2.7500 1.947E+<l9 
H-3 2.0769E-Q2 140,435.078 280,870.156 O~66E+OO 2.92E+03 5.83E+03 3.5000 2.005E+08 
1-129 9.8288E-Q7 140,435.078 280,870.156 O.OOE+OO 1.38E-01 2.76E-Q1 5.ססOO 8.571E+07 
K'-85 2.8214E-02 140,435.078 280,870.156 O.OOE+OO 3.96E+03 7.92E+03 7.ססOO 9.879E+06 
Np-237 1.1218E-05 140,435.078 280,870.156 O.OOE+OO 1.58E+OO 3.15E+OO 11.ססOO 1.13SE+06 
Pa-231 1.3036E-09 140,435.078 280,870.156 O.OOE+OO l.83E-04 3.66E-Q4 
Pb-21 0 8.5078E-11 140,435.078 280,870.156 O.ooE+OO 1.19E-05 2.39E-Q5 
Pm-147 3.6531E-Q4 140,435.078 280,870.156 O.ooE+OO 5.13E+01 1.03E+02 
Pu-238 7.4584E-Q2 140,435.078 280,870.156 O.ooE+OO l.05E+04 2.09E+04 
Pu-239 1.1623E-Q2 140,435.078 280,870.156 O.ooE+OO 1.83E+03 3.26E+03 
Pu-24O 1.5132E-Q2 140,435.078 280,870.156 O.ooE+OO 2.13E+03 4.25E+03 
Pu-241 9.0036E-Q1 140,435.078 280,870.156 O.OOE+OO 1.26E+05 2.53E+05 
Pu-242 6.4260E-05 140,435.078 280,870.156 O.ooE+OO 9.02E+OO 1.80E+01 
Ra-226 2.2804E-10 140,435.078 280,870.156 O.ooE+OO 3.20E-05 6.4OE-Q5 
Ra-228 5.2713E-12 140,435.078 280,870.156 O.ooE+OO 7.4OE-07 1.48E-Q6 
Ru-106 6.1160E-10 140,435.078 280,870.156---------O:-ooE+OO 8.59E-Q5 1.72E-04 
Se-79 1.2377E-05 140,435.078 280,870.156 O.ooE+OO 1.74E+OO 3.48E+OO 
Sn-126 2.5210E-Q5 140,435.078 280,870.156 O.ooE+OO 3,54E+OO 7,08E+OO 
5,-90 9.1667E-Q1 140,435.078 280,870.156 O.ooE+OO 1.29E+05 2.57E+05 
Te-99 3.9357E-Q4 140,435.078 280,870.156 O.ooE+OO 5.53E+01 1.11E+02 
Th-229 12057E-10 140,435.078 280,870.156 O.ooE+OO 1.69E-05 3.39E-Q5 
Th-230 2.1043E-Q8 140,435.078 280,870.156 O.ooE+OO 2.96E-03 5.91E-Q3 
Th-232 5.2972E-12 140,435.078 280,870.156 O.ooE+OO 7.44E-07 1.49E-Q6 
TI-208 1.7474E-07 140,435.078 280,870.156 O.ooE+OO 2.45E-Q2 4.91E-Q2 
U-232 4.7368E-Q7 140,435.078 280,870.156 O.ooE+OO 6.65E-Q2 1.33E-Q1 Thennal Power 
U-233 2.5097E-Q8 140,435.078 280,870.156 O.OOE+OO 3.52E-03 7.05E-Q3 Nominal Heat Bounding 
U-234 5.0000E-Q5 140,435.078 280,870.156 O.ooE+OO 7.02E+OO 1.4OE+01 Output Heat Output 
U-235 -1.4489E-06 140,435.078 0.000 3.47E-01 1.43E-Q1 3.47E-Q1 /Watts) /Watts) 
U-236 7.5824E-Q6 140,435.078 280,870.156 O.ooE+OO 1.06E+OO 2.13E+OO 3.23E+03 6.46E+03 
U-238 -2.6129E-Q7 140,435.078 0.000 1.48E+OO l.44E+OO 1.48E+OO Total Total 
Y-90 9.1699E-Q1 140,435.078 280,870.156 O.ooE+OO 1.29E+05 2.58E+05 
Othe, Radionuelides 1.89E+05 3.77E+05 
m. TemPlate SeIectltlll $UIUDI8r}',B and (:Iledls 
Template Selection Summary 

FromSFD Used Basis for Parameter Differences: 
Reactor Moderator: UGHTWATER UGHTWATER 

Fuel C1addin9: ZIRC-2 ZIRC 
BOl HM Constituents: U02 U 

SOL Enrichment 0/0: 3.513472006 Ot05 

Bumup Summary (MWd) Basis for bumup used in estimate:
 
FromSFD 1 Estimated
 

Nomlnal:1 60.840.9851 140,435.078 Nominal bumup calculated from the heavy metal mass destroyed.
 
Bounding: 83,858.442/ 280,870.15<3 Bounding bumup assumad to be twice nominal bumup.
 

Checks 

Estimated Bumupl
BumuD MultiDlier Given Bumup Estimated EOl HMtGlven EOL HM
 

Nominal: 0.88
 2.31 I 1.001 
Bounding: 1.76 3.35,

Reactor shutdown, core removal, storage, shipping or other date conflnmng that lnadiatlon ceased for fuel.
 

2Tolal bumup for all fuel associated with this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWd'MT).
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and TeJIIfllate Information Estimated 

Fuel Name: BRP-EG/F 1 Fuel decay start date: 1973 Canister usage: 
SNF 10 #: 1081 Estimates as of: 2010 BWR 

Fuel Units & Oeser: 4 • 9 X 9 ROD ARRAY Template:
 PWR (Ught Water, Zirc, 0 to 5%, U) LOO 
_vy Metal Ma••: BOl=553.69kg : EOl=541.11kg "Template Bumup(MWd):
 61.92 
ROD Storage Site: INEEl Template BOl _vy Metal Ma•• (MT):
 0.00176911 

Template Daeay Time'
 35 years 

D. Estimates m x. x. b Y. Y. Gamma Sources 
Photon Total 

CilMWdFrom Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photonslsec 
Radionuclide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ae-227 8.7758E-l0 11,962.224 23,924.448 O.OOE-tOO L05E-05 2.10E-05 AV9. MeV 
Am-241 1.4352E-Ol 11,962.224 23,924.448 O.OOE-tOO L72E+03 3.43E+03 0.0150 1.287E+15 
Am-242m 2.8698E-D4 11,962224 23,924.448 O.OOE-tOO 3.43E-tOO 6.87E-tOO 0.0250 2.596E+14 
Am-243 6.2565E-04 11,962.224 23,924.448 O.OOE-tOO 7.48E-tOO lo50E+Ol 0.0375 2.476E+14 
C-14 4.7901E-05 11,962.224 23,924.448 O.OOE-tOO 5.73E-Ol 1.15E-tOO 0.0575 2.860E+14 
CI-36 8.0297E-07 11,962.224 23,924.448 O.OOE-tOO 9.61E-03 1.92E-02 0.0850 1.440E+14 
Cm-243 2.5081E-D4 11,962.224 23,924.448 O.OOE-tOO 3.00E-tOO 6.00E-tOO 0.1250 9.995E+13 
Cm-244 4.9015E-02 11,962.224 23,924.448 O.OOE-tOO 5.86E+02 1.17E+03 0.2250 1.235E+14 
Co-SO 2.5581E-03 11,962.224 23,924.448 O.OOE-tOO 3.08E+Ol 6.12E+Ol 0.3750 5.311E+13 
Cs-l34 4.0536E-D5 11,962.224 23,924.448 O.OOE-tOO 4.85E-Ol 9.70E-Ol 0.5750 1.235E+15 
Cs-135 1.4433E-05 11,962.224 23,924.448 O.OOE-tOO lo73E-Ol 3.45E-Ol 0.8500 1.709E+13 
Cs-137 1.3979E-tOO 11,962.224 23,924.448 O.OOE-tOO 1.67E+04 3.34E+04 1.2500 1.679E+13 
EU-l54 2.0203E-02 11,962.224 23,924.448 O.OOE-tOO 2.42E+02 4.83E+02 1.7500 5.028E+l1 
Eu-155 1.7684E-D3 11,962.224 23,924.448 O.OOE-tOO 2.12E+Ol 4.23E+Ol 2.2500 8.095E+07 
Fe-55 4.3136E-05 11,962.224 23,924.448 O.OOE-tOO 5.16E-Ol 1.03E-tOO 2.7500 1.658E+08 
H-3 2.0769E-02 11,962224 23,924.448 O.OOE-tOO 2.48E+02 4.97E+02 3.5000 1.708E+07 
1-129 9.8288E-07 11,962.224 23,924.448 O.OOE-tOO 1.18E-02 2.35E-D2 5.0000 7.301E+06 
Kr-85 2.8214E-D2 11,962.224 23,924.448 O.OOE-tOO 3.38E+02 6.75E+02 7.0000 8.415E+05 
Np-237 lo1218E-05 11,962.224 23,924.448 O.OOE-tOO lo34E-Ol 2.88E-Ol 11.0000 9.665E+04 
Pa-231 1.3036E-09 11,962.224 23,924.448 O.OOE-tOO 1.56E-05 3.12E-D5 
Pb-210 8.5078E-ll 11,962.224 23,924.448 O.OOE-tOO 1.02E-06 2.04E-D6 
Pm-147 3.6531E-04 11,962.224 23,924.448 O.OOE-tOO 4.37E-tOO 8.74E-tOO 
Pu-238 7.4564E-02 11,962.224 23,924.448 O.OOE-tOO 8.92E+02 1.78E+03 
Pu-239 1.1623E-02 11,962.224 23,924.448 O.OOE-tOO lo39E+02 2.78E+02 
Pu-240 L5132E-02 11,962.224 23,924.448 O.OOE-tOO 1.81E+02 3.62E+02 
Pu-241 9.0038E-D1 11,962.224 23,924.448 O.OOE-tOO lo08E+04 2.15E+04 
Pu-242 6.42SOE-05 11,962.224 23,924.448 O.OOE-tOO 7.69E-D1 1.54E-tOO 
Ra-226 2.2804E-10 11,962.224 23,924.448 O.OOE-tOO 2.73E-06 5.48E-06 
Ra-228 5.2713E-12 11,962224 23,924.448 O.OOE-tOO 6.31E-08 lo26E-D7 
Ru-l06 6.11SOE-l0 11,962.224 23,924.448 O.OOE-tOO 7.32E-D6 lo48E-05 
5e-79 1.2377E-D5 11,962.224 23,924.448 O.OOE-tOO 1.48E-D1 2.96E-Ol 
5n-126 2.5210E-D5 11,962,224 23,924.448 O,ooE-tOO 3.02E-Dl 6.03E-D1 
5r-90 9.1667E-01 11,962.224 23,924.448 O.OOE-tOO 1.10E+04 2.19E+04 
Te-99 3.9357E-Q4 11,962.224 23,924.448 O.OOE-tOO 4.71E-tOO 9.42E-tOO 
Th-229 lo2057E-l0 11,962.224 23,924.448 O.OOE-tOO lo44E-D6 2.88E-06 
Th-230 2.1043E-08 11,962.224 23,924.448 O.OOE-tOO 2.52E-04 5.03E-D4 
Th-232 5.2972E-12 11,962.224 23,924.448 O.OOE-tOO 6.34E-08 1.27E-D7 
TI-208 lo7474E-D7 11,962.224 23,924.448 O.OOE-tOO 2.09E-D3 4.18E-03 
U·232 4.7388E-07 11,962.224 23,924.448 O.OOE-tOO 5.67E-D3 1.13E-02 Thermal Power 
U-233 2.5097E-08 11,962.224 23,924.448 O.OOE-tOO 3.00E-04 6.00E-D4 Nominal Heal Bounding 
U-234 5.0000E-D5 11,962.224 23,924.448 O.OOE-tOO 5.98E-Ol 1.20E-tOO Output Heal Output 
U-235 -lo4489E·06 11,962.224 0.000 4.16E-02 2.43E-D2 4.16E-02 /Wallsl /Wattsi 
U-236 7.5824E-D6 11,962.224 23,924.448 O.OOE-tOO 9.07E-D2 1.81E-D1 2.75E+02 5.50E+02 
U-238 -2.6129E-07 11,962.224 0.000 lo80E-01 1.76E-01 1.80E-Dl Total Total 
Y-90 9.1699E-Dl 11,962.224 23,924.448 O.OOE-tOO 1.10E+04 2.19E+04 
Other Radianuelides 1.61E+04 3.21E+04 
'ID. T~teS<!leelion s..-rv.B_ , llJId (;1Rlcl<s 
Template Selection Summary 

From SFD Used Besis for Parameter Differences: 
Reactor_: UGHTWATER UGHTWATER 

Fuel Cladding: ZIRC-2 ZIRC 
BOl HM Constituents: 002 U 

BOl Enrichment %: 3.477706364 Ot05 

Bumup Summary (MWd) Basis for bumup used in estimate: 
From SFD Estimated 

Nomlnal:1 8.552.7881 11,962.224 Nominal bumup calculated !rom the heavy metal mass destroyed. 
Boundlng:1 8.583.240 23.924.448 Bounding bumup assumed to be twice nominal bumup. 

Checks 
Estimated Bumupl

Bumup Multiplier Given Bumup Estimated EOl HMlGlven EOl HM 
Nomlnal:1 0.62 1.40 I 1.001 

Bounding: 1.23 2.79,
Reactor shutdown. core removal, storage, shipping or other date conflnnlng that Irradiation ceased for fuel. 

2Tolal bumup for all fuel associated with this worksheet must be divided by BOl heavy metal mass to get sp9dfic bumup values (MWdIMT). 
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Template Information Estimated 

Fuel Nant9: BRP-EP , Fuel decay start date: 1974 Canister usage: 
SNFID#: 29 Estimates as of: 2010 BWR 

Fuel Units & Desc:r: 3 - 9 X 9 ROD ARRAY Template: (Worst Case) 1.00
 
Heavy Metal Mass: BOl=369.99kg ; EOL=351.85kg 'Template Bumup(MWd): 62.5
 
ROD Storage Sib: '''EEL Template BOL Heavy Metal Mass (MT): 0.00186865
 

Template Decay Time" 35 years 
n. Estimates m Xo b Yo Yb Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec
 

Radionuclide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci)
 Group (bounding) 
AC-2;c2;;7 .--,2~,.7f_:3072E-06 17,236.638 34,473.277 0.OO~;E"-+OO~--_c3;".98E-02 7.95E-02 Avg_MeV _ 
Am-241 __~8".4448=::=:;::Ec':+OO~----cC17~,,:0236:?6"'38~--~,34,473.2n--O,OOE+OO 1.46E+05 2,91E+05 0.0150 4.255E+16
Am~242m ---- 1,6846E-02 17,236.638 34;473"'-277-- O,OoE+OO 2.90E+02 5,81E+02 0.0250 8.407E+15 
Am-243 1.6320E-02 17,236.638 34,473.277 O.OOE+OO 2.81E+02 5,63E+02 0,0375 7.344E+15 
C-14 1.2090E-01 17,236.638 34,473.277 O.OOE+OO 2.08E+03 4.17E+03 0.0575 1.155E+16 
(;1-36 2,2849E-03 17,236.638 34,473.277 O.OOE+OO 3,94E+01 7.B8E+01 00850 4.510E+15 
Cm-243 8,6624E_Q4 17,236.638 34,473.277 0.OOE~+OO-=---~1~.4~9=E+O_'7.1o_---2=.'=9"'9E=_+O~1__,_lf-~0::,:1"'2,,50t~~~~~~~~3t,.535~t~E='+~1~5 

-';::C:-:m'-;-2;;;44c-:.- ___c~1.6846E-01 17,236.638 34,473.217 ------o:Q<i.E_'c+OO;;;;_-----'2;-:.,90~:_;E"'+O~3~--_;5"'.8:o;1;;oEc+O,"'3;O____jf____:'°0·.:::225037:;;5O:0----3-;'1·.~9067:o:71c:cEE"-++11:-=55 
Co-60 2.8086E+Ol 17,236.638 34,473,277 O.OOE+OO 4.84E+05 9,68E+05 
Cs-l34 3.4146E_Q4 17,236.638 34,473.277 O.OOE+OO 5.89E+OO 1.18E+01 0.5750 2.717E+16 
-;Cc:S'_:-1;-;:35~-------.-;c4"',3976E-04 17,236.638 34,473.277 O,OOE+OO 7,58E+OO 1,52E+Ol 0.8500 1.038E+15 
Cs-137 2.1049E+01 17,236.638 34,473.277 O,OOE+OO 3,63E+05 7,26E+05 1.2500 7.259E+16 
Eu-154 1.2500E+OO 17,236.638 34,473.277 O.OOE+OO 2,15E+04 4,31E+04 17500 3.211E+13 
-;:E"'u'-:-1;-;:5"'5------~-;06."'8"986""'E"'_Q;o2;c-----::1"'7:S,2;::36~.6"'38O;-------;;347,-;4=:73:;:,"2'77~---;0:-:,OO~E"'+oo-=---71,o~1~9=E+O~3°----2oc.~38;:;:E=-+O~3O--1f--:::2'::2·~5OO::::----:::3.:::80"c7E=+.:.::.11 

Fe-55 2,9308E-01 17,236.638 -34,473,277 O,OO:.,E"'+OO~-_---'5~,~05;:,E=_+O~3c_--'_:I:_:.0;;;1"'E"'+04~-_;f_-':2,o.7co5OO::::_-__cOl.",0-::73"EC'+~11= 
H-3 2,4311E-Ol 17,236.638 34,473.277 O,OOE+OO 4,19E+03 8.38E+03 3.5000 9. 149E+07 
1-129 1,0618E-05 17,236,638 34,473,277 O,OOE+OO 1.63E-01 3,66E_Q1 5.ססOO 3.883E+07 
Kr-85 5.9862E_Q1 17,236,638 34,473,277 O,OOE+OO 1.03E+04 2.06E+04 7.0000 4.444E+06 
Np-237 1,5668E_Q4 17,236,638 34,473,277 O,oOE+OO 2.70E+OO 5.40E+OO 11.ססOO 5.083E+05 
Pa-231 2,8656E-Q6 17,236,638 34,473,277 O,OOE+OO 4,94E_Q2 9,88E_Q2 
Pl>-21 0 2,3918E-Q8 17,236,638 34,473,277 O,OO.=E"_+OO~------=4.::,1c:2=E~-04o_=__--__;:8~,:2c=5=E~-Q4~___I1 
Pm-147 1.6900E_Q2 17,236.638 34,473,277----O,OOE+OO 2.91E+02 5,83E+02 
Pu-238 -8.6123E-01 17,236,638 0,000 4,75E+04 3_27E+04 4.75E+04 
Pu-239 -4.8440E_Q2 17,236,638 0,000 5,75E+03 4,92E+03 5.75E+03 
Pu-240 -3,OO95E_Q1 17,236,638 0,000 7,35E+03 2.16E+03 7,35E+03 
Pu-241 -1,0411E+02 17,236,638 0.000 1.89E+06 9.65E+04 1.89E+06 
Pu-242 -1.1381E_Q4 17,236,638 0,000 3,18E+01 2,98E+01 3,18E+Ol 
Ra-226 6.4400E_Q8 17,236,638 34,473,277 O,OOE+OO 1.11E_Q3 2.22E-Q3 
Ra-228 5.9952E_Q7 17,236,638 34,473,277 O,OOE+OO 1,03E_Q2 2.07E-02 
Ru-106 8.5526E_Q7 17,236,638 34,473.277 0.OO:_:EC'-+OO~--~I"o.4'"7~E'C-Q;;:2:___--_;2"'.95~E'-'-Q;;:2:____l1 
Se-79 1.9181E_Q4 17,236,638 34,473.277 O,OoE+OO 3,31E+OO 6,61E+OO 
5n-126 1,6671E_Q4 17,236.638 34,473-277 O.OOE+OO 2,87E+OO 5,75E+OO 
Sr-90 1,9799E+01 17,236.638 34,473.277 O,OOE+OO 3,41E+05 6,83E+05 
Tc-99 6,7678E-{)3 17,236,638 34,473,277 O,OOE+OO 1,17E+02 2,33E+02 
Th-229 1.7488E-Q6 17,236,638 34,473,277 O,OOE+OO 3,01 E_Q2 6,03E-02 
Th-230 5,8704E-Q6 17,236.638 34,473,277 O,OOE+OO 1.01 E_Q1 2,02E_Q1 
Th-232 6,0208E_Q7 17,236,638 34,473,277 O,OOE+OO 1.04E-02 2,08E_Q2 
TI-208 8,7573E-Q5 17,236,638 34,473,277 ......::_=,.,....==-O,OOE~+OO~-----.:1~.5~1~E:-'-+OO~--__c3"'.0o;2;E:-'-+OO~-~I_-
U-232 2,3706E-04 17,236,638 34,473,277 O,OOE+oo 4,09E+oo 8,17E+OO Thermal Power 
-;U;--;;;233~----_--__:_3';;.6,;12;;;8"'Eo--Q4""'---___c1"'7:S,2236~,638~---~347''_'4"73:;:,,,277"'~::_-__:0:_:,OO~::;E"'+OO_=---"'6"'2:;;3=E_'c+OO;;;;_---.,.1.';2~5E=_+O~1c__IlNominal BoundingHeat 
U-234 12788E_Q2 17,236,638 34,473,277 O,OOE+OO 2_20E+02 4.41E+02 Output HeatOutpul 
U-235 5.7488E_Q4 17,236,638 34,473.277 1.59E_Q1 1.01E+01 2,OOE+01 /Watts\ /Watts\ 
U-236 2,3485E_Q4 17,236,638 34,473,277 O.OOE+OO 4.05E+OO 8.10E+OO 1,83E+04 3.60E+04 
U-238 1.1581E_Q4 17,236,638 34,473,277 1,98E_Q2 2.02E+OO 4,01E+OO Total Total 
Y-90 1.9804E+01 17,236,638 34,473,277 O.OOE+OO 3,41 E+05 6,83E+05 
Other Radionuclides l.06E+06 2,13E+06 
m. TeDJPIate Sdedi<m Summarv. BumaD Summary and Cheeks 

emplate Selection Summary 
From SFD Used Basis for Parameter Differences: 

Reactor Moderator: UGHT WATER (Worst Case) This Template was used for the following reasons: 
Fuel C1addlng:f----'=OZ"'IRC-~c:2=--+---:SS=T':'nnco=ne=-I--fTh~ fuel didn1 cIos<~ match any existing templales, then>fore the worst case template was usod. 

BO~~=.:=~f---'PuO-=0;:-2;=Uc:Oc:2---'-+----'U'-'oocr:C'O'C:'I~o::P:-:u=-----1 

Bumup Summary (MWd) Basis for bumup used in estimate:
 
FromSFD I EstImated
 

Nomlnal:1 6,607.6511 17,236.638 Nominal bumup calculated from the heavy metal mass destroyed.
 
Boundlng:1 7,131.5571 34,473.277 Bounding bumup assumed to be twice nominal btJmup.
 

Checks 
Estimated Bumupl 

BumuD MultiPlier Given Bumup Estimatod EOL HMlGlven EOL HM 
Nominal: 1.39 2.61 I 31.121 

Bounding: 2.79 4.83 ,
Reactor shutdown, core removal. storage, shipPing or other date confinnmg that Irradiation ceased for fuel.
 

2Total bumup for all fuel associated with this worksheet must be mvided by SOL heavy metal mass to get specific bumup values (MWdIMT).
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Fuel Radionuclide Inventory Worksheet 
I. f'uelOlmt Template lnfOft!lation Estimated 

Fuel Name: BRp·f 1Fuel decay start date: 1974 Canister usage: 
SNFID#: 30 Estimates as of: 2010 BWR 

Fuel Units & Oeser: 13 - 9 X 9 ROD ARRAY Template: PWR (Light Water. Zirc, 0 to SC}o, U) 1.00 
_vy Metal Mass: BOl=1799.10k9 : EOl=1756.76k9 'Template Bumup(MWd): 61.92 
ROD Storage Site: INEEl Template BOl _vy Metal Mass (MT): 0.00176911
 

Template Deeay Time' 35 years
 

n. Estimates m xn x. b Yn Y. Gamma Sources 
Photon Total 

CilMWdFrom Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 
Radionuclide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bOUnding) 
Ae-227 8.7758E-l0 40,267.997 80,535.994 O.OOE+OO 3.53E-05 7.07E-05 AV9. MaV 
Am-241 lA352E-Ql 40,267.997 80,535.994 O.OOE+OO 5.78E+{)3 1.16E+{)4 0.0150 4.333E+15 
Am-242m 2.8698E-04 40,267.997 80,535.994 O.OOE+OO 1.16E+{)1 2.31 E+{)l 0.0250 8.738E+14 
Am-243 6.2565E-04 40,267.997 80,535.994 O.OOE+OO 2.52E+{)1 5.04E+{)1 0.0375 8.334E+14 
C-14 4.7901E-05 40,267.997 80,535.994 O.OOE+OO 1.93E+OO 3.86E+00 0.0575 9.629E+14 
CI-36 8.0297E-07 40,267.997 80,535.994 O.OOE+OO 3.23E-02 6.47E-02 0.0850 4.849E+14 
Cm-243 2.5081E-Q4 40,267.997 80,535.994 O.OOE+OO 1.01 E+{)l 2.02E+{)1 0.1250 3.365E+14 
Cm-244 4.9015E-02 40,267.997 80,535.994 O.OOE+OO 1.97E+{)3 3.95E+{)3 0.2250 4.158E+14 
Co-80 2.5581E-03 40,267.997 80,535.994 O.OOE+OO 1.03E+{)2 2.OBE+{)2 0.3750 1.788E+14 
Cs-l34 4.0536E-Q5 40,267.997 80,535.994 O.OOE+OO 1.63E+OO 3.26E+OO 0.5750 4.158E+15 
Cs-135 1.4433E-05 40,267.997 80,535.994 O.OOE+OO 5.81E-Ol 1.16E+OO 0.8500 5.752E+13 
Cs-137 1,3979E+OO 40,267,997 80,535.994 O.OOE+OO 5.63E+{)4 1.13E+{)5 1.2500 5.651E+13 
EU-l54 2.0203E-02 40,267,997 80,535.994 O.OOE+OO 8.14E+{)2 1.63E+03 1.7500 1.692E+12 
Eu-155 1.7684E-03 40,267,997 80,535.994 O.OOE+OO 7.12E+{)1 lA2E+{)2 2.2500 2.725E+08 
Fe-55 4.3136E-Q5 40,267.997 80,535,994 O.OOE+OO 1.74E+OO 3A7E+OO 2.7500 5.582E+08 
H-3 2.0769E-02 40,267.997 80,535,994 O,OOE+OO 8,36E+{)2 1,67E+{)3 3.5000 5.749E+07 
1-129 9,8288E-07 40,267.997 80,535.994 O.OOE+OO 3.96E-02 7.92E-02 5.0000 2,458E+07 
Kr-85 2,8214E-02 40,267,997 80,535.994 O.OOE+OO 1.14E+{)3 2.27E+03 7.0000 2.833E+06 
Np-237 1.1218E-Q5 40,267.997 80,535,994 O.OOE+OO 4.52E-Ol 9,03E-Ol 11.0000 3.253E+05 
Pa-231 1.3036E-Q9 40,267.997 80,535.994 O,OOE+OO 5.25E-05 1.05E-Q4 
Pb-210 8.5078E-ll 40,267.997 80,535.994 O.OOE+OO 3,43E-OB 6.85E-OB 
Pm-147 3.6531E-04 40,267,997 80,535.994 O.OOE+OO lA7E+{)1 2.94E+{)1 
Pu-238 7A564E-Q2 40,267,997 80,535,994 O,OOE+OO 3.00E+{)3 6.01E+{)3 
Pu-239 1.1623E-02 40,267.997 80,535,994 O.OOE+OO 4.68E+{)2 9.36E+{)2 
Pu-240 1.5132E-02 40,267,997 80,535.994 O.OOE+OO 6.09E+{)2 1.22E+03 
Pu-241 9.0036E-Ol 40,267,997 80,535.994 O.OOE+OO 3.63E+{)4 7.25E+{)4 
Pu-242 6A260E-Q5 40,267.997 80,535,994 O.OOE+OO 2.59E+OO 5.18E+OO 
Ra-226 2,2804E-l0 40,267.997 80,535.994 O.OOE+OO 9.18E-OB 1.64E-Q5 
Ra-228 5.2713E-12 40,267,997 80,535,994 O,OOE+OO 2.12E-07 4.25E-07 
Ru-1OB 6.1160E-l0 40,267.997 80,535.994 O.OOE+OO 2.46E-05 .4,93E-05 
5e-79 1,2377E-Q5 40,267.997 80,535,994 O.OOE+OO 4.98E-Ol 9.97E-Ol 
50-126 2,5210E-Q5 40,267,997 80,535.994 O,OOE+OO 1,02E+OO 2.03E+OO 
5r-90 9.1687E-Ol 40,267,997 80,535,994 O.OOE+OO 3,69E+{)4 7,38E+{)4 
Tc·99 3.9357E-04 40,267,997 80,535,994 O.OOE+OO 1,58E+{)1 3,17E+{)1 
Th-229 1,2057E-l0 40,267,997 80,535.994 O,OOE+OO 4.86E-Q6 9.71E-Q6 
Th-230 2.1043E-Q8 40,267.997 80,535.994 O.OOE+OO 8A7E-Q4 1,69E-Q3 
Th-232 5,2972E-12 40,267.997 80,535.994 O.OOE+OO 2.13E-07 4,27E-Q7 
T1-208 1.7474E-07 40,267.997 80,535.994 O.OOE+OO 7.04E-03 1.41E-Q2 
U-232 4,7368E-Q7 40,267,997 80,535.994 O.OOE+OO 1.91E-Q2 3,81E-Q2 Thermal Power 
U-233 2.5097E-Q8 40,267.997 80,535,994 O,OOE+OO 1.01E-Q3 2.02E-Q3 Nominal Heat Bounding 
U-234 5.0000E-Q5 40,267.997 80,535,994 O.OOE+OO 2.01E+OO 4,03E+OO Output Heat Output 
U-235 -1.4489E-Q6 40,267,997 0.000 1.37E-Ql 7.83E-Q2 1,37E-Ql !Wattsl !Wattsi 
U-236 7,5824E-Q6 40,267.997 80,535,994 O.OOE+OO 3.05E-Ql 6,11E-Ql 9,26E+02 1.85E+03 
U-238 -2,6129E-Q7 40,267,997 0,000 5.83E-Ql 5.73E-Ol 5.83E-Ql Total Total 
V-90 9.1699E-Ql 40,267,997 80,535,994 O,OOE+OO 3,69E+{)4 7,39E+{)4 
Other Radionuelides 5A1E+{)4 1.08E+{)5 

Ill,TenIIlJah}~·~ry.·1kmul aUllCheeks 
Template Selection Summary 

FromSFD U_ Basis for Parameter Differences: 
Reactor Moderator: UGHTWATER UGHTWATER 

Fuel Cladding: ZIRe-2 ZIRe 
BOl HM Constituents: U02 U 

SOL Enrichment %: 3.514682259 0105 

Bumup Summary (MWd) Basis for bumup used in estimate: 
FromSFD I Estimated 

Nominal: 18,908.5811 40,267.99 Nominal bumup calculated from the heavy metal mass destroyed. 
Boundlng:1 25.797.349 80.535.994 Bounding bumup assumed to be twice nominal bumup. 

Checks 

Estimated Bumup! 
BumuDMultinller Given BumuD Estimated EOl HMlGlven EOl HM 

Nominal:1 0.64 2.13 I 1.001 
Bounding: 1.28 3.12 , 

Reactor shutc:lo'Ml, core removal, storage. shipPing or other date conflln'ung that madiatlon ceased for fuel. 

2TotaJ bumup for all fuel associated with this worksheet must be divided by BOl heavy metal mass to get specific bumup values (MWdlMT). 
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Fuel Radionuclide Inventory Worksheet 

1. Fuel and Template Infonnation Estimated 
Fuel Name: BRP-F-PU , Fuel decay start date: 1974 Canister usage: 

SNF ID II: 1082 Estimates as of: 2010 BWR 
Fuel Units & Desc:: 2 . 9 X 9 ROD ARRAY Template: PWR (Light Water, Zirc. 0 to 5~o, U) 1.00
 
Heavy Metal Masn: 801.=269.591<9 ; E01.=263.82kg "Temp13le Bumup(MWd): 61.92
 
ROD Storage Siro: INEEl Template BOl Heavy Metal Mass (MT): 0.00176911
 

Tamplate Decay Time' 35 years 
n. Estimates m x. b y. Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuelide Template Fuel Burnup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ae-227 8.7758E-l0 5.489.089 10,978.178 O.OOE+OO 4.82E-06 9.63E-06 AV9. Me-.:.V ~~~_ 
Am-~-----~52=OE'""-Q='1'-----"':5=',748?9".08??9:----'10~,'=97~8.178----O:-00[+00 7.ME+02 1.58E+03 0.0150 5.907E+14 
Am-242m 2.8698E-Q4 5,489.089 10.978.178---D.DDE+OO---""1.58E+OD 3.15E+OO 0.0250 1.191E+14 
Am-243 6.2565E-Q4 5,489.089 10.978.178 D.DDE+OD 3.43E+OD 6.87E+OD 0.0375 1.136E+14 
C-14 4.7901E-Q5 5.489.089 10,978.178 O.ooE+OD 2.63E-Ol 5.26E-Ol 0.0575 1.313E+14 
CI-36 8.0297E-Q7 5.489.089 10.978.1"78-- O.ooE+OO 4.41E-03 8.82E-03 0.0850 6.609E+13 
Cm-243 2.5081E-04 5,489.089 lD,978.178-O:OOE+OO l.38E+OD 2.75E+OO 0.1250 4.586E+13 
Cm-244 4.9015E-02 5,489.089 lD.978.178--0:00E+OO 2.69=E-,-+O~2~__-o:5:::.38,,=E+O-'72'_-jI_...:0=.2250 5.668E+13 
Co-60 2.5581E-03 5.489.089 10.978.178 O.OOE+OO 1.40E+Ol 2.81E+Ol 0.3750 2.437E+13 
Cs-l34 4.0536E-05 5,489.089 10,978.178---0roE+OD 2.23E-Ol 4.45E-Ql 0.5750 5.668E+14 
Cs-l35 1.4433E-05 5,489.089 10,978.178 O.OOE+OO 7.92E-02 1.58E-Ql 0.8500 7.841E+12 
Cs-137 1.3979E+OD 5,489.089 10.978.178 D.DDE+OD 7.67E+03 1.53E+04 1.2500 7.703E+12 
Eu-l54 2.0203E-Q2 5.489.089 10,978.178 D.DDE+OO 1.11E+02 2.22E+02 1.7500 2.307E+l1 
EU-155 1.7684E-03 5.489.089 10,978.178 D.ooE+OD 9.71E+OD l.94E+Ol 2.2500 3.715E+07 
Fe-55 4.3136E-Q5 5,489.089 10,978.178 ----O:OOE+OO 2.37E-Ql 4.74E-Ql 2.7500 7.609E+07 
H-3 2.0769E-Q2 5,489.089 10,978.178 O.ooE+OD 1.14E+02 2.28E+02 3.5000 7.837E+06 
1-129 9.8288E-Q7 5.489.089 10.978.178 O.OOE+OO 5.40E-03 1.08E-02 5.0000 3.350E+06 
Kr-SS 2.8214E-Q2 5,489.089 10.978.178 O.oOE+OD 1.55E+02 3.1DE+02 7.0000 3.861E+05 
Np-237 1.1218E-Q5 5,489.089 10,978.178 O.OOE+OD 6.16E-02 1.23E-Ol 11.0000 4.435E+04 
Pa-231 1.3038E-Q9 5,489.089 10.978.178 O.DDE+OD 7.16E-Q6 l.43E-Q5 
Pb-21 0 8.5078E-ll 5,489.089 10,978.178 0.OOE+OD~'-----74.'=67=E=-""07=-----=9"'.34:-;E=-~0=7--j1 
Pm-147 3.6531E-Q4 5.489.089 10,978.178 O.oOE+OD 2.01E+OD 4.01E+OD 
Pu-238 7.4564E-02 5,489.089 10,978.178 D.ooE+OD 4.09E+02 8.19E+02 
Pu-239 1.1623E-Q2 5.489.089 10,978.178 O.ooE+OD 6.38E+Ol 1.28E+02 
Pu-240 1.5132E-02 5.489.089 10.978.178 O.ooE+OD 8.3:0'1=E+O~1----;1':;.66~E+O~2;--1I 
Pu-241 9.0036E-Ql 5,489.089 10,978.178 O.OOE+OD 4.94E+03 9.88E+03 
-Pu-242 6.426DE-Q5 5,489.089 10,978.178 O.DDE+OD 3.53~Ei=--';;0-;-1----O;7"'.05~E-Q~1--j1 
Ra-226 2.2804E-l0 5,489.089 10.978.178 D.ooE+OD 1.25E-06 2.50E-Q6 
Ra-228 5.2713E-12 5.489.089 10,978.178 0.ooE:-::+OD~-----'2"'.8:::9'=E~-0807-------'5C:.7='9'=E'-'-Q807-----j1 
Ru-l06 6.116DE-l0 5.489.089 10,978.178 O.OOE+OD 3.36E-Q6 6.71E-Q6 
8e-79 1.2377E-05 5,489.089 10,978.178 O.ooE+OO 6.79E-Q2 1.36E-Ql 
8n-126 2.5210E-Q5 5.489.089 10,978.178 0.ooEO-'+oo~---71.';;:38:;-;EOc-Q~1;----;2C=.77;:;;=E-Q~1--j1 
8r-go 9.1667E-Ql 5,489.089 10,978.178 O.ooE+OO 5.03E+03 1.01E+04 
Te-99 3.9357E-Q4 5.489.089 10.978.178 O.ooE+OD 2.16E+OD 4.32E+OD 
Th-229 1.2057E-l0 5,489.089 10,978.178 O.OOE+OD 6.62E-Q7 1.32E-Q6 
Th-230 2.1043E-Q8 5,489.089 10,978.178 O.OOE+OD 1.16E-Q4 2.31E-Q4 
Th-232 5.2972E-12 5,489.089 10,978.178 0.ooE:;.:+OD~__---,2o=-.9~1~E~-Q8~__---,5~.8=2:::E,",-Q8~--J1 
TI-208 1.7474E-Q7 5,489.089 10,978.178 O.oOE+OD 9.59E-Q4 1.92E-Q3 
U-232 4.7368E-07 5,489.089 10,978.178 O.OOE+OD 2.6DE-Q3 5.20E-03 Thermal Power 
U-233 2.5097E-Q8 5,489.089 10,976.176 O.OOE+OD 1.36E-Q4 2.76E-Q4 Nominal Heat Bounding 
U-234 5.0000E-Q5 5,489.089 10,978.178 O.ooE+OO 2.74E-Ql 5.49E-Ql Outpul Heat Outpul
U-235 -1.4489E-Q6 5,489.089 0.000 2.05E-Q2 1.26E-Q2 2.05E-Q2 (Wattsl (Wattsi 
U-236 7.5824E-Q6 5,489.089 10.978.178 O.OOE+OD 4.16E-Q2 8.32E-Q2 1.26E+02 2.53E+02 
U-238 -2.6129E-07 5,489.089 0.000 8.74E-Q2 8.6DE-Q2 8.74E-Q2 Total Total 
y-go 9.1699E-Ql 5,489.089 10,978.178 O.OOE+OD 5.03E+03 l.D1E+04 
Other Radionuelides 7.37E+03 1.47E+04 

Template Selection Summary 
FromSFD Basis for Parameter Differences:

Reactor Moderator. UGHT WATER UGHT WATER 
Fuel C1eddlng:t----=cZ"'I;::RC;::_""2-=---t--=~Z"IR;::C;o-''---t 

BO~~lM==~I--~3.~52c'~--02"'7=-1~86~-+---~0...:~"-O~5---1 

BumupSumma~(MWd)' Basis for bumup used in estimate: 
From SFD Estimated 

NomlnoJ:1 4.154.6851 5.~ NomInal bumUjl calcu1a1ed from the heavy metal mass destroyed. 
Bounding:'t--------:4':.1""93"".23=7;t-----;;10,978.178 Bomdilg bumup assumed to be twice nominal buRq). 

Checks 
Estimated Bumupl

BumuD MuItlDlI... Given Bumup Estimated EOl HMlGlven EOl HM
 
NomlnoJ:1 0.58
 1.32 I 1.001 

Sounding: 1.16 2.62,
Reactor shutdown. core removal, storage, shippmg or other date confnmlOg that Irradiation ceased for fuel. 

2Tota! bumup for all fuel associated with this worksheet must be <fivided by BOl heavy metal mass to get specific bumup values (MWdIMT). 
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and TempIa.elllf()flQlJtiOl' Estimated 

Fuel Name: BSR 1FueI decay start date: 1991 Canister usage: 
SNFID#: 31 Estimates as of: 2010 18"x10' 

Fuel Units & Desc:r: 41 - 19 PLATE MTR ASS'Y Template: ATR (Ughl Water, Alum., 60 to 100%, U) 1.71 
Heavy Metal Mass: BOl=7.86kg ; EOl=6.94kg 'Template Bumup(MWd): 367.2 
ROD Storage Site: SRS Template BOl Heavy Metal Ma•• (MT): 0.00116689 

Template Decay Time" 15 years 
n. Estimates m x" x. b y" y. Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 4.5861E-l0 865.860 1,731.720 O.OOE+OO 3.97E-07 7.94E-07 Avg. MeV 
Am-241 1.7832E-03 865.860 1,731.720 O.OOE+OO 1.54E+OO 3.09E+OO 0.0150 2.066E+14 
Am-242m 4.3410E.<J7 865.860 1,731.720 O.OOE+OO 3.76E-Q4 7.52E-Q4 0.0250 4.308E+13 
Am-243 1.4907E-06 865.860 1,731.720 O.OOE+OO 1.29E-03 2.58E-03 0.0375 3.762E+13 
C-14 5.7162E-09 865.860 1,731.720 O.OOE+OO 4.95E-06 9.90E-06 0.0575 4.011E+13 
CI-36 1.3124E-32 865.860 1,731.720 O.OOE+OO 1.14E-29 2.27E-29 0.0850 2.430E+13 
Cm-243 1.8568E.<J7 865.860 1,731.720 O.OOE+OO 1.61E-04 3.22E-Q4 0.1250 1.666E+13 
Cm-244 3.5512E-05 865.860 1,731.720 O.OOE+OO 3.07E-02 6.15E-02 0.2250 2.093E+13 
Co-50 1.0261E-05 865.860 1,731.720 O.OOE+OO 8.88E-03 1.78E-02 0.3750 9.170E+12 
Cs-l34 1.6931E.<J2 865.860 1,731.720 O.OOE+OO 1.47E+Ol 2.93E+Ol 0.5750 1.489E+14 
Cs-l35 3.4477E-06 865.860 1,731.720 O.OOE+OO 2.99E-03 5.97E.<J3 0.8500 3.536E+12 
Cs-137 2.2800E+OO 865.860 1,731.720 O.OOE+OO 1.97E+03 3.95E+03 1.2500 1.786E+12 
Eu-l54 3.6656E-02 865.860 1,731.720 O.OOE+OO 3.17E+Ol 6.35E+Ol 1.7500 7.485E+10 
Eu-155 9.6841E-03 885.860 1,731.720 O.OOE+OO 8.39E+OO 1.66E+Ol 2.2500 9.363E+07 
Fe-55 4.6977E-04 865.860 1,731.720 O.OOE+OO 4.07E-Ol 8.14E.<Jl 2.7500 5.627E+06 
H-3 6.0485E.<J3 865.860 1,731.720 O.OOE+OO 5.24E+OO 1.05E+Ol 3.5000 3.577E+05 
1-129 7.5300E-07 885.860 1,731.720 O.OOE+OO 6.52E-Q4 1.30E-03 5.0000 8.275E+02 
Kr-85 1.4989E-Ol 865.860 1,731.720 O.OOE+OO 1.30E+02 2.60E+02 7.0000 9. 166E+01 
Np-237 9.5534E-06 865.860 1,731.720 O.OOE+OO 8.27E-03 1.65E-02 11.0000 1.029E+Ol 
Pa-231 1.6550E-Q9 865.860 1,731.720 O.OOE+OO 1.43E-06 2.87E-06 
Pb-210 2.6831E-ll 865.860 1,731.720 O.OOE+OO 2.31E-Q8 4.61E-Q8 
Pm-147 1.8156E-Ol 865.860 1,731.720 O.OOE+OO 1.57E+02 3.14E+02 
Pu-238 1.8990E-02 865.860 1,731.720 O.OOE+OO 1.84E+Ol 3.29E+Ol 
Pu-239 4.2838E-04 865.860 1,731.720 O.OOE+OO 3.71E-Ol 7.42E-Ol 
Pu-240 2.4379E-04 865.860 1,731.720 O.OOE+OO 2.11E-Ol 4.22E-Ol 
PU-241 4.2511E-02 865.860 1,731.720 O.OOE+OO 3.66E+Ol 7.36E+Ol 
Pu-242 3.6329E.<J7 865.860 1,731.720 O.OOE+OO 3.15E-Q4 6.29E-04 
Ra-226 1.4725E-l0 865.860 1,731.720 O.OOE+OO 1.27E-Q7 2.55E.<J7 
Ra-228 8.9760E-15 865.860 1,731.720 O.OOE+OO 7.77E-12 1.55E-ll 
Ru-l06 1.9752E-04 865.860 1,731.720 O.OOE+OO 1.71E-Ol 3.42E-Ol 
Se-79 1.2933E-Q5 865.860 1,731.720 O.OOE+OO 1.12E-02 2.24E-02 
Sn-126 1.1574E-Q5 865.860 1,731.720 O.ooE+OO 1.OOE-02 2.ooE.<J2 
Sr-90 2.1660E+OO 865.860 1,731.720 O.OOE+OO 1.88E+03 3.75E+03 
Tc-99 4.2239E-04 865.860 1,731.720 O.OOE+OO 3.66E-Ql 7.31E-Ol 
Th-229 3.9270E-12 865.860 1,731.720 O.OOE+OO 3.40E-09 6.80E-Q9 
Th-230 3.3578E-Q8 865.860 1,731.720 O.OOE+OO 2.91E-05 5.81E-Q5 
Th-232 1.5452E-14 865.860 1,731.720 O.ooE+OO 1.34E-11 2.68E-ll 
Tl-208 4.6705E-Q8 865.860 1,731.720 O.OOE+OO 4.04E-Q5 8.09E-Q5 
U-232 1.3045E-07 865.860 1,731.720 O.ooE+OO 1.13E-Q4 2.26E-Q4 Thermal Power 
U-233 2.3739E-09 865.860 1,731.720 O.OOE+OO 2.06E-06 4.11E-06 Nominal Heat Bounding 
U-234 1.8423E-04 865.860 1,731.720 O.OOE+OO 1.60E-01 3.19E-01 Output Heat Output 
U-235 -2.7235E-06 865.860 0.000 1.58E-Q2 1.35E-Q2 1.58E-02 !Watts) !Watts) 
U-236 1.5493E-05 865.860 1,731.720 O.ooE+OO 1.34E-Q2 2.68E-Q2 2.34E+Ol 4.69E+01 
U-238 -4.2851 E-Q9 865.860 0.000 1.79E-Q4 1.75E-Q4 1.79E-Q4 Total Total 
V-90 2.1686E+OO 865.860 1,731.720 O.OOE+OO 1.88E+03 3.76E+03 
Other Radionudides 1.88E+03 3.77E+03 
ID.T"ttSeledimlSunUWtJ'j'.n_ andCIiecks 
Template Selection Summary 

From SFD Used Basis for Parameter Differences: 
Reactor Moderator: UGHTWATER LIGHT WATER 

Fuel Cladding: ALUM (6061) ALUM 
SOL HM ConstItuents: 0308 U 

BOL Enrichment %: 93.23369049 60 to 100 

Bumup Summary (MWd) Basis for burnup used in estimate: 
From SFD Estimated 

Nominal: 865.860 Nominal bumup calculated from the heavy metal mass destroyed. 
Boundlng:1 I 1,731.720 Bounding bumup assumed to be twice nominal bumup. 

Checks 

Estimated Bumupf 
Bumup Multiplier Given Bumup Eatimated EOl HMlGlven EOl HM 

Nominal: 0.35 I 1.011 
Bounding: 0.70 , 

Reactor shutdoVlln, core removal, storage, shiPping or other date confirming that ,"amatlon ceased for fuel. 

2Tolal bumup for all fuel associated with this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWdlMT). 
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Template hlf~on Estimated 

Fuel NllJM: CALVERT CLIFFS 1 'Fue,1 decay start date: 1980 Canister usage: 
SNF ID~: 307 Estimates as of: 2010 18"x15' 

Fuel Units & Oeser: 2 -14 X14 ROD ARRAY Template: PWR (Ught Water, Zirc, 0105%, U) 1.00
 
Heavy Metal Mas>: 8Ol=772.00kg ; EOl=675.9Okg 'Template Bumup(MWd): 61.92
 
ROD Storage SIlO: HANFORD Template BOl Heavy Metal Ma•• (MT): 0.00176911
 

-emplate Decay Time" 25 years 
n. Estimates m Xo b Yo Yb Gamma Sources 

Photon Total 
CilMWd From Nominat Bounding Fuel Initial Activity Nominal Fuel BOUnding Fuel Energy Photons/sec 

Radionuelide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 6.6376E-l0 91,386.554 182,773.109 O.OOE+OO 6.07E-05 1.21E-04 Avg. MeV 
:'A2:m:':-"24~1;---------';1~.3::;1~44~E=--""0:;-1--~~9C::l"',38~6~.5::;547----1~82,773."09--0:00E+OO 1.20~E-'c+04~__-----:2~.40,~E,-,+04~_+_~00.C:·00:':21c5S00_--21_·.52_4173~EE~++11-65 
-=.A-=m:-,-2",4~2:"m,- 3"";cOO3~9:;::E-o-04;-;- -;9~1s:,386~.~554~ 1;;8:;;2:c:,77~3c'.;1~09:<__--;;0~.OOE+OO 2.75E+Ol 5.49E+Ol 
Am-243 6.2629E-04 91,386.554 182,773.109 O.OOE+OO 5.72E+Ol 1.14E+02 0.0375 2.436E+15 
'>CC'-~14,,",,0----------';4"'.7;;;:96;;'5"'E=--"05;C------09"'1-S,38;;;;;6';.5:;;54-;---"'1;-;8~2:S,iT3."09-----O:OOE+OO 4.38E+OO 8.77E+OO 0.0575 2.658E+15 
."C;:I-~38~.- ~8:o.0:;;2",97;;;E=--;o07;;-- __o9;.;1",,386~~.5::;5:;4-_.....,1;';C82,773.109 O.OOE+OO 7.34E-02 1.47E-Ol 0.0850 1.408E+15 
-iCC:mc.-::;243-;7 ::;3:.:.1:;;993~E=--,,04;c_---__o9"'1_S,386;;;;;';.5:;;5_;.4--.....,1;-;8~2~,77=3.:::.1:_0::;;9-_-0:~.00;;E+OO 2.92E+Ol 5.85E+Ol 0.1250 1.029E+15 
Cm-244 7.1851E-02 91,386.554 182,773.109 0.0010+00 6.57E+03 1.31E+04 0.2250 1.209E+15 
.;C"'o-6O"7.c-:----------:c9:.:.5=22""0"'E=--703=-----'9:..:1-",386~"'.5"'54':-----1"8"'2"',77=3:C. 1

C

09 O.OOE+OO 8.70E+02 1.74E+03 0.3750 5.187E+14
.;CC'S-;-I:-=34-;- --"1.~I66~2~E'-:-03~----'9c:1-S,38=6."'5""54~--718='2",,77=3::-:.1:-=079 __.;0-S.00:-:~E+OO 1.07E+02 2.13E+02 0.5750 1.192E+16 
Cs-l35 1.4433E-05 91,386.554 182,773.109 O.OOE+OO 1.32E+OO 2.64E+OO 0.8500 2.353E+14 
Cs-137 1.7603E+OO 91,386.554 182,773.109 O.OOE+OO 1.61E+05 3.22E+05 1.2500 3.178E+14 
EU-l54 4.5203E-02 91,386.554 182,773.109 O.OOE+oD 4.13E+03 8.26E+03 1.7500 6.964E+12 
EU-155 7.1479E-03 91,386.554 182,773.109 O.OOE+OO 6.53E+02 1.31E+03 2.2500 1.286E+09 
Fe-55 6.1919E-04 91,386.554 182,773.109 O.OOE~---s.66E+Ol 1.13E+02 2.7500 1.445E+09 
H-3 3.6386E-02 91,386.554 182,773.109 O.OOE+OO 3.33E+03 6.65E+03 3.5000 1.895E+08 
1-129 9.8288E-07 91,386.554 182,773.109 O.OOE+OO 8.98E-02 l.60E-Ol 5.0000 8.095E+07 
Kr-85 5.3844E-02 91,386.554 182,773.109 O.OOE+OO 4.92E+03 9.84E+03 7.0000 9.333E+06 
Np-237 1.0546E-05 91,386.554 182,773.109 O.OOE+OO 9.64E-Ol 1.93E+OO 11.0000 1.072E+06 
Pa-231 1.1370E-09 91,386.554 182,773.109 O.OOE+OO 1.04E-04 2.08E-04 
Pb-21 0 3.3824E-ll 91,386.554 182,773.109 O.OOE+OO 3.07E-06 6.15E-06 
Pm-147 5.1211E-03 91,386.554 182,773.109 O.OOE+OO 4.88E+02 9.36E+02 
PU-238 8.0669E-02 91,386.554 182,773.109 O.OOE+OO 7.37E+03 1.47E+04 
Pu-239 1.1626E-02 91,386.554 182,773.109 O.OOE+OO l.06E+03 2.12E+03 
PU-240 1.5097E-02 91,386.554 182,773.109 O.OOE+OO 1.38E+03 2.76E+03 
PU-241 1.4567E+OO 91,386.554 182,773.'-09 O.OOE+OO 1.33E+05 2.66E+05 
Pu-242 6.4260E-05 91,386.554 182,773.109 O.OOE+OO 5.87E+OO 1.17E+Ol 
Ra-226 1.1392E-l0 91,386.554 182,773.109 O.OOE+OO 1.04E-05 2.08E-05 
Ra-228 5.1841E-12 91,386.554 182,773.109 O.OOE+OO 4.74E-D~7,---__-,,9,,:.48=E=-~07'---i1 
RU-l06 5.9012E-07 91,386.554 182,773.109 O.OO-E+OO 5.39E-D2 l.08E-Dl 
5e-79 1.2379E-05 91,386.554 182,773.109 O.OOE+OO 1.13E+OO 2.26E+OO 
5n-126 2.5210E-05 91,386.554 182,773.109 O_OOE+oo 2.30.~E+oo~,-__4-=='7.61",EO-'+OO=-;1 
5r-90 1.1630E+OO 91,386.554 182,773.109 O.OO-E+OO 1.06E+05 2.13E+05 
Te-99 3.9357E-04 91,386.554 182,773.109 O.OOE+OO 3.60E+Ol 7.19E+Ol 
Th-229 8.5691E-ll 91,386.554 182,773.109 O.OOE+OO 7.83E-D6 1.57E-05 
Th-230 1.4493E-08 91,386.554 182,773.109 O.OOE+OO 1.32E-03 2.85E-03 
Th-232 5.2923E-12 91,386.554 182,773.109 O.OOE+OO 4.84=E-D~7 -"9,,,.6~7~E__o-Oco7--j1 
TI-208 1.9202E-D7 91,386.554 182,773.109 O.OoE+OO 1.75E-02 3.51E-D2 
U-232 5.2063E-D7 91,386.554 182,773.109 O.OOE+OO 4.76:~E-o-D;;;2:___-- .. p;...;o;:;w;;,e::;r=,.,......9"'.5;;2~E:..;-D,;2:___--JI,==-:-T;.;he;:rma~;;.1
U-233 2.4386E-D8 91,386.554 182,773.109 O.OOE+OO 2.23E-Q3 4.46E-03 Nominal Heat Bounding 
U-234 4.7012E-05 91,386.554 182,773.109 O.OOE+OO 4.30E+OO 8.59E+OO Output Heat OUtput 
U-235 -1.4492E-D6 91,386.554 0.000 5.00E-D2 O.OOE+OO 5.00E-02 /Watts\ /Watts\ 
U-236 7.5759E-D6 91,386.554 182,773.109 O.OOE+OO 6.92E-Dl 1.38E+OO 2.51E+03 5.01E+03 
U-238 -2.6129E-D7 91,386.554 0.000 2.52E-Dl 2.28::;E=--D.:::l:O-__-72."'52::;E=_-D'=1--II Total Total 
Y-90 1.1631E+OO 91,386.554 182,773.109 O.OOE+OO 1.06E+05 2.13E+05 
Other Radionuelides 1.54E+05 3.09E+05 
Jll. Temolate Selection Summarv, BumulJ Summary, and Checks 
Template Selection Summary 

From SFD Used Basis for Parameler Differences:
Reactor Moderator: UGHTWATER LIGHT WATER 

Fuel Claddlng:I--'=Z=I=Re-4::c.:c=--+---==CZ=IR"C""'=:..:...--t 

BO;:lM=;=~I--""2.""9999999c:UO=2'=74-:--+----cO"':~"-=-5-----I 

Bumup Summary (MWd) Basis for bumup used in estimate: 
From SFD Estimated 

Nomlnal:1 32,848.6001 91,386.554 Nominal bumup calculated _tho heavy metal mass destroyed. 
Boundlng,1 33,041.6001 182,773.109 Bounding bumup assumed to be twice nominal bumup. 

Checks 
Estimated Bumupl

BUmUD MulUDlier Given Bumup Estimated EOl HMlGiven EOl HM 
Nominal: 3.38 2.78 I 1.061 

Bounding: 6.76 5.53,
Reactor shutdown. core removal. storage. shlppmg or other date confnmlng that Irradiation ceased for fuel.
 

~otal bumup for all fuel assodated with this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWdlMT).
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Tetl\PI8telnformatU>n Estimated 

Fuel Name: CANDU 1Fuel decay start date: 1964 Canister usage: 
SNFID#: 979 Estimates as ot: 2010 18"x15' 

Fuel Units & Oeser: 4 - ROD Template: HFBR (Heavy Water. Zirc., 0 to 5%, U) 0.14 
Heavy Metal Mass: BOL: ; EOL=49.32k9 'Templale Bumup(MWd): 5 
ROD Storage Site: INEEL Template BOL Heavy Metal Mass (MT): 0.00034251 

Template Decay Time" 35 years 
U. Estimates m Xo x. b Yo Y. Gamma Sources 

Pholon Total 
CilMWd From Nominal Bounding Fuel Inilial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radianuelide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Invenlories(Ci) Group (bounding) 
Ae-227 4.6920E-09 47,275.849 47,275.849 O.ooE+OO 2.22E-04 2.22E-04 Avg. MeV 
Am-241 2.2880E-02 47,275.849 47,275.849 O.ooE+OO 1.08E+03 1.08E-HJ3 0.0150 3.298E+15 
Am-242m 3.5400E-OB 47,275.849 47,275.849 O.ooE+OO 1.67E-Ol 1.67E-Ol 0.0250 6.832E+14 
Am-243 2.0580E-OB 47,275.849 47,275.849 O.ooE+OO 9.73E-02 9.73E-02 0.0375 6.010E+14 
C-14 1.1284E-03 47,275.849 47,275.849 O.ooE+OO 5.33E-HJl 5.33E-HJl 0.0575 6.508E+14 
CI-36 8.3780E-ll 47,275.849 47,275.849 O.ooE+OO 3.96E-OB 3.96E-OB 0.0850 3.837E+14 
Cm-243 5.0340E-Q7 47,275.849 47,275.849 O.ooE+OO 2.38E-02 2.38E-02 0.1250 2.532E+14 
Cm-244 1.0450E-05 47,275.849 47,275.849 O.ooE+OO 4.94E-Ol 4.94E-Ol 0.2250 3.306E+14 
Co-60 6.4420E-02 47,275.849 47,275.849 O.ooE+OO 3.05E-HJ3 3.05E-HJ3 0.3750 1.438E+14 
Cs-l34 7.9240E-Q6 47,275.849 47,275.849 O.ooE+OO 3.75E-Ql 3.75E-Ql 0.5750 2.516E+15 
Cs-135 7.9140E-OB 47,275.849 47,275.849 O.ooE+OO 3.74E-Ql 3.74E-Ql 0.8500 2.904E+13 
Cs-137 1.4316E+OO 47,275.849 47,275.849 O.ooE+OO 6.77E+04 6.77E+04 1.2500 2.393E+14 
Eu-l54 6.7900E-03 47,275.849 47,275.849 O.ooE+OO 3.21 E-HJ2 3.21 E-HJ2 1.7500 7.873E+11 
Eu-155 6.28ooE-04 47,275.849 47,275.849 O.ooE+OO 2.97E-HJl 2.97E-HJl 2.2500 1.261E+09 
Fe-55 5.7480E-05 47,275.849 47,275.849 O.ooE+OO 2.72E+OO 2.72E+OO 2.7500 8.066E+07 
H-3 2.3800E-02 47,275.849 47,275.849 O.ooE+OO 1.13E+03 1.13E+03 3.5000 2.433E+05 
1-129 7.5020E-Q7 47,275.849 47,275.849 O.ooE+OO 3.55E-02 3.55E-Q2 5.0000 1.021E+05 
Kr-SS 3.8220E-Q2 47,275.849 47,275.849 O.ooE+OO 1.81E-HJ3 1.81E-HJ3 7.0000 1. 148E+04 
Np-237 5.5780E-Q6 47,275.849 47,275.849 O.ooE+OO 2.64E-Ol 2.64E-Ol 11.0000 1.303E+03 
Pa-231 7.8820E-09 47,275.849 47,275.849 O.ooE+OO 3.73E-04 3.73E-04 
Pb-210 4.3840E-Q9 47,275.849 47,275.849 O.ooE+OO 2.07E-Q4 2.07E-04 
Pm-147 9.95ooE-04 47,275.849 47,275.849 O.ooE+OO 4.70E-HJl 4.70E-HJl 
Pu-238 6.4240E-03 47,275.849 47,275.849 O.ooE+OO 3.04E-HJ2 3.04E-HJ2 
Pu-239 1.8744E-Q2 47,275.849 47,275.849 O.ooE+OO 8.86E-HJ2 8.86E-HJ2 
Pu-240 8.3540E-Q3 47,275.849 47,275.849 O.ooE+OO 3.95E-HJ2 3.95E-HJ2 
Pu-241 1.4606E-Ol 47,275.849 47,275.849 O.ooE+OO 6.91 E-HJ3 6.91 E-HJ3 
Pu-242 2.0400E-OB 47,275.849 47,275.849 O.ooE+OO 9.64E-Q2 9.84E-Q2 
Ra-226 1.I804E-08 47,275.849 47,275.849 O.ooE+OO 5.58E-Q4 5.58E-Q4 
Ra-228 1.I884E-09 47,275.849 47,275.849 O.ooE+OO 5.61E-Q5 5.61E-05 
Ru-1OB 3.2580E-l0 47,275.849 47,275.849 O.ooE+OO 1.54E-05 1.54E-Q5 
Se-79 1.2524E-Q5 47,275.849 47,275.849 O.ooE+OO 5.92E-Ol 5.92E-Ol 
Sn-126 1.2052E-Q5 47,275.849 47,275.849 O.ooE+OO 5.70E-Ol 5.70E-Ol 
Sr-OO 1.2638E+OO 47,275.849 47,275.849 O.ooE+OO 5.97E+04 5.97E+04 
Te-99 4.4140E-Q4 47,275.849 47,275.849 O.ooE+OO 2.09E-HJl 2.09E-HJl 
Th-229 4.3480E-Q9 47,275.849 47,275.849 O.ooE+OO 2.OBE-Q4 2.OBE-04 
Th-230 1.0760E-Q6 47,275.849 47,275.849 O.ooE+OO 5.09E-Q2 5.09E-Q2 
Th-232 1.1926E-Q9 47,275.849 47,275.849 O.ooE+OO 5.64E-05 5.64E-Q5 
T1-208 4.62ooE-08 47,275.849 47,275.849 O.ooE+OO 2.18E-Q3 2.18E-03 
U·232 1.24OBE-Q7 47,275.849 47,275.849 O.ooE+OO 5.87E-03 5.87E-Q3 Thermal Power 
U-233 9.1620E-Q7 47,275.849 47,275.849 O.ooE+OO 4.33E-02 4.33E-02 Nominal Heat Bounding 
U-234 2.3440E-Q3 47,275.849 47,275.849 O.ooE+OO 1.11 E-HJ2 1.IIE-HJ2 Output HealOUlput 
U-235 -2.3296E-Q6 47,275.849 0.000 1.07E-Q2 O.ooE+OO 1.07E-02 (Watts) (Watts) 
U-236 2.6620E-Q5 47,275.849 47,275.849 O.ooE+OO l.26E+OO 1.26E+OO 8.68E+02 8.69E+02 
U-238 -1.3291E-Q7 47,275.849 0.000 3.12E-Q2 2.49E-02 3.12E-02 Total Total 
V-OO 1.2842E+OO 47,275.849 47,275.849 O.ooE+OO 5.98E+04 5.98E+04 
Other Radionuelides 6.45E+04 6.45E+04 
1II. Ttmmlale ~ Sunnnary,Bld'nll ,abdCh!'CkB 
Template selection Summary

FromSFD Used Basis lor Parameter Differences: 
Reactor Moderator: HEAVY WATER HEAVY WATER This Template was used for the following reasons: 

Fuel C1addlng: ZIRG-2 ZIRC This fuel matches on all parameters except enrichment (unkno'Ml). 
BOl HM Constituents: U02 U 

BOL Enrichment %: 010 5

BumupSumma~(MWd)' Basis for bumup used in estimate: 
FromSFD Estimated 

Nomlnal:1 47.275.849 Nominal bumup set equal to bounding bumup. 
Boundlng:1 I 47.275.849 Bounding bumup estimated by assuming BOL heavy metal mass was twice EOL. 

Checks 

Estimated Bumupl 
BumUD MUttiDlier Given Bumup Estimated EOl HMlGiven EOl HM 

Nominal: 32.83 I 2.591 
Bounding: 32.83 , 

Reactor shutdown. core removal. storage, shipping or other date confirming that IIradiation ceased for fuel.
 

2Total bumup for all fuel associated with this worksheet must be divided by BOL heavy metal mass to gat specific bumup values (MWcVMT).
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Fuel Radionuclide Inventory Worksheet 
1. Fuel ami Templat< Information Estimated
 

Fuel Nan:e: COMMERCIAL BWR & PWR SNF 1Fual decay start date: 1983 Canister usage:
 
SNF 10 #: 1089 Estimates as of: 2010 HIC
 

Fuel Units & Oeser: 19 - CANiSTER OF SCRAP Template: PWR (Ught Water, Zire, 0 to 5%, U) 1.00
 
Heavy Metal M..s: BOl.= ; EOl.=38.38kg 'Template Bumup(MWd): 61.92 
ROD Storage SIte: INEEl Template BOl Heavy Metal Mas. (MT): 0.00176911 

Template Decay Time" 25 years 
n.Estimateli m x. x. b Y. Y. Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding F",el Initial Activity Nnminal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventoties(Ci) Inventorie.(Ci) Group (bounding) 
Ac-227 6.6376E-l0 2,457.879 4,915.758 O.OOE+OO 1.63E-OB 3.26E-06 Avg. MeV 
Am-241 1.3144E-Ol 2,457.879 4,915.758 O.oOE+OO 3.23E-Kl2 6.46E-Kl2 0.0150 3.343E+14 
Am-242m 3.0039E-04 2,457.879 4,915.758 O.OOE+OO 7.38E-Ol 1.48E+OO 0.0250 6.770E+13 
Am-243 6.2629E-04 2,457.879 4,915.758 O.OOE+OO 1.54E+OO 3.08E+OO 0.0375 6.553E+13 
C-14 4.7965E-05 2,457.879 4,915.758 O.OOE+OO 1.18E-Ol 2.38E-Ql 0.0575 7.148E+13 
CI-36 8.0297E-07 2,457.879 4,915.758 O.OOE+OO 1.97E-03 3.95E-Q3 0.0850 3.788E+13 
Cm-243 3.1993E-Q4 2,457.879 4,915.758 O.OOE+OO 7.86E-Ol 1.57E+OO 0.1250 2.767E+13 
Cm-244 7.1851E-02 2,457.879 4,915.758 O.OOE+OO 1.77E-Kl2 3.53E-Kl2 0.2250 3.252E+13 
Co-50 9.5220E-Q3 2,457.879 4,915.758 O.OOE-KlO 2.34E-Kll 4.68E-Kll 0.3750 1.395E+13 
Cs-l34 1.1682E-Q3 2,457.879 4,915.758 O.OOE+OO 2.87E+OO 5.73E+OO 0.5750 3.206E+14 
Cs-135 1.4433E-Q5 2,457.879 4,915.758 O.OOE+OO 3.55E-Q2 7.09E-02 0.8500 6.328E+12 
Cs-137 1.7603E+OO 2,457.879 4,915.758 O.OOE+OO 4.33E-Kl3 8.65E+03 1.2500 8.548E+12 
Eu-l54 4.5203E-Q2 2,457.879 4,915.758 O.OOE+OO 1.11 E-Kl2 2.22E-Kl2 1.7500 1.873E+ll 
EU-155 7.1479E-Q3 2,457.879 4,915.758 O.OOE+OO 1.76E-Kll 3.51 E-Kll 2.2500 3.459E+07 
Fe-55 6.1919E-Q4 2,457.879 4,915.758 O.OOE+OO 1.52E+OO 3.04E+OO 2.7500 3.888E+07 
H-3 3.6386E-Q2 2,457.879 4,915.758 O.OOE+OO 8.94E-Kll 1.79E-Kl2 3.5000 5.095E+06 
1-129 9.8288E-07 2,457.879 4,915.758 O.OOE+OO 2.42E-Q3 4.83E-03 5.0000 2. 177E+06 
Kr-85 5.3844E-Q2 2,457.879 4,915.758 O.OOE+OO 1.32E-Kl2 2.65E+02 7.0000 2.510E+05 
Np-237 1.0546E-Q5 2,457.879 4,915.758 O.OOE+OO 2.59E-02 5.18E-Q2 11.0000 2.883E+04 
Pa-231 1.1370E-09 2,457.879 4,915.758 O.OOE+OO 2.79E-06 5.59E-06 
PI>-21 0 3.3624E-11 2,457.879 4,915.758 O.OOE+OO 8.26E-08 1.65E-Q7 
Pm-147 5.1211E-Q3 2,457.879 4,915.758 O.OOE+OO 1.26E-Kll 2.52E-Kll 
Pu-238 8.0669E-Q2 2,457.879 4,915.758 O.OOE+OO 1.98E-Kl2 3.97E-Kl2 
Pu-239 1.1626E-Q2 2,457.879 4,915.758 O.OOE+OO 2.B6E-Kll 5.72E-Kll 
Pu-240 1.5097E-Q2 2,457.879 4,915.758 O.OOE+oo 3.71E-Kll 7.42E-Kll 
Pu-241 1.4567E+OO 2,457.879 4,915.758 O.ooE+OO 3.58E+03 7.16E-Kl3 
-Pu-242 6.425OE-Q5 2,457.879 4,915.758 O.ooE+OO l.5aE-Ol 3.16E-Ql 
Ra-226 1.1392E-l0 2,457.879 4,915.758 O.ooE+OO 2.5OE-Q7 5.5OE-Q7 
Ra-228 5.1841E-12 2,457.879 4,915.758 O.ooE+OO 1.27E-oB 2.55E-oB 
Au-lOB 5.9012E-Q7 2,457.879 4,915.758 O.ooE+OO 1.45E-03 2.90E-Q3 
8e-79 1.2379E-Q5 2,457.879 4,915.758 O.ooE+OO 3.04E-Q2 6.09E-Q2 
8n-126 2.5210E-Q5 2,457.879 4,915.758 O.ooE+OO 6.20E-02 1.24E-Ql 
8r-90 1.1630E+OO 2,457.879 4,915.758 O.ooE+OO 2.86E-Kl3 5.72E+03 
Tc-99 3.9357E-04 2,457.879 4,915.758 O.ooE+OO 9.67E-Ol 1.93E+OO 
Th-229 8.5691E-ll 2,457.879 4,915.758 O.ooE+OO 2.11E-Q7 4.21E-Q7 
Th-230 1.4493E-oB 2,457.879 4,915.758 O.ooE+OO 3.56E-Q5 7.12E-OS 
Th-232 5.2923E-12 2,457.879 4,915.758 O.ooE+OO 1.30E-oB 2.5OE-oB 
TI-208 1.9202E-Q7 2,457.879 4,915.758 O.ooE+OO 4.72E-Q4 9.44E-Q4 
U-232 5.2083E-Q7 2,457.879 4,915.758 O.ooE+OO 1.28E-Q3 2.56E-Q3 Thermal Power 
U-233 2.4386E-08 2,457.879 4,915.758 O.ooE+OO 5.99E-Q5 1.20E-Q4 Nnminal Heat Bounding 
U-234 4.7012E-05 2,457.879 4,915.758 O.ooE+OO 1.16E-Ql 2.31E-Ql Output Heat Output 
U-235 -1.4492E-06 2,457.879 0.000 2.83E-Q3 O.ooE+OO 2.83E-Q3 /Watts) /Watts) 
U-236 7.5759E-06 2,457.879 4,915.758 O.ooE+OO 1.86E-Q2 3.72E-Q2 6.74E+Ol 1.35E+02 
U-238 -2.6129E-Q7 2,457.879 0.000 1.33E-Q2 1.27E-02 1.33E-Q2 Total Total 
V-90 1.1631E+OO 2,457.879 4,915.758 O.ooE+OO 2.86E+03 5.72E+03 
Other Radionuclldes 4.15E-Kl3 8.30E-Kl3 
m. Template SeIediM ~l'Y,.llurnIJ an/ICllcd<$ 
Template Selection Summarv 

FromSFO Used Basis for Parameter Differences: 
Reactor Moderato:r: UGHTWATER LIGHT WATER This TempIaIe was used 'or the following reasons: 

Fuel Cladding: ZIRC ZIRC This fuel matches on all parameters except enrichment (unknown). 
BOL HM Constituents: U02 U 

SOL Enrichment ~~ Ot05 

Bumup Summary (MWd) Basis for bumup used in estimate: 
FromSFD Estlmated 

NomlnoJ:1 I 2,457.879 Nominal bumup laken frem SFD and conve!led to MWd using 8Ol..4O.965I<g 
Bounding: 4,915.758 BoUnding bumup assumed to be twice nominal bumup. 

Checks 

Estimated Bumupl 
BumUD Multil,lier Given Bumup Estimated EOL HMlGlven EOL HM 

Nomlnd:1 1.71 I 1.011 
Bounding:1 3.43 , 

Reactor shutdown. core removal, storage, shiPping or other date confmlllng that Irradiation caasad for fuel. 

'Total bumup for all fuel associated with this wott<sheet must be divided by BOl heavy metal mass to get speci1ic bumup values (MWdIMT). 
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Fuel Radionuclide Inventory Worksheet 
I. Flid and T~t. Wo_tion Estimated 

Fuel Name: CONNECTICUT YANKEE (8004) 1Fuet decay start date: 1975 Canister usage: 
SNFID#: 34 Estimates as of: 2010 PWR 

Fuel Units & Oeser: 1 - 15 X 15 ROD ARRAY Template: Pathfinder (Ught Water, SST, 60 to 100%. U) 1.00 
_vy Metal M•••: BOl.=407.84kg ; EOl.=393.77kg 'Tempi.... Bumup(MWd): 6.01 
ROO Stor.ge Si...: INEEl Tempi.... BOl _vy Metal M••• (MT): 0.00012882 

Tempi.... Decay Time' 35 years 
n.Estimatel; m x" x. b y" Y. Gamma Sources 

Photon Total 
CilMWdFrom Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Burnup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 2.3344E-08 13,290.342 26,580.683 O.ooE..oo 3.10E-04 6.21E-04 Avg. MeV 
Am-241 1.1135E-04 13,290.342 26,580.683 O.ooE..oo 1.48E..oo 2.96E..oo 0.0150 1.984E+15 
Am-242m 8.5075E-09 13,290.342 26,580.683 O.ooE..oo 1.13E-04 2.26E-04 0.0250 4.123E+14 
Am-243 9.8519E-l0 13,290.342 26,580.683 O.ooE..oo 1.31E-05 2.62E-05 0.0375 3.566E+14 
C-14 2.3012E-04 13,290.342 26,580.683 O.ooE..oo 3.06E..oo 6.12E..oo 0.0575 3.844E+14 
CI-36 12261E-06 13290.342 26,580.683 O.ooE..oo 1.63E-02 3.26E-02 0.0850 2.322E+14 
Cm-243 2.4875E-l0 13,290.342 26,580.683 O.ooE..oo 3.31E-06 6.61E-06 0.1250 1.508E+14 
Cm-244 2.3178E-09 13,290.342 26,580.683 O.ooE..oo 3.08E-05 6.16E-05 0.2250 1.999E+14 
CO-50 7.0849E-02 13,290.342 26,580.683 O.ooE..oo 9.42E+02 1.88E+03 0.3750 8.719E+13 
Cs-l34 3.0266E-06 13,290.342 26,580.683 O.ooE..oo 4.02E-02 8.04E-02 0.5750 1.436E+15 
Cs-l35 3.0316E-05 13,290.342 26,580.683 O.ooE..oo 4.03E-Ol 8.06E-Ol 0.8500 1.454E+13 
Cs-137 1.4511E..oo 13,290.342 26,580.683 O.ooE..oo 1.93E+04 3.86E+04 1.2500 1.445E+14 
EU-I54 6.6955E-04 13,290.342 26,580.683 O.ooE..oo 8.90E..oo 1.78E+Ol 1.7500 3.751E+11 
EU-155 6.9850E-04 13,290.342 26,580.683 O.ooE..oo 9.28E..oo 1.86E+Ol 2.2500 7.786E+08 
Fe-55 1.2318E-03 13,290.342 26,580.683 O.ooE..oo l.64E+Ol 3.27E+Ol 2.7500 2.251E+07 
H-3 2.5141E-03 13,290.342 26,580.683 O.ooE..oo 3.34E+Ol 6.68E+Ol 3.5000 2.279E+03 
1-129 7.3195E-07 13,290.342 26,580.683 O.ooE..oo 9.73E-03 1.95E-02 5.0000 9.501E+02 
Kr-85 4.1281E-02 13,290.342 26,580.683 O.ooE..oo 5.49E+02 1.10E+03 7.0000 1.063E+02 
Np-237 1.1489E-06 13,290.342 26,580.683 O.ooE..oo 1.53E-02 3.05E-02 11.0000 1.203E+Ol 
Pa-231 4.5241E-08 13,290.342 26,580.683 O.ooE..oo 6.01E-04 1.20E-03 
Pb-21 0 6.4476E-13 13,290.342 26,580.683 O.ooE..oo 8.57E-09 1.71E-08 
Pm-147 1.1651E-03 13,290.342 26,580.683 O.ooE..oo 1.55E+Ol 3.10E+Ol 
Pu-238 2.9517E-04 13,290.342 26,580.683 O.ooE..oo 3.92E..oo 7.85E..oo 
Pu-239 6.6772E-04 13,290.342 26,580.683 O.ooE..oo 8.87E..oo 1.77E+Ol 
Pu-240 8.6839E-Q5 13,290.342 26,580.683 O.ooE..oo 1.15E..oo 2.31E..oo 
Pu-241 7.1514E-04 13,290.342 26,580.683 O.ooE..oo 9.50E..oo l.90E+Ol 
Pu-242 1.9717E-09 13,290.342 26,580.683 O.ooE..oo 2.62E-05 5.24E-05 
Ra-226 1.7654E-12 13,290.342 26,580.683 O.ooE..oo 2.35E-08 4.69E-oB 
Ra-228 82928E-12 13,290.342 26,580.683 O.ooE..oo 1.10E-07 2.20E-07 
RU-l06 1.6419E-l0 13,290.342 26,580.683 O.ooE..oo 2.45E-06 4.90E-06 
5e-79 1.3223E-Q5 13,290.342 26,580.683 O.ooE..oo 1.76E-ol 3.51E-Ol 
5n-126 1.1493E-05 13,290.342 26,580.683 O.ooE..oo 1.53E-ol 3.05E-Ol 
5r-90 1.3649E..oo 13,290.342 26,580.683 O.ooE..oo 1.81E+04 3.83E+04 
Tc-99 4.6656E-Q4 13,290.342 26,580.683 O.ooE..oo 6.20E..oo 1.24E+Ol 
Th-229 1.4547E-ll 13,290.342 26,580.683 O.ooE..oo 1.93E-07 3.87E-07 
Th-230 1.6617E-l0 13,290.342 26,580.683 O.ooE..oo 2.21E-06 4.42E-06 
Th-232 8.3361E-12 13,290.342 26,580.683 O.ooE..oo 1.11E-07 2.22E-07 
TI-208 2.1664E-oB 13,290.342 26,580.683 O.ooE..oo 2.88E-04 5.76E-04 
U-232 5.8669E-08 13,290.342 26,580.683 O.ooE..oo 7.80E-04 1.56E-03 Thermal Power 
U-233 3.1847E-09 13,290.342 26,580.683 O.ooE..oo 4.23E-05 8.47E-05 Nominal Heat Bounding 
U-234 3.8769E-07 13,290.342 26,580.683 O.ooE..oo 5.15E-03 1.03E-02 Output Heat Output 
U-235 -2.7761E-06 13,290.342 0.000 3.53E-02 O.ooE..oo 3.53E-02 (Wattsl /Watts) 
U-236 1.6190E-05 13,290.342 26,580.683 O.ooE..oo 2.15E-Ol 4.30E-ol 2.32E+02 4.64E+02 
U-238 -2.8547E-Q9 13,290.342 0.000 1.32E-Ol 1.32E-Ol 1.32E-Ol Total Total 
V-90 1.3652E..oo 13,290.342 26,580.683 O.ooE..oo 1.81E+04 3.83E+04 
Other Radionuclides 2.19E+04 4.39E+04 
m.TBJtlIllllteseJe<1ion ~J'.Y.B_" ;...Chedis 
TemDlate selection Summary 

From SFD Used Basis for Parameter Differences:
 
Reactor Moderator: LIGHT WATER UGHTWATER This Template was used for the following reasons:
 

Fuel Cladding: SST (304l) SST This fuel matches Pathfinder Template on ell but one parameler (enrichment) mal<ing Pathlinder a
 
BOl HM Constituents: U02 U re_match.
 

BOl Enrichment %: 4.00000OO37 60 to 100 

Bumup Summary (MWdt Basis for bumup used in estimate: 
FromSFD Estimated 

Nominal:1 13,139.8891 13,290.342 Norrinal bumup calculated fromthe heavy metel mass destroyed. 
Bounding:1 I 26,580.683 Bouoding bumup assumed to be twic& nominal bumup. 

Checks 
Estimated Bumupl 

BumuD MultiDlier Given Bumup Estim.tsd EOl HMlGlven EOl HM 
Nominal: 0.70 1.01 I 1.001
 

Bounding: 1.40
 ,
Reactor shutdown, core removal. storage. shlppmg or other date conflnnmg that nradiatJon ceased for fuel. 

~olal bumup for aU fuel associated with this worksheet must be divided by BOl heavy metal mass to get specific bumup values (MWdlMT). 
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Fuel Radionuclide Inventory Wo~ksheet 

I. Fuel and Template fuf_tion Estimated 
Fuel Name: COOPER NUCLEAR 'Futtl decay start date: 1982 Canister usage: 

SNFID#: 308 Estimates as of: 2010 18"xI5' 
Fuel Units & Oeser: 2 - 7 X7 ROD ARRAY Template: PWR (Light Water, Zirc. 0 to 5%, U) 1.00
 
_vy Melal M..s: BOl=370.ook9 ; EOl=368.20k9 'Template Bumup(MWd): 61.92
 
ROO Storage Sileo HANFORD Template BOL ~ieavy Metal Mass IMT): 0.00176911
 

Template Decay Time' 25 years 
n. Estimales m x. b Y. Yb Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initiat Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuelide Template Fuel Bumup (MWd)2 Burnup (MWd)2 (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
-'.A,=e-?-2~2i:;7 -;:6.:;;63:;:7",6~E:-;-1~0,- __--::I_~0~,3~78",.;~50",0~___--;I:-;;0:s,2~7o;'3.:;;05~0~  O.OOE+OO 6.82:;E~---=06,=-----,:"6.~89",Eo-.--=06'=--lI,..--'A:::v",9!,,. Me..,..-v'---__=-c _

"'AA:.mm:::-:::o2244-;;21"m::-------"'I".3"'1"'44;CE~--;;0-;-1--~::-1"'0:c,2"7=3".05::?:0---_:1_;;0,,,3=7::o8:."5_;;00~_---O;;:.:;;0~OE+OO-- 1.35"E~+O~3_--_;I;".36;;;;:Ec:+O"'3;;---11-__=0.c:.0.o:15O::---_.-7:'_:1·.058429EE++1144 
3.0039E-04 10,273.050 10,378.500 O.OOE<OO --:J.09E+OO 3.12E+OO 0.0250 

"'A"'m::--~243~::""------~6".2C6:729=:E=--~047------1"'0:C,2~7=3"'.02:5o;O----'1~0!.,~3=7'='8.500 O.OOE+OO 6.43E+OO 6.50E+OO 0.0375"-__-'1"'.38o-.:::3E"'+,,1::4 
C-14 4.7965E-05 10,273.050 10,378.500 O.OOE+OO 4.93E-Ql 4.96E-Ol 0.0575 1.509E+14 
-;;Cc-I--=36'=-----------c08".0=2=97::;E=---;;07=-----,1"'0:c,2~7=3".02:5'"0----I:~Oc:,3=7=8.·5:-00 O.OOE+OO 8.25E-03 8.33E-03 0.0850 7.997E+13 

;g~~t:~;oc_~-;:3.t~~~~~~~~~~~~~~~;;: ~i:~;'=~O=~~=-:~~:':2;;.--_-_-_---------,~~~t:;~;~~(j:~~~~~~~~~~~j~i~;:~i~;~:":"':~"'~~---~~:~~ ;:;:~~ ;:~~~ ~:~~ ~::~~:~~ 
~Cc:0--:-60""'-------__=9::;.5:;;2"20;;-;E=--"'0"'3---::_1"'0;-';,2,,7;;:3,,.0;;:5,;;_0_~ _ _:1"'0",3"'7;:;8.,5"-;;-;00---O:-06E+OO 9.78E+Ol 9.88E+Ol 0.3750 2.945E+13 
-;;C"'S_,-I"'34;;c--------,,1:.;.I:=:66=2::;E=_-_;;0,,3---::_1"'0:c,2,,73.050 10,378.500---0-.00E+oo 1.20E+Ol 1.21 E+Ol 0.5750 6.769E+14 
-;;C~S -I:-03=5 ~I.4433E-05 10,273.050 10,378.500 O.OOE+OO l.48E-Ql 1.50E-Ol 0.8500 1.336E+13 
-;;C:-=S_:-1"3";7---------';1.";7c:::60;;-:3'"E==+OO~---::_1"'0",2,,7=3,,.0=5"'0--_-,;I",Oc:,3",78=.,"5OO~.---0~.00E+OO 1.81E+04 1.83E+04 1.2500 1.805E+13 
-;EO'u,---I,-,54~ ._-=4",.5":2:=073E=--Q~2 1,-,0",2,,,7~3~.0~52:0 --'1'-'::0~,3=7=8".:52:007-~ __~0.OOE+OO 4.64E+02 4.69E+02 1.7500 3.954E+ll 

E"'u'-;-1"'5:-=5 ._-;;7=:;.1"'47;,-;9"E=--0;;:3;--__::_1;;0:c,2::=7;;:3".0~50;;-~_ _:1"'0:c,3"'7;;,8,.5OO O.OOE+OO 7.34E+Ol 7.42E+Ol 2.2500 7.304E+07 
-:--F-;=e==-5:::5,..--'_~ ---76"'.1:=91~9=Eo--04::-;;.- _,1"'0:c,2=7=3'-'::.0:=50'=-__-,I:-00~,3=7'?8.:500--O:-00E+OO 6.36E+OO 6.43E+OO 2.7500 8.208E+07 
H-3 3.6386E-02 10,273.050 10,378.500 O.OOE+OO 3.74E+02 3.78E+02 3.5000 1.076E+07 
r-12.'::9 ---79".8=2'-'::88~E--;:00:7----1;;0",,2"'7=3:c.05::?:0 ----:1c:0~,3,,7=8,.:5~00 O.OOE+OO 1.0c;I:;:E'---0;;-:2;;--__--cOl-';.0"'2i'E--:-0;;';2;---1I_ _,5~.0000 4.597E+06 
Kr-85 5.3844E-02 10,273.050 10,378.500---0-.00E+oo 5.53E+02 5.59E+02 7.0000 5.3OOE+05 
Np-237 1.0546E-05 10,273.050 10,378.500 0.OOE"OO----1.08E-Ol l.09E-Ql 11.0000 6.088E+04 
Pa-231 1.1370E-Q9 10,273.050 10,378.500 O.OOE+OO 1.17E-05 1.18E-OS 
Pb-21 0 3.3624E-l1 10,273.050 10,378.500 O.OOE+OO 3.45E-Q7 3.49E-07 
Pm-147 5.1211E-Q3 10,273.050 10,378.500 O.OOE+OO 5.26E+Ol 5.31E+Ol 
Pu-238 8.0669E-Q2 10,273.050 10,378.500 O.OOE+OO 8.29E+02 8.37E+02 
Pu-239 1.1626E-Q2 10,273.050 10,378.500 O.OOE+OO 1.19E+02 1.21E+02 
Pu-240 1.5097E-02 10,273.050 10,378.500 O.OOE+OO 1.55E+02 1.57E+02 
Pu-241 1.4567E+OO 10,273.050 10,378.5~OOE+OO 1.50E+04 1.51E+04 
-Pu-242 6.4260E-05 10,273.050 10,378.500 O.OOE+OO 6.60E-Ol 6.67E-Ql 
Ra-226 1.1392E-l0 10,273.050 10,378.500 O.OOE+OO 1.17E-06 1.18E-06 
Ra-228 5.1841E-12 10,273.050 10,378.500 O.OOE+OO 5.33E-oB 5.38E-oB 
Ru-l06 5.9012E-Q7 10,273.050 10,378.500 O.OOE+OO 6.06E-Q3 6.12E-Q3 
5e-79 1.2379E-Q5 10,273.050 10,378.500 O.OOE+OO 1.27E-Ql 1.28E-Ql 
5n-126 2.5210E-OS 10,273.050 10,378,500 O,OOE+oo 2,59E-Ql 2.62E-Ol 
5r-90 1.1630E+OO 10,273.050 10,378.500 O.oOE+OO 1.19E+04 1.21E+04 
Te-99 3.9357E-04 10,273.050 10,378.500 O.OOE+OO 4.04E+OO 4.08E+OO 
Th-229 8.5691 E-ll 10,273.050 10,378.500 O.OOE+OO 8.80E-Q7 8.89E-Q7 
Th-230 1.4493E-oB 10,273.050 10,378.500 O.OOE+OO 1.49E-04 1.50E-04 
Th-232 5.2923E-12 10,273.050 10,378.500 O.OOE+OO 5.44E-06 5.49E-oB 
T1-206 1.9202E-Q7 10,273.050 10,378.500 O.OOE+OO 1.97E-03 1.99E-03 
U-232 5.2083E-Q7 10,273.050 10,378.500 O.OOE+OO 5.35E-03 5.41E-Q3 Thermal Power 
U-233 2.4366E-06 10,273.050 10,378.500---0-.00E+oo 2.51E-04 2.53E-04 Nominal Heat Bounding 
U-234 4.7012E-OS 10,273.050 10,378.500 0.OOE~+OO~__---o4c;.83~E,:,-Q;;;I --:4;::.88~Ec-;-Q<;I;--11 Output Heat Output 
U-235 -1.4492E-06 10,273.050 0.000 1.28E-Q2 O.OOE+OO 1.28E-Q2 (Watts) (Watts) 
U-236 7.5759E-06 10,273.050 . 10,378.500 O.OOE+OO 7.78E-Q2 7.88E-Q2 2.82E+02 2.85E+02 
U-238 -2.6129E-Q7 10,273.050 0.000 1.22E-Ol 1.20E-Ol 1.22E-Ql Total Total 
Y-90 1.1631E+OO 10,273.050 10,378.500 O.OOE+OO 1.19E+04 1.21E+04 
Other Radionuelides 1.74E+04 1.75E+04 
m. Template ~ SummalY. lJ\lD1U 
Template Selection Summary

From SFD Ueed Basis for Parameter Differences: 
Reactor Moderator: UGHT WATER LIGHT WATER

Fuel Cladding:I--'---:Z;;;IR"'e-=2----t------:Z"'IR:o:C::'-''------t

BO;O~=:=~I-----'U~10~62-------+----:0;C~C-O-;:5---1 

Bumup Summary (MWd)' Basis for burnup used in estimate: 
From SFD Estimated

Nominal:1 10,273.0501 1,711.715 Nominal bumup taI",n direclly from SFD (converted to MWd). 
Boundlng:r-----l::0:':,3:::7::-8.-;:5OO::::t~----,3::-,4-=23:::-:.4::-30:I'Bounding bumup taken directly from SFD (converted to MWd).

Checks 
Estimated Bumupl

Bum." Muillplier Given Bumup Estimated EOL HMlGlven EOL HM
 
Nominal: 0.79
 0.17 I 0.981 

Boundlng:1 0.80 0.33,
Reactor shutdown, core removal, storage. shipping or other date conflnmng that Irradiation ceased for fuel. 

2Total bumup for all fuel associated with this worksheet must be divided by BOl heavy metal mass to get specific bumup values (MWd'MT). 
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Fuel Radionuclide Inventory Worksheet 
I. Fuel ami Template W .........lloa Estimated 

Fuel Name: CP-5 CONVERTER CYLINDERS 'Fuel decay start date: 1979 Canister usage: 
SNFID#: 36 Estimates as of: 2010 HIC 

Fuel Units & Doser: 2 - CONVERTER CYLINDERS Template: HFBR (Heavy Water, Zire., 0 to 5%. U) 1.00 
Heavy Metal Mass: BOl=l.23kg ; EOl=1.21kg 'Template Bumup(MWd): 5 
ROD Storage Site: INEEl Template BOl Heavy Metal Mass (MT): 0.00034251 

Template Oscay Time' 25 years 
D.&timates m x. x, b y. y, Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Bumup (MWd)2 Burnup (MWd)2 (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 3.1940E-09 24.539 49.078 O.ooE+OO 7.84E-OS 1.57E-07 Avg. MeV 
Am-241 2.0920E-02 24.539 49.078 O.OOE+OO 5.13E-Ol 1.03E+OO 0.0150 4.362E+12 
Am-242m 3.7060E-06 24.539 49.078 O.ooE+OO 9.09E-OS 1.82E-04 0.0250 9.060E+11 
Am-243 2.0600E-06 24.539 49.078 O.ooE+OO 5.OSE-05 1.01E-04 0.0375 7.966E+l1 
C-14 1.1278E-Q3 24.539 49.078 O.OOE+OO 2.77E-02 5.54E-02 0.0575 8.552E+11 
CI-36 8.3760E-11 24.539 49.078 O.ooE+OO 2.OSE-09 4.11E-09 0.0850 5.0nE+l1 
Cm-243 6.42ooE-07 24.539 49.078 O.ooE+OO 1.58E-05 3.15E-OS 0.1250 3.395E+11 
Cm-244 1.5322E-05 24.539 49.078 O.ooE+OO 3.76E-Q4 7.52E-04 0.2250 4.370E+11 
Co-60 2.4000E-01 24.539 49.078 O.ooE+OO 5.89E+OO 1.18E+01 0.3750 1.910E+11 
Cs-134 2.2840E-04 24.539 49.078 O.OOE+OO 5.60E-Q3 1.12E-02 0.5750 3.296E+12 
Cs-135 7.9140E-OS 24.539 49.078 O.ooE+OO 1.94E-Q4 3.88E-Q4 0.8500 4.429E+10 
Cs-137 l.8038E+OO 24.539 49.078 O.ooE+OO 4.43E+Ol 8.85E+01 1.2500 8.963E+11 
EU-154 1.52ooE-02 24.539 49.078 O.ooE+OO 3.73E-01 7.46E-01 1.7500 1.226E+09 
Eu-155 2.5420E-03 24.539 49.078 O.ooE+OO 6.24E-02 1.25E-01 2.2500 4.708E+06 
Fe-55 8.2660E-04 24.539 49.078 O.ooE+OO 2.03E-02 4.06E-02 2.7500 1.023E+05 
H-3 4.1740E-Q2 24.539 49.078 O.ooE+OO 1.02E+OO 2.05E+OO 3.5000 2.724E+02 
1-129 7.5020E-Q7 24.539 49.078 O.ooE+OO 1.84E-OS 3.88E-05 5.ססOO 1.076E+02 
Kr-SS 7.2960E-02 24.539 49.078 O.ooE+OO 1.79E+OO 3.58E+OO 7.ססOO 1.212E+01 
Np-237 5.47ooE-06 24.539 49.078 O.ooE+OO 1.34E-04 2.88E-04 11.ססOO 1.376E+OO 
Pa-231 6.2740E-Q9 24.539 49.078 O.ooE+OO 1.54E-07 3.08E-07 
Pb-210 1.7004E-Q9 24.539 49.078 O.ooE+OO 4.17E-OS 8.35E-OS 
Pm-147 1.3972E-Q2 24.539 49.078 O.ooE+OO 3.43E-Q1 6.86E-01 
Pu-238 6.9520E-Q3 24.539 49.078 O.OOE+OO 1.71E-Q1 3.41E-01 
Pu-239 1.8746E-02 24.539 49.078 O.ooE+OO 4.60E-01 9.20E-Q1 
Pu-240 8.3840E-03 24.539 49.078 O.ooE+OO 2.05E-Q1 4.10E-01 
Pu-241 2.3840E-01 24.539 49.078 O.OOE+OO 5.80E+OO 1.16E+01 
Pu-242 2.0400E-06 24.539 49.078 O.OOE+OO 5.01E-Q5 l.OOE-Q4 
Ra-226 5.8960E-09 24.539 49.078 O.ooE+OO 1.45E-Q7 2.89E-Q7 
Ra-228 1.1638E-Q9 24.539 49.078 O.ooE+OO 2.88E-06 5.71E-06 
Ru-106 3.1580E-Q7 24.539 49.078 O.ooE+OO 7.75E-06 1.55E-Q5 
5e-79 1.2524E-Q5 24.539 49.078 O.ooE+OO 3.07E-04 6.15E-Q4 
5n-126 1.2054E-Q5 24.539 49.078 O.OOE+OO 2.96E-04 5.92E-Q4 
5r-90 1.6036E+OO 24.539 49.078 O.ooE+OO 3.94E+Ol 7.87E+01 
Tc-99 4.4140E-Q4 24.539 49.078 O.ooE+OO 1.OSE-02 2.17E-02 
Th-229 3.0560E-Q9 24.539 49.078 O.ooE+OO 7.50E-OS 1.50E-07 
Th-230 7.5960E-07 24.539 49.078 O.OOE+OO 1.88E-Q5 3.73E-OS 
Th-232 1.1926E-Q9 24.539 49.078 O.ooE+OO 2.93E-06 5.SSE-OS 
TI-2OS 5.OS20E-OS 24.539 49.078 O.ooE+OO 1.25E-Q6 2.49E-06 
U-232 1.3856E-07 24.539 49.078 O.ooE+OO 3.35E-06 6.70E-06 Thermal Power 
U-233 9.1580E-Q7 24.539 49.078 O.OOE+OO 2.25E-Q5 4.49E-Q5 Nominal Heat Bounding 
U-234 2.3440E-Q3 24.539 49.078 O.ooE+OO 5.75E-Q2 1.15E-Q1 Output HeatOulput 
U-235 -2.3316E-06 24.539 0.000 2.47E-Q3 2.42E-Q3 2.47E-Q3 /Wattsl /Wattsl 
U-238 2.6620E-Q5 24.539 49.078 O.ooE+OO 6.53E-Q4 1.31E-Q3 6.20E-G1 1.24E+OO 
U-238 -1.3291 E-07 24.539 0.000 2.90E-Q5 2.57E-OS 2.90E-Q5 Total Total 
Y-90 1.6040E+OO 24.539 49.078 O.ooE+OO 3.94E+01 7.87E+01 
Other Radlonuclides 4.22E+01 8.44E+01 
m.T~te ~Stutmtary.nimtll and CIled<s 
Template selection Summary 

From SFD Used Basis for Parameter Differences:
 
Reactor Moderator: HEAVY WATER HEAVY WATER This Te~rate was used for the following reasons:
 

Fuel Cladding: ZIRC-2 ZIRC
 This fuel matches on all parameters except enrichment. 
BOl HM Constituents: U-Zr U
 

BOL Enrichment Ok: 92.99999968 Ot05
 

Bumup Summary (MWd) Basis for bumup used in estimate: 
FromSFD Estimated 

Nominal: 24.539 Nominal bumup calallated from the heavy metal mass destroyed. 
Boundlng:1 I 49.078 Bounding bumup assumed to be twice nominal bumup. 

Checks 

Estimated Bumupl 
Bumup Multiplier Given Bumup Estimated EOl HMlGlven EOl HM 

Nominal: 1.37 I 1.011 
Bounding: 2.73 ,

Reactor shutdown. core removal, storage, shlpptng or other dale conflnmng that Irradiation ceased for fuel.
 

2tolal bumup for all fuel associated with this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWdlMT).
 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

DOE/5NF/REP-Q78 December 2003 
Revision 1 Page C-47 



I 
I 
I
I
I
I
I 
I 
I
I
I
I

I
I 

I 
I 

I
 
I
 

I 

Fuel Radionuclide Inventory Worksheet 
I. Fuel and Template Infontlation Estimated
 

Fuel Name: CVTR FUEL 1Fuel decay start date: 1967 Canister usage:
 
SNFID#: 37 Estimates as of: 2010 18"x15'
 

Fuel Units & oeser: 34 . ROD Template: HFBR (Heavy Water, Zire., 0 to 5%. U) 0.45
 
Heavy Metal Mass: BOl=68.66kg ; EOl=67.47kg 'Template Bumup(MWd): 5
 
ROD Storage Site: INEEL Template BOl Heavy Metal Mass (MT): 0.00034251
 

Template Decay Time' 35 years
 
U. Estimates m Xo b Yo Gamma Sources 

Photon Total 
CVMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec
 

Radionuelide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci)
 Group (bounding) 
.A,:::e',=;22C';;7o--~~~ ~~4-;:.6";292~0~E~-029;__~~~0'1,~13;S7;:-.4:;;1:-;9;__~~-2""~27~4;::.83,,,,9 O.OOE+OO 5.34E·06 1.D7E-05 Avg. Me~ _ 
~A=::m:..:-2::c4",1.,.,---~~~~_.-,2=,.2=,880=~E-c:0,=2~~~------:1C',1;o3=7,-:.4c:-1=-9~~~..;2c:,2=7;.;4",.83.9---0-.00E+OO 2.60E+01 5.20E+Ol 0.0150__ ~1_.58_7_E_+1_4 
Am-242m 3.5400E_06 1,137.419 2,274.839 O.OOE+OO 4.03E-Q3 8.05E-03 0.0250 3.287E+13 

Am-243 2.0580E-06 1,137.419 ;:;;::~: g::",~"-::~--------:2",.;::34=,:E=,-..;0,,,3:_----;4"";c.68~E=,-Q~3_-+-7~~;~ ~~~~::~ 
""g,:-;_l,=,~::------~~--_.-~O':~~~=:~~-,:~",~-~--:::.::.:.o~=;;:.:::-::=-:----c2O",2"'7":4"'.839--~O:-OOE+OO ~'.;~~-: ~:;~~~ 00850 1847E+13 
Cm-243 5.0340E-Q7 1,137.419 2,274.839 O.OOE+OO 5.73E-04 1.15E-03 0.1250 1.218E+13 
-;C~m",-",2C'44,-- --;;1";.04~502E~-,,05;O-- --71,~13;;:7;:-.~41~9c-_____;2,,,2~7;:;4~.839 O.ooE+OO 1.19E-02 2.38E-02 0.2250 1.591E+13 
Co-50 6.4420E-02 1,137.419 2,274.839 O.OOE+OO 7.33E+01 1.47E+02 0.3750 6.919E+12 
-;C",S,-;-1;;:34~ 7';"";292",40~E-;-06~ "C1",;;13,,7~.4~1~9-____;2",2~7;::4::;;:.839 O.OOE+OO 9.01E-Q3 1.80E-02 0.5750 1.211E+14 
Cs-135 7.9140E-06 1,137.419 2,274.839 O.ooE+OO 9.ooE-Q3 1.80E-02 0.8500 1.398E+12 

-;CCo--S....-1;o3"'7 ---::'1."'43:=1o:6"E"'+O-==-o 1,:c,,,13"'7"'.4"'1.:.o9::----__----c2o",2?70'4~.839 O.OOE+OO l.63E+03 3.26E+03 1.2500 1.152E+13 
Eu-154 6.7900E-Q3 1,137.419 2,274.839 O.OOE+OO 7.72E+OO 1.54E+01 1.7500 3.788E+l0 
Eu-155 6.2800E-04 1,137.419 2,274.839 O.OOE+OO 7.14E-Ol l.43E+OO 2.2500 6.067E+07 
Fe-55 5.7480E-05 1,137.419 2,274.839 O.ooE+OO 6.54E-02 1.31E-Ol 2.7500 3.881E+06 

-;-H-';-=-3;o- ---=2.:;:3800=~E~-:::02:;-----I::_',_;_13"'7='.4"'1o;9::----_-----c20,:,2?70'4c:.83~~9:_-__,0"'."00"'E~+OO~----';2:-:.7,,I"'EO,:+O;c,I;--------705.41E+O1 3.5000 1.182E+04 
1-129 7.5020E-Q7 1,137.419 2,274.839 O.ooE+OO 8.53E-04 1.71E-Q3 5.ססOO 4.961E+03 
Kr-85 3.8220E-02 1,137.419 2,274.839 O.ooE+OO 4.35E+Ol 8.69E+01 7.ססOO 5.582E+02 
Np-237 5.5780E-06 1,137.419 2,274.839 O.ooE+OO 6.34E-03 1.27E-02 11.ססOO 6.336E+Ol 

-;P"'ac.;-22'3:;;1 7~.;;:88~2;o;O~E-;-Q9:;;----""Cl",1~3,,7~.4~1~9---__;2",,2;c.:7;::4::;;:.839 O.OOE+OO 8.97E_06 1.79E-05 
-;P,=b-,.:2:-:1"=0,---- 4-==.:::3840~~E..;-Q:.:;9---------:1;_'_,1="3=7c-:.4:-:1,,9--_--c20':,2?7;-;-4"".839 0.OOE;=+OO~---~4.99E-06 9.97E-06 
-;Pc:.m-'c:1'=477 9=-.,o95~00~E..;-<l4~----1::.,1.:.o3=7;:..4:-:1'=9-----'2O",2",7",4"C.839--O:OOE+oo 1.1'3E+OO 2.26E+OO 
Pu-238 6.4240E-Q3 1,137.419 2,274.839 O.ooE+OO 7.31E+OO 1.46E+01 

-;P:e.U..;-2:.:;3'=-9 10'.8:=7'"'44~E..;-Q'=2----1::.,I.:.o3=7c-:.4:-:1=-9-----",2,274.839 O.ooE+OO 2.13E+Ol 4.26E+Ol 
Pu-240 8.3540E-03 1,137.419 2,274.839 O.ooE+OO 9.50E+OO 1.90E+01 
Pu-241 1.4606E-Q1 1,137.419 2.274.839 O.ooE+OO 1.66E+02 3.32E+02 
Pu-242 2.0400E_06 1,137.419 2,274.839 0.001"+00 2.32E-03 4.64E-Q3
Ra-2~2~6:-------·--~I"'.I""804~E~_Q8:;;;------;-I,~1;;:37;:-.4:;;1:-;9;----~2,~27~4;::.83;;;;-;9;-------;0;:;.00~E:-:-+OO:;;;--------'"1:.;.34~E-;-05~------;2;-;.6"'9,;::E-;-Q;;:5'--------I1 
Ra-228 1.1864E-Q9 1.137.419 2,274.839 O.ooE+OO 1.35E_06 2.70E_06 
Ru-l06 3.2580E-l0 1,137.419 2,274.839 O.ooE+OO 3.71E-Q7 7.41E-Q7 
Se-79 1.2524E-{)5 1,137.419 2,274.839 O.ooE+OO 1.42E-Q2 2.85E-Q2 
Sn-126 1,2052E-{)5 1,137.419 2,274,839 O,OOEo:+OO~~~____;_1"'.3:;;7E:o,-o-';;2;;-~~--;2;::;.7"'4~E':C-0"'2,-------j1 
Sr-90 1.2638E+OO 1,137.419 2,274.839 O.ooE+OO 1.44E+03 2.87E+03 
Te-99 4.4140E-<l4 1,137.419 2,274.839 O.ooE+OO 5.02E-Ql 1.ooE+OO 
TIl-229 4.3460E-Q9 1,137.419 2,274.839 O.ooE+OO 4.95E-06 9.89E_06 
T1l-230 1.075OE_06 1,137.419 2,274.839 O.ooE+OO 1.22E-03 2.45E-Q3 
TIl-232 1.1926E-Q9 1,137.419 2,274.839 O.ooE+OO 1.36E_06 2.71E_06 
TI-208 4.62ooE_Q8 1,137.419 2,274.839 0.ooE:-'-+OO~~~___75."'25o;E~-05~~~----i.1C;.05~E-<l4~~-II-_....",====."...__ 
U-232 1.2406E-Q7 1,137.419 2,274.839 0.ooE:-;-+OO""' -;-1.:,;4:;i-1E~--;:04o;-----2:;:.,,82~E~-<l4~-__i/;:;:::=:::Ti-ihii:erma=.;;;I.:.P'ii0::::w~e=r:o.:::::-_ 
7U;.:-2~33?;__--------9:;:."'1672~0~E~-Q"'7:,----"C1",;;13~7;.4:;;1:-;9o-----------;2;;,2~7;::4:.;.83;;:-;;9--___;O~jjQ~Eo:+OO~---,,1';.04~E':C-Q;;;3c--_~2:;:.08-;;;=E,,-Q3:;;;--____lINominal Heat Bounding
U-234 2.3440E-Q3 1,137.419 2,274.839 O.ooE+OO 2.67E+OO 5.33E+OO Output Heat Output 
U-235 -2.3296E_06 1,137.419 0.000 2.67E-Q3 2.09E-{)5 2.67E-Q3 /Watts) /Wattsi 
U-236 2.6620E-{)5 1,137.419 2,274.839 O.OOE+OO 3.03E-Q2 6.06E-Q2 2.09E+01 4.18E+01 
U-238 -1.3291E-Q7 1,137.419 0.000 2.27E-Q2 2.25E-Q2 2.27E-02 Total Total 
V-90 1.2642E+OO 1,137.419 2,274.839 O.ooE+OO 1.44E+03 2.88E+03 
Other Radionuelides 1.55E+03 3.10E+03 

Template Selection Summary 
From SFD Used Basis for Parameter Differences: 

Reactor Moderator. HEAVY WATER HEAVY WATER This Template was used for the following reasons: 
Fuel Claddlng:I--:Z=I=RC=-'::O'=R'-:SS:-=T;---+---'-"::..c:ZOcIR::'C::-:":'=---1Th~fuel metches on ell parameters except possib~ cladcing. 

BO;O~~a:~I---;-1.-;-8ooo:;;Uc:071~:-C4:=79o:---t-----;OC:~"-O~5-----I 

Bumup Summary (MWd) Basis for burnup used in estimate: 
FromSFD estimated 

Nomlna::1 I 1,137.419 Nominal bumup cel<ulated from the heavy metal mass deslroyed. 
Boundln~:1 I 2,274.839 Bounding bumup assumed to be twice nominal bumup. 

Checks 
estimated Bumupf 

BumUD MultiD11er Given BumuD Estll'l18ted EOL HMiGiven EOl HM
Nomina:: 1.13 I 1.011

Boundin£: 2.27 ,
Reactor shutdown. core removal. storage, shipping or other date confmnmg that Irradiation ceased for fuel.
 

2Total bumup for all fuel associated 'Nith this worKsheet must be divided by BOl heavy metal mass to get specific bumup values (MWdIMT).
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I Fuel Radionuclide Inventory Worksheet 

I. FueJanll Templllte blfo......tion Estimated 
Fuel Name: DR-3 (DENMARK) lFuei decay start date: 1997 Canister usage: 

SNFID#: 759 estimates 8S of: 2010 18"x10' 
Fuel Uni1s & Oeser: 375 • 4 CONCENTRIC TUBES Template: HFBR (Heavy Water. Alum.• 10 to 2Mo. U) 12.50 
Heavy Metal Mass: BOl.=341.66k9 ; EOl.=309.11k9 'Template Bumup(MWd): 15 
ROD Storage Site: SRS Template BOl Heavy Metal Ma•• (MY): 0.00034251 

Template Decay Time' 10 years 

n. Estimates m x. x. b y. y. Gamma Sources 
Photon Total 

CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 
Radionuclide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 3.5433E-l0 30,937.629 61,875.258 O.ODE-+OO 1.10E-05 2.19E-05 AV9,MeV 
Am-241 1.6993E-02 30,937.629 61,875.258 O.ODE-+OO 5.26E+02 1.05E+03 0.0150 8.068E+15 
Am-242m 9.3333E-06 30,937.629 61,875.258 O.ODE-+OO 2.89E-Ol 5.78E-Ol 0.0250 1.697E+15 
Am-243 6.4067E-06 30,937.629 61,875.258 O.ODE-+OO 1.98E-Ol 3.96E-Dl 0.0375 1.487E+15 
C-14 2.9653E-08 30,937.629 61,875.258 O.ODE-+OO 9.17E-04 1.83E-03 0.0575 1.574E+15 
CI-36 5.9513E-35 30,937.629 61,875.258 O.ODE-+OO 1.84E-3O 3.68E·3O 0.0850 9.482E+14 
Cm-243 2.8167E-D6 30,937.629 61,875.258 O.ODE-+OO 8.71E-02 1.74E-Ol 0.1250 6.576E+14 
Cm-244 1.6140E-04 30,937.629 61,875.258 O.ODE-+OO 4.99E-+OO 9.99E-+OO 0.2250 8.142E+14 
Co-50 6.0893E-D5 30,937.629 61,875.258 O.ODE-+OO l.68E-+OO 3.nE-+OO 0.3750 3.650E+14 
Cs-l34 6.1567E-02 30,937.629 61,875.258 O.ODE-+OO 1.90E+03 3.81E+03 0.5750 6.082E+15 
Cs-l35 4.8607E-06 30,937.629 61,875.258 O.ODE-+OO 1.50E-Ol 3.01E-Ol 0.8500 2.321E+14 
Cs-137 2.5487E+OO 30,937.629 61,875.258 O.ODE-+OO 7.68E+04 1.58E+05 1.2500 8.419E+13 
Eu-l54 4.675OE-02 30,937.629 61,875.258 O.ODE-+OO 1.45E+03 2.89E+03 1.7500 3.252E+12 
Eu-155 1.6533E-D2 30,937.629 61,875.258 O.ODE-+OO 5.12E+02 1.02E+03 2.2500 1.966E+11 
Fe-55 2.0373E-D2 30,937.629 61,875.258 O.ODE-+OO 6.3OE+02 1.26E+03 2.7500 4.211E+09 
H-3 8.1600E-D3 30,937.629 61,875.258 O.ODE-+OO 2.53E+02 5.06E+02 3.5000 5.289E+08 
1-129 7.1600E-D7 30,937.629 61,875.258 O.ODE-+OO 2.22E-02 4.43E-02 5.ססOO 1.484E+05 
Kr-85 1.9547E-Ol 30,937.629 61,875.258 O.ODE-+OO 6.05E+03 1.21E+04 7.ססOO 1.687E+04 
Np-237 3.6573E-06 30,937.629 61,875.258 O.ODE-+OO 1.13E-Ol 2.26E-Ol 11.ססOO 1.924E-K>3 
Pa-231 1.8420E-09 30,937.629 61,875.258 O.ODE-+OO 5.08E-OS 1.02E-04 
Pb-21 0 7.4600E-15 30,937.629 61,875.258 O.ODE-+OO 2.31E-l0 4.62E-l0 
Pm-147 6.5033E-Dl 30,937.629 61,875.258 O.ODE-+OO 2.01E+04 4.02E+04 
Pu-238 5.9607E-D3 30,937.629 61,875.258 O.ODE-+OO 1.85E+02 3.70E+02 
Pu-239 1.0320E-D2 30,937.629 61,875.258 O.ODE-+OO 3.19E+02 6.39E+02 
Pu-240 5.4233E-03 30,937.629 61,875.258 O.ODE-+OO 1.68E+02 3.36E+02 
Pu-241 6.0607E-Ol 30,937.629 61,875.258 O.ODE-+OO 1.88E+04 3.76E+04 
Pu-242 3.0713E-06 30,937.629 61,875.258 O.ODE-+OO 9.50E-02 l.90E-Dl 
Ra-226 6.1560E-14 30,937.629 61,875.258 O.ODE-+OO 1.91E-09 3.81E-D9 
Ra-228 4.9953E-15 30,937.629 61,875258 O.ODE-+OO 1.55E-l0 3.09E-l0 
Ru-l06 8.2133E-D3 30,937.629 61,875.258 O.ODE-+OO 2.54E+02 5.08E+02 
Se-79 1.2540E-OS 30,937.629 61,875.258 O.ODE-+OO 3.88E-Ol 7.76E-Dl 
Sn-l26 1.1393E-05 30,937.629 61,875.258 O.ODE-+OO 3.52E-Ol 7,05E-Dl 
Sr-90 2.3340E-+OO 30,937.629 61,875.258 O.ODE-+OO 7.22E+04 1.44E+05 
Tc-99 4.3540E-D4 30,937.629 61,875.258 O.ODE-+OO 1.35E+Ol 2.69E+Ol 
Th-229 . 2.4973E-13 30,937.629 61,875.258 O.ODE-+OO 7.73E-09 1.55E-oB 
Th-23O 2.4613E-ll 30,937.629 61,875.258 O.ODE-+OO 7.61E-D7 1.52E-D6 
Th-232 9.9467E-15 30,937.629 61,875.258 O.ODE-+OO 3.08E-l0 6.15E-l0 
TI-208 7.7667E-D9 30,937.629 61,875.258 O.ODE-+OO 2.40E-04 4.81E-Q4 
U-232 2.1927E-08 30,937.629 61,875.258 O.ODE-+OO 6.78E-04 1.36E-OO Thermal Power 
U-233 2.7887E-l0 30,937.629 61,875.258 O.ODE-+OO 8.63E-06 1.73E-OS Nominal Heat Bounding 
U-234 3.0607E-D7 30,937.629 61,875.258 O.ODE-+OO 9.53E-03 1.91E-02 Output Heat Output 
U-235 -2.5341 E-D6 30,937.629 0.000 1.46E-Dl 6.75E-02 1.46E-Ol /Wattsl /Wattsl 
U-236 1.3000E-D5 30,937.629 61,875.258 O.ODE-+OO 4.02E-Dl 8.04E-Dl 9.60E+02 1.92E+03 
U-238 -1.4207E-oB 30,937.629 0.000 9.21E-D2 9.17E-02 9.21E-D2 Total Total 
V-90 2.3347E-+OO 30,937.629 61,875.258 O.ODE-+OO 7.22E+04 1.44E+05 
Other Radionuclides 7.63E+04 1.53E+05 
m. T......te SeJedloJt Sounmary.ll_ ...Cheeks 
Template selection Summary 

FromSFD Used Basis for Parameter Differences: 
Reactor Moderator: HEAVY WATER HEAVY WATER
 

Fuel C1addin9: ALUM ALUM
 
BOl HM Constituents: U3S12 U
 

BOL Enrichment %: 19.7578539 10t02O 

Bumup Summary (MWd) Basis for bumup used in estimate: 
FromSFD Estim_ 

Nomlnal:1 30,937.629 Nominal bumup calculated from the heavy metal mass destroyed. 
Bounding: 61,875.258 Bounding bumup assumed to be twice nominal bumup. 

Checks 

Estimated Bumup/ 
Bumup MultiPlier Given Bumup Estimated EOl HMiGivan EOl HM 

Nomlnal:1 2.07 I 1.021 
Bounding: 4.14 ,

Reactor shutdown. core removal. stomge, shipping or other date confmnlng that Irradiation ceased for fuel.
 

2Total bumup for all fust associated with this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWd/MT).
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Fuel Radionuclide Inventory Worksheet 
1. Fuel and Template hlformation Estimated 

Fuel Name: DR-3 (DENMARK) 'FuGi decay start date: 1997 Canister usage: 
SNF 10 #: 1059 estimates as of: 2010 18"xl0' 

Fuel Units & Doser: 3 - 4 CONCENTRiC TUBES Template: HFBR (Heavy Water. Alum., 10 to ~o, U) 0.10
 
Heavy Metal Mass: BO[;'2.751<g ; EOl:2.52kg 'Tomplata Bumup(MWd): 15
 
ROD Storage Sita: SRS Template BOl Heavy Metal Mass (MT): 0.00034251
 

Template Decay Time' 10 years
 

n. Estimates m x" x. b y" y. Gamma Sources
 
Photon Total
 

CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec
 
Radionuclide Template Fuel Bumup (MWd)' Burnup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding)
 
Ac-227 3.5433E-l0 224.120 448.239 O.OOE+OIl 7.94E-08 1.59E-07 Avg.MeV
 
'Am-241 1.6993E-02 224.120 448.239___o,oOE+OIl 3.81E+OIl 7.62E+OIl 0.0150 5.844E+13
 
Am-242m 9.3333E-OO 224.120 448.239 O.OOE-KlO 2.09E-03 4.18E-03 0.0250 1.229E+13
 
Am-243 6.4067E-Q6 224.120 448.239 O.OOE+OIl 1.44E-03 2.87E-Q3 0.0375 1.078E+13
 
C-14 2.9653E-08 224.120 448.239 O.OOE+OIl 6.65E-OO 1.33E-Q5 0.0575 1.140E+13
 
CI-36 5.9513E-35 224.120 448.239-- o.OOE+OIl 1.33E-32 2.67E-32 0.0850 6.869E+12
 
Cm-243 2.8167E-Q6 224.120 448.239 O.OOE+OIl 6.31E-Q4 1.26E-03 0.1250 4.764E+12
 
Cm-244 1.6140E-04 224.120 448.239 O.OOE+OIl 3.62E-02 7.23E-02 0.2250 5.898E+12
 
Co-50 6.0893E-Q5 224.120 448.239 O.OOE+OIl 1.36E-02 2.73E-Q2 0.3750 2.644E+12
 
Cs-l34 6.1567E-Q2 224.120 448.239 O.OOE+OIl 1.36E-Kll 2.76E-Kll 0.5750 4.406E+13
 
Cs-l35 4.8607E-Q6 224.120 448.239 O.OOE+OIl 1.09E-03 2.18E-Q3 0.8500 1.681E+12
 
Cs-137 2.5487E+OIl 224.120 448.239 O.OOE+OIl 5.71 E-Kl2 1.14E-Kl3 1.2500 6.099E+11
 
Eu-l54 4.675OE-02 224.120 448.239 O.OOE+OIl 1.05E-Kll 2.10E-Kll 1.7500 2.356E+10
 
Eu-155 1.6533E-02 224.120 448.239 O.OOE+OIl 3.71E+OIl 7.41 E+OIl 2.2500 1.424E+09
 
Fe-55 2.0373E-02 224.120 448.239 O.OOE+OIl 4.57E+OIl 9.13E+OIl 2.7500 3.051E+07
 
H-3 8.1600E-03 224.120 448.239 O.OOE+OIl 1.83E+OIl 3.67E+OIl 3.5000 3.831E+06
 
1-129 7.1600E-07 224.120 448.239 O.OOE+OIl 1.5OE-Q4 3.21E-Q4 5.ססOO 1.075E+03
 
Kr-85 1.9547E-Ol 224.120 448.239---0-.00E+OIl 4.36E-Kll 8.76E-Kll 
OO 1.222E+02סס.7 
Np-237 3.6573E-OO 224.120 448.239 O.OOE+OIl 8.20E-Q4 1.64E-Q3 11.ססOO 1.394E+01
 
Pa-231 1.6420E-Q9 224.120 448.239 O.OOE+OIl 3.68E-07 7.36E-Q7 
Pb-21 0 7.4600E-15 224.120 448.239 O.OOE+OIl 1.67E-12 3.34E-12 
Pm-147 6.5033E-Ql 224.120 448.239 O.OOE+OIl 1.46E-Kl2 2.92E-Kl2 
Pu-238 5.9607E-Q3 224.120 448.239 O.OOE+OIl 1.34E+OIl 2.68E+OIl 
Pu-239 1.0320E-Q2 224.120 448.239 O.OOE+OIl 2.31E+OIl 4.63E+OIl 
Pu-240 5.4233E-Q3 224.120 448.239 O.OOE+OIl 1.22E+OIl 2.43E+OIl 
Pu-241 6.0807E-Ol 224.120 448.239 O.OOE+OIl 1.36E-Kl2 2.73E-Kl2 
Pu-242 3.0713E-Q6 224.120 448.239---0-:-00E+OIl 6.88E-04 1.38E-Q3 
Ra-226 6.1580E-14 224.120 448.239 O.OOE+OIl 1.38E-ll 2.76E-ll 
Ra-228 4.9953E-15 224.120 448.239 O.OOE+OIl 1.12E-12 2.24E-12 
Ru-lOO 8.2133E-Q3 224.120 448.239 O.OOE+OIl l.84E+OIl 3.68E+OIl 
50079 1.2540E-Q5 224.120 448.239 O.OOE+OIl 2.81E-03 5.62E-Q3 
5n-126 1.1393E-Q5 224.120 448.239 O.OOE+OIl 2.55E-Q3 5.11E-Q3 
5r-90 2.3340E+OIl 224.120 448239 O.oOE+OIl 5.23E-Kl2 1.05E+03 
Tc-99 4.3540E-Q4 224.120 448.239 O.OOE+OIl 9.76E-Q2 1.95E-Ql 
Th-229 2.4973E-13 224.120 448.239 O.OOE+OIl 5.5OE-ll 1.12E-l0 
Th-230 2.4613E-l1 224.120 448.239 O.ooE+OIl 5.52E-Q9 1.10E-Q8 
Th-232 9.9467E-15 224.120 448.239 O.OOE+OIl 2.23E-12 4.46E-12 
T~208 7.7667E-Q9 224.120 448.239 O.OOE+OIl 1.74E-Q6 3.48E-Q6 
U-232 2.1927E-08 224.120 448.239 O.ooE+OIl 4.91E-Q6 9.83E-Q6 Thermal Power 
U-233 2.7887E-l0 224.120 448.239 O.OOE+OIl 6.25E-Q8 1.25E-Q7 Nominal Heat Bounding 
U-234 3.0807E-Q7 224.120 448.239 O.OOE+OIl 6.90E-Q5 1.38E-Q4 Output Heat Output
 
U-235 -2.5341E-Q6 224.120 0.000 1.16E-03 5.97E-Q4 1.16E-Q3 (Watts) (Watts)
 
U-236 1.3000E-Q5 224.120 448.239 O.ooE+OIl 2.91E-Q3 5.83E-Q3 6.96E+OO 1.39E+Ol
 
U-238 -1.4207E-Q8 224.120 0.000 7.44E-Q4 7.41E-Q4 7.44E-Q4 Total Total 
V-90 2.3347E+OIl 224.120 448.239 O.OOE+OIl 5.23E-Kl2 1.05E+03 
Other Radionuclides 5.53E+02 1.11E-Kl3 
m. TemplateSeledlon Summary, ilm'IJ. andC~ 
Template Selection Summary

FromSFD used Basis tor Parameter Differences: 
_Moderator: HEAVY WATER HEAVY WATER 

Fuel Claddir.g: ALUM ALUM
BOl HM Constltuenls: U3S12 U

BOl Enrichment %: 19.58291238 101020 

Bumup SUmmary (MWd) Basis for burnup used in estimate: 
FromSFD I Estimated 

Nominal:1 I 224.120 Nominal bumup ca.'culated from Ihe heavy metal mass destroyed. 
Boundlng:1 I 448.239 Bounding bumup assumed to be twice nominal bumup. 

Checks 

Estimat8d Bumupl 
Bumu" MuItlDlier Given Bumup Estimated EOl HMlGlven EOl HM

Nominal: 1.86 I 1.021 
Bounding: 3.72 ,

Reactor shutdown, cora removal. storage. shipping or other date confnnung that Irradiation ceased for fuel.
 

2Total bumup for all fuel associated with this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWd'MT).
 

DOEl5NF/REP-078 December 2003 
Revision 1 PageC-50 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Fuel Radionuclide Inventory Worksheet 
I. FQd and Template Info.......tion Estimated 

Fuel Name: DR-3 (DENMARK) 1Fuel decay start date: 1997 Canister usage: 
SNFIO#: 714 Estimates as of: 2010 18"x10' 

Foal Units & Oeser: 88 - 4 CONCENTRIC TUBES Template: HFBR (Heavy Water, Alum.. 40 to tDmo, U) 2.93 
_vy Metal Mass: BOl=14.53kg ; EOl=8.80kg 'Template Bumup(MWd): 164.6 
ROO Storage Site: SRS Template BOL _vy Metal Mass (MT): 0.000377 

Template Dscay Time' 10 years 

II. Estimates m x" x. b y" Y. Gamma Sources 
Photon Total 

CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 
Radionuclide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ae-227 1.3262E-10 5,276.815 10,553.630 O.OOE+OO 7.00E-07 l.40E-06 AV9. MeV 
Am-241 5.9611E-03 5,276.815 10,553.630 O.OOE+OO 3.15E+01 6.29E+Ol 0.0150 1.442E+15 
Am-242m 1.4332E-06 5,276.815 10,553.630 O.OOE+OO 7.56E-03 1.51E-02 0.0250 3.006E+14 
Am-243 3.7132E-Q5 5,276.815 10,553.630 O.OOE+OO 1.96E-Ol 3.92E-Dl 0.0375 2.720E+14 
C-14 2.6501E-08 5,276.815 10,553.630 O.OOE+OO 1.40E-04 2.SOE-04 0.0575 2.799E+14 
CI-36 4.4441E-31 5,276.815 10,553.630 O.OOE+OO 2.35E-27 4.69E-27 0.0850 1.734E+14 
Cm-243 7.2722E-06 5,276.815 10,553.630 O.OOE+OO 3.84E-02 7.67E-02 0.1250 1.302E+14 
Cm-244 6.8226E-03 5,276.815 10,553.630 O.OOE+OO 3.60E+Ol 7.20E+Ol 0.2250 1.464E+14 
Co-SO 1.8117E-04 5,276.815 10,553.630 O.OOE+OO 9.56E-Ol 1.91E+OO 0.3750 6.466E+13 
Cs-l34 3.0595E-Ol 5,276.815 10,553,630 O,OOE+OO 1.61E+03 3.23E+03 0.5750 1.168E+15 
Cs-l35 4.2584E-06 5,276.815 10,553.630 O.OOE+OO 2.25E-D2 4.49E-02 0.8500 1.370E+14 
Cs-l37 2.5650E+OO 5,276.815 10,553,630 O,OOE+OO 1.35E+04 2.71E+04 1.2500 3.444E+13 
Eu-l54 1,1628E-Ol 5,276.815 10,553.630 O.OOE+OO 6.14E+02 1.23E+03 1.7500 9.918E+11 
Eu-155 5.7776E-02 5,276.815 10,553.630 O.ooE+OO 3.05E+02 6,10E+02 2.2500 4.342E+l0 
Fe-55 1.9465E-02 ' 5,276.815 10,553.630 O.OOE+OO 1.03E+02 2.05E+02 2.7500 6.487E+08 
H-3 8.1045E-03 5,276.815 10,553.630 O.ooE+OO 4.28E+Ol 8.55E+Ol 3.5000 7.876E+07 
1-129 6.8403E-07 5,276.815 10,553.630 O.OOE+OO 3,50E-03 7.01E-03 5.ססOO 4.568E+05 
Kr-85 2.0620E-Ol 5,276.815 10,553.630 O.ooE+OO 1.09E+03 2.18E+03 7.ססOO 5.250E+04 
Np-237 3.1513E-05 5,276.815 10,553.630 O,OOE+OO 1.66E-Dl 3.33E-Ol 11.ססOO 6.020E+03 
Pa-231 6.0304E-l0 5,276.815 10,553.630 O.ooE+OO 3.18E-06 6.36E-06 
Pb-21 0 2.7017E-12 5,276.815 10,553,630 O.ooE+OO 1.43E-08 2.85E-08 
Pm-147 3.4210E-Dl 5,276.815 10,553.630 O.OOE+OO 1.81E+03 3.61E+03 
Pu-238 1.6622E-Dl 5,276.815 10,553.630 O.OOE+OO 8,77E+02 1,75E+03 
Pu-239 6.9563E-04 5,276.815 10,553.630 O.ooE+OO 3.67E+OO 7.34E+OO 
Pu-240 3.7169E-04 5,276.815 10,553.630 O.ooE+OO l.96E+OO 3.92E+OO 
Pu-241 2.1731E-Dl 5,276.815 10,553.630 O.ooE+OO 1.15E+03 2.29E+03 
Pu-242 3.0911E-06 5,276.815 10,553.630 O.OOE+OO 1.63E-02 3.26E-D2 
Ra-226 1.9435E-ll 5,276.815 10,553.630 O.ooE+OO 1.03E-D7 2.05E-07 
Ra-228 6.1725E-15 5,276.815 10,553.630 O.ooE+OO 326E-ll 6.51E-ll 
Ru-l06 7.0778E-03 5,276.815 10,553.630 O.ooE+OO 3.73E+Ol 7.47E+Ol 
Se-79 1.2339E-D5 5,276,815 10,553.630 O.ooE+OO 6,51E-02 1,3OE-Dl 
Sn-126 1.0194E-D5 5,276.815 10,553.630 O.ooE+OO 5.38E-02 l.08E-Ql 
Sr-90 2.4186E+OO 5,276.815 10,553.630 O.OOE+OO 1.28E+04 2.55E+04 
Te-99 3.8056E-04 5,276.815 10,553,630 O,OOE+OO 2.01E+OO 4.02E+OO 
Th-229 2.0097E-12 5,276,815 10,553.630 O.ooE+OO l.06E-Q8 2.12E-D8 
Th-23O 6,0577E-09 5,276.815 10,553.630 O.OOE+OO 3.20E-05 6.39E-Q5 
Th-232 1.2473E-14 5,276.815 10,553.630 O.OOE+OO 6.SSE-ll 1.32E-l0 
TI-208 4.8791E-Q8 5,276.815 10,553.630 O.ooE+OO 2.57E-04 5,15E-04 
U-232 1.3821E-07 5,276,815 10,553,630 O.ooE+OO 7.29E-04 1,46E-03 Thermal Power 
U-233 2.3906E-Q9 5,276.815 10,553.630 O.ooE+OO 1.26E-05 2.52E-Q5 Nominal Heal Bounding 
U-234 4.7697E-05 5,276.815 10,553.630 O.ooE+OO 2.52E-Ol 5.03E-Dl OUlpul HealOulpul 
U-235 -2.8661 E-06 5,276.815 0.000 2.79E-D2 1.28E-D2 2.79E-D2 (Wallsl /Wattsl 
U-236 1.6701E-05 5,276,815 10,553,630 O,ooE+OO 8.81E-D2 1,76E-Ol 2.08E+02 4.16E+02 
U-238 -9.4194E-D9 5,276.815 0.000 5.43E-04 4.94E-Q4 5.43E-Q4 Total Total 
V-90 2.4192E+OO 5,276.815 10,553.630 O.OOE+OO 1.28E+04 2.55E+04 
Other Radianuelides 1.32E+04 2.84E+04 
m. Temolate Seledlon SU-rv, lJ ,an~Chetb 
Template selection Summary 

From SFD Used Basis for Parameter Differences: 
Reactor Modendor: HEAVY WATER HEAVY WATER 

Fuel Cladding: ALUM ALUM 
BOL HM Constituents: U-ALX U 

BOL enrichment %: 88.87461392 40 to 100 

Bumup Summary (MWd)< Basis for bumup used in estimate: 
FromSFO Estimated 

Nonilnal:1 I 5,276.815 Nominal bumup caicutal:ed from the heavy metal mass destroyed. 
Boundin9:1 10,553.630 Bounding bumup assumed to be twice nominal bumup. 

Checks 

estimated Bumupl 
Bumuo MulliDlier Given Bumup Estimated EOL HMlGiven EOL HM 

Nominal: 0.83 I 1.011 
Bounding: 1.66 ,

Reactor shutdoYAl, core removal, storage, shipping or other date confllT1'ung that Irradiation ceased for fuel.
 

2Total bumup for all fuel associated Vllith this worksheet must be diVided by BOl heavy metal mass to get specific bumup values (MWdlMT).
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Fuel Radionuclide Inventory Worksheet
I. Fuel and Template Information Estimated

Fuel Namg: OReT 1F~1 decay start date: 1981 Canister usage:
SNFID#: 756 Estimates as of: 2010 18"x15'

Fuel Units & Oeser: 6936 " ROD Template: PWR (Ught Water, Zirc, 010 5%. U) 8.50
Heavy Metal Mas" 8OL=15512.36I<g ; EOl=l5006.04kg >remplale Bumup(MWd): 61.92
ROD Storage Sib: INEEL TempialeBOL Heavy Metal Mass(MT): 0.00176911

Template Decay Time" 25 years
n. Estimates m Xo b Yo Y. Gamma Sources

Photon Total
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec

Radionuclide Template Fuel Burnup (MWd)' Bumup (MWcI)' (Ci) tnventories(Ci) Inventories(Ci) Group (bounding)
,A:::C:"-2"'2;-,7 ~ 6:O'.",63:O'7;,;6c~E,-;-lc;O ----;-48",1"",4::-;9,,,3,;.9;:;7~9---96=2~,98:7.957 0.00E=,..oo~--_3.20E-04 6.39E-04 Avg. MeV _
Am-241 1.3144E_Q1 481,493.979 962,987.957---0~.60E..oo 6.33E='+04= -,:1c::.2::7==E='+D~5-+-.::0:::.0c::150"'----6"'."'54,,9E""'+1"'-6

-';Ac:m:--"24-;;2:;:m"- ';;3".00~39:<:E=--Q4~---_.::;48;:.1;.:,4~9:;;3,,.9~7;;9;-_---;96~2c;,928,:.o:7.957 0.001=..00 1.45E+D2 2.89E+D2 0.0250 1.326E+16
Am-243 6.2629E_Q4 481,493.979 962,987.957 O.ooE..oo 3.02E+D2 6.03E+D2 0.0375 1.284E+16
C-14 4.7965E_Q5 481,493.979 962.987.957 0.00-E+ooO=-----2:?c:3:1~E='+D~1---74."'62~cE=-+D~1-+-"'0.-==05=7=-5---C::1.C-:400'~E:"+1:::6

~C;:I-:"36-;;,;:;- --c;;8'c;Oo:29",7;;;E=--Q",77-----;-48~1;-"4-;:9,,,3;::.9,,,7,,9c___---;96=2"'.9"'8;:;7c.95~7 O.ooE..oo 3.87E-Ol 7.73E-Ol 0.0850 7.420E+15
-;C",m:..-2~43;.::- --,3=,,",,199~3=E",-Q4co-----48=1:..,4~9=-3.~9=79=----,96~2,-::,9=-87=,.95:7 0.ooE:c-..oo~----;;1:,,;.54:,,:;=E+D~2c-----,;:3:-o.08~E:..+D:22;-_1~-~0'O.1",250:::----:5::::.4:::20o;E,,+~15
Cm-244 7.1851E_Q2 481,493.979 962,987.957 O.OOE..oo 3.46E+04 6.92E+04 0.2250 6.370E+15
~C",o-6O~;-;- =-9'c;5=22:;;:0",E=_-Qo:3=-----;-48:;;:1;-"4-;:9",3;::.9,,,7,,9c__----;96=2",.9",8:=7.951 O.OOE..oo 4.s8E+D3 9.17E+D3 00 .. 35775050 2.733E+15
-';:C'=S--;-1:;;34i- 1;.:.~166~2"'Ec;-Q~3'-----___.:;::48:;;1C',4;;9:;::3';.9c.;79~---'96:=2.987.957------0.001:+00 5.62E+D2 1.12E+D3 6.280E+16
Cs-135 l.4433E_Q5 481,493.979 962.987.957 O.OOE+OO 6.95E..oo 1.39E+Dl 0.8500 1.240E+15

-;Cc:S--:-l"'3c;7 17.'=760'=='3"'E='+OO-==- -748o-1"-.4"'9~3"'.9~7c'.:9'---_-'96""'2~.9~8""7.95:7 O.OOE+OO 8.48E+D5 1.70E+06 1.2500 1.675E+15
Eu-l54 4.5203E_Q2 481.493.979 962.987.957 0.OOE,,+OO~---o:2.,1;_';8.E~+04'-;;;~---4;c."'35~E~+04'-;;;c__--jf---:1:c.7::5OO=_---_:3-:.66",9",E:-,+-:1::.3

C'Eo=u-;-1c;:5"'5 -=7."1-:::47:,;9"'E=_-Qo:37-----;-48o-1;-',4""9~3"'.9"'7,,9'____--'96=2"'.98=7c·95~7 0.00?·E='''OO~---:o3.,44~-:::Eoo+D'_:c.:3c__--_6:oc.=-88:;;:E=_+D'_:c.:3'-----jf---'2'''.2=5OO=_----:6",.777:..:..:E"+,,,09::.
-i::FF;e-;"5:::.5 -c6"'.;c.19:;.;1"'9"'Ec;-04c.;-----48~1C',4;;9:;::3".9c.;79~-_:96S2:s.98~7."'95~7.--0-.60E+OO 2.98E+D2 5.96E+D2 2.7500 7.616E+09
H-3 3.6386E_Q2 481,493.979 962,987.957 O.OOE..oo 1.i5E+04 3.50E+04 3.5000 9.982E+08
71-':-12"'9:;----------c;;9."'8O:288:;;:::;E=-_Q"'7=-----;-48::.1",4""9"'3"'.9"'7"9,-----;96=2"',9"'8""7.9:57 0"'.ooc~E:c-"OO~-----,4:c:."'73"'E=_-Q~1_---,:9"'.":47"'Eo--=-0:..1_--jf---:5".0000=''- ..24,",265~E"+,,,,-08
Kr-85 5.3844E-02 481,493.979 962,987.957 O.ooE..oo 2.59E+04 5.19E+04 7.0000 4.917E+07
·N"'p:-C-2"'3"7;--------71';.0548"'~~E~-~OS~---"'48~1;'."49"'3::..9~7;;;9~----c96=2"',98~7.957 0.00~~E"-"OO~-_--'5='.08'::~E"'''OOO?: __---'1;-'.0:c2::;E='+D=1---jf--.:..11'-'.0000==----=:5.",648=E.:..+06=
,=P","a-~2:c:3",1 ---;1"'.1;a3s;7CiO~E-~0~9-----'48~1_":,4~9;;:3."'97~9<----:96~2s:.98"'7~.957 O.OOE..oo 5.47E-04 1.09E-03
-;;PC::b-:=2;';10~---_---:3::..36~2Ci4-;=E-;-1;;;1----48~1-:.,,4;;;9o:3~.9=79:c--__:96=2~,98.7.957 0.ooE:..."OO~----;il,o.6::::;2;:E-Q5-;;;::_--_:3C;.2;,;4;=E_:-0:i:5,---j1
Pm-147 5.1211 E_Q3 481,493.979 962,98Y957 0.ooE='''OO-==-__~2'''.4c::7=E.:..+D='3c-----;4'''.9=3o;E:c-+D:;'3''---j1

.;P;"Uc.;-2;;;36:;:.- ---'f'8.~066;;;;;9;;:E;.;-0~2c----~48"'1"',4;;92:3::;.9"'7;c9--_;;;96,;2c;,928~7.957 o.06E..oo 3.98E+04 7.77E+04
Pu-239 1.1626E_Q2 481,493.979 962,987.957 0.ooE:_'_"OO~--~5~.60=E=_+D3:.:o;:----:1...,.1"'2=E+04.:._=_:c---l1
Pu-240 1.5097E_Q2 481,493.979 962,987.957 o.06E..oo 7.27E+D3 1.45E+04
Pu-241 1.4567E..oo 481,493.979 962,987.957 O.ooE..oo 7.01E+06 1.40E+06
Pu-242 6.4260E_Q5 481,493.979 962,987.957 O.ooE..oo 3.09E+Dl 6.19E+Dl
Ra-226 1.1392E-l0 481,493.979 962,987.957 O.OOE..oo 5.49E-OS 1.10E_Q4
Ra-228 5.1841E-12 481,493.979 962.987.957 O.ooE..oo 2.50E-:-Q6:;:-----4;-'.99~E"'-Q6=--11

.;Rc:u-;-1"'08:::... --'5~."'90"'1;;2"'Ec;-Q~7:---___.:;::48:;;1"',4;;9:;::3::;.9c.;7;;-9- __96~2:s.92:8c.;7,.:o957 O.ooE..oo 2.84E_Ql 5.68E_Ql
C'Sc:e-,:-7-:9~-------=-1.'=23::.7-:9o;E_:-Q"'5'---------;-48::.1"",4::-;9"=3-:.9;:;7::.9--_96==2",.98=-:7.957--0:00E..oo 5.96E..oo 1.19E+Dl
Sn-126 2.5210E_Q5 461,493.979 962,987.957 O.OOE..oo 1.21E+Ol 2.43E+Ol
Sr-90 1.1630E..oo 481,493.979 962.987.957 O.ooE..oo 5.60E+D5 1.12E+06
Tc-99 3.9357E_Q4 481,493.979 962.987.957 o.06E+OO 1.00E+D2 3.79E+02
Th-229 8.5691E-ll 481,493.979 962.987.957 O.ooE+OO 4.13E_Q5 825E_Q5
Th-230 1.4493E_Q8 481,493.979 962.987.957 0.ooE,,"OO~---:6c;.98~E-;-Q3;;c__-----;1~.40~Ec;-Q~2c___11
Th-232 5.2923E-12 481,493.979 962.987.957 o.06E+OO 2.55E-Q6 5.10E-06
TI-208 1.9202E_Q7 481,493.979 962,987.957 O.OOE+OO 9.25E_Q2 1.85E_Ql
U-2;;;3~2--_------'5;:.2~083~~Ec;-Q<;7.---_:48~1",4~9"3.~9,,79~--:;;96,,2"'.,,98;;:7;:.95~7;_~-:;;0.:;.00~E:.."OO;;;;--_----'2;:.5:;ol;;E=--Q;;:1;,-_--'5"'.0:;;2c;E=--Q;;:l;'--1r:.:==-=T;;he;;:rma~::.I.:.p,;o:::w;:;e::,r=-=-
-cU;-,-2;;;33~--__---~2.'='4388~"'E=--Q8~_------;-48"'1",4-;;93~.9"'7;;9c__----;96=2"',98=7';.95c~7-_ _:0::..oo:;;:::;E=-+OO~-_-.,;1'=.1"'7;:E_:-Q::2c__--~2"'.35;;;=-E-Q-:c;2'--/lNominal Heat Bounding
U-234 4.7012E_Q5 481,493.979 962.987.957 O.OOE..oo 2.26E+D1 4.53E+Dl Output Heat Output

-,';U,,-2;;;35ic- ~-~1.""44;i9"'2E=--Q6;;;c---____;48;;;1;',4~9"'3"'.9"'79<----~;;;O"".OOO~.= 9.81E_Q1 2.83E_Q1 9.81E_Ql (WattS) (Watts)
U-236 7.5759E-Q6 481,493.979 962,987.957 O.ooE..oo 3.85E..oo 7.30E..oo 1.32E+04 2.64E+04

-i:U;-;-2"'38:=- ---,-;::-2.=::;6=12C;'9;oE'-:-Q~7,__----:;48:c;1C'-,4~9"=3~.9;:;79;;_----,=O~.OOO 5.06E..oo 4.94E..oo 5.06E..oo Total Total
V-90 1.1631E..oo 481,493.979 962,987.957 O.OOE..oo 5.60E+06 1.12E+06
Other Radionuclides 8.13E+06 1.63E+06

Template Selection Summary
From SFD Used Basis for Parameter Differences:

Rex;:=;~I-------'u=-G=:HT=W:=:A-'-T"'E....R---+--=UG.:.:HT'=W==-AT:..:E=-R'------1
BOL HM ConStituents:f-------'Z=;~;;G-4~2c:..----j---:..:Z::;I~c;-C"'----f

BOL enrichment %: 2.925317534 0 to 5

Bumup Summary (MWd)< Basis for bumup used in estimate:
From SFD 1 Estimated

NomIIUIl:1 454.977.6361 481.493.979 Nominal bumup calculated from the heavy metal mass _yed.
Boundlng:1 549.758.1801 962,987.957 Bounding bumup assumOO to be twice nominal bumup.

Checks
Estimated Bumupl

Bumup Multiplier Given Bumup Estimated EOL HMlGlven EOL HM
Nominal: 0.89 1.06 1 1.001

Bounding: l.n 1.75,
Reactor shutdown, core removal, storage, shippmg or other date conflnnlng that Irradiation ceased for fuel,

2Total bumup for all fuel assoctated with this wortsheet must be divided by BOL heavy metal mass to get specific bumup values (MWd'MT).

DOElSNF/REP-078
Revision 1

December 2003
PageC-52

I

I
I
I

I
I
I
I
I
I
I
I

I
I
I

I
I
I
I
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I 
I Fuel Radionuclide Inventory Worksheet 

1. FlJd.OO TeJ!lpIate Jnfotll!4tiOl1 Estimated 
Fuel Nama: DRCT 'FueI-.y start date:
 1981 Canister usage: 

SNFID#: 701 Estimates as of:
 2010 lS"xlS' 
Fual Units & Doser: 2856 - ROD Template:
 PWR (Ught Water, Zire, 0 to 5%, U) 3.50 
Haavy Metal Ma.s: BOL=6338.89kg ; EOl=6144.97k9 'Tamplate BumuP(MWd):
 61.92 
ROD Storage Site: INEEl Tamplate BOL Haavy Metal Mass (MT):
 0.00176911
 

Template Dacay Tima'
 25 years
 
U. Estimates m x" x, b y" y, Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel . Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Burnup (MWd)' Burnup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 6.6376E-l0 185.919.702 368.822.060 O.ooE+OO 1.23E-04 2.45E-D4 Avg. MeV 
Am-241 1.3144E-Ol 185.919.702 368.822.060 O.ooE+OO 2.44E+04 4.85E+04 0.0150 2.508E+16 
Am-242m 3.oo39E-04 185.919.702 368.822.060 O.ooE+OO 5.58E+Ol 1.11E+02 0.0250 5.0BOE+15 
Am-243 6.2629E-D4 185.919.702 368.822.060 O.ooE+OO 1.16E+02 2.31E+02 0.0375 4.916E+15 
C-14 4.7985E-05 185.919.702 368.822.060 O.ooE+OO 8.92E+OO 1.77E+Ol 0.0575 5.363E+15 
CI-36 8.0297E-07 185.919.702 368.822.060 O.ooE+OO 1.49E-Ql 2.96E-Ol 0.0850 2.842E+15 
Cm-243 3.1993E-04 185.919.702 368.822.060 O.ooE+OO 5.95E+Ol 1.18E+02 0.1250 2.076E+15 
Cm-244 7.1851E-02 185.919.702 368.822.060 O.ooE+OO l.34E+04 2.85E+04 0.2250 2.440E+15 
Co-50 9.5220E-03 185.919.702 368.822.060 O.ooE+OO 1.77E+03 3.51E+03 0.3750 1.047E+15 
Cs-l34 1.1682E-Q3 185.919.702 368.822.060 O.ooE+OO 2.17E+02 4.30E+02 0.5750 2.405E+16 
Cs-135 1.4433E-05 185.919.702 368.822.060 O.ooE+OO 2.68E+OO 5.32E+OO 0.8500 4.747E+14 
Cs-137 1.7503E+OO 185.919.702 368.822.060 O.ooE+OO 3.27E+05 6.49E+05 1.2500 6.413E+14 
Eu-154 4.5203E-02 185.919.702 368.822.060 O.ooE+OO 8.40E+03 1.67E+04 1.7500 1.405E+13 
Eu-155 7.1479E-03 185.919.702 368.822.060 O.ooE+OO 1.33E+03 2.64E+03 2.2500 2.596E+09 
Fe-55 6.1919E-D4 185.919.702 368.822.060 O.ooE+OO 1.15E+02 2.28E+02 2.7500 2.917E+09 
H-3 3.6386E-02 185.919.702 368.822.060 O.ooE+OO 6.76E+03 1.34E+04 3.5000 3.823E+08 
1-129 9.8288E-Q7 185.919.702 368.822.060 O.ooE+OO 1.83E-Ol 3.83E-Ol 5.ססOO 1.634E+08 
Kr-85 5.3644E-02 185.919.702 368.822.060 O.ooE+OO 1.ooE+04 1.99E+04 7.ססOO 1.883E+07 
Np-237 1.0546E-05 185.919.702 368.822.060 O.ooE+OO 1.96E+OO 3.89E+OO 11.ססOO 2. 163E+06 
Pa-231 1.1370E-Q9 185.919.702 368.822.060 O.ooE+OO 2.11E-D4 4.19E-D4 
Pb-21 0 3.3624E-ll 185.919.702 368.822.060 O.ooE+OO 6.25E-06 1.24E-Q5 
Pm-147 5.1211E-Q3 185.919.702 368.822.060 O.ooE+OO 9.52E+02 1.89E+03 
Pu-238 8.0689E-02 185.919.702 368.822.060 O.ooE+OO 1.50E+04 2.98E+04 
Pu-239 1.1626E-Q2 185.919.702 368.822.060 O.ooE+OO 2.16E+03 4.29E+03 
Pu-240 1.5097E-02 185.919.702 368.822.060 O.ooE+OO 2.81E+03 5.57E+03 
Pu-241 1.4567E+OO 185.919.702 368.822.060 O.ooE+OO 2.71E+05 5.37E+05 
Pu-242 6.425OE-Q5 185.919.702 368.822.060 O.ooE+OO 1.19E+Ol 2.37E+Ol 
Ra-226 1.1392E-l0 185.919.702 368.822.060 O.ooE+OO 2.12E-Q5 4.20E-Q5 
Ra-228 5.1841E-12 185.919.702 368.822.060 O.ooE+OO 9.64E-Q7 1.91E-06 
Ru-l06 5.9012E-07 185.919.702 368.822.060 O.ooE+OO 1.10E-Ol 2.18E-Q1 
5e-79 1.2379E-Q5 185.919.702 368.822.060 O.ooE+OO 2.30E+OO 4.57E+OO 
5n-126 2.5210E-Q5 185.919.702 368.822.060 O.ooE+OO 4.69E+OO 9.30E+OO 
5r-90 1.1630E+OO 185.919.702 368.822.060 O.ooE+OO 2.16E+05 4.29E+05 
Tc-99 3.9357E-04 185.919.702 368.822.060 O.ooE+OO 7.32E+Ol 1.45E+02 
Th-229 8.5691E-ll 185,919.702 368.822.060 O.ooE+OO 1.59E-Q5 3.16E-05 
Th-230 1.4493E-Q8 185.919.702 368.822.060 O.ooE+OO 2.69E-03 5.35E-03 
Th-232 5.2923E-12 185.919.702 368.822.060 O.ooE+OO 9.84E-Q7 1.95E-Q6 
TI-208 1.9202E-Q7 185.919.702 368.822.060 O.ooE+OO 3.57E-Q2 7.08E-Q2 
U-232 5.2083E-Q7 185.919.702 368.822.060 O.ooE+OO 9.68E-Q2 1.92E-Ol Thermal Power 
U-233 2.4386E-Q8 185,919.702 368.822.060 O.ooE+OO 4.53E-03 8.99E-03 Nominal Heat Bounding 
U-234 4.7012E-Q5 185.919.702 368.822.060 O.ooE+OO 8.74E+OO 1.73E+Ol Output Heat Output 
U-235 -1.4492E-Q6 185.919.702 0.000 3.5OE-Ol 9.10E-Q2 3.5OE-Ql /Wattsl /Wattsl 
U-236 7.5759E-Q6 185.919.702 368.822.060 O.ooE+OO 1.41E+OO 2.79E+OO 5.10E+03 1.01E.04 
U-238 -2.6129E-Q7 185.919.702 0.000 2.07E+OO 2.03E+OO 2.07E+OO Total Total 
Y-90 1.1831E+OO 185.919.702 368.822.060 O.ooE+OO 2.16E+05 4.29E+05 
Other Radionuclides 3.14E+05 623E+05 
m.Template ~StunaulJ:V. B_ -.de... 
Template Selection Summary 

R__: FromSFD Used Basis for Parameter Differences: 
LIGHT WATER UGHTWATER 

Fuel Cladding: ZIRC-4 ZIRC 
BOL HM eons_Is: 002 U 

BOL Enrichment Of..: 2.631414612 0105 

BumupSumma~(MWdr Basis for burnuD used in estimate: 
From SFD Es1Imatad 

Nomlnal:1 185.919.7021 184,411.030 Nominal bumup taken directly from 8FD (converted to MWd). 
Boundlng:1 224.650.3321 369.822.060 Bounding bumup assumed to be twice nominal bumup. 

Checks
 

Estimated Bumupf
 
BUmUD MultiPlier Given Bumup Estimated EOL HMlGlven EOL HM 

Nominal: 0.84 0.99 I 1.001 
Bounding: 1.66 1.64 ,

Reactor shutdo'tt\f'l, core removal, storage. shipping or other date conflnnlOg that Irradiation ceased for fuel. 

~otal bumup for all fuel associated lNith this wor1<sheet must be divided by BOl heavy metal mass to get specific bumup values (MWdlMT). 
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Template lDf"rmation Estimated 

Fuel Name: DRESDEN I Fuel decay start date: 1966 Canister usage: 
SNFID#: 44 Estimates as of: 2010 18"x1S' 

Fuel Units & Oeser: 34 - ASSEMBLY Template: LWBR (Ught Water, Zirc. 60 to 100%. Th and U) 1.00
 
Heavy Metal Mass: BOl= ; EOl=2544.90kg ~emplate Bumup(MWd): 10269.14
 
ROD Storage SIta: INEEL Template BOL Heavy Metal Mas. (MT): 0.45991251
 

Template Decay Time' 35 yealS 
n. Estimates m x" b y" y. Gamma Sources 

Photon Total 
CIIMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuelide Template Fuel Burnup (MWd)' Burnup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
-,;;A,::e:"-2~27~ 9~.-o:7360~",Ec;-0;:;5,--- ~30,,,,137.665 60,275.329 O.ooE+OO 2.93E+OO 5.87E+OO Avg. MaV 
-'.Ac:m"--;o24",,1~, ~__",,2.,-,434~5~E=_-04~__----o30?:,1:;:3=7:;:.66~5_--~60=,,,,,27~5=::.329--0.00E+OO---7-.34,,,EcC+OO~-----c18;,:...4973EE+O_o21 0.0150 4.971E+15 
Am-242m 1.4821E-06 30,137.665 6O,275.32-9--o.00E~~47E-02 0.0250 1.024E+15 
~A::,m:o--~243=- ,=3',::1-:-15=:2;;;E=_-o,=7=----~30?:,1:;:3=7:;:.66~5---,=60~"",27~5o:;.329 O.ooE+OO 9.39,;E:...-o,,3=-__--;'1-';.88~E,,-o;;;2=_-1I--0::'.:::03::7::_5---~_;89~·.75652E++146EC-14 9.2432E-05 30,137.665 60,275.329 O.ooE+OO 2.79E+OO 5.57E+OO 0.0575 1 4 
(;1-36 1.8103E-06 30,137.665 60,275.329 O.ooE+OO 5.48E-02 1.09E_o1 0.0850;..-__--:c6.:::,1:;10;;E,,+-:-c-14
-;C"'m=.-2;;-4:-;3;--------3"'."'05~9~7"'E~_o~7-------;30~,l"'37"'.665~;----;;60=',"'27~;5°.:329-~---O'60E+OO 9.2;-2;"'E-;-0~3c------:1:-'.84;;-;-;:EO-:_o;;;2;-----if--;0-;.I~250 3.829E+14 

~C2:m'C-,,244?_-------_:ol.~4_:o14;;:9SE==-OS~---_;30~,1:;;3"'7_;;.66:;;5~--___;:60",'0027,":5",.;:3,2:;;9;..---.;0"".ooE+oo 4.26E-01 8.53E_o1 0.2250 5.479E+14 
Co-50 8.7369E-04 30,137.665 60,275.329 O.oo'E+OO 2.63E+01 5.27E+01 0.3750 2.200E+14 
-;Cc:S:...-1:::34:-:--------'=2.=5'=60=:1~E=--'=05=----~30?:,1:;:3=7.:;:665~---'=60=',"'27~5?~3:2::;9~~-~-<i.()OE+oo 7.7"'2~E-;-0"1'--------""1."'54'::E=-+oo:.;:-;;----tf--;0:::.5::7::-50=------=3':'.360E+15 

-;C;::S-:-1_;;35::;_------..:2:".:':863=9;=E_:-OS~---_;:30:;o,~l;o37"'.66~5'------:;o60=";o27=:5.329 O.OOE+OO 8.63E-01 1.73E+OO 0.8500 6.oo3E+13 
-;oC":S__:-lc;3Co7---------1"'.:;;477;;;;;2"'E,,+OO~---_;30~, 1~3'"7.:;;665~---602',,27~5?3~:2,,9c~_---;0C ..~00E+OO 4.45E+04 8.90E+04 1.2500 2.652E+13 
Eu-l54 8.6025E_o3 30,137.665 60,275.329 0.0010+00 2.59E+02 5.19E+02 1.7500 4.137E+12 

-;:E"'u-:-1'::5:::5 6"'."'606,o"2,,E=_-04~----:30?:,1_;:;3~7.:;:66'=5::;_---6O,o?,~27::'5?3~,29 O.ooE+OO 1.99E+01 3.98E+01 2.2500 1.202E+08 
Fe-55 2.3011E-06 30,137.665 6O,275.329---0-.00E+oo 6.93E-02 1.39E_o1 2.7500 2.955E+13 
H-3 2.1277E_o3 30,137.665 6O,275.329--0.00E+OO 6.41E+01 1.28E+02 3.5000 1.113E+05 
~1-;12~9~::::::::::::::::::::::::::::::::::::::::::~1~.585~~~3~E-06~~:::::::::::::::::::::~30~,~13~7;.66~~5::::::::::::::::::~60~,~27~5~.3;;2:~9,__----0~.OO~E+OO~~---4c.:.o7:8",E=_-'=02::;_----=-9.=5=:6E~-o_'=2'=--IIf----5?0000="___--~3"'.488= E+04 
Kr-85 6.2625E_o2 30,137.665 60,275.329 O.ooE+OO 1.89E+03 3.77E+03 7.0000 2.550E+03 
7N"'p--';2;;3:::7,----------""1."'26;;:2:O;OO;E=--O;c7:;------;30~, 1-;;3"7.o;;66-;;-5~---60~,;027~;5=::.329 O.OOE+OO 3.80E-03 7.61 E_o3 11.0000 1.952E+02 

-;p;;:a'-;-2"'3"'1 .;:1.~20""1~7"'EC;-04s;----_;30~, 1~37~.;:'66;;;5~--_';60"',"'2~75"'.3;::2'"'9;__----;:0_;;.ooE"'+OO~--____';3"'.6:;2"'E";+OO~--___.;7cC'.2~4"'E~+OO~___/1 
-;Pc,b-c:2"'1:'=0,---- ._-='1.'=42~4c:7~E_:-0800----_;30?_::,1_;:;37".'=66:o;5;_--_;:60,=,,,,2=75?3~,29 O.ooE+OO 4.2o;:;9E;o--_'.:04~--___;:8"=.5;;::9;=E_:-04~-11 
-;;PC'm'-;;-1"'4~7.-----_------'2;c.6:;;22~4E~-_';04:o-----;c30""i13~7;':.66~5--_602'2~7;;5"'.3;;;2~9-------;o"'.00;;-;;;· E+OO 7.90:-=E"-+OO7'-__---c1~.58=E,,+07'-1_~I 
Pu-236 4.2477E-04 30,137.665 60,275.329 O.ooE+OO 1.28E+01 2.58E+01 
-;Pc;=U~-2;;:3:;09-------:::2.=75"'1:-;9"'E-:-0c:5,--------;30?-::,1-;:;37=.-;;66:O;5;----;:60'=,"'2=75?3~:2'o9c------;:0.OOE=-+OO~-----c8;;'.2;;;9"'E""-00:.1;------'l:.".66~E""+OO",,,=--II 

"PU"--00240~-------___;1C'.6;;1;;;84~E~-OS~---~30~,~13~7;';.66~5---'60~,2~7;;5::;.3:~2;;-9---,0~.oo:o:c-E+OO~---4;:.:;;88~EC:-0"'1;_--___i<'9.~76:E;E~-o",1';--11 
-;Pc;=u_:-2:-:4-=1--------71.'=46=:95~E_:-0300----~30?_::,1_;:;37=.'=66=:5;_--_::60'=,"'2=75?3~,2~9'-----__=0 ..00:.:cE.-'-+OO=------;4=_;.43"'E~+O:.;;;;1---_'.:8C'.66~E+0-;::1'____--11 
Pu-242 4.0831E-08 30,137.665 60,275.329 O.ooE+OO 1.23E-03 2.48E-03 
Ra-226 2.1423E-06 30,137.665 60,275.329 O.ooE+OO 6.48E-04 1.29E-03 

-=Raoo--:2:c:28'=- 4c.:.~62~36~Ec:-06~---~30?_::,1_=37==.'=66:o;5~--_'E60_=,'"2=75?3~,2~9'-----__=_0.""<ioE+OO 1.39E-01 2.79E-01 
R""u'-c-1=06c=-- ---;;4:;:.0-,o208~Eo_:-1"'1;_------;30:;;:_'_:,1;-;;3;:;7o;;.66_;;_5~--_;60~,2;:;7~5.329 0.ooE+OO:;o-____:li-':.~21;;EC:-06';';;c-----c~2."!_.42~E=--06~-_J1 
-;:S"'e-c:7_;:;9-=--------3=:.-=54='1"'7~E_:-OS'=----~30?:,1_=37==.'=66:o;5'------_::60=',"'27=5?3:::2;;:9c--__=_0.o;;ooE:-'-+OO=------;1"=.0::::7-=E.:;+OO=-----;:2:'-.1~3_=E~+OO=___/1 
Sn-126 3.9848E_OS 30,137.665 60,275.329 O.oOE+OO 1.20E+OO 2.40E+OO 
-=S:'-r-_'=907---------1==.4=9~2=8_=E+OO~'---------;:30?:,1_=37==.='665=--____;60=',"'27=5~.329 O.ooE+OO 4.50_=E~+04~---'9:_'_.00~E"-+04~--l1 
T-"e--;:99~--------3~.';'25~2~5"'EC;-04~---_;30~, 1-;c37~.;:'66;;;5~--_';60;c,"'2~75"'.3;:;2'"'9:----_-;;0"'.ooE"'+OO,~-;;--____;9c:;.80::;-'"E"-+OO';';;c __---c1"'.96~E"'+O~1_~I 
~Th"'-_::22"'97---------6:".7458~2"'E_:-OS~---~30?:,1_=37"'.='665~--____;60=',"'27~5~.329 0.0010+00 1.95E+OO 3.89E+OO 
~Th'='--;:2~30:<----------;o1.-;;143~2""'E~-06Z;__----;:30~,1;;37~.;;:665~--....::-60"',~275.329 O.ooE+OO 3.4~5~E-;:-oS'2---_;6~.8;;9"'E,,-0;:;2'------J1 
Th-232 -9.0328E-06 30,137.665 0.000 2.72E_o1 2.69E_o1 2.72E_o1 
~T1i-C-2"'08~-------1::-.3;:;964~E;=_o-;;2;;:-------;30?-::,1-=37"'.665~-----c60""',2:=75::=-.:;;32:""9;----0::;:.00;;-;;:E.:.;+OO~---:4'".2;_;1.~E-:;+O~2:-----~8.~42;;E;'+02~-~I_-....,====,,- __ 
U-232 3.7822E_o2 30,137.665 60,275.329 O.ooE+OO 1.14E+03 2.28E+03 Thermal Power 
-i'U;--2~332'_---__-_--~3':;.3'"2;::44;E~-oE-3---_;30~,1:;;3"'7_;;.665~---=0'".~ooo~ 9.15E->lJ2 8.15E+02 9.15E+02 Nominal Heat Bounding
U-234 8.1769E-04 30,137.665 60,275.329 O.ooE+OO 2.48E+01 4.93E+01 Output Heat Output 

7U;-;-2:;;;35;;,- 5:-:.7"'8"'1""3E=--oa~---_;30~,1-;;:37"'.665~--____;60""",2"'75:=:.;;,3:2;;;;-9 1.87E-04 1.93E_o3 3.67E_o3 /Watts\ /Watts\
U-236 1.3273E_o7 30,137.665 60,275.329 O.ooE+OO 4.ooE-03 8.ooE-03 8.27E+02 1.63E+03 
U-236 -3.1121E-10 30,137.665 0.000 1.20E-04 1.10E-04 1.20E-04 Total Total 
-iY;i-902::====::- 1'-'.4"'9,,2"'8=E+OO='----__---'"30=,1=37'..:."'665=-__....::-60"',"'27'..:5<::.3"'2"'9'----_-=0."'ooE+OO=-__---=4."'50=E=-+04'7: _'E9~.00"'=-E+04-'7.:'------11 
Other Radionuclides - 5.03E+04 1.01E+05 
Ill. Temolak SeIeefioo s.un.Parv. andCbeeks 
Template Selection Summary 

From SFD Used Basis for Parameter Differences: 
Reactor MocIendor: UGHT WATER UGHT WATER This Templale was used lor the following reasons: 

Fuel C1adding:I-----'::.SS=:To'('-c:304-:c=-)'-'----+--=:-:Z1O::R"'C::::.:::.:...--lThiS fuel metches on all parameter.; except dadding and ennchment (unknown). 

BO~O~E~a:..~~I-·-..:ThO=:::2--=UO=2'-----+------::.::-=~:::IC:~:;;-----I 

Burnup Summary (MWd) Basis for bumup used in estimate: 
FromSFD Estimated 

Nomlnal:1 I 30,137.665 Nominal bumup taken from SFO and convened to MWd using BOl=2575.869kg
 
Bounding:1 I 60.275.329 Bounding bumup assumed to be twice nominal bumup.
 

Checks 
Estimated Bumupl 

BumUD Multiolier Given Bumup Estimated EOL HMlGivan EOL HM
 
Nominal: 0.52
 I 1.001
 

Bounding: 1.05
 ,
Reactor shutdown. core removal. storage, shipping or other date confirming that Irradiation ceasod lor fuel. 

2Total bumup for all fuel assodated with this woft(sheet must be divided by BOL heavy metal mass to get speciftc bumup vaJues (MWdlMT). 
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Template Information Estimated 

Fuel Name: DRESDEN I (EooI61) 'Fuel decay start date: 1973
 Canister usage:
 
SNFID#: 928 Estimates as of: 2010
 BWR
 

Fuel Units & Oeser: 1 - 6 X 6 ROD ARRAY Template: PWR (Ught Water, Zire. 0 to 5~o. U)
 1.00 
_vyMetaIMass: BOl.=111.50kg ; EOl.=I09.85kg 'Template Bumup(MWd):
 61.92
 
ROD Storage Site: INEEl Template BOl _vy Metal Mass (MT):
 0.00176911 

Template Decay Time'
 35 years 

IL Estimates m x. x, b y. y, Gamma Sources 
Photon Total 

CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 
Radionuclide Template Fuel Burnup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ae-227 8.7758E-l0 1,566.219 3,132.438 O.OOE+OO 1.37E-OO 2.75E-OO Avg_MeV 
Am-241 1.4352E-Ol 1,566.219 3,132.438 O.OOE+OO 2.25E+02 4.50E+02 0.0150 1.685E+14 
Am-242m 2.8698E-04 1,566.219 3,132.438 O.OOE+OO 4.49E-Ol 8.99E-Ql 0.0250 3.399E+13 
Am-243 6.2565E-04 1,566.219 3,132.438 O.OOE+OO 9.80E-Ol 1.96E+OO 0.0375 3.242E+13 
C-14 4.7901E-05 1,566.219 3,132.438 O.OOE+OO 7.50E-02 1.50E-Ol 0.0575 3.745E+13 
CI-36 8.D297E-07 1,566.219 3,132.438 O.OOE+OO 1.26E-03 2.52E-03 0.0850 1.886E+13 
Cm-243 2.5081E-04 1,566.219 3,132.438 O.OOE+OO 3.93E-Ol 7.86E-Ol 0.1250 1.309E+13 
Cm-244 4.9015E-02 1,566.219 3,132.438 O.OOE+OO 7.66E+Ol 1.54E+02 0.2250 1.617E+13 
CO-50 2.5581E-Q3 1,566.219 3,132.438 O.OOE+OO 4.01E+OO 8.01E+OO 0.3750 6.953E+12 
Cs-l34 4.0536E-Q5 1,566.219 3,132.438 O.OOE+OO 6.35E-02 1.27E-Ol 0.5750 1.617E+14 
Cs-l35 1.4433E-05 1,566.219 3,132.438 O.OOE+OO 2.26E-02 4.52E-02 0.8500 2.237E+12 
Cs-137 1.3979E+OO 1,566219 3,132.438 O.OOE+OO 2.19E+03 4.38E+03 12500 2.198E+12 
Eu-l54 2.0203E-02 1,566.219 3,132.438 O.OOE+OO 3.16E+Ol 6.33E+Ol 1.7500 6.583E+10 
Eu-155 1.7684E-Q3 1,566.219 3,132.438 O.OOE+OO 2.77E+OO 5.54E+OO 2.2500 1.060E+07 
Fe-55 4.3136E-05 1,566.219 3,132.438 O.OOE+OO 6.76E-02 1.35E-Ol 2.7500 2. 171 E+07 
H-3 2.0769E-02 1,566.219 3,132.438 O.OOE+OO 3.25E+Ol 6.51E+Ol 3.5000 2.236E+06 
1-129 9.8288E-07 1,566.219 3,132.438 O.OOE+OO 1.54E-03 3.08E-03 5.ססOO 9.559E+05 
Kr-85 2.8214E-02 1,566.219 3,132.438 O.OOE+OO 4.42E+Ol 8.84E+Ol 7.ססOO 1.102E+05 
Np-237 1.1218E-Q5 1,566.219 3,132.438 O.OOE+OO 1.76E-Q2 3.51E-02 11.ססoo 1.265E+04 
Pa-231 1.3036E-Q9 1,566.219 3,132.438 O.OOE+OO 2.04E-08 4.08E-OO 
Pb-21 0 8.5078E-ll 1,566.219 3,132.438 O.OOE+OO 1.33E-07 2.67E-07 
Pm-147 3.6531E-04 1,566.219 3,132.438 O.OOE+OO 5.72E-Ol 1.14E+OO 
Pu-238 7.4564E-02 1,566.219 3,132.438 O.OOE+OO 1.17E+02 2.34E+02 
Pu-239 1.1623E-02 1,566.219 3,132.438 O.OOE+OO 1.82E+Ol 3.64E+Ol 
PU-240 1.5132E-Q2 1,566.219 3,132.438 O.OOE+OO 2.37E+Ol 4.74E+Ol 
Pu-241 9.0036E-Ol 1,566.219 3,132.438 O.OOE+OO 1.41E+03 2.82E+03 
Pu-242 6.425OE-05 1,566.219 3,132.438 O.OOE+OO 1.0IE-Ol 2.01 E-Ql 
Ra-226 2.2804E-l0 1,566.219 3,132.438 O.OOE+OO 3.57E-07 7.14E-Q7 
Ra-228 5.2713E-12 1,566.219 3,132.438 O.OOE+OO 8.26E-09 1.65E-08 
Ru-lOO 6.115OE-l0 1,566.219 3,132.438 O.OOE+OO 9.58E-07 1.92E-06 
S6079 1.2377E-DS 1,566.219 3,132.438 O.OOE+OO 1.94E-02 3.88E-Q2 
Sn-126 2.5210E-DS 1,566.219 3,132.438 O.OOE+OO 3.95E-02 7.90E-Q2 
Sr-90 9.1887E-Ql 1,566.219 3,132.438 O.OOE+OO 1.44E+03 2.87E+03 
Te-99 3.9357E-Q4 1,566.219 3,132.438 O.OOE+OO 6.16E-Ql 1.23E+OO 
Th-229 1.2057E-l0 1,566.219 3,132.438 O.OOE+OO 1.89E-Q7 3.78E-07 
Th-230 2.1043E-08 1,566.219 3,132.438 O.OOE+OO 3.30E-05 6.59E-Q5 
Th-232 5.2972E-12 1,566.219 3,132.438 O.OOE+OO 8.30E-09 1.66E-Q8 
TI-208 1.7474E-Q7 1,566219 3,132.438 O.OOE+OO 2.74E-Q4 5.47E-Q4 
U-232 4.7368E-Q7 1,566.219 3,132.438 O.OOE+OO 7.42E-Q4 1.48E-03 Thenmal Power 
U-233 2.5097E-Q8 1,566.219 3,132.438 O.OOE+OO 3.93E-Q5 7.86E-05 Nominal Heat Bounding 
U-234 5.0000E-DS 1,566.219 3,132.438 O.OOE+OO 7.83E-02 1.57E-Ql Output Heat Output 
U-235 -1.4489E-Q6 1,566.219 0.000 3.62E-03 1.35E-03 3.62E-Q3 (Watts) (Wattsi 
U-236 7.5824E-Q6 1,566.219 3,132.438 O.OOE+OO 1.19E-Q2 2.38E-02 3.60E+Ol 7,21E+Ol 
U-238 -2.6129E-Q7 1,566.219 0.000 3.69E-02 3.65E-Q2 3.69E-02 Total Total 
Y-90 9.1699E-Ol 1,566.219 3,132.438 O.OOE+OO 1.44E+03 2.87E+03 
Other Radionuelides 2.10E+03 4.20E+03 
,m.TemoIale~ ~lV.llumlJ .Checb 
TemDlate selection Summary 

FromSFD ~ Basis for Parameter Differences: 
Reactor Moderator: LIGHT WATER UGHTWATER 

Fuel Cladding: ZIRC-2 ZIRC 
BOl HM Constituents: U02 U 

BOL Enrichment %: 1.50044843 Ot05 

Burnup Summary (MWd) Basis for bumup used in estimate: 
From SFO I Estimated 

Nominal: 1,533.125 1,566.219 Nominal bumup calculated from the heavy metal mass destroyed. 
Boundlng:f 3,132.438 Bounding bumup assumed to be twice nominal bumup. 

Checks 

Estimated Bumupl
 
BumuD Multiplier
 Given BumuD Estimated EOL HMlGlven EOl HM 

Nominal: 0.40 1.02 I 1.001 
Bounding:f 0.80 ,

Reactor shutdown, core removal. storage, stupplng or other date confirmIng that Irradiation ceased for fuel. 

~otal bumup for all fuel associated with this worksheet must be <ivided by BOl heavy metal mass to get specific bumup values (MWdlMT). 
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Fuel Radionuclide Inventory Wowksheet 
I. Fuel and Template lIlformatiOIl Estimated 

Fuel Name: DRESDEN I (UNOO64) 'Fual decay start date: 1973 Canister usage: 
SNFID#: 47 Estimates as of: 2010 BWR 

Fuel Units & Oeser: 1 - 6 X 6 ROD ARRAY Template: PWR (Ught Water. Zirc, 0 to 5%, U) 1.00
 
Heavy Metal Ma••: BOl=58.85k9 ; EOl=57.28k9 2Tcmplate Bumup(MWd): 61.92
 
ROD Storage Slt.: INEEl Template BOl Heavy Metal Mas. (MT): 0.00176911
 

T~mplate Dec::4l:y TilM· 35 years
 

n. Estimates m b Yo Yb Gamma Sources'0 
Photon TOlal 

CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 
Radionuclide Template Fuel Burnup (MWd)' Burnup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (boUnding) 
AC-22"'77-- . .......:8;:.77=:-=;58~E"""'-1"'0'------"""'1C',48~9:_::.1;o9;;:2---__;;:2S,9:=7,,8.:::3.,,84-:-__~0::;.ooE+OO 1.31E-06 2.61E-06
 AV9.MeV 
Am-241 1.4352E-Ol 1,489.192 2,978.384 O.ooE+OO 2.14=E=+07"2'_____-'4='.2~7='E='+07"2--+-_::0"C.0:.c_l:5:_:0-----1::..60=3::E+.:.l:.o-4 
Am-242m 2.8698E-Q4 1,489.192 2,978.3il4---O:-ooE+oo 4.27E_Ql 8.55E-Ol 0.0250 3.232E+13 
Am-243 6.2565E-Q4 1,489.192 2,978.384 O.ooE+OO 9.32E_Ql 1.86E+OO 0.0375 3.082E+13 
C-14 4.7901E_Q5 1,489.192 2,978.384 O.ooE+OO 7.13E-02 1.43E-Ol 0.0575 3.561E+13 
CI-36 8.0297E_Q7 1,489.192 2,978.384~-O:OO~-1-.20E-03 2.39E_Q3 0.0850 1.793E+13 
Cm-243 2.5061E-Q4 1,489.192 2,978.384 O.OOE+OO 3.74E-Ol 7.47E_Ql 0.1250 1.244E+13 
Cm-244 4.9015E_Q2 1,489.192 2,978.384 O.ooE+OO 7.30E+Ol 1.48E+02 0.225O;- ---::1,o.538o;:;;Eo::+:.;l;o3 
Co-6O 2.5581E-03 1,489.192 2,978.384--- O.ooE+OO 3.81E+OO 7.62E+OO 0.3750 6.611E+12 
Cs-l34 4.0536E-05 1,489.192 2,978.384 O.ooE+OO 6.04E-02 1.21E_Ql 0.5750 1.538E+14 
CS-l35 1.4433E_Q5 1,489.192 2,978.384 O.ooE+OO 2.15E-02 4.30E_Q2 0.8500 2.127E+12 
Cs-137 1.3979E+OO 1,489.192 2,978.384 O.ooE+OO 2.08E+03 4.16E+03 1.2500 2.090E+12 
Eu-l54 2.0203E_Q2 1,489.192 2,978.384 O.ooE+OO 3.01E+Ol 6.02E+Ol 1.7500 6.259E+l0 
Eu-155 1.7684E_Q3 1,489.192 2,978.384 O.ooE+OO 2.63E+OO 5.27E+OO 2.2500 1.oo8E+07 
Fe-55 4.3136E_Q5 1,489.192 2,978.384 O.ooE+OO 6.42E-02 1.28E_Ql 2.7500 2.064E+07 
H-3 2.0769E_Q2 1,489.192 2,978.384 O.ooE+OO 3.09E+Ol 6.19E+Ol 3.5000 2.126E+06 
1-129 9.8288E_Q7 1,489.192 2,978.384 O.ooE+OO 1.46E_Q3 2.93E_Q3 5.ססOO 9.089E+05 
Kr-85 2.8214E_Q2 1,489.192 2,978.384 O.ooE+OO 4.20E+Ol 8.40E+Ol 7.ססOO 1.048E+05 
Np-237 1.1218E_Q5 1,489.192 2,978_384 O.ooE+OO 1.67E_Q2 3.34E_Q2 11.ססOO 1.203E+04 
Pa-231 1.3036E_Q9 1,489.192 2,978.384 O.ooE+OO 1.94E_Q6 3.88E_Q6 
Pb-21 0 8.5078E-ll 1,489.192 2,978.384 O.ooE+OO 1.27E_Q7 2.53E_Q7 
Pm-147 3.6531E-04 1,489.192 2,978.384 O.ooE+OO 5.44E_Ql 1.09E+OO 
Pu-238 7.4564E-02 1,489.192 2,978.384 O.OOE+OO 1.11E+02 2.22E+02 
Pu-239 1.1623E-02 1,489.192 2,978.384 O.ooE+OO 1.73E+Ol 3.46E+Ol 
Pu-240 1.5132E_Q2 1,489.192 2,978.384 O.ooE+OO 2.25E+Ol 4.51E+Ol 
Pu-241 9.oo36E_Ql 1,489.192 2,978.384 O.OOE+OO 1.34E+03 2.68E+03 
Pu-242 6.4260E_Q5 1,489.192 2,978.384 O.ooE+OO 9.57E_Q2 1.91 E-Ol 
Ra-226 2.2804E-l0 1,489.192 2,978.384 O.ooE+OO 3.40E_Q7 6.79E-07 
Ra-228 5.2713E-12 1,489.192 2,978.384 0.ooE='+OO7::' ,,7,.~8,,5=E-::-Q,,9'--------'-1.===5_=_7E=-oB_:::::-__l1 
Ru-l08 6.1160E-l0 1,489.192 2,978.384 O.ooE+OO 9.11E-07 1.82E-06 
8e-79 1.2377E_Q5 1,489.192 2,978.384 O.ooE+OO 1.84E-02 3.69E-02 
80-126 2.5210E_Q5 1,489.192 2,978.384 0.ooE+OO;-__~3"'.7:::5:;;Ec.;-Q;:;2:_--_::7,::.5;::1:;;E'-'-Q;:;2:__j1 
8r-90 9.1687E_Ql 1,489.192 2,978.384 O.ooE+OO 1.37E+03 2.73E+03 
Tc-99 3.9357E-Q4 1,489.192 2,978.384 O.OOE+OO 5.86E_Ql 1.17E+OO 
Th-229 1.2057E-l0 1,489.192 2,978.384 O.OOE+OO 1.80E-07 3.59E_Q7 
Th-230 2.1043E_Q6 1,489.192 2,978.384 O.ooE+OO 3.13E_Q5 6.27E_Q5 
Th-232 5.2972E-12 1,489.192 2,978.384 O.ooE+OO 7.89E-Q9 1.58E_Q6 
TI-208 1.7474E-07 1,489.192 2,978.384 O.ooE+OO 2.60;E~-Q4~--~5~.2::;OE~-Q4~-+_- ......====.,....-
U-232 4.7368E-07 1,489.192 2,978_384 O.ooE+OO 7.05E-Q4 1.41E-Q3 Thermal Power 
7U7--2"'33~--- -__;;:2~.509~7;c.E=_-Q6_=_----_:_1'_:,48_=9._:_1"'92:c_--___c2"'.9"'7;c.6'"'.384~:---0"'.:;:00;;:E=+OO~:---~3;::.7:_;4:;:E:c-Q5~---_:_7_'_;.4:_;;7,;::E_;-OS~-iINominalHeatBounding
U-234 5.0000E_Q5 1,489.192 2,978.384 O.ooE+OO 7.45E_Q2 1.49E_Ql Output Heat Output 
U-235 -1.4489E-06 1,489.192 0.000 1.91E_Q3 O.ooE+OO 1.91E-Q3 /Wattsl /Wattsi 
U-236 7.5824E_Q6 1,489.192 2,978.384 O.ooE+OO 1.13E_Q2 2.26E_Q2 3.43E+01 6.8SE+Ol 
U-238 -2.6129E_Q7 1,489.192 0.000 1.95E_Q2 1.91E_Q2 1.95E_Q2 Total Total 
Y-90 9.1699E_Ql 1,489.192 2,978.384 O.ooE+OO 1.37E+03 2.73E+03 
Other Radionuclides 2.ooE+03 4.OOE+03 
W. Template SeJedIon ~J'Y, BUIlIJJ 
Template Selection Summary 

From SFD Used Basis for Parameter Differences: 
Reactor ModeratOT:I--_U=G:::HT~W"'A'"Tc=E"."R-__+---=l:::IG"."HT=W7A"'TE:::R'---_l 

BOl ~:.=~:I-------'Z::;~':::R;-0:2C'2----'---+------'Z:::IU;-:RC=-----t 
BOlEnrichment%: 1.5005013 0105 

Burnup Summary (MWd) Basis for bumup used in estimate: 
From SFD Estimated 

Nominal:II- ..::8,,23:::.:::858:::I+-I ---cl;:,49;;~9c;;.1~ Nominal bumup caJculated from 'ho heavy metal mass destroyed. 
Bounding: 2,978.384 Bounding bumup assumed to be twice nominal bumup. 

Checks 
Estimated Bumupl 

BumuD MUItlDIIer Given Bumup E.timated EOl HMlGiven EOl HM 
Nominal: 0.72 1.81 I 1.001 

Bounding: 1.45 , 
Reactor shutdown, core removal, stomge, shipping or other date confllTmng that Irradiation ceased for fuel. 

2Tolal bumup for all fuel associated wUh this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWcVMT). 
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I
Fuel Radionuclide Inventory Worksheet

I. Fuel and T$IlIlIate InformaiWn Estimated
Fuel Name: DRESII. HBR, BR-3, BRP. TMI 'Fuel decay start date: 1979 Canister usage:

SNFID#: 50 Estimates as of: 2010 HIC
Fuel Units & Oeser: 1 - CANISTER OF SCRAP Template: PWR (Ught Water, Zirc, 0 to 5%, U) 1.00
Heavy Metal Ma••: BOl.: : EOl.:19.53kg 'Template Bumup(MWd): 61.92
ROD Storage Site: INEEL Template BOl Heavy Metal Mass (MT): 0.00176911

Template Decay Time' 25 years
n. Estimates m x. x. b y. y. Gamma Sources

Photon Total
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec

Radionuclide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) lnventories(Ci) Inventories(Ci) Group (bounding)
Ae-227 6.6376E-l0 815.3n 815.3n O.ooE+OO 5.41E-07 5.41E-07 Avg. MeV
Am-241 1.3144E-Ol 815.3n 815.3n O.ooE+OO 1.07E-KJ2 1.07E-KJ2 0.0150 5.545E+13
Am-242m 3.0039E-04 815.3n 815.3n O.ooE+OO 2.45E-Ol 2.45E-Ol 0.0250 1.123E+13
Am-243 6.2629E-Q4 815.3n 815.3n O.ooE+OO 5.11E-Ol 5.11E-Ql 0.0375 1.087E+13
C-14 4.7965E-Q5 815.3n 815.3n O.ooE+OO 3.91E-02 3.91E-02 0.0575 1.186E+13
CI-36 8.0297E-Q7 815.3n 815.3n O.ooE+OO 6.55E-Q4 6.55E-Q4 0.0850 6.283E+12
Cm-243 3.1993E-04 815.3n 815.3n O.ooE+OO 2.61E-Ol 2.61E-Ql 0.1250 4.589E+12
Cm-244 7.1851E-02 815.3n 815.3n O.ooE+OO 5.86E-KJl 5.86E-KJl 0.2250 5.393E+12
Co-50 9.5220E-03 815.3n 815.3n O.ooE+OO 7.76E+OO 7.76E+OO 0.3750 2.314E+12
Cs-l34 1.1662E-03 815.3n 815.3n O.ooE+OO 9.51E-Ol 9.51E-Ol 0.5750 5.318E+13
Cs-135 1.4433E-05 815.3n 815.3n O.ooE+OO 1.18E-02 1.18E-02 0.8500 1.050E+12
Cs-137 1.7503E+OO 815.3n 815.m O.ooE+OO 1.44E-KJ3 1.44E-KJ3 1.2500 1.418E+12
EU-l54 4.5203E-02 815.3n 815.3n O.ooE+OO 3.69E+Ol 3.69E-KJl 1.7500 3.107E+10
Eu-155 7.1479E-Q3 815.3n 815.3n O.ooE+OO 5.83E+00 5.83E+OO 2.2500 5.738E+06
Fe-55 6.1919E-Q4 815.3n 815.3n O.ooE+OO 5.05E-Ol 5.OSE-Ol 2.7500 6.448E+06
H-3 3.6386E-02 815.3n 815.3n O.ooE+OO 2.97E-KJl 2.97E-KJl 3.5000 8.452E+05
1-129 9.8266E-07 815.3n 815.3n O.ooE+OO 8.01E-Q4 8.01E-Q4 5.0000 3.612E+05
Kr-85 5.3844E-02 815.3n 815.3n O.ooE+OO 4.39E-KJl 4.39E-KJl 7.0000 4.164E+04
Np-237 1.0546E-05 815.3n 815.3n O.ooE+OO 8.5OE-03 8.5OE-03 11.0000 4.783E+03
Pa-231 1.1370E-09 815.3n 815.3n O.ooE+OO 9.27E-07 9.27E-07
Pb-21 0 3.3624E-l1 815.3n 815.3n O.ooE+OO 2.74E-08 2.74E-08
Pm-147 5.1211E-03 815.3n 815.3n O.ooE+OO 4.18E+OO 4.18E+OO
Pu-238 8.0669E-02 815.3n 815.3n O.ooE+OO 6.58E-KJl 6.58E-KJl
Pu-239 1.1626E-02 815.3n 815.3n O.ooE+OO 9.48E+OO 9.48E+OO
Pu-240 1.5097E-02 815.3n 815.3n O.ooE+OO 1.23E-KJl 1.23E-KJl
Pu-241 1.4587E+OO 815.3n 815.3n O.ooE+OO 1.19E-KJ3 1.19E-KJ3
Pu-242 6.425OE-Q5 815.3n 815.3n O.ooE+OO 5.24E-02 5.24E-02
Ra-226 1.1392E-l0 815.3n 815.3n O.ooE+OO 9.29E-08 9.29E-Q8
Ra-228 5.1841E-12 815.3n 815.3n O.ooE+OO 4.23E-Q9 4.23E-Q9
Ru-l06 5.9012E-07 815.3n 815.3n O.ooE+OO 4.81E-Q4 4.81E-Q4
Se-79 1.2379E-Q5 815.3n 815.3n O.ooE+OO 1.01E-02 1.01E-Q2
Sn-126 2.5210E-05 815.3n 815.3n O.ooE+OO 2.06E-Q2 2.06E-Q2
Sr-90 1.1630E+OO 815.3n 815.3n O.ooE+OO 9.48E-KJ2 9.48E-KJ2
Te-99 3.9357E-04 815.3n 815.3n O.ooE+OO 3.21E-Ol 3.21E-Ol
Th-229 8.5691E-ll 815.3n 815.3n O.ooE+OO 6.99E-08 6.99E-Q8
Th-230 1.4493E-08 815.3n 815.3n O.ooE+OO 1.18E-OS 1.18E-OS
Th-232 5.2923E-12 815.3n 815.3n O.ooE+OO 4.32E-09 4.32E-09
TI-208 1.9202E-Q7 815.3n 815.3n O.ooE+OO 1.57E-Q4 1.57E-04
U-232 5_2083E-Q7 815.3n 815.3n O.ooE+OO 4.25E-04 4.25E-04 Thermal Power
U-233 2.4386E-Q8 815.3n 815.3n O.ooE+OO 1.99E-OS 1.99E-Q5 Nominal Heat Bounding
U-234 4.7012E-Q5 815.3n 815.3n O.ooE+OO 3.83E-Q2 3.83E-Q2 Output Heat Output
U-235 -1.4492E-Q6 815.3n 0.000 1.41E-03 2.28E-Q4 1.41E-Q3 (Walts) (Walts)
U-236 7.5759E-Q6 815.3n 815.3n O.ooE+OO 6.18E-Q3 6.18E-Q3 2.24E+Ol 2.24E+Ol
U-238 -2.6129E-Q7 815.3n 0.000 6.63E-03 6.42E-Q3 6.63E-Q3 Total Total
Y-90 1.1631E+OO 815.3n 815.3n O.ooE+OO 9.48E-KJ2 9.48E-KJ2
Other Radionuelides 1.38E+03 1.38E-KJ3
Ill. TemP!Jlte $deI:tlon SQmmary,BUI'l!u andCIleeks
Template selection Summarv

From SFD Uoed Basis for Parameter Differences:
Reactor Moderator: LIGHT WATER UGHTWATER This Temp!ate was used for the following reasons:

Fuel Cladding: ZIRC ZIRC This fuel matches on all parameters except enrichment (unknown).
BOL HM Constituents: U02 U

BOL Enrichment 0/0: Oto 5

Bumup Summary (MWdj' Basis for bumup used in estimate:
FromSFD Estimated

Nominsl:1 I 815.3n Nominal bumup set equal to bounding bumup.
Bounding:1 I 815.3n Bounding bumup taken from SFD and converted to MWd using 801..=2O.384k9

Checks

Estimstad Bumupl
BumUD MultlDlier Given Bumup Estimsted EOl HMlGlvon EOL HM

Nominal: 1.14 I 1.001
Bounding: 1.14,

Reactor shutdovvn, core removal, storage, shipping or other date confinnlng that Irradiation ceased for fuel.

2TotaJ bumup for all fuel associated with this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWdlMT).
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Templat. 1nf00000000oll Estimated 

Fuel Nan:e: EBR·II & TREAT EXPERIMENTS 'Fuel decay start date: 1979 Canister usage: 
SNFID#: 858 Estimates as of: 2010 HIC 

Fuel Units & Descr: 1 . CANISTER OF SCRAP Template: FFTF (FAST. SST. 10 to 30'lo. Pu & U) 1.00
 
_vy Metal M....s: BOL: ; EOL:17.84k9 'Template Bumup(MWd): 5011.2
 
ROD Storage Site: INEEL Template BOL Heavy Metal Ma•• (MT): 0.0329181
 

Template Decay Time' 25 years 
n. Estimates m x. b y. y. Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Bumup (MWd)' Burnup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 

~~?:4T----- --_...:~",:..:c.~~"'~;;;;~~-D-;"1",~------;~:c-:=~::;::~----;~c;:=~:~:~~-,,~:2~'-------;;~:;~~~; ;:~~~; A~9~1:..,V'-------'1-c.066·--=E'--+1""'4 
Am-242m 2.0115E-03 2.666.340 2.666.340 O.ooE+OO 5.:l6E+OO 5.36E+OO 0.0250 2.131E+13 
Am·243 1.0750E-D4 2,666.340 2.666.340 0.ooE~+OOc;:~~~~~2•.:8",-"~E-;-0:;1c----__-;;2:;.8",7~E-;-D:;1c----_n_--:O".03~7"'5 -;2".4C"97"'Eo:+c:1"'3
C-14 2.6102E·05 2,666.340 2.666.340 O.OOE+OO 6.96E-D2 6.96E-D2 0.0575 2._329_E+_1_3 
CI·36 3.4243E·10 2.666.340 2.666.340 O.ooE+OO 9.13E-07 9.13E·07 0.0850 1.204E+13 
Cm-243 5.1824E-04 2,666.340 2,666.340---0-.00E+oo 1.38E+OO 1.38E+OO 0.1250 8.658E+12 
C-m·244 2.1572E-03 2,666.340 2,666~0 0.00E~+OO~ 75."-7-=5;=E+OO-'.;;'c----_---:;.51·.==75-=50EE;=+OO+O-'.;;'1C-----1f-,,,:°0:::·.223O:7:::5050::--~-----:49.:c.. 61:::298:::1EE=,++c.;11722 
Co-50 5.6254E-03 2,666.340 2,666.340 -;0:c.00;;;;.;:E-,,+OO~__-;;1.~50~E~+O~1 -;';';~':;:;c-----jf-_~~~~~~~::..:';-
Cs-134 2.5942E-D3 2,666.340 2,666.340 O.ooE+OO 6.92E+OO 6.92E+OO 0.5750 1.674E+14 
Cs-135 4.7693E-D5 2,666.340 2,666.340 ..:::85OO"""0.ooE~+oo,-:.:,---_~~1".:2=-7~E,--0~1~---o1",.2=7~E'-'0~1~-lI-_0", -'2:::.068"""E;=+:.:1:::2 
Cs-137 1.7122E+OO 2,666.340 2,666.340----O:-ooE+oo 4.57E+03 4.57E+03 1.2500 2.667E+12 
Eu·154 2.5223E-02 2.666.340 2,666.340 O.ooE+OO 6.73E+01 6.73E+01 1.7500 5.589E+10 
Eu-155 2.2689E·02 2,666.340 2,666.340 O.OOE+OO 6.05E+01 6.05E+01 2.2500 1.204E+07 
Fe-55 6.3358E-04 2,666.340 2,666.340 -o.-ooE..oo 1.69E+OO 1.69E+OO 2.7500 4.857E+07 
H-3 5.5054E·03 2,666.340 2,666.340 O.ooE+OO 1.49E+01 1.49E+01 3.5000 2.811E+05 
1·129 1.2891 E-06 2,666.340 2,666.340 __---,3'f-''i44:'iE~-",0:;;3---,_~...:3'f-''i44",E~-D~3_-jf-_-;5::;.0000~;-0.00E:c+OO~ __--,:,8.",992~E,,+~04 
Kr·85 4.1746E-02 2,666.340 2,666.340----0:00E~+OO'-?:---1:::.1:17:Eo.:+O:c2:c____--___:::1."'11';;E~+O~2-+___,7:.:..OOOO==,,,:-__...:..:1.0:::2,,,7:oE+:..:04:.:
Np-237 3.2028E-D6 2,666.340 2,666.340 O.ooE+OO 8.54E-03 8.54E-D3 11.ססoo 1.176E+03 
Pa·231 8.5429E-12 2,666.340 2,666.340 O.ooE+OO 2.28E-08 2.28E-08 
Pb-21 0 7.3535E-13 2,666.340 2,666.340 O.ooE+OO 1.96E-D9 1.96E-09 
Pm·147 2.6102E·02 2,666.340 2,666.340 0.00~E:.:.+OO~__----;:6:c.:96:-==E_'c+O~1:_---;6:.::.96~EC'+O;o1;--11 
Pu-238 2.3328E-D2 2,666.340 2,666.340 O.ooE+OO 6.22E+01 6.22E+01 
Pu·239 -3.5520E-02 2,666.340 0.000 3.25~E"+O;c2~__-;2c;.303:~E:-::+O:;;2;-__-;3,,,.2::;5;;:E,,-+O~2~_j1 
Pu-240 2.0750E·02 2,666.340 2,666.340 1.65EC'+O=:2:_---':2:.-:.2"'OE;=+O~2:_--c::2;:;.20:::;=E_'c+O=:2:__11 
Pu-241 -1.1127E+OO 2,666.340 0.000 7.41 E='+O~3:;'__--~4;::;.44~E"'+O~3;---...:7"'.4;o1"'Eo.:+O"'3:;'___j1 
Pu·242 1.1152E-DS 2,666.340 2,666.340 4.40E·02 7.37E·02 7.37E-D2 
Ra·226 2.8297E-12 2,666.340 2,666.340 O.ooE+OO 7.54E-D9 7.54E-D9 
Ra-228 1.3510E-16 2,666.340 2,666.340 O.ooE+OO 3.5OE-13 3.5OE·13 
RU-106 2.5104E-OS 2,666.340 2,666.340 O.ooE+OO 6.69E-D2 6.69E-D2 
5e-79 1.0133E-D5 2,666.340 2,666.340 O.ooE+OO 2.70E-D2 2.70E-02 
5n-126 4.3902E-D5 2.666.340 2,666.340 O.ooE+OO 1.17E-D1 1.17E-D1 
5r-90 6.1522E-D1 2,666.340 2,666.340 O.ooE+OO 1.64E+03 1.64E+03 
Tc·99 3.9412E-D4 2,666.340 2,666.340 O.ooE+OO 1.OSE+OO 1.05E+OO 
Th·229 2.OS54E-12 2,666.340 2,666.340 O.ooE+OO 5.48E-D9 5.48E-D9 
Th-230 5.3680E-10 2,666.340 2,666.340 O.ooE+OO 1.43E-06 1.43E-06 
Th-232 1.9522E-16 2,666.340 2,666.340 O.ooE+OO 5.21E-13 5.21E·13 
11-208 5.1046E'()7 2,666.340 2,666.340 O.OOE+OO 1.36E-03 1.36E-D3 
U-232 1.3883E-D6 2.666.340 2,666.340 O.ooE+OO 3.70E-03 3.70E-D3 Thennal Power 
7U"-2:c33~ --=3,,;.7-=5:::1;6::;E=-.-=10=- ...:2?,,,,666=-=.34O=::::_-------:2:.::,666=:.:;.34O:-::::__-o0=-=.00::-:~E=-+OO'-?: -;;1.:;.00"",E-;-D6=-- -;;1.:;.00"",E-;-D6=--~~INOminaI Heat Bounding
U-234 3.1909E-D6 2.666.340 2,666.340 O.ooE+OO 8.51E-D3 8.51E-D3 Output Heat Output 
U-235 -8.7842E-D9 2,666.340 0.000 6.66E-DS 4.32E-DS 6.66E-DS /Watts\ /Watts\ 
U-238 1.4613E-D7 2,666.340 2,666.340 O.OOE+OO 3.95E-D4 3.95E-D4 6.04E+01 6.34E+01 
U-238 -1.7914E-D7 2,666.340 0.000 4.85E·03 4.37E-D3 4.85E-D3 Tolal Total 
Y-90 6.1522E-D1 2,666.340 2,666.340 O.ooE+OO 1.64E+03 1.64E+03 
Other Radionuclides 4.59E+03 4.59E+03 
m. Temnlate SeIedlon Summarv, Bumo 
Template Selection 5ummary 

From SFD Used Basis for Parameter Differences: 
Reactor Moderator:I-__"cF~As~T,---_~+-__-,Fc:A:=:csT'--__'IThis Ternptate was used for the following reasons: 

Fuel Cladding: SST SST This fuel matches on all parameters except enrichment (unknown). 

BO;~~=;=~I---,PuO-=",2'--U.."O",2~_+-----'-7"0--~0,"ndCc~=-~-l 

Bumup Summary (MWd) Basis for bumup used in estimate:
 
From SFD Estimated
 

Nominal: 2,666.340 Nominal bumup set "'Iua! to bounding bumup.
 
Bounding: 2,666.340 Bourdng bomup taken from 8FD and converted to MINd using BOl=2O.51Okg
 

Checks 
Estimated Bumupf 

Bumup Multiplier Given Bumup Estimated EOL HMlGlven EOL HM 
Nominal: 0.85 1 1.001 

Boundlng:1 0.85 ,
Reactor shutdown, core removal. storage. shipping or other date confmnlng that Inadlatlon ceased for fuel. 

~otal bumup for all fuel nssodated with this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWcVMT). 
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Templale Wonnatioo Estimated 

Fuel Name: EBR-II NITRIDE FUEL EXPER 'Fuel decay start date: 1994 Canister usage: 
SNFID#: 363 Estimates as of: 2010 lS"xl0' 

Fuel Units & Dascr: 64 - ROD Template: FFTF (FAST. SST. 10 to 30%. Pu & U) 0.32 
Heavy Metal Mas.: BOl= : EOl=9.59k9 'Template Bumup(MWd): 5011.2 
ROD Slor_ Site: INEEl Template BOl Heavy Metal Ma.s (MT): 0.0329181
 

Template Decay Time' 15 y.ars
 
JL Estimates m x. Xb b Y. Yb Gamma Sources 

Pholon Total 
CilMWdFrom Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Burnup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Invenlories(Ci) Group (bounding) 
Ae-227 1.373SE-12 833.805 I.S63.384 O.OOE+OO 1.1SE-09 2.1SE-09 Avg. MeV 
Am-241 7.9S27E-02 833.80S 1,563.384 2.01E+Ol 8.64E+Ol 1.44E+02 0.0150 7.854E+13 
Am-242m 2.10S3E-03 833.805 I.S63.384 O.OOE+OO 1.76E+OO 3.29E+OO 0.0250 1.695E+13 
Am-243 1.075OE-04 833.805 I,S63.384 O.OOE+OO 8.97E-D2 1.68E-Ol 0.0375 1.939E+13 
C-14 2.6141E-OS 833.80S I,S63.384 O.OOE+OO 2.18E-02 4.09E-D2 0.0575 1.647E+13 
CI-36 3.4243E-l0 833.80S I,S63.384 O.OOE+OO 2.86E-D7 S.3SE-D7 0.0850 9.656E+12 
Cm-243 6.5092E-04 833.80S I,S63.384 O.OOE+OO S.SIE-Dl 1.03E+OO 0.1250 7.213E+12 
Cm-244 2.9933E-03 833.80S I.S63.384 O.OOE+OO 2.S0E+OO 4.68E+OO 0.2250 7.314E+12 
Co-50 I.S934E-02 833.80S I,S63.384 O.OOE+OO 1.33E+Ol 2.49E+Ol 0.3750 3.761E+12 
Cs-l34 4.6356E-02 833.80S I,S63.384 O.OOE+OO 3.87E+Ol 7.2SE+Ol 0.5750 1.257E+14 
Cs-l35 4.7693E-05 833.805 I,S63.384 O.OOE+OO 3.98E-02 7.46E-02 0.8500 4.20SE+12 
Cs-137 2.1113E+OO 833.80S I,S63.384 O.OOE+OO 1.76E+03 3.30E+03 1.2500 3.661E+12 
Eu-l54 4.8092E-02 633.805 I.S63.384 O.OOE+OO 4.01E+Ol 7.S2E+Ol 1.7500 6.015E+l0 
EU-1SS 6.8447E-02 833.80S I,S63.384 O.OOE+OO S.71E+Ol 1.07E+02 2.2500 2.025E+09 
Fa-SS S.8489E-03 833.80S I,S63.384 O.OOE+OO 4.86E+OO 9.14E+OO 2.7500 2.112E+08 
H-3 8.9300E-03 633.80S I,S63.384 O.OOE+OO 7.4SE+OO 1.40E+Ol 3.5000 2.385E+07 
1-129 1.2891E-06 633.805 I,S63.384 O.OOE+OO 1.07E-03 2.02E-03 5.0000 5.763E+04 
Kr-8S 7.0941E-D2 833.805 1,563.384 O.OOE+OO S.92E+Ol 1.IIE+02 7.0000 6.595E+03 
Np-237 2.6541E-06 833.805 1.563.384 O.OOE+OO 2.21E-03 4.1SE-03 11.0000 7.553E+02 
Pa-231 4.8970E-12 833.805 I,S63.384 O.OOE+OO 4.08E-09 7.66E-09 
Pb-21 0 2.2170E-13 833.80S I.S63.384 O.OOE+OO 1.8SE-l0 3.47E-l0 
Pm-147 2.3627E-Dl 833.80S I.S63.384 O.OOE+OO 1.97E+02 3.69E+02 
PU-238 2.8636E-D2 833.80S I.S63.384 O.OOE+OO 2.39E+Ol 4.48E+Ol 
Pu-239 -3.SS20E-02 833.805 0.000 1.6SE+02 1.35E+02 1.6SE+02 
Pu-240 2.0790E-02 833.80S I,S63.384 8.38E+Ol 1.01E+02 1.16E+02 
Pu-241 -4.8316E-Ol 833.80S 0.000 3.76E+03 3.36E+03 3.76E+03 
Pu-242 1.1052E-05 833.805 I,S63.384 2.24E-D2 3.16E-02 3.96E-02 
Ra-226 S.7471E-13 833.805 I,S63.384 O.OOE+OO 4.79E-l0 8.98E-l0 
Ra-228 S.4957E-17 833.805 1.563.384 O.OOE+OO 4.58E-14 8.S9E-14 
Ru-l06 1.4S83E-D2 833.80S I,S63.384 O.OOE+OO 1.22E+Ol 2.28E+Ol 
5..79 1.0137E-DS 833.805 1,563.384 O.OOE+OO 8:4SE-D3 1.58E-D2 
5n-126 4.3922E-D5 833.805 1,563.384 O.OOE+OO 3.66E-02 6.87E-D2 
5r-90 7.6329E-Dl 833.805 1.563.384 O.OOE+OO 6.36E+02 1.19E+03 
Te-99 3.9412E-D4 833.80S I,S63.384 O.OOE+OO 3.29E-Ol 6.16E-Dl 
Th-229 1.64S7E-12 833.80S 1.563.384 O.OOE+OO 1.37E-09 2.S7E-D9 
Th-230 1.8822E-l0 833.80S I,S63.384 O.OOE+OO I.S7E-07 2.94E-07 
Th-232 9.7501E-17 833.80S I.S63.384 O.OOE+OO 8.14E-14 I.S3E-13 
TI-208 S.2722E-07 833.80S I.S63.384 O.OOE+OO 4.40E-04 8.24E-D4 
U-232 1.492SE-06 833.805 I.S63.384 O.OOE+OO 1.24E-03 2.33E-D3 Thenmal Power 
U-233 2.1113E-l0 833.805 I.S63.384 O.OOE+OO 1.76E-07 3.30E-D7 Nominal Heat Bounding 
U-234 1.9528E-06 833.80S 1,563.384 O.OOE+OO 1.63E-03 3.05E-D3 Output Heat Output 
U-235 -9.7920E-D9 833.805 0.000 3.39E-DS 2.S7E-D5 3.39E-DS /Watts) /Watts) 
U-236 1.1570E·07 833.805 1,563.384 O.OOE+OO 9.65E-D5 1.81E-D4 2.54E+Ol 4.19E+Ol 
U-238 -1.7914E-D7 833.805 0.000 2.47E·03 2.32E-D3 2.47E-D3 Total Total 
V-90 7.6329E-Dl 833.805 I,S63.384 O.OOE+OO 6.36E+02 1.19E+03 
Other Radianuelides 1.81E+03 3.39E+03 
m. Template Sdel.1ioa ~l.'Y,Il_ ,andCbed<s 
Template Selection Summary 

FromSFD Used Basis for Parameter Differences:
 
ReacIor_: FAST FAST This Template was used for the following reasons:
 

Fuel Cladding: SST SST Th~ tusI matches on all parameter.; except enrichment (unknown).
 
BOl HM Conslltuenlll: Pu/U NITR Puand U 

BOL enrichment 0/.: 101030 

Bumup Summary (MWd)' Basis for bumup used in estimate: 
FromSFD Estimated 

Nominal:1 I 833.805 Nominal bumup taken from SFD and converted to MWd using BOl=10.423kg 
Boundlng:1 I 1.563.384 Bounding bumup taken from SFD and converted to MWd using BOl.::10.423kg 

Checks 
Estimated Bumupl 

BumuD Multiplier Given Bumup Eatimated EOl HMlGlven EOl HM 
Nominal: 0.53 I 1.001 

Bounding: 0.99 ,
Reactor shutdown, core removal, storage, shipping or other date conflnnlng thai Irradiation ceased for fuel. 

2Tolal bumup for all fuel associated with this worksheet must be divided by BOl heavy metal mass to get specific bumup values (MWd'MT). 

DOEl5NF/REP-D78 December 2003 
Revision 1 Page C-59 



I 
I 
I 
,I
I 
I

I
I 

I 
I

I

'I
 

I 

Fuel Radionuclide Inventory Worksheet 
1. Fuel and Template lIlf<mnatiou Estimated 

Fuel Nama: EBR-II OXIOE FUEL EXPER lFuoI decay start date: 1994 Canister usage: 
SNFID#: 345 Estimates as of: 2010 18"xl0' 

Fuel Units & Oeser: 571 - ROD Template: FFTF (FAST. SST. 1010 30'l•. Pu & U) 2.86
 
Heavy Metal Mass: BOu" ; EOu,,56.99k9 'Template Bumup(MWd): 5011.2
 
ROD SIorage Sib: INEEL Template BOL Heavy Metal Mass (MT): 0.0329181
 

Template~yTime' 15 years 
D. Estimates m x" Xb b Y" Yb Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Inilial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Invenlories(Ci) Invenlories(Ci) Group (bounding) 

-';;A"'C:-'-2"'2;-;7,---__~_~_ _='1"'.3"'7"'35o;:E~."'1~2----';4';.95~6._o:0~90;;_------::1_:2';.3:;;9""0.224 0.00E+OO;;:;-__---;6"O.81E-09 ;:~g~ A~~1:-"'--~03E+14 

~~~~~:;~:~~~m::::::::::::::::::::::::·=::::::::::::~;:~~~0~~7~~~~~2t:::::::::::::::::::::t::~;S~5:~:~~~~~:::::::::::::::~~:-;:;~:;:=~=":~:-- ~:~~: ~:~~:~ 2.61 E+Ol 0.0250 1.343E+14
Am-243 1.0760E-{)4 4,956.090 12,390.224 O.ooE+OO 5.33E_{)1 l.33E+OO 0.0375 1.537E+14 
C-14 2.6141 E-05 4,956.090 12,390.224 0.ooE:-'+OO~---';'1.'30~;;'E~--;;O:O-l----;3:i'.>:24""E~_{)Oil';'-----1il---::0'-:.0::=57"'5'-------:'1.~300:""E"':+1:-:-4 
~C:~I-:;36~-------~3.~4~243~E~-""10'""""----4"","9=56==.=09='0'""""----Cc1;:2',":3=90224---0-.00E+OO 1.70E-{)6 4.24E_{)6 O.OSSO 7.654E+13 
~C""m-,--=243~ .__--=6."60=9",2",E:-:-04~------:,4,,,9=56==.0=,9,,,0c---__;1~2",,3:=90:",,::2.24~--6:OOE~+O,=0-----,3;::.2:,8:;;E~+OO~------:8=='=,19;;E,",+OO~__U_----:0:'c.1=2=-5O:-__-c5",.7::1.=6E~+~13 
.;:C::-m,-;-2~44",-- ...:2~';c99:333~E",-03:;c-----,4",,;;:95~6;:;.0~9:;;0----;1~2":2390.224---o.06E+OO l.48E+Ol 3.71E+Ol 0.2250 5.797E+13
Co-60 1.5934E·02 4,956.090 12,390~224------O:-06E+OO 7.90E+Ol 1.97E+02 0.3750 2.98OE+13 

.;:C;::S'-;-1;;34:;=- :;4.~635~6:3E~-0;;:2~----4:;:,';;9~56"'.;<09;;;0<_-----::-12~'S;390.224 O.ooE+OO 2.30E+02 5.74E+02 0.5750 9.962E+14 
Cs-135 4.7693E-05 4,956.090 12,39Q.224-----O:-ooE"'+O~0------;;2o:;.36~E':'-0;cl;___--__;5"'.9"'1:;:E:..:-0;cl;______lf-_:0o;.8~5OO~--~3c;.3:;;32:;;E"'+~13 
Cs-137 2.1113E+OO 4,956.090 12,390.224 ~.Q-00"E:-:+OO~ -=1.,:05=E~+04~c--_-c2==.=62:?E~+04~---jf-_-:1-,:.2:::5OO=---_-72.=-902o=Eco+~13 
Eu-l54 4.8092E-02 4,956.090 12.390.224 O.ooE+OO 2.38E+02 5.96E+02 1.7500 4.767E+11 
-E"'u-~15~5~------"':;6~.844~~7E~_{)""2~----'::4"',9:356~.0:;;9;;-0---.;c12~,3~'9~~0~.2~O.OoE+OO 3.39E+02 8.48E+02 2.2500 1.605E+l0 
Fe-55 • 5.8489E-{j3 4,956.090 12,390.224 O.ooE+OO 2.90E+01 7.25E+01 2.7500 1.674E.09 
H_-3 8.9300E-03 4,956.090 12,390.224 0.ooE~:~ 4-=.4-;;3.:;;E~+O",,"1 1~.-;;11;;;E~+O~2__Jl__---;3:'c.5000::::::- 1:,.88~-=9E~+~08 
I 129=- ~1.-;.2~8:-.:c9'ClE=--~06'C__---__Cc4"',9,,56=.,,0=90'""""--_c:l~2"',3=90.224 O.ooE+OO 6.39E_{)3 1.60E_{)2 5.0000 4.173E+05 
Kr-85 7.0941E_{)2 4,956.090 12,390:22~E+OO 3.52E+02 8.79E+02 7.0000 4.778E+04 
Np-237 2.6541E-06 4,956.090 12,390.224 0.00"E,",+OO~__----:1:::.3;::2",E:-:-0:;;2c-__-:3o=:.2::o9",E:-:-{);::2c--Jf-_...:11co'OOOO=,---- :-,5...:.4...:73",E",+=03 
Pa-231 4.8970E-12 4,956.090 12,390.224 0.ooE:_,+OO.~------;;2C".4;;3~E:-:-08~------;;6~.0~7,;:E:-:-{)6~-l1 
Pb-210 2.2170E-13 4,956.090 12,390.224 O.ooE+OO 1.10E_{)9 2.75E_{)9 
Pm·147 2.3627E-Ol 4,956.090 12.390.224 0.00:=E+OO.:.:;::'---__-"1.'717~E=_+O'=3---=2.,,93~E=_+O'=3-_11 

Pu-236 _23..8636552OEE-o.,22 4,956.090 12.390.224 0.ooc-;E:-:+OO~__----:1:,;.4",2,:=E-'c+o",2;--__-;39C;'.85",51,:=EE"':+O+o",22:--J1
Pu-239 ~ 4,956.090 0.000 9.81 E+02 8.04E+02 
Pu-240 2.0790E_{)2 4,956.090 12.390.224 4.98E:_'+O""27----"'6;:;.0"'1;;::Ec'-+O;;:2;-----;7;:;.56~E"'+O;;:2;_____l1 
Pu-241 -4.8316E_{)1 4,956.090 0.000 2.24E+04 2.ooE+04 2.24E+04 
Pu-242 1.1052E-{)5 4,956.090 12,390.224 l.33E_{)l l.88E_{)l 2.70E_{)1 
Ra-226 5.7471E-13 4,956.090 12,390.224 O.ooE+OO 2.85E-{)9 7.12E_{)9 
Ra-228 5.4957E-17 4.956.090 12,390.224 O.ooE+OO 2.72E-13 6.81E-13 
Ru-l06 1.4583E-02 4,956.090 12,390.224 0.ooE~"+OO~--___c7"'.2~3"'E:-'+O"'1~----10'.8;;;1:c;E:-'+O~2c__l1 
Se-79 1.0137E-{)5 4,956,090 12,390.224 O.ooE+OO 5.02E-02 1.26E-Ol 
Sn-l26 4.3922E-{)5 4,956.090 12.390.224 0.00~~E:-'+OO~-----;;2C:.1;;;8;:E_:-{);;;1;__---;5:::.44~E_:-{);;;1;____11 
Sr-90 7.8329E_{)1 4,956.090 12,390.224 O.ooE+OO 3.78E+03 9.46E+03 
Tc-99 3.9412E-{)4 4,956.090 12,390.224 O.OOE+OO 1.95E+OO 4.88E+OO 
Th-229 1.6457E-12 4,956.090 12,390.224 O.OOE+OO 8.16E·09 2.04E-{)8 
Th-230 1.8822E·l0 4,956.090 12,390.224 0.ooE..:.+OO~--____"9~.33~E-{)-7.07----=2~-33~E-"-{)6"-'__11 
Th-232 9.7601E-17 4,956.090 12,390.224 O.ooE+OO 4.84E-13 1.21E-12 
TI-208 5.2722E_{)7 4,956.090 12,390.224 O.OOE+OO 2.61E_{)3 6.53E-{j3 
U-232 1.4925E_{)6 4,956.090 12.390.224 O.ooE+OO 7,40E_{)3 1.85E-02 Thennal Power 
U-233 2.1113E-l0 4,956.090 12,390.224 ""0,o:.00~E+OO~:------~1._o:0~5E=_-{)6~---~2."'6~2E=_-{)6~-_lINominalHeat Bounding 
U-234 1.9528E_{)6 4,956.090 12,390.224 O.ooE+OO 9.88E_{)3 2.42E_{)2 Outpul Heat Outpul 
U-235 -9.7920E_{)9 4,956.090 0.000 2.01 E-{)4 1.53E-{)4 2.01 E-04 /Watts\ /Wattsl 
U-236 1.1570E_{)7 4,956.090 12,390.224 O.OOE+OO 5.73E-{)4 1.43E_{)3 1.51E+02 3.15E+02 
U-236 -1.7914E_{)7 4,956.090 0.000 1.47E-02 1.38E_{)2 1.47E-{)2 Total Total 
Y-90 7.8329E_{)1 4,956.090 12,390.224 O.OOE+OO 3.78E+03 9.48E+03 
Other Radionuclides 1.07E+04 2.69E+04 

Template selection Summary 
From SFD Used Basis for Parameter Differences: 

Reactor Moderator:I-__..:.F"AS"'T'---__-\-__...:F::-A;::So-T__--1This Temptate was used for the following reasons: 
Fuel Cladding: SST SST This fuel matdles on ail parameters except enrichment (unknown). 

BO;O~=;=~I---'PUO=-=2:-'.UO=2'-----\----'7~0:c~"'~'::30=-U---1 

Bumup Summary (MWd) Basis for bumup used in estimate: 
FromSFD I Estimated 

Nomlnlll:1 I 4.956.090 Nominal bumup tal<en trom 8fD and converted to MWd using BOl..--61.951kg 
Bounding:1 I 12.390.224 Bouncing bumup taken from 8fD and converted 10 MWd using BO~1.951kg 

Checks 
Estimated Bumupl 

BumuD MultiPlier Given Bumup Estimated EOl HMlGlven EOl HM
Nomlnd:1 0.53 I 1.001 

Bounding: 1.31 
1Reactor shutdown, core removal, storage, shiPPing or other date conflnnlng that .nadlatlon ceased for fuel. 

2Total bumup for aU fuel associated with this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWdIMT). 
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Fuel Radionuclide Inventory Worksheet 
I. FU<!! and TeDIpIate Information 

Fuel Name: EBR-II OXIDE FUEL EXPER 1Fuel decay start date: 1994 
SNFID#: 364 Estimates as of: 2010 

Fuel Units & Oeser: 992 - ROD Template: FFTF (FAST, SST, 10 to 30%, Pu & U) 
Heavy Metal Mass: BOl= ; EOl=92.45kg 2yemplate Bumup(MWd): 5011.2 
ROD Storage Site: INEEL Template BOL Heavy Metal Mass (MT): 0.0329181 

Template Decay Time" 15 years 

n. Estimates m x. Xb b Y. Yb 

CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel 
Radionuclide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) 
Ac-227 1.3735E-12 8,040.815 20,102.038 O.OOE+OO 1.10E-08 2.76E-08 
Am-241 7.9527E-02 8,040.815 20,102.038 1.94E+02 8.33E+02 1.79E+03 
Am-242m 2.1053E-03 8,040.815 20,102.038 O.OOE+OO 1.69E+01 4.23E+Ol 
Am-243 1.0760E-04 8,040.815 20,102.038 O.OOE+OO 8.65E-01 2.16E+OO 
C-14 2.6141E-05 8,040.815 20,102.038 O.OOE+OO 2.10E-Ol 5.25E-Ql 
CI-36 3.4243E-l0 8,040.815 20,102.038 O.OOE+OO 2.75E-06 6.88E-06 
Cm-243 6.6092E-04 8,040.815 20,102.038 O.OOE+OO 5.31E+OO 1.33E+Ol 
Cm-244 2.9933E-03 8,040.815 20,102.038 O.OOE+OO 2.41E+Ol 6.02E+Ol 
Co-60 1.5934E-02 8,040.815 20,102.038 O.OOE+OO 1.28E+02 3.20E+02 
Cs-l34 4.6356E-02 8,040.815 20,102.038 O.OOE+OO 3.73E+02 9.32E+02 
Cs-135 4.7693E-05 8,040.815 20,102.038 O.OOE+OO 3.83E-Ol 9.59E-Ql 
Cs-137 2.1113E+OO 8,040.815 20,102.038 O.OOE+OO 1.70E+04 4.24E+04 
Eu-l54 4.8092E-02 8,040.815 20.102.038 O.OOE+OO 3.87E+02 9.67E+02 
Eu-155 6.8447E-02 8,040.815 20,102.038 O.OOE+OO 5.50E+02 1.38E+03 
Fe-55 5.8489E-03 8,040.815 20,102.038 O.OOE+OO 4.70E+Ol 1.18E+02 
H-3 8.9300E-03 8,040.815 20,102.038 O.OOE+OO 7.18E+Ol 1.80E+02 
1-129 1.2891E-06 8,040.815 20,102.038 O.OOE+OO 1.04E-02 2.59E-Q2 
Kr-85 7.0941E-02 8,040.815 20,102.038 O.OOE+OO 5.70E+02 1.43E+03 
Np-237 2.6541E-06 8,040.815 20,102.038 O.OOE+OO 2.13E-Q2 5.34E-Q2 
Pa-231 4.8970E-12 8,040.815 20,102.038 O.OOE+OO 3.94E-Q8 9.84E-Q8 
Pb-21 0 2.2170E-13 8,040.815 20.102.038 O.OOE+OO 1.78E-Q9 4.46E-09 
Pm-147 2.3627E-Ql 8,040.815 20,102.038 O.OOE+OO 1.90E+03 4.75E+03 
Pu-238 2.8636E-Q2 8.040.815 20,102.038 O.OOE+OO 2.30E+02 5.76E+02 
Pu-239 -3.5520E-Q2 8,040.815 0.000 1.59E+03 1.31E+03 1.59E+03 
Pu-240 2.0790E-Q2 8,040.815 20,102.038 8.09E+02 9.76E+02 1.23E+03 
Pu-241 -4.8316E-Ql 8,040.815 0.000 3.63E+04 3.24E+04 3.63E+04 
Pu-242 1.1052E-Q5 8,040.815 20,102.038 2.16E-Q1 3.04E-Ql 4.38E-Ql 
Ra-226 5.7471E-13 8,040.815 20,102.038 O.OOE+OO 4.62E-Q9 1.16E-Q8 
Ra-228 5.4957E-17 8,040.815 20,102.038 O.OOE+OO 4.42E-13 1.10E-12 
Ru-l06 1.4583E-Q2 8,040.815 20,102.038 O.OOE+OO 1.17E+02 2.93E+02 
 8..79 1.0137E-05 8,040.815 20,102.038 O.OOE+OO 8.15E-02 2.04E-Ol 
8n-126 4.3922E-05 8,040.815 20,102.038 O.OOE+OO 3.53E-Ql 8.83E-Ol 
8r-90 7.6329E-Ql 8,040.815 20,102.038 O.OOE+OO 6.14E+03 1.53E+04 
Te-99 3.9412E-04 8,040.815 20,102.038 O.OOE+OO 3.17E+OO 7.92E+OO 
Th-229 1.6457E-12 8,040.815 20,102.038 O.OOE+OO 1.32E-08 3.31E-08 
Th-230 1.8822E-10 8,040.815 20,102.038 O.OOE+OO 1.51E-06 3.78E-Q6 
Th-232 9.7601E-17 8,040.815 20,102.038 O.OOE+OO 7.85E-13 1.96E-12 
n-208 5.2722E-Q7 8,040.815 20,102.038 O.OOE+OO 4.24E-03 1.06E-02 
U-232 1.4925E-06 8,040.815 20,102.038 O.OOE+OO 1.20E-02 3.00E-Q2 
U-233 2.1113E-1O 8,040.815 20,102.038 O.OOE+OO 1.70E-06 4.24E-06 
U-234 1.9528E-06 8.040.815 20,102.038 O.OOE+OO 1.57E-02 3.93E-Q2 
U-235 -9.7920E-09 8,040.815 0.000 3.27E-04 2.46E-04 3.27E-04 
U-236 1.1570E-07 8,040.815 20,102.038 O.OOE+OO 9.30E-04 2.33E-03 
U-238 -1.7914E-07 8,040.815 0.000 2.38E-02 2.23E-02 2.38E-02 
Y-90 7.6329E-01 8.040.815 20,102.038 O.OOE+OO 6.14E+03 1.53E+04 
Other Radianuelides 1.74E+04 4.36E+04 

ro. Tenmlate~ ~rv, lJut'In! ,llnd<;~ 
Template selection Summary 

FromSFD Used Basis for Parameter Differences: 

Estimated 
Canister usage: 

18"x10' 
4.96 

Gamma Sources 
Photon Total 
Energy Photons/sec 
Group (bounding) 

Avg. MeV 
0.0150 1.006E+15 
0.0250 2.179E+14 
0.0375 2.493E+14 
0.0575 2.109E+14 
0.0850 1.242E+14 
0.1250 9.274E+13 
0.2250 9.405E+13 
0.3750 4.835E+13 
0.5750 1.616E+15 
0.8500 5.406E+13 
1.2500 4.708E+13 
1.7500 7.734E+l1 
2.2500 2.603E+l0 
2.7500 2.715E+09 
3.5000 3.065E+08 
 OO 6.770E+05סס.5
 OO 7.751E+04סס.7
 oo 8.879E+03סס.11

Thennal Power 
Nominal Heat Bounding 

Output Heal Output 
/Wattsl /Wallsl 
2.45E+02 5.12E+02 

Total Total 

Reactor Moderator: FAST FAST This Templale was used for the following reasons:
 
Fuel Cladding: SST SST This fuel matches on all parameters except enrichment (unknown).
 

BOl HM eonsllluenls: PU02-U02 Pu and U 
BOL enrichment %: 10t03O 

BumupSumma~(MWd) Basis for bumup used in estimate: 
FromSFD Estimated 

Nomlnal:I +I -;;;8;",040;:,;".:::815 Nominal bumup taken from 8FO and converted to MWd using B01.=100.510kg 
C Bounding: 20,102.038 Bounding bumup taken from 8FD and converted to MWd using 801.=1oo.5101<.g 

Checks 

Estimated Bumupl 
Bumup Mulllpiler Given Bumup Estimated EOl HMlGlven EOl HM 

Nominal: 0.53 I 1.001 
Bounding: 1.31 , 

Reactor shutdown, core removal, storage, shipping or other date confinnmg that Irradiation ceased for fuel.
 

2Total bumup for all fuel associated with this worksheet must be divided by BOl heavy metal mass to get specific bumup values (MWdlMT).
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Fuel Radionuclide Inventory Worksheet 
1. Fuel and Template lofonnalWn Estimated 

Fuel Nama: EBR-II. FFTF & MTR EXPERIMENTS 1Fuel decay start date: 1979 Canister usage: 
SNFID#: 42 Estimates as of: 2010 HIC 

Fuel Units & Das<:r: 1 . CANISTER OF SCRAP Templa": FFTF (FAST. SST. 10 to 30%. Pu & U) 1.00 
Heavy Metal Mass: BOl= ; EOL=3.9Skg 'Tampla" Bumup(MWd): 5011.2 
ROD Storage Site: INEEL Templa" BOl Heavy Metal Mass (MT): 0.0329181 

Template Decay Time" 25 years 
ll. Estimates m x. x. b Y. Y. Gamma Sources 

Photon Total 
CilMWdFrom Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photonslsec 

Radionuclide Template Fuel Burnup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 3.4503E·12 346.317 346.317 O.ooE+OO 1,19E-09 1,19E-09 Avg. MaV 
Am-241 9.5092E-02 346.317 346.317 -- - a:35E+OO 4.13E+Ol 4.13E+Ol 0.0150 1.402E+13 
Am-242m 2.0115E-Q3 346.317 346.317 O.ooE+OO 6.97E-Ql 6.97E-Ol 0.0250 2.nlE+12 
Am-243 1.0750E-04 346.317 346.317 O.ooE+OO 3.72E-Q2 3.72E-02 0.0375 3.244E+12 
C-14 2.6102E-05 346.317 346.317 O.ooE+OO 9.04E-03 9.04E-03 0.0575 3.070E+12 
CI-36 3.4243E-l0 346.317 346.317 O.ooE+OO 1.19E-07 1,19E-07 0.0850 1.564E+12 
Cm-243 5.1824E-04 346.317 346.317 --O:-OOE+oo 1.79E-Ol 1.79E-Ol 0.1250 1.125E+12 
Cm-244 2.1572E-03 346.317 346.317 O.ooE+OO 7.47E-Ol 7.47E-Ql 0.2250 1.250E+12 
Co-GO 5.6254E-03 346.317 346.317 O.ooE+OO 1.95E+OO 1.95E+OO 0.3750 5.453E+11 
Cs-l34 2.5942E-03 346.317 346.317 O.ooE+OO 8.98E-Ol 8.98E-Ql 0.5750 2.174E+13 
Cs-135 4.7693E-05 346.317 346.317 O.ooE+OO 1.65E-02 1.65E-Q2 0.8500 2.686E+l1 
Cs-137 1.7122E+OO 346.317 346.317 O.OOE+OO 5.93E+02 5.93E+02 1.2500 3.464E+l1 
EU-I54 2.5223E-02 346.317 346.317 O.ooE+OO 8.74E+OO 8.74E+OO 1.7500 7.259E+09 
Eu-155 2.2689E-02 346.317 346.317 O.OOE+OO 7.86E+OO 7.86E+OO 2.2500 1.578E+06 
Fe-55 6.3358E-Q4 346.317 346.317 O.ooE+OO 2.19E-Ql 2.19E-Ol 2.7500 6.318E+06 
H-3 5.6054E-03 346.317 346.317 O.ooE+OO 1.94E+OO 1.94E+OO 3.5000 4.400E+04 
1-129 1.2891E-OO 346.317 346.317 O.ooE+OO 4.46E-Q4 4.46E-Q4 5.ססOO 1.486E+04 
Kr-85 4.1746E-02 346.317 346.317 O.ooE+OO 1.45E+Ol 1.45E+Ol 7.ססOO 1.696E+03 
Np-237 3.2028E-OO 346.317 346.317 O.ooE+OO 1,11E-03 1.IIE-Q3 11.ססOO 1.941E+02 
Pa-231 8.5429E-12 346.317 346.317 O.ooE+OO 2.86E-Q9 2.96E-Q9 
Pb-21 0 7.3535E-13 346.317 346.317 O.ooE+OO 2.55E-l0 2.55E-l0 
Pm-147 2.6102E-02 346.317 346.317 O.ooE+OO 9.04E+OO 9.04E+OO 
Pu-238 2.3328E-02 346.317 346.317 O.ooE+OO 8.08E+OO 8.08E+OO 
Pu-239 -3.5520E-Q2 346.317 0.000 6.85E+Ol 5.62E+Ol 6.85E+Ol 
Pu-240 2.0750E-02 346.317 346.317 3.48E+Ol 4.20E+Ol 4.20E+Ol 
Pu-241 -1.1127E+OO 346.317 0.000 1:"s6E+03 1,18E+03 1.56E+03 
Pu-242 1,1152E-Q5 346.317 346.317 9.29E-Q3 1.31E-02 1.31E-Q2 
Ra-226 2.8297E-12 346.317 346.317 O.ooE+OO 9.80E-l0 9.80E-l0 
Ra-228 1.3510E-16 346.317 346.317 O.ooE+OO 4.68E-14 4.68E-14 
Ru-lOO 2.5104E-Q5 346.317 346.317 O.ooE+OO 8.69E-03 8.69E-Q3 
5e-79 1.0133E-Q5 346.317 346.317 O.ooE+OO 3:51E-03 3.51E-Q3 
5n-126 4.3902E-Q5 346.317 346.317 O.ooE+OO 1.52E-Q2 1.52E-Q2 
5r-90 6.1522E-Ql 346.317 346.317 O.OOE+OO 2.13E+02 2.13E+02 
Tc-99 3.9412E-Q4 346.317 346.317 O.ooE+OO 1.36E-Ql 1.36E-Ql 
Th-229 2.0554E-12 346.317 346.317 O.ooE+OO 7.12E-l0 7.12E-l0 
Th-230 5.3680E-l0 346.317 346.317 O.ooE+OO 1.86E-Q7 1.86E-Q7 
Th-232 1.9522E-16 346.317 346.317 O.ooE+OO 6.76E-14 6.76E-14 
T1-208 5.1046E-Q7 346.317 346.317 O.ooE+OO 1.77E-Q4 1.77E-Q4 
U-232 1.3883E-Q6 346.317 346.317 O.ooE+OO 4.81E-04 4.81E-Q4 Thermal Power 
U-233 3.7516E-l0 346.317 346.317 O.ooE+OO 1.30E-Q7 1.30E-Q7 Nominal Heal Bounding 
U-234 3.1909E-Q6 346.317 346.317 O.ooE+OO 1.IIE-03 1.11E-03 Output Heat Output 
U-235 -8.7842E-09 346.317 0.000 1.41E-05 1.10E-Q5 1.41E-Q5 /WallS) /WallS) 
U-236 1.4813E-Q7 346.317 346.317 O.ooE+OO 5.13E-Q5 5.13E-Q5 9.20E+OO 9.S9E+OO 
U-238 -1.7914E-Q7 346.317 0.000 1.02E-Q3 9.62E-Q4 1.02E-Q3 Total Total 
V-90 6.1522E-Ql 346.317 346.317 O.ooE+OO 2.13E+02 2.13E+02 
Other Radionuclides 5.96E+02 5.96E+02 

ID. Temulate SeJection SuntInllrv.IJurtuJr>~. IIIldC'" 
Template Selection SummarY 

FromSFD Used Basis for Parameter Differences: 
Reactor Moderator: FAST FAST This Template was used for the following reasons: 

Fuel Cladding: SST SST This fuel matches on moderator and BOL heavy metal, using SST cladding is conservative and 
BOl HM Constituents: PulUCARB enrichment is unknown. 

BOl Enrichment 'Yo: 70~~¥-----

BumupSumrna~(MWd)' Basis for bumuD used in estimate: 
FromSFD Estimated 

Nomlnal:1 I 346.317 Nominal bumup set equalt. bounding bumup. 
Bounding: 346.317 Bounding blImup taken fro:Tl SFD and converted to MWd using BOl=4.329kg 

Checks 

Estimated Bumupl 
Bumup MultiPlier Given Bumup Estimated EOL HMfGlven EOL HM 

Nominal: 0.53 I 1.001 
Bounding:1 0.53 ,

Reactor shutdown. core ramoval, storage, shiPping or other date confJnllmg that Irradiation ceased for fuel. 

2Total bumup for all fuel assodated with this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWdIMT). 
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Fuel Radionuclide Inventory Worksheet 
1. Fud and Template Infonnation Estimated 

Fuel Name: EBR-II. TREAT. MTR EXPER. & IPNS TARGET 1Fuel decay start date: 2050 Canister usage: 
SNF 10 #: 1088 Estimates as of: 2010 HIG 

Fuel Units & Oeser: 1 - CANISTER OF SCRAP Template: FERMI (Fast, Zirc, 10 to 400/0, U) 2.00 
Heavy Metal Mass: BOl= ; EOl=33.25k9 'Template Bumup(MWd): 58.6725048 
ROD Storage Site: INEEl Template BOl Heavy Metal Mas. (MT): 0.018774 

Template Decay Time' 5 years 

U. Estimates m x" x, b y" y, Gamma Sources 
Photon Total 

GilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 
Radionuelide Template Fuel Bumup (MWd)' Bumup (MWd)' (Gi) Inventories(Gi) Inventories(Gi) Group (bounding) 
Ae-227 6.6471E-09 3,750.412 3,750.412 O.OOE-tOO 2.49E-{)5 2.49E-05 AV9. MeV
 
)lm-241 2.9452E~-- 3)50:412 3,750.412 O.OOE-tOO 1.10E-{)3 1.10E-{)3
 0.0150 6.405E+14 
Am-242m O.OOOOE-tOO 3,750-:412 3,750.412. O.OOE-tOO O.OOE-tOO O.OOE-tOO 0.0250 1.548E+14 
Am-243 8.4009E-15 3,750.412 3,750.412 O.OOE-tOO 3.15E-11 3.15E-11 0.0375 1.291E+14 
C-14 2.1799E-05 3,750.412 3,750.412 O.OOE-tOO 8.18E-02 8.18E-02 0.0575 1.245E+14 
CI-36 5.5188E-08 3,750.412 3,750.412 O.OOE-tOO 2.07E-{)4 2.07E-04 0.0850 8.119E+13 
Cm-243 3.2145E-14 3,750.4'-2 3,750.412 O.OOE-tOO 1.21E-10 1.21E-10 0.1250 6.297E+13 
em-244 1.6510E-15 3,750.412 3,750.412 O.OOE-tOO 6.19E-12 6.19E-12 0.2250 6.788E+13 
Co-6O 1.0840E-01 3,750.412 3,750.412 O.OOE-tOO 4.07E+02 4.07E+02 0.3750 4.178E+13 
Cs-134 1.4973E-{)2 3,750.412 3,750.412 O.OOE-tOO 5.62E+01 5.62E+01 0.5750 4.204E+14 

Cs-135 4.4996E-OS 3,750.412 3,750.412 O.OOE-tOO 1.69E-{)1 1.69E-01 0.8500 1.0:i5E~i3 
Cs-137 2.7543E-tOO 3,750.412 3,750.412 O.OOE-tOO 1.03E+04 1.03E+04 1.2500 3.340E+13 
Eu-154 2.0793E-{)3 3,750.412 3,750.412 O.OOE-tOO 7.80E-tOO 7.80E-tOO 1.7500 3,833E+11 
Eu-155 9.3809E-02 3,750.412 3,750.412 O.OOE-tOO 3.52E+02 3.52E~ 2.2500 8,324E+11 
Fe-55 4.2166E-02 3,750.412 3,750.412 O.OOE-tOO 1.58E+02 1.58E+02 2.7500 9.101E+09 
H-3 1.9055E-{)2 3,750.412 3,750.412 O.OOE-tOO 7.15E+Ol 7.15E+01 3.5000 1.099E+09 
1-129 1.1426E-{)6 3,750.412 3,750.412 O.OOE-tOO 4.29E-{)3 4.29E-03 5.ססOO 2.316E+02 
Kr-85 2.6861E-{)1 3,750.412 3,750.412 O.OOE-tOO 1.01E+03 1.01E+03 7.ססOO 1.941E+Ol 
Np-237 3.3099E-{)6 3,750.412 3,750.412 O.OOE-tOO 1.24E-02 1.24E-{)2 11.ססoo 1.750E+OO 
P":231 4.1655E-{)8 3,750.412 3,750.412 O.OOE-tOO 1.56E-{)4 1.56E-04 
Pb-21 0 1.1039E-13 3,750.412 3,750.412 O.OOE-tOO 4.14E-10 4.14E-10 
Pm-147 3.2093E-tOO 3,750.412 3,750.412 O.OOE-tOO 1.20E+04 1.20E+04 
Pu-238 2.1731 E-{)4 3,750.412 3,750.412 O.OOE-tOO 8.15E-{)1 8.15E-{)1 
Pu-239 1.9481E-{)2 3,750.412 3,750.412 O.OOE-tOO 7.31E+01 7.31E+01 
Pu-240 6.8141E-{)5 3,750.412 3,750.412 O.OOE-tOO 2.56E-01 2.56E-01 
Pu-241 1.7708E-{)5 3,750.412 3,750.412 O.OOE-tOO 6.64E-{)2 6.64E-{)2 
Pu-242 4.3751E-13 3,750.412 3,750.412 O.OOE-tOO 1.64E-{)9 1.64E-09 
Ra-226 1.0792E-12 3,750.412 3,750.412 O.OOE-tOO 4.OSE-{)9 4.05E-{)9 
Ra-228 1.6234E-11 3,750.412 3,750.412 O.OOE-tOO 6.09E-{)6 6.09E-{)8 
Ru-106 2.8173E-{)1 3,750.412 3,750.412 O.OOE-tOO 1.06E+03 l.06E+03 
86079 1.6493E-{)5 3,750.412 3,750.412 O.OOE-tOO 6.19E-{)2 6.19E-{)2 
8n·126 3.7581E-OS 3,750.412 3,750.412 O.OOE-tOO 1.41E-{)1 1.41E-01  8r-90 2.4611 E-tOO 3,750.412 3,750.412 O.OOE-tOO 9.23E+03 9.23E+03 
Tc·99 4.4B42E-04 3,7so.412 3,750.412 O.OOE+OO 1.68E+OO 1.68E+OO 
Th-229 9.4814E-12 3,750.412 3,750.412 O.OOE-tOO 3.56E-{)6 3.56E-{)8 
Th-230 4.6717E-10 3,750.412 3,750.412 O.OOE-tOO 1.75E-{)6 1.75E-{)6 
Th-232 2.3674E-11 3,750.412 3,750.412 O.OOE-tOO 8.88E-{)8 8.88E-08 
T1-208 7.2112E-09 3,750.412 3,750.412 O.OOE-tOO 2.70E-OS 2.70E-{)5 
U-232 2.1032E-{)8 3,750.412 3,750.412 O.OOE-tOO 7.89E-{)5 7.89E-{)5 Thermal Power
 
U-233 9.5326E-09 3,750.412 3,750.412 O.OOE-tOO 3.58E-OS 3.58E-OS
 Nominal Heat Bounding 
U-234 4.8711 E-{)6 3,750.412 3,750.412 O.OOE-tOO 1.83E-02 1.83E-02 Output Heat Output 
U-235 -2.3191 E-{)6 3,750.412 0.000 2.07E-{)2 1.21E-02 2.07E-{)2 /Watts) /Wattsi 
U-236 1.2831 E-{)5 3,750.412 3,750.412 O.OOE-tOO 4.74E-{)2 4.74E-{)2 1.63E+02 1.63E+02 
U-238 -9.5407E-{)8 3,750.412 0.000 9.38E-{)3 9.02E-{)3 9.38E-{)3 Total Total
 
Y-90 2.4611 E-tOO 3,750.412 3,750.412 O.OOE-tOO 9.23E+03 9.23E+03
 
Other RadiOnuelides 1.79E+04 1.79E+04
 
m. Tenmlate Selection s.m-rv. Bumo .andChedol 
Template Selection Summary 

FromSFD Us8d Basis lor Parameter Differences;
 
Reactor_: FAST FAST This Templata was used for the following reasons:
 

Fuel Cladding: SST ZIRG Th~ fuel maI_ on all parameters except cladding and enrichment (unknown).
 
BOL HM eonstltuents: U METAL U 

BOL Enrichment %: 10to40 

Bumup Summary (MWd)" Basis for bumup used in estimate: 
FromSFD

Nomin8l:11 + ~3,750.".!2 Nominal bumup sel equal 10 bounding bumup. 
Bounding:1 . -- 3,750.412 Bounding bumup taken from 8FO and converted to MWd using BOL=37.S04kg 

Checks 

Estimated Bumupf 
BumuD Mu1tiD11er Given BumuD Estimated EOL HMlGlven EOL HM 

Nominal: 32.00 I 1.031 
Bounding: 32.00 ,

Reactor shutdown, core removal, storage, shlppmg or other date conflnnlng that Irradiation ceased for fuel. 

2Total bumup for all fuel associated with this worksheet must be civided by BOl heavy metal mass to get specific bumup values (MWdIMT). 
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and TeqJlate Infonnatioo Estimated 

Fuel Name: E8WR 'Fuel decay start date:
 1966 Canister usage: 
SNFID#: 65 Estimates as of:
 2010 18"xl0' 

Fuel Units & Oeser: 61 - 6 FLAT PLATES Template:
 PWR (Ught Water. Zire. 0 to 5~o. U) 5.08 
Heavy Metal Mas.: S01..=1636.02kg ; E01..=1603.52kg 'Template Bumup(MWd):
 61.92 
ROD Storage Slta: INEEl Template BOl Heavy Metal Ma•• (MT):
 0.00176911 

Template Decay Time'
 35 years 
n. Estimates m x. x. b y. y. Gamma Sources 

Pholon Total 
CilMWd From Nominal Bounding Fuel Inilial Activity Nominal Fuel Bounding Fuel Energy Pholons/sec 

Radionuclide Templale Fuel Burnup (MWd)' Bumup (MWd)' (Ci) Invenlories(Ci) Invenloriea(Ci) Group (bounding) 
Ac-227 8.7758E-l0 30,906.724 61,813.447 O.OOE+OO 2.71E-05 5.42E-05 Avg. MeV 
Am-241 1.4352E-Ql 30,906.724 61,813.447 O.OOE+OO 4.44E+03 8.87E+03 0.0150 3.326E+15 
Am-242m 2.8698E-04 30,906.724 61,813.447 O.OOE+OO 8.87E+OO l.77E+Ol 0.0250 6.707E+14 
Am-243 6.2565E-Q4 30,906.724 61,813.447 O.OOE+OO 1.93E+Ol 3.87E+Ol 0.0375 6.397E+14 
C-14 4.7901E-05 30,906.724 61,813.447 O.OOE+OO 1.48E+OO 2.96E+OO 0.0575 7.391E+14 
CI-36 8.0297E-Q7 30,906.724 61,813.447 O.OOE+OO 2.48E-02 4.96E-Q2 0.0850 3.721E+14 
Cm-243 2.5081E-Q4 30,906.724 61,813.447 O.OOE+OO 7.75E+OO 1.55E+Ol 0.1250 2.582E+14 
Cm-244 4.9015E-02 30,906.724 61,813.447 O.OOE+OO 1.51E+03 3.03E+03 0.2250 3.191E+14 
Co-GO 2.5581E-03 30,906.724 61,813.447 O.OOE+OO 7.91E+Ol 1.58E+02 0.3750 1.372E+14 
Cs-l34 4.0536E-05 30,906.724 61,813.447 O.OOE+OO 1.25E+OO 2.51E+OO 0.5750 3.192E+15 
Cs-l35 1.4433E-05 30,906.724 61,813.447 O.OOE+OO 4.48E-Ol 8.92E-01 0.8500 4.415E+13 
Cs-137 1.3979E+OO 30,906.724 61,813.447 O.OOE+OO 4.32E+04 8.64E+04 1.2500 4.337E+13 
Eu-l54 2.0203E-Q2 30,906.724 61,813.447 O.OOE+OO 6.24E+02 1.25E+03 1.7500 1.299E+12 
Eu-155 1.7684E-03 30,906.724 61,813.447 O.OOE+OO 5.47E+Ol 1.09E+02 2.2500 2.092E+08 
Fe-55 4.3136E-Q5 30,906.724 61,813.447 O.OOE+OO l.33E+OO 2.67E+OO 2.7500 4.284E+08 
H-3 2.0769E-02 30,906.724 61,813.447 O.OOE+OO 6.42E+02 1.28E+03 3.5000 4.413E+07 
1-129 9.8288E-07 30,906.724 61,813.447 O.OOE+OO 3.04E-02 6.08E-02 5.ססOO 1.886E+07 
Kr-85 2.8214E-02 30,906.724 61,813.447 O.OOE+OO 8.72E+02 1.74E+03 7.ססOO 2.174E+06 
Np-237 1.1218E-05 30,906.724 61,813.447 O.OOE+OO 3.47E-Ol 6.93E-Ol 11.ססOO 2.497E+05 
Pa-231 1.3036E-09 30,906.724 61,813.447 O.OOE+OO 4.03E-05 8.ooE-Q5 
Pb-21 0 8.5078E-ll 30,906.724 61,813.447 O.OOE+OO 2.63E-oo 5.26E-Q6 
Pm-147 3.6531E-04 30,906.724 61,813.447 O.OOE+OO 1.13E+Ol 2.26E+Ol 
-Pu-238 7.4564E-Q2 30,906.724 61,813.447 O.OOE+OO 2.3OE+03 4.61E+03 
Pu-239 1.1623E-Q2 30,906.724 61,813.447 O.OOE+OO 3.59E+02 7.18E+02 
Pu-240 1.5132E-Q2 30,906.724 61,813.447 O.OOE+OO 4.68E+02 9.35E+02 
Pu-241 9.0036E-Ql 30,906.724 61,813.447 O.OOE+OO 2.78E+04 5.57E+04 
Pu-242 6.4260E-Q5 30,906.724 61,813.447 O.OOE+OO 1.99E+OO 3.97E+OO 
Ra-226 2.2804E-l0 30,906.724 61,813.447 O.OOE+OO 7.05E-oo 1.41E-Q5 
Ra-228 5.2713E-12 30,906.724 61,813.447 O.OOE+OO 1.63E-07 3.26E-Q7 
Ru-loo 6.1160E-l0 30,906.724 61,813.447 O.OOE+OO 1.89E-05 3.78E-Q5 
5e-79 1.2377E-05 30,906.724 61,813.447 O.OOE+OO 3.83E-Ol 7.65E-Ql 
5n-126 2.5210E-Q5 30,906.724 61,813.447 O.OOE+OO 7.79E-Ol 1.56E+OO 
5r-90 9.1867E-Ql 30,906.724 61,813.447 O.OOE+OO 2.83E+04 5.67E+04 
Tc-99 3.9357E-04 30,906.724 61,813.447 O.OOE+OO 1.22E+Ol 2.43E+Ol 
Th-229 1.2057E-l0 30,906.724 61,813.447 O.OOE+OO 3.73E-Q6 7.45E-Q6 
Th-23O 2.1043E-Q8 30,906.724 61,813.447 O.OOE+OO 6.50E-Q4 1.3OE-Q3 
Th-232 5.2972E-12 30,906.724 61,813.447 O.OOE+OO 1.64E-Q7 3.27E-Q7 
T1-208 1.7474E-Q7 30,906.724 61,813.447 O.OOE+OO 5.40E-Q3 1.08E-Q2 
U-232 4.7368E-Q7 30,906.724 61,813.447 O,OOE+OO 1,48E-Q2 2.93E-Q2 Thermal Power 
U-233 2,5097E-Q8 30,906.724 61,813.447 O.OOE+OO 7.76E-Q4 1.55E-03 Nominal Heat Bounding 
U-234 5.0000E-Q5 30,906.724 61,813.447 O.OOE+OO 1.55E+OO 3.09E+OO Oulpul HealOulpul 
U-235 -1.4489E-oo 30,906.724 0.000 2.11E-Ql 1.68E-Ql 2.11E-Ql /Watts\ /Watts\ 
U-236 7.5624E-Q6 30,906.724 61,813.447 O.OOE+OO 2.34E-Ql 4.69E-Ql 7.11E+02 1.42E+03 
U-238 -2.6129E-Q7 30,906.724 0.000 5.17E-Ql 5.09E-Ql 5.17E-Ql Total Total 
V-90 9.1699E-Ql 30,906.724 61,813.447 O.OOE+OO 2.83E+04 5.67E+04 
Other Radionuclides 4.15E+04 8.3OE+04 
m. Temolate Selection Summarv, BumuD Summarv,illld CJledai. 
Template Selection Summary 

FromSFD lJHd Basis for Parameter Differences:
 
Reactor Moderator: UGHTWATER UGHTWATER This Temp!ate was used for the following reasons:
 

Fuel Cladding: ZIRC-2 ZIRC This fuel matches PWR Terr¢rte on all but one parameter (enrichment) making PWR. reasonable 
BOL HM Constituents: U match. 

SOL Enrichmont %: f----- 5.97~~~29 0105 

Bumup Summary (MWd) Basis for bumup used in estimate: 
From SFD Estimated 

Nomlnal:II- ---::-::::. _I 30,906.724 Nominal bumup calculated from tha heavy metal mass destroyed. 
Bounding: 2.6t 7-:632[- ~~~-61 ~8'1i447 Bounding bumup assumed to be rwice nominal bumup. 

Checks 

Estimated Bumupf 
Bumup Multiplier Given Bumup Estimated EOl HMlGlven EOl HM 

0.54 Nomln8Ii~J----- I 1.001
Bounding: 1.08 23.61,

Reactor shutdown. core removal. storage, shipping or other date confirming that Irradiation ceased for fuel.
 

2Total bumup for all fuel associated with this Yt'Orksheet must be divided by BOL heavy metal mass to get sp9Cific bumup values (MWcVMT).
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Tenq>late Information Estimated 

Fuel Name: EBWR 1FueI decay start date: 1966 Canister usage: 
SNFID#: 63 Estimates as of: 2010 18"xl0' 

Fuel Units & Doser: 25 - 6 FLAT PLATES Template: (Worst Case) 2.08 
Heavy _I Mass: BOl=986.ookg : EOl=932.56kg 'Template Bumup(MWd): 62.5 
ROD Storage Site: INEEl Template BOl Heavy Metal Mass (MT): 0.00186865 

Template Decay Time' 35 years 
n. Estimates m x" Xb b y" Yb Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photonslsec 

Radionuclide Template Fuel Bumup (MWd)2 Bumup (MWd)2 (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ae-227 2.3072E-06 50,784.462 101,568.923 O.OOE-+OO 1.17E-01 2.34E-Ol Avg. MeV 
Am-241 8.4448E-+OO 50,784.462 101,568.923 O.OOE-+OO 4.29E-IOS 8.58E+05 O.OlSO 1.253E+17 
Am-242m 1.6846E-02 50,784.462 101,568,923 O.OOE-+OO 8.56E+02 1.71E+03 O.02SO 2.4nE+16 
Am-243 1.6320E-Q2 50,784.462 101 ,568.923 O.OOE-+OO 8.29E+02 1.68E+03 0.0375 2.164E+16 
C-14 1.2090E-Ol 50,784.462 101 ,568.923 O.OOE-+OO 6.14E+03 1.23E+04 0.0575 3.404E+16 
CI-36 2.2849E-03 50,784.462 101,568.923 O.OOE-+OO 1.16E+02 2.32E+02 0.08SO 1.329E+16 
Cm-243 8.6624E-04 50,784.462 101,568.923 O.OOE-+OO 4.40E+Ol 8.80E+01 0.1250 1.041E+16 
Cm-244 1.6846E-Ol 50,784.462 101,568.923 O.OOE-+OO 8.56E+03 1.71E+04 O.22SO 1.151E+16 
Co-GO 2.8086E+Ol 50,784.462 101 ,568.923 O.OOE-+OO 1.43E+06 2.85E+06 0.37SO 4.923E+15 
Cs-l34 3.4148E-Q4 50,784.462 101 ,568.923 O.OOE-+OO 1.73E+Ol 3.47E+Ol 0.57SO 8.006E+16 
Cs-135 4.3976E-04 50,784.462 101,568.923 O.OOE-+OO 2.23E+Ol 4.47E+Ol 0.8500 3.059E+15 
Cs-137 2.1049E+Ol 50,784.462 101,568.923 O.OOE-+OO 1.07E+06 2.14E+06 1.2500 2.139E+17 
Eu-l54 1.2500E-+OO 50,784.462 101,568.923 O.OOE-+OO 6.35E+04 1.27E+05 1.7500 9.461E+13 
Eu-155 6.8986E-Q2 50,784.462 101,568.923 O.OOE-+OO 3.50E+03 7.01E+03 2.2500 1.122E+12 
Fe-55 2.9308E-Ol 50,784.462 101,568.923 O.OOE-+OO 1.49E+04 2.98E+04 2.7500 3.161E+11 
H-3 2.4311E-Ol 50,784.462 101,568.923 O.OOE-+OO 1.23E+04 2.47E+04 3.5000 2.676E+08 
1-129 1.0618E-05 50,784.462 101,568.923 O.OOE-+OO 5.39E-Ol 1.OBE-+OO 5.ססOO 1.136E+08 
Kr-85 5.9862E-01 50,784.462 101 ,568.923 O.OOE-+OO 3.04E+04 6.OBE+04 7.ססOO 1.300E+07 
NJ}-237 1.5668E-Q4 50,784.462 101,568.923 O.OOE-+OO 7.96E-+OO 1.59E+Ol 11.ססOO 1.487E+06 
Pa-231 2.8656E-oB 50,784.462 101 ,568.923 O.OOE-+OO 1.46E-Ol 2.91E-Ol 
Pb-21 0 2.3918E-OB 50,784.462 101,568.923 O.OOE-+OO 1.21E-03 2.43E-03 
Pm-147 1.6900E-Q2 50,784.462 101,568.923 O.OOE-+OO 8.58E+02 1.72E+03 
Pu-236 -B.6123E-Ql 50,784.462 0.000 1.27E-IOS 8.30E+04 1.27E+05 
Pu-239 -4.8440E-02 50,784.462 0.000 1.53E+04 1.29E+04 1.53E+04 
Pu-240 -3.0095E-Ol 50,784.462 0.000 1.96E+04 4.29E+03 1.96E+04 
Pu-241 -1.0411E+02 50,784.462 0.000 5.04E+06 O.OOE-+OO 5.04E+06 
Pu-242 -1.1381E-04 50,784.462 0.000 8.47E+Ol 7.90E+Ol 8.47E+Ol 
Ra-226 6.4400E-oB 50,784.462 101 ,568.923 O.OOE-+OO 3.27E-Q3 6.54E-Q3 
Ra-228 5.9952E-Q7 50,784.462 101 ,568.923 O.OOE-+OO 3.04E-Q2 6.09E-02 
Ru-l06 8.5526E-Q7 50,784.462 101,568.923 O.OOE-+OO 4.34E-02 8.69E-02 
5e-79 1.9181E-Q4 50,784.462 101 ,568.923 O.OOE-+OO 9.74E-+OO 1.95E+Ol 
50-126 1.6671E-Q4 50,784.462 101,568.923 O.OOE-+OO 8.47E-+OO 1.69E+Ol 
Sr-90 1.9799E+Ol 50,784.462 101,568.923 O.OOE-+OO 1.01E+06 2.01E+06 
Te-99 6.7678E-Q3 50,784.462 101,568.923 O.OOE+OO 3.44E+02 6.87E+{)2 
Th-229 1.7486E-oB 50,784.462 101,568.923 O.OOE-+OO 8.86E-Q2 1.78E-Ol 
Th-230 5.8704E-oB 50,784.462 101,568.923 O.OOE-+OO 2.98E-Ql 5.96E-Ql 
Th-232 6.0208E-Q7 50,784.462 101,568.923 O.OOE-+OO 3.06E-Q2 6.12E-02 
T1-2OB 8.7573E-05 50,784.462 101,568.923 O.OOE-+OO 4.45E-+OO 8.89E-+OO 
U-232 2.3706E-Q4 50,784.462 101,568.923 O.OOE-+OO 1.20E+Ol 2.41E+Ol Thenmal Power 
U-233 3.6128E-04 50,784.462 101 ,568.923 O.OOE-+OO 1.83E+Ol 3.67E+Ol Nominal Heat Bounding 
U-234 1.2788E-Q2 50,784.462 101 ,568.923 O.OOE+OO 6.49E+02 1.30E+03 Output Heal Output 
U-235 5.7486E-04 50,784.462 101,568.923 4.24E-Ol 2.96E+Ol 5.88E+Ol /Wattsl /Wattsl 
U-236 2.3485E-Q4 50,784.462 101,568.923 O.OOE+OO 1.19E+Ol 2.39E+Ol S_33E+04 1.06E+05 
U-238 1.1581E-Q4 50,784.462 101,568.923 5.28E-Q2 5.93E+OO 1.18E+Ol Total Total 
Y-90 1.9804E+Ol 50,784.462 101,568.923 O.OOE-+OO 1.01E+06 2.01E+06 
Other Radienuelides 3.13E+06 6.26E+06 
1lI.Template SeIeelion Summary, Burna ,and~ 
Template selection Summary 

FromSFD Used Basis for Parameter Differences:
 
Reactor-.tor. UGHTWATER C'NorstCase) IJhis Templale was used lor the followieg AlasOllS:
 

Fuel Cladding: I----=-~IRC SST~nconel Th~ luel dido' dosely match eny existing templates, _are the worst case f~laIe was used.
 
BOL HM Constituents: PU02-U02 U, Th, & Pu 

BOl Enrlch_' %: 0.222222216 010100 

Bumup Summary (MWd) Basis for bumup used in estimate: 
FromSFD Estimated 

Nomlnal:1 I SO,784.462 Norrinal bumup _ad from fhe heavy metal mass destroyed. 
Bounding:/ I 101,568.923 BoUnding bumup assumed to be twice nominal bumup.

Checks 

Estimated Bumupl 
Bumup Mumplier Given BumuD Estimated EOl HMfGlven EOl HM 

Nominal: 1.54 I 34.511 
Bounding: 3.08 , 

Reactor shutdown, core removal, storage, shlpptng or other date conflnmng that madiatlon ceased for fuel. 

~otal bumup for all fuel associated with this worksheet must be divided by BOL heavy metal mass to get specffic burrup values (MWdIMT). 
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Fuel Radionuclide Inventory Worksheet 
I. File! and Template W"fJQ4(ion Estimated 

Fuel Name: EBR-II, TREAT, MTR EXPER. & IPNS TARGET 'Fuel decay start date: 2050 Canister usage: 
SNF ID #: 1088 Estimates as ot: 2010 HIC 

Fuel Unils & Oeser: 1 - CANISTER OF SCRAP Template: FERMI (Fast. Zire, 10 to 40%, U) 2.DO 
_vy Metal Ma••: BOl= ; EOl=33.25kg "Template Bumup(MWd): 58.6725048 
ROD Storage Site: INEEL Template BOl _vy Metal Mass (MT): 0,018774 

Template Decay Time' 5 years 
n. Estimates m Xo x. b Yo Y. Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Bumup (MWd)' Burnup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ae-227 6.6471E-09 3,750.412 3,750.412 O.DOE-tOO 2.49E-05 2.49E-05 Avg. MeV 
Am-241 2.9452E-07 3,750.412 3,750.412 O.DOE-tOO 1.10E-03 1.10E-{)3 0.0150 6.405E+14 
Am-242m O.OOOOE-tOO 3,750.412 3,750.412. O.DOE-tOO O.DOE-tOO O.DOE-tOO 0.0250 1.548E+14 
Am-243 8.4D09E-15 3,750.412 3,750.412 O.DOE-tOO 3.15E-l1 3.15E-ll 0,0375 1.291E+14 
C-14 2.1799E-05 3,750.412 3,750.412 O.DOE-tOO 8.18E-02 8,18E-{)2 0.0575 1.245E+14 
CI-36 5,5188E-OB 3,750.412 3,750.412 O.DOE-tOO 2.07E-{)4 2.07E-{)4 0.0850 8.119E+13 
Cm-243 3.2145E-14 3,750.412 3,750.412 O.DOE-tOO 1.21E-l0 1,21E-l0 0,1250 6.297E+13 
Cm-244 1,6510E-15 3,750.412 3,750.412 O,DOE-tOO 6.19E-12 6.19E-12 0.2250 6.788E+13 
Co-60 1.0640E-{)1 3,750.412 3,750.412 O.DOE-tOO 4,07E+02 4.07E+02 0.3750 4.178E+13 
Cs-l34 1.4973E-{)2 3,750.412 3,750.412 O.DOE-tOO 5.62E+01 5.62E+01 0.5750 4.204E+14 
Cs-135 4.4996E-{)5 3,750.412 3,750.412 O.DOE-tOO 1.69E-{)1 1,69E-{)1 0.8500 1.035E+13 
Cs-137 2.7543E-tOO 3,750.412 3,750.412 O.DOE-tOO 1.03E+04 1.03E+04 1.2500 3.340E+13 
Eu-l54 2.0793E-{)3 3,750.412 3,750.412 O.DOE-tOO 7.80E-tOO 7.80E-tOO 1.7500 3.833E+11 
Eu-155 9.3809E-02 3,750.412 3,750.412 O.DOE-tOO 3.52E+02 3.52E+02 2.2500 8.324E+ll 
Fe-55 4.2166E-02 3,750.412 3,750.412 O.DOE-tOO 1.58E+02 1.58E+02 2.7500 9.101E+09 
H-3 1.9055E-02 3,750.412 3,750.412 O.DOE-tOO 7.15E+Ol 7.15E+01 3.5000 1.099E+09 
1-129 1.1426E-{)6 3,750.412 3,750.412 O.DOE-tOO 4.29E-{)3 4,29E-03 5.ססOO 2.316E+02 
Kr-85 2.8861E-Ol 3,750.412 3,750.412 O.DOE-tOO 1.01E+03 1.01E+03 7.ססOO 1.941E+Ol 
Np-237 3.3099E-06 3,750.412 3,750.412 O.DOE-tOO 1,24E-02 1.24E-02 11.ססOO 1.750E+OO 
Pa-231 4.1655E-{)8 3,750.412 3,750.412 O.DOE-tOO 1.56E-{)4 l.58E-04 
Pb-210 1.1039E-13 3,750.412 3,750.412 O.DOE-tOO 4.14E-l0 4.14E-l0 
Pm-147 3.2OQ3E-tOO 3,750.412 3,750.412 O.DOE-tOO 1.20E+04 1.20E+04 
Pu-238 2.1731 E-{)4 3,750.412 3,750.412 O.DOE-tOO 8.15E-{)1 8.15E-Ol 
Pu-239 1.9481E-{)2 3,750.412 3,750.412 O.DOE-tOO 7.31E+Ol 7.31E+Ol 
Pu-240 6,8141E-{)5 3,750.412 3,750.412 O.DOE-tOO 2.56E-Ol 2.56E-Ol 
Pu-241 1.77OBE-05 3,750.412 3,750.412 O.DOE-tOO 6.64E-02 6.64E-02 
Pu-242 4.3751E-13 3,750.412 3,750.412 O.DOE-tOO 1.64E-09 1.64E-09 
Ra-226 1.0792E-12 3,750.412 3,750.412 O.DOE-tOO 4.05E-09 4.05E-OQ 
Ra-228 1.6234E-11 3,750.412 3,750.412 O.DOE-tOO 6.OQE-OB 6.09E-{)8 
RU-l06 2.8173E-01 3,750.412 3,750.412 O.DOE-tOO 1.06E+03 l.06E+03 
Se-79 1.6493E-{)5 3,750.412 3,750.412 O.DOE-tOO 6.19E-02 6.19E-02 
Sn-126 3.7581E-05 3,750.412 3,750,412 O.DOE-tOO 1,41E-Ol 1.41E-Ol 
Sr-90 2.4611E-tOO 3,750.412 3,750.412 O.DOE-tOO 9.23E+03 9.23E+03 
Tc-99 4.4842E-{)4 3,750.412 3,750.412 O.DOE-tOO 1.68E-tOO 1.68E-tOO 
Th-229 9.4814E-12 3,750.412 3,750,412 O.DOE-tOO 3.58E-{j8 3.56E-{)8 
Th-230 4.6717E-l0 3,750.412 3,750.412 O.DOE-tOO 1.75E-{)6 1,75E-{)6 
Th-232 2.3674E-ll 3,750.412 3,750.412 O.DOE-tOO 8.88E-{)B 8.88E-OB 
T1-2OB 7.2112E-09 3,750.412 3,750.412 O.DOE-tOO 2.70E-05 2.70E-{)5 
U-232 2.1032E-08 3,750.412 3,750.412 O.DOE-tOO 7.89E-{)5 7.89E-05 Thenmal Power 
U-233 9.5326E-{)9 3,750.412 3,750.412 O.DOE-tOO 3.58E-05 3.58E-05 Nominal Heat Bounding 
U-234 4.8711 E-{)6 3,750.412 3,750.412 O.DOE-tOO 1.83E-02 1.83E-02 Output HeatOu1put 
U-235 -2.3191 E-{)6 3,750.412 0.000 2.07E-{)2 1.21E-02 2.07E-{)2 /Watts\ /Watts\ 
U-236 1.2631 E-{)5 3,750.412 3,750.412 O.DOE-tOO 4.74E-02 4.74E-{)2 1.63E+02 1.63E+02 
U-238 -9.5407E-{)8 3,750.412 0.000 9.38E-{)3 9.02E-03 9.38E-03 Total Total 
Y-90 2.4611E-tOO 3,750.412 3,750.412 O.DOE-tOO 9.23E+03 9.23E+03 
Other Radionuelides 1,79E+04 1.79E+04 
.m. T"'1IIlIltte SeIeetHm SumnllwY.1IlJm1l alldChed<s 
TemDlate selection Summary 

FromSFD
 Used Basis for Parameter Differences: 
Resctor_ FAST
 FAST
 This Template was used for the following reasons: 

File! Cladding: SST
 ZIRC
 Th~ fuel matches on ell pammettlfS except dadding and enrichment (unilnown). 
SOL HM eon_Is: U METAL
 U
 

BOl Enrichment %: 101040
 

Bumup Summary (MWd)' Basis for bumuD used in estimate: 
FromSFD Estimated 

Nominal:1 3,750.412 NomInal bomup set equal to bounding bumup. 
BCKlnding:1 I 3,750.412 Bounding bumup taken from SFD and converted to MWd using BO~7.504kg 

Checks
 

estimated Bumupl
 
Bumup Multiplier Given Bumup Estimated EOl HMlGlven EOl HM 

Nominal: 32,00 I 1.031 
Bounding: 32,00,

Reaetor shutdown. core removal, storage, shipping or other date conflnmng that IrradiatIon ceased for fuel.
 

2Total bumup for all fuel associated with this worKsheet must be divided by SOL heavy metal mass to get specific bumup values (MWd"MT).
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Fuel Radionuclide Inventory Worksheet 

J. Fuel and Template lJIfol1ll3tion Estimated 
Fuel Name: ESWR 'Fuol decay start date:
 1966 Canister usage: 

SNFID#: 60 Estimates as of:
 2010 18"xl0' 
Fuel Units & Oeser: 51 - 6 FLAT PLATES Template:
 PWR (Ught Water, Zire. 0 to 5%, U) 4.25 
Heavy Metal Mao.: BOl=1358.64k9 ; EOL=1357.82k9 ~emplate Bumup(MWd):
 61.92 
ROD Storsge Site: INEEL Template SOL Hsavy Metal Mas. (MT):
 0.00176911 

Template Decay Time'
 35 years 
n. Estimates m x" Xb b y" Yb Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Burnup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group {bounding) 
Ac-227 8.7758E-l0 775.977 1,551.955 O.OOE..oo 6.81E-07 l.36E-06 Avg. MeV 
-Am-241 1.4352E-Ol 775.977 1.551.955 O.OOE..oo 1.11E-+02 2.23E-+02 0.0150 8.351E+13 
Am-242m 2.8698E-D4 775.977 1,551.955 O.OOE..oo 2.23E-Ql 4.45E-Ol 0.0250 1.684E+13 
Am-243 6.2565E-04 775.977 1.551.955 O.OOE..oo 4.85E-Ql 9.71E-Ol 0.0375 1.606E+13 
C-14 4.7901E-Q5 775.977 1,551.955 O.OOE..oo 3.72E-02 7.43E-02 0.0575 1.856E+13 
CI-36 8.0297E-07 775.977 1,551.955 O.OOE..oo 6.23E-04 1.25E-03 0.0850 9.344E+12 
Cm-243 2.5081E-04 775.977 1.551.955 O.OOE..oo 1.95E-Ol 3.89E-Ol 0.1250 6.484E+12 
Cm-244 4.9015E-02 775.977 1.551.955 O.OOE..oo 3.80E-+Ol 7.61E-+Ol 0.2250 8.012E+12 
Co-6O 2.5581E-03 775.977 1.551.955 O.OOE..oo 1.99E..oo 3.97E..oo 0.3750 3.445E+12 
Cs-l34 4.0536E-05 775.977 1.551.955 O.oOE..oo 3.15E-02 6.29E-02 0.5750 8.013E+13 
Cs-135 1.4433E-05 775.977 1,551.955 O.OOE..oo 1.12E-02 2.24E-02 0.8500 1.109£+12 
Cs-137 1.3979E..oo 775.977 1.551.955 O.OOE..oo 1.08E-+03 2.17E+03 1.2500 1.089E+12 
Eu·l54 2.0203E-02 775.977 1,551.955 O.OOE..oo 1.57E-+Ol 3.14E-+Ol 1.7500 3.261E+10 
Eu-155 1.7684E-03 775.977 1,551.955 O.OOE..oo 1.37E..oo 2.74E..oo 2.2~___~56E+06 

Fe-55 4.3136E-05 775.977 1,551.955 O.OOE..oo 3.35E-02 6.69E-02 2.7500 1.076E+07 
H-3 2.0769E-02 775.977 1,551.955 O.OOE..oo 1.61E-+Ol 3.22E-+Ol 3.5000 1.110E+06 
1-129 9.8286E-07 775.977 1.551.955 O.OOE..oo 7.63E-04 1.53E-03 5.ססOO 4.746E+05 
Kr-85 2.8214E-02 775.977 1.551.955 O.OOE..oo 2.19E-+Ol 4.38E-+Ol 7.ססOO 5.470E+04 
Np-237 1.1218E-05 775.977 1.551.955 O.OOE..oo 8.ioE-Q3 1.74E-02 11.ססOO 6.283E+03 
Pa-231 1.3036E-Q9 775.977 1.551.955 O.OOE..oo 1.01E-DB 2.02E-06 
Pb-210 8.5078E-ll 775.977 1.551.955 O.OOE..oo 6.80E-oB 1.32E-07 
Pm-147 3.6531E-04 775.977 1.551.955 O.OOE-+OO 2.83E-Ql 5.67E-Ql 
Pu-238 7.4564E-02 775.977 1,551.955 O.OOE..oo 5.79E-+Ol 1.16E-+02 
Pu-239 1.1623E-02 775.977 1,551.955 O.OOE..oo 9.02E..oo 1.80E-+Ol 
Pu-240 1.5132E-02 775.977 1,551.955 O.ooE..oo 1.17E-+Ol 2.35E-+Ol 
Pu-241 9.oo36E-Ol 775.977 1,551.955 O.ooE..oo 6.99E-+02 1.40E-+03 
Pu-242 6.4280E-05 775.977 1,551.955 O.OOE..oo 4.99E-Q2 9.97E-02 
Ra-226 2.2804E-l0 775.977 1,551.955 O.ooE..oo 1.77E-Q7 3.54E-07 
Ra-228 5.2713E-12 775.977 1,551.955 O.ooE..oo 4.09E-Q9 8.18E-Q9 
Ru-106 6.1180E-l0 775.977 1,551.955 O.ooE..oo 4.75E-Q7 9.49E-07 
5e-79 1.2377E-Q5 775.977 1,551.955 OroE-+OO 9.60E-Q3 1.92E-02 
5n·126 2.5210E-Q5 775.977 1,551.955 O.ooE..oo 1.96E-Q2 3.91E-Q2 
5r-90 9.1667E-Ql 775.977 1.551.955 O.ooE..oo 7.11E+02 1.42E+03 
Tc-99 3.9357E-D4 775.977 1.551.955 O.ooE..oo 3.05E-Ql 6.11E-Ql 
Th-229 1.2057E-l0 775.977 1.551.955 O.ooE..oo 9.36E-oB 1.87E-Q7 
Th-230 2.1043E-oB 775.977 1.551.955 O.ooE..oo 1.63E-Q5 3.27E-Q5 
Th-232 5.2972E-12 775.977 1.551.955 O.ooE..oo 4.11E-Q9 8.22E-09 
TI-208 1.7474E-Q7 775.977 1.551.955 O.ooE..oo l.36E-D4 2.71E-04 
U-232 4.7368E-Q7 775.977 1,551.955 O.OOE..oo 3.68E-D4 7.35E-Q4 Thermal Power 
U-233 2.5097E-oB 775.977 1,551.955 O.ooE..oo 1.95E-Q5 3.89E-05 Nominal Heat Bounding 
U-234 5.0000E-Q5 775.977 1,551.955 O.ooE..oo 3.8BE-Q2 7.76E-Q2 Output Heat Output 
U-235 -1.4489E-Q6 775.977 0.000 2.09E-Q2 1.98E-Q2 2.09E-Q2 (Watts) (Watts) 
U-236 7.5824E-Q6 775.977 1,551.955 O.ooE..oo 5.88E-Q3 1.18E-02 1.79E+Ol 3.57E+01 
U-238 -2.6129E-07 775.977 0.000 4.53E-Ql 4.53E-Ql 4.53E-Ql Total Total 
V-90 9.1699E-Ql 775.977 1,551.955 O.ooE..oo 7.12E-+02 1.42E-+03 
Other Radionuclides l.04E+03 2.08E-+03 
m. Template Selectioll Summant,lJ_ ,.n<J¢heel>s 
Template Selection Summary 

FromSFD Used Basis for Parameter Differences: 
Reactor Moderatcr: UGHTWATER LIGHT WATER 

Fuel Cladding: ZIRC-2 ZIRC 
BOL HM Constituents: U02 U 

SOL Enrichment %: 0.711000391 Ot05 

Bumup Summary (MWd) Basis for bumup used in estimate: 
FromSFD I Estimated 

Nomlnlll:1 I n5.9n Nominal bumup calOJlaled from tho heavy motal mass destroyed.
Boundlng:II---------+--I--~-lc:.55::O:-'l~9s5 Bouncing bumup assumed to belwico nominal bumup. 

Checks 

Estimated Sumupl' 
BumuD MultlDlier Given BumuD Estimalr>d EOL HMlGiven EOL HM

Nomlnlll: 0.02 I 1.001 
Bounding: 0.03 ,

Reactor shutdown. core removal. storage, stUPPlng or other date confnmlng that lnadiatlon ceased for fuel.
 

2Total bumup for all fuel associated with this worksheet must be divided by BOl heavy metal mass to get specific bumup values (MWd'MT).
 

DOEl5NF/REP-Q78 December 2003 
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Fuel Radionuclide Inventory Worksheet 
1. Fuel and Template InIormation	 Estimated 

Fuel Name: EBWR (FUEL FOLLOWER) 'Fuel decay start date: 1966 Canister usage: 
SNFID#: 740 Estimates as of: 2010 HIC 

Fuel Units & Oeser: 4 - CANiSTER OF SCRAP Template: Pathfinder (Ught Water, SST, 60 to 100%. U) 1.00 
Heavy Metal Masa: BO~1.76kg : EO~1.73kg 'Template Bumup(MWd): 6.01 
ROD Storage Site: INEEL Template BOL _vy Metal Mass (MT): 0.00012882
 

Template Decay Time' 35 years
 

n.£st:imaU\lj m x. x. b y. y. Gamma Sources 
Photon Total 

CilMWd From Nominal
 Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 
Radionuclide Template Fuel Bumup (MWd)'
 Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ae-227 2.3344E-08 29.851
 59.702 O.ooE+OO	 6.97E-07 1.39E-Q6 Avg. MeV 
Am-241 1.1135E-04 29.851 59.702 O.ooE+OO	 3.32E-03 6.65E-Q3 0.0150 4.456E+12 
Am-242m 8.5075E-09 29.851 59.702 O.ooE+OO	 2.54E-Q7 5.08E-07 0.0250 9.260E+11 
Am-243 9.8519E-l0 29.851 59.702 O.ooE+OO	 2.94E-oB 5.88E-08 0.0375 8.009E+11 
C-14 2.3012E-04 29.851 59.702 O.ooE+OO	 6.87E-03 1.37E-Q2 0.0575 8.633E+l1 
CI-36 1.2261E-08 29.851 59.702 O.ooE+OO	 3.66E-05 7.32E-05 0.0850 5.216E+ll 
Cm-243 2.4875E-l0 29.851 59.702 O.ooE+OO	 7.43E-09 1.49E-08 0.1250 3.387E+l1 
Cm-244 2.3178E-09 29.851 59.702 O.ooE+OO	 6.92E-08 1.38E-Q7 0.2250 4.491E+11 
Co-60 7.0849E-02 29.851 59.702 O.ooE+OO	 2.11E+OO 4.23E+OO 0.3750 1.958E+11 
Cs-l34 3.0266E-Q6 29.851 59.702 O.ooE+OO	 9.03E-Q5 1.81E-04 0.5750 3.226E+12 
Cs-135 3.0316E-05 29.851 59.702 O.ooE+OO	 9.05E-Q4 1.81E-03 0.8500 3.266E+l0 
Cs-137 1.4511E+OO 29.851 59.702 O.ooE+OO	 4.33E+<l1 8.66E+<l1 1.2500 3.246E+11 
Eu-l54 6.6955E-04 29.851 59.702 O.ooE+OO	 2.ooE-02 4.ooE-02 1.7500 8.425E+08 
EU-155 6.9850E-04 29.851 59.702 O.ooE+OO	 2.09E-Q2 4.17E-02 2.2500 1.749E+06 
Fe-55 1.2318E-03 29.851 59.702 O.ooE+OO	 3.68E-02 7.35E-02 2.7500 5.055E+04 
H-3 2.5141E-03 29.851 59.702 O.ooE+OO	 7.50E-02 1.50E-Ql 3.5000 3.862E+OO 
1-129 7.3195E-Q7 29.851 59.702 O.ooE+OO	 2.18E-05 4.37E-05 5.0000 1.591E+OO 
Kr-85 4.1281E-02 29.851 59.702 O.ooE+OO	 1.23E+OO 2.48E+OO 7.0000 1.759E-ol 
Np-237 1.1489E-Q6 29.851 59.702 O.ooE+OO	 3.43E-Q5 6.88E-05 11.0000 1.976E-02 
Pa-231 4.5241E-08 29.851 59.702 O.ooE+OO	 1.35E-06 2.70E-Q6 
Pb-21 0 6.4476E-13 29.851 59.702 O.ooE+OO	 1.92E-l1 3.85E-l1 
Pm-147 1.1651E-03 29.851 59.702 O.ooE+OO	 3.48E-Q2 6.96E-02 
Pu-238 2.9517E-04 29.851 59.702 O.ooE+OO	 8.81E-03 1.76E-Q2 
Pu-239 6.6772E-Q4 29.851 59.702 O.ooE+OO	 1.99E-02 3.99E-Q2 
Pu-240 8.6839E-Q5 29.851 59.702 O.ooE+OO	 2.59E-03 5.18E-Q3 
Pu-241 7.1514E-04 29.851 59.702 O.ooE+OO	 2.13E-Q2 4.27E-02 
PU-242 1.9717E-09 29.851 59.702 O.ooE+OO	 5.89E-oB 1.18E-07 
Ra-226 1.7654E-12 29.851 59.702 O.ooE+OO	 5.27E-ll 1.05E-l0 
Ra-228 8.2928E-12 29.851 59.702 O.ooE+OO	 2.48E-l0 4.95E-l0 
Ru-l06 1.8419E-l0 29.851 59.702 O.ooE+OO	 5.50E-Q9 1.10E-08 
8e-79 1.3223E-05 29.851 59.702 O.ooE+OO	 3.95E-Q4 7.89E-04 
8n-126 1.1493E-Q5 29.851 59.702 O.ooE+OO	 3.43E-04 6.86E-Q4 
8r-90 1.3649E+OO 29.851 59.702 O.ooE+OO	 4.07E+<l1 8.15E+<l1 
Te-99 4.6656E-Q4 29.851 59.702 O.ooE+OO	 1.39E-Q2 2.79E-02 
Th-229 1.4547E-ll 29.851 59.702 O.ooE+OO	 4.34E-l0 8.69E-l0 
Th-230 1.6617E-l0 29.851 59.702 O.ooE+OO	 4.96E-Q9 9.92E-Q9 
Th-232 8.3361E-12 29.851 59.702 O.ooE+OO	 2.49E-l0 4.98E-l0 
Tl-208 2.1864E-oB 29.851 59.702 O.ooE+OO	 6.47E-Q7 1.29E-06 
U-232 5.8669E-oB 29.851 59.702 O.ooE+OO	 1.75E-06 3.50E-06 Thermal Power 
U-233 3.1847E-Q9 29.851 59.702 O.ooE+OO	 9.51E-08 1.90E-Q7 Nominal Heat Bounding 
U-234 3.8769E-Q7 29.851 59.702 O.ooE+OO	 1.16E-Q5 2.31E-Q5 Output Heat Output 
U-235 -2.7761E-Q6 29.851 0.000 3.56E-Q3	 3.48E-Q3 3.56E-Q3 (Waltsl /Wattsl 
U-236 1.6190E-05 29.851 59.702 O.ooE+OO	 4.83E-Q4 9.67E-Q4 5.21E-Dl 1.04E+OO 
U-238 -2.8547E-09 29.851 0.000 3.76E-05	 3.76E-Q5 3.76E-Q5 Total Total 
Y-90 1.3652E+OO 29.851 59.702	 O.ooE+OO 4.08E+<l1
 8.15E+<l1 
Other Radionuelides 4.93E+<l1
 9.86E+<l1 
In. TemuJa1e~s..-rv,8unmll~.and()~ 
Template selection Summary 

FromSFD Used Basis for Parameter Differences:
 
Reactor Moderator: UGHTWATER UGHTWATER This Template was used for the fo!lowing reasons:
 

Fuel CladdIng: ZIRC SST This fuel matches Pathfinder Template on all but one parameter (cladding, but substituting Stainless
 
BOl HM Constituents: U02 U Steel ~ agood conservative assumption).
 

BOL Enr1chment %: 93.63636364 60 to 100 

Bumup Summary (MWd) Basis for bumup used in estimate: 
FromSFD Estimated 

Nominal: 29.851 Nominal bumup calculated from the heavy metal mass destroyed. 
Boundlng:1 59.702 Bounding bumup assumed to be twice nominal bumup. 

Checks 

Estimated Bumupl
Bumup Multiplier Given Bumup Estimated EOl HMlGlven EOl HM 

Nominal: 0.36 1 1.001 
Bounding:1 0.73 , 

Reactor shutdown, core removal, stomge, shiPPing or other date confirming that madiation ceased for fuel.
 

2Total bumup for all fuel associated \Vith this wot1<sheet must be divided by BOl heavy metal mass to get specific bumup values (MWdlMT). 

DOEl8NF/REP-Q78 December 2003 
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Fuel Radionuclide Inventory Worksheet 
J. Fuel and TeDlpIate lnfonuatioll ESlimated 

Fuel Name: EBWR (SPIKES) 'Fuel decay start date: 1966 Canister usage: 
SNFID#: 891 Estimates as of: 2010 18"x10' 

Fuel Units & Oeser: 31 - 7 X 7 ROD ARRAY Template: Pathfinder (Ught Water, SST. 60 to 100%, U) 2.58 
Heavy Metal Ma••: BOL:29.21k9 ; EOL:26.99k9 'Template Bumup(MWd): 6.01 
ROD Storage Site: INEEL Template BOL Heavy Matsl Ma•• (MT): 0.00012882 

Template Decay Time' 35 years 
D.Estimate!i m x" x. b y" y. Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial ActiVity Nominal Fuel Bounding Fuel Energy Photonsfsec 

Radionuclide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 2.3344E-Q8 2,093.811 4,187.623 O.ooE..oo 4.89E-05 9.78E-OS AV9·MeV 
Am-241 1.1135E-04 2,093.811 4,187.623 O.ooE..oo 2.33E-Ol 4.66E-Ol 0.0150 3.126E+14 
Am-242m 8.5075E-09 2,093.811 4,187.623 O.ooE..oo 1.78E-05 3.56E-05 0.0250 6.495E+13 
Am-243 9.8519E-l0 2,093.811 4.187.623 O.ooE..oo 2.06E-06 4.13E-06 0.0375 5.618E+13 
C-14 2.3012E-04 2,093.811 4,187.623 O.ooE..oo 4.82E-Ol 9.64E-Ol 0.0575 6.056E+13 
CI-36 1.2261E-06 2,093.811 4,187.623 O.OOE..oo 2.57E-03 5.13E-03 0.0850 3.659E+13 
Cm-243 2.4875E-10 2,093.811 4,187.623 O.ooE..oo 5.21E-07 1.04E-06 0.1250 2.376E+13 
Cm-244 2.3178E-09 2,093.811 4,187.623 O.ooE..oo 4.85E-06 9.71E-06 0.2250 3.149E+13 
Co-60 7.0849E-D2 2,093.811 4,187.623 O.ooE..oo 1.48E+02 2.97E+02 0.3750 1.374E+13 
Cs-l34 3.0266E-06 2,093.811 4,187.623 O.ooE..oo 6.34E-D3 1.27E-02 0.5750 2.263E+14 
Cs-135 3.0316E-05 2,093.811 4,187.623 O.ooE..oo 6.35E-02 1.27E-Dl 0.8500 2.291E+12 
Cs-137 1.4511E..oo 2,093.811 4,187.623 O.ooE..oo 3.04E+03 6.08E+03 1.2500 2.277E+13 
Eu-l54 6.6955E-04 2,093.811 4,187.623 O.ooE..oo l.40E..oo 2.80E..oo 1.7500 5.910E+l0 
EU-155 6.9850E-04 2,093.811 4,187.623 O.ooE..oo 1.48E..oo 2.93E..oo 2.2500 1.227E+08 
Fe-55 1.2318E-03 2,093.811 4,187.623 O.ooE..oo 2.58E..oo 5.16E+OO 2.7500 3.546E+06 
H-3 2.5141E-03 2,093.811 4,187.623 O.ooE..oo 5.26E..oo 1.05E+Ol 3.5000 2.539E+02 
1-129 7.3195E-07 2,093.811 4,187.623 O.ooE..oo 1.53E-03 3.07E-03 5.0000 1.045E+02 
Kr-85 4.1281E-02 2,093.811 4,187.623 O.ooE..oo 8.64E+Ol 1.73E+02 7.0000 1.154E+01 
No-237 1.1489E-06 2,093.811 4,187.623 O.ooE..oo 2.41E-D3 4.81E-03 11.0000 1.295E+OO 
Pa-231 4.5241E-08 2,093.811 4,187.623 O.ooE..oo 9.47E-05 1.89E-04 
Pb-210 6.4476E-13 2,093.811 4,187.623 O.ooE..oo 1.35E-09 2.70E-D9 
Pm-147 1.1651E-03 2,093.811 4,187.623 O.ooE..oo 2.44E..oo 4.88E..oo 
Pu-238 2.9517E-04 2,093.811 4,187.623 O.ooE..oo 6.18E-Ol 1.24E..oo 
Pu-239 6.6772E-D4 2,093.811 4,187.623 O.ooE..oo 1.40E..oo 2.80E..oo 
Pu-240 8.6839E-D5 2,093.811 4,187.623 O.ooE..oo 1.82E-Dl 3.64E-Ol 
Pu-241 7.1514E-04 2,093.811 4,187.623 O.ooE..oo 1.50E..oo 2.99E..oo 
Pu-242 1.9717E-09 2,093.811 4,187.623 O.ooE..oo 4.13E-Q8 8.26E-06 
Ra-226 1.7654E-12 2,093.811 4,187.623 O.ooE..oo 3.70E-09 7.39E-09 
Ra-228 8.2928E-12 2,093.811 4,187.623 O.ooE..oo 1.74E-08 3.47E-08 
Ru-l06 1.8419E-l0 2,093.811 4,187.623 O.ooE..oo 3.88E-07 7.71E-D7 
5e-79 1.3223E-D5 2,093.811 4,187.623 O.ooE..oo 2.77E-D2 5.54E-02 
5n-126 1.1493E-Q8 2,093.811 4,187.623 O.ooE..oo 2.41E-02 4.81E-02 
5r-90 1.3649E..oo 2,093.811 4,187.623 O.ooE..oo 2.88E+03 5.72E+03 
Tc-99 4.6656E-D4 2,093.811 4,187.623 O.ooE..oo 9.77E-01 l.95E..oo 
Th-229 1.4547E-ll 2,093.811 4,187.623 O.ooE..oo 3.05E-D8 6.09E-08 
Th-230 1.6617E-l0 2,093.811 4,187.623 O.ooE..oo 3.48E-07 6.96E-D7 
Th-232 8.3361E-12 2,093.811 4,187.623 O.ooE..oo 1.75E-08 3.49E-D8 
TI-208 2.1664E-Q8 2,093.811 4,187.623 O.ooE..oo 4.54E-OS 9.07E-05 
U-232 5.8669E-Q8 2,093.811 4,187.623 O.ooE..oo 1.23E-D4 2.48E-04 Thermal Power 
U-233 3.1847E-D9 2,093.811 4,187.623 O.ooE..oo 6.67E-Q8 l.33E-OS Nominal Heal Bounding 
U-234 3.8769E-D7 2,093.811 4,187.623 O.ooE..oo 8.12E-D4 1.62E-03 Output Heal Output 
U-235 -2.7761 E-06 2,093.811 0.000 5.88E-02 5.30E-D2 5.88E-D2 (Watts) (Walls) 
U-236 1.6190E-Q8 2,093.811 4,187.623 O.ooE..oo 3.39E-02 6.78E-02 3.66E+Ol 7.31E+Ol 
U-238 -2.8547E-09 2,093.811 0.000 6.68E-D4 6.62E-D4 6.68E-04 Total Total 
V-90 1.3652E..oo 2,093.811 4,187.623	 O.ooE..oo 2.86E+03 5.72E+03 
Other Radionuclides 3.48E+03 6.91E+03 
ID. TenmlaU!~~rv.B and Cltecks 
Template Selection Summary 

From SFD Used Basis for Parameter Differences: 
Reactor Moderator: LIGHT WATER LIGHT WATER
 This Template was used for the following reasons: 

Fuel Cladding: ZIRG-2 SST
 This fuel matches Pathfinder Template on all but one parameter (cladding, but substhuting Stainless 
BOL HM Con.tituents: U02 U
 Steel is a good conservative assumptIOn). 

BOL Enrichment %: 93.18999022 6010100 

Bumup Summary (MWdj' Basis for burnup used in estimate: 
FromSFD Estimated 

Nominal" 1.233.2441 2.093.811 Nominal bumup calrolated from the heavy metal mass destroyed. 
Bounding:1 1,767.0551 4.187.623 Bounding bumup assumed to be twice nominal bumup. 

Checks 

Estimated Sumupl 
Bumua Multialler Given Bumup Estimated EOL HMlGlven EOL HM 

Nominal: 1.54 1.70 I 1.001 
Bounding: 3.07 2.37 , 

Reactor shutdovm, core removal, storage, shiPPing or other date confmmng that ,rradiation ceased for fuel.
 

2Total bumup for all fuel associated with this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWd'MT).
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Template lnfonnatiOJl 

Fuel Name: EBWR ENRICHED HEAVY 1Fuel decay start date: 1966 
SNFID#: 64 Estimates as of: 2010 

Estimated 
Canister usage: 

18"xl0' 
4.42 

Gamma Sources 
Photon Total 
Energy Photons/sec 
Group (bounding) 

Avg. MeV 
0.0150 6.384E+14 
0.0250 1.287E+14 
0.0375 1.228E+14 
0.0575 1.419E+14 
0.0850 7.143E+13 
0.1250 4.957E+13 
0.2250 6.125E+13 
0.3750 2.634E+13 
0.5750 6.126E+14 
0.8500 8.474E+12 
1.2500 8.325E+12 
1.7500 2.493E+11 
2.2500 4.015E+07 
2.7500 8.224E+07 
3.5000 8.475E+06 
 OO 3.623E+06סס.5
 OO 4.175E+05סס.7
 OO 4.796E+04סס.11

Thennal Power 
Nominal Heat Bounding 

Output Heat Output 
/Wattsl /Watts\ 
1.36E+02 2.73E+02 

Total Total 

Fuel Units & Ilescr: 53 - 6 FLAT PLATES Template: PWR (Ught Water, Zirc, 0 to 5%, U) 
_vy -.1 Mass: BOl=2989.2Okg ; EOL:2982.96kg 'Template Bumup(MWd): 61.92 
ROD Storage Site: INEEL Template BOL Heavy Metal Mass (MY): 0.00176911 

Template Decay Time' 35 years 
n.Estimaw. m x. Xb b Y. Yb 

CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel 
Radionuelide Template Fuel Bumup (MWd)' Burnup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) 
Ac-227 8.n58E-l0 5,932.138 11,864.276 O.OOE+OO 5.21E-06 1.04E-05 
Am-241 1.4352E-Ol 5,932.138 11,864.276 O.OOE+OO 8.51E+02 1.70E+03 
Am-242m 2.8698E-04 5,932.138 11,864.276 O.OOE+OO 1.70E+OO 3.40E+OO 
Am-243 6.2565E-04 5,932.138 11.864.276 O.OOE+OO 3.71E+OO 7.42E+OO 
C-14 4.7901E-05 5,932.138 11,864.276 O.OOE+OO 2.84E-Ql 5.68E-Ol 
CI-38 8.0297E-07 5.932.138 11.864.276 O.OOE+OO 4.76E-Q3 9.53E-03 
Cm-243 2.5081E-04 5.932.138 11.864.276 O.OOE+OO 1.49E+OO 2.98E+OO 
Cm-244 4.9015E-02 5,932.138 11,864.276 O.OOE+OO 2.91E+02 5.82E+02 
Co-ro 2.5581E-03 5,932.138 11,864.276 O.OOE+OO 1.52E+Ol 3.04E+Ol 
Cs-l34 4.0538E-05 5,932.138 11,864.276 O.OOE+OO 2.40E-Ol 4.81E-Ol 
Cs-l35 1.4433E-05 5,932.138 11,864.276 O.OOE+OO 8.56E-02 1.71E-Ol 
Cs-137 1.3979E+OO 5,932.138 11,864.276 O.OOE+OO 8.29E+03 1.66E+04 
Eu-l54 2.0203E-02 5,932.138 11,864.276 O.OOE+OO 1.20E+02 2.40E+02 
Eu-155 1.7684E-Q3 5,932.138 11,864.276 O.OOE+OO 1.05E+Ol 2.10E+Ol 
Fe-55 4.3138E-Q5 5,932.138 11,864.276 O.OOE+OO 2.56E-Ol 5.12E-Ol 
H-3 2.0769E-02 5,932.138 11,864.276 O.OOE+OO 1.23E+02 2.46E+02 
1-129 9.8288E-07 5,932.138 11,864.276 O.OOE+OO 5.83E-Q3 1.17E-02 
Kr-85 2.8214E-02 5,932.138 11,864.276 O.OOE+OO 1.67E+02 3.35E+02 
No-237 1.1218E-05 5,932.138 11,864.276 O.OOE+OO 6.65E-Q2 1.33E-Ol 
Pa-231 1.3036E-09 5,932.138 11,864.276 O.OOE+OO 7.73E-06 1.55E-Q5  Pb-210 8.5078E-ll 5,932.138 11,864.276 O.OOE+OO 5.05E-07 1.01E-06 
Pm-147 3.6531E-04 5,932.138 11,864.276 O.OOE+OO 2.17E+OO 4.33E+OO 
Pu-238 7.4564E-02 5,932.138 11,864.276 O.OOE+OO 4.42E+02 8.85E+02 
Pu-239 1.1623E-Q2 5,932.138 11,864.276 O.OOE+OO 6.89E+Ol 1.38E+02 
Pu-240 1.5132E-Q2 5,932.138 11,864.276 O.OOE+OO 8.98E+Ol 1.80E+02 
Pu-241 9.0038E-Ql 5,932.138 11,864.276 O.OOE+OO 5.34E+03 1.07E+04 
Pu-242 6.4280E-05 5,932.138 11,864.276 O.OOE+OO 3.81E-Ol 7.62E-Ql 
Ra-226 2.2804E-l0 5,932.138 11,864.276 O.OOE+OO 1.35E-06 2.71E-Q6 
Ra-228 5_2713E-12 5,932.138 11,864.276 O.OOE+OO 3.13E-08 6.25E-Q8 
Ru-l06 6.1180E-l0 5,932.138 11,864.276 O.OOE+OO 3.63E-06 7.26E-Q6 
8e-79 1.23nE-05 5,932.138 11,864.276 O.OOE+OO 7.34E-Q2 1.47E-Ql 
8n-126 2.5210E-Q5 5,932.138 11,864.276 O.OOE+OO 1.50E-Ql 2.99E-Ql 
8r-90 9.1667E-Ol 5,932.138 11,864.276 O.OOE+OO 5.44E+03 1.09E+04 
Tc-99 3.9357E-04 5,932.138 11,864.276 O.OOE+OO 2.33E+OO 4.67E+OO 
Th-229 1.2057E-l0 5,932.138 11,864.276 O.OOE+OO 7.15E-07 1.43E-06 
Th-230 2.1043E-Q8 5,932.138 11,864.276 O.OOE+OO 1.25E-Q4 2.50E-04 
Th-232 5.2972E-12 5,932.138 11,864.276 O.OOE+OO 3.14E-08 6.28E-08 
T~208 1.7474E-Q7 5,932.138 11,864.276 O.OOE+OO 1.04E-03 2.07E-03 
U-232 4.7368E-Q7 5,932.138 11,864.276 O.OOE+OO 2.81E-03 5.62E-Q3 
U-233 2.5097E-Q8 5,932.138 11,864.276 O.OOE+OO 1.49E-04 2.98E-Q4 
U-234 5.0000E-Q5 5,932.138 11,864.276 O.OOE+OO 2.97E-Ql 5.93E-Ql 
U-235 -1.4489E-Q6 5,932.138 0.000 9.28E-02 8.42E-Q2 9.28E-Q2 
U-238 7.5824E-Q6 5,932.138 11,864.276 O.OOE+OO 4.50E-Q2 9.OOE-Q2 
U-238 -2.6129E-07 5,932.138 0.000 9.90E-Ol 9.89E-Ol 9.90E-Ol 
Y-90 9.1699E-Ql 5,932.138 11,864.276 O.OOE+OO 5.44E+03 1.09E+04 
Other Radionuclides 7.96E+03 1.59E+04 

m. Temolare~Summan"BIII'JIU andCb<\daI 
Template Selection Summary 

FromSFD Used Basis for Parameter Differences: 
Reactor Moderator: UGHTWATER UGHTWATER 

Fuel Cladding: ZIRC ZIRC 
BOl HM Constituents: U METAL U 

BOl Enrichmont %: 1.436170175 Ot05 

Burnup Summary (MWd) Basis for burnup used in estimate: 
FromSFD Estimated 

Nomlnal:1 1 5,932.138 Nominal bumup calc:ulaled from the heavy metal mass destroyed. 
Bounding: 4,782.7201 11,864.276 Bounding bumup assumed to be twice nominal bumup.  

Checka 

EstimatsdBumupl 
Bumup MultiPlier Given BumuD Estimated EOl HMiGiven EOl HM 

Nomlnal:1 0.06 1 1.001 
Bounding: 0.11 2.48 ,

Reactor shutdown. core removal. storage, shIpping or other date confirming that Inadiafion ceased for fuel.
 

2Total bumup for all fuel associated with this worksheet must be divided by BOl heavy metal mass to get specific bumup values (MW<:VMT).
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Fuel Radionuclide Inventory Worksheet 
1. Fuel$nd TempIllle Information Eslimated 

Fuel Na"",: EBWR ENRICHED THIN lFuel decay start date: 1966 Canister usage: 
SNFIO(/: 887 Estimates as of: 2010 18".10' 

Fuel Units & Oeser: 54 - 6 FLAT PLATES Template: PWR (Ught Water. Zire. 0 to 5%. U) 4.50 
Heavy Metal Mas>: BOL= ; EOl=2194.10kg 'Template Bumup{MWd): 61.92 
ROD Storage Sita: INEEL Template BOl Heavy Metal Mass (MT): 0.00176911 

Template Decay Time' 35 years 
n. Estimates m x" x. b y" y. Gamma Sources 

Photon
 Total 
CilMWd From Nominal
 Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy
 Photons/sec 

Radionuclide Template Fuel Burnup (MWd)'
 Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group
 (bounding) 
Ac-227 8.7758E-10 3.516.478
 3.516.478 O.ooE+OO 3.09E-06 3.09E-06 Avg. MeV
 
Am-241 1.4352E-Q1 3.516.478
 3.516.478 O.OOE+oo 5.OSE+02 5.05E+02 0.0150 1.892E+14 
Am-242m 2.8698E-04 3.516.478
 3.516.478 O.OOE+OO 1.01E+OO 1.01E+OO 0.0250 3.815E+13 
Am-243 6.2565E-Q4 3.516.478
 3.516.478 O.OOE+OO 2.20E+OO 2.20E+OO 0.0375 3.639E+13 
C-14 4.7901E-Q5 3.516.478
 3.516.478 O.OOE+OO 1.68E-01 1.68E-01 0.0575 4.204E+13 
CI-36 8.0297E-Q7 3.516.478
 3,516.478 O.OOE+OO 2.82E-03 2.82E-03 0.0850 2.117E+13 
Cm-243 2.5081E-Q4 3,516.478
 3,516.478 O.oOE+OO 8.82E-01 8.82E-01 0.1250 1.469E+13 
Cm-244 4.9015E-Q2 3.516.478 3,516.478 O.ooE+OO 1.72E+02 1.72E+02 0.2250 1.816E+13 
Co-GO 2.5581E-03 3,516.478 3,516.478 O.OOE+OO 9.ooE+OO 9.ooE+OO 0.3750 7.806E+12 
Cs-134 4.OS36E-OS 3,516.478 3,516.478 O.ooE+OO 1.43E-01 1.43E-01 0.5750 1.816E+14 
Cs-135 1.4433E-Q5 3,516.478 3,516.478 O.ooE+OO 5.08E-02 5.08E-Q2 0.8500 2.512E+12 
Cs-137 1.3979E+OO 3,516.478 3,516.478 O.OOE+OO 4.92E+03 4.92E+03 1.2500 2.467E+12 
Eu-154 2.0203E-02 3,516.478 3,516.478 O.ooE+OO 7.10E+01 7.10E+01 1.7500 7.390E+10 
Eu-155 1.7684E-Q3 3.516.478 3.516.478 O.ooE+OO 6.22E+OO 6.22E+OO 2.2500 1.191E+07 
Fe-55 4.3136E-05 3.516.478 3.516.478 O.OOE+OO 1.52E-Q1 1.52E-Q1 2.7500 2.438E+07 
H-3 2.0769E-02 3.516.478 3.516.478 O.ooE+OO 7.30E+01 7.30E+01 3.5000 2.514E+06 
1-129 9.8286E-07 3.516.478 3,516.478 O.ooE+OO 3.46E-03 3.46E-03 5.ססOO 1.075E+06 
Kr-85 2.8214E-02 3.516.478 3,516.478 O.ooE+OO 9.92E+01 9.92E+01 7.ססOO 1.239E+05 
Np-237 1.1218E-Q5 3.516.478 3,516.478 O.ooE+OO 3.94E-Q2 3.94E-02 11.ססOO 1.423E+04 
Pa-231 1.3036E-Q9 3.516.478 3.516.478 O.ooE+OO 4.58E-06 4.58E-06 
Pb-21 0 8.5078E-11 3,516.478 3,516.478 O.ooE+OO 2.99E-07 2.99E-07 
Pm-147 3.6531E-Q4 3,516.478 3,516.478 O.ooE+OO 1.28E+OO 1.28E+OO 
Pu-238 7.4564E-02 3,516.478 3,516.478 O.ooE+oo 2.62E+02 2.62E+02 
Pu-239 1.1623E-Q2 3.516.478 3.516.478 O.ooE+OO 4.09E+01 4.09E+01 
Pu-240 1.5132E-Q2 3.516.478 3,516.478 O.ooE+OO 5.32E+01 5.32E+01 
Pu-241 9.0036E-Q1 3,516.478 3,516.478 O.ooE+OO 3.17E+03 3.17E+03 
Pu-242 6.4260E-Q5 3.516.478 3,516.478 O.ooE+OO 2.26E-01 2.26E-Q1 
Ra-226 2.2804E-10 3,516.478 3,516.478 O.ooE+OO 8.02E-Q7 8.02E-Q7 
Ra-228 5.2713E-12 3,516.478 3,516.478 O.ooE+OO 1.85E-Q8 1.85E-Q8 
Ru-106 6.1160E-10 3,516.478 3,516.478 O.ooE+OO 2.15E-06 2.15E-Q6 
Se-79 1.2377E-Q5 3,516.478 3,516.478 O.ooE+OO 4.35E-Q2 4.35E-Q2 
5n-126 2.5210E-Q5 3,516.478 3.516.478 O.ooE+OO 8.87E-Q2 8.87E-Q2 
Sr-90 9.1687E-Q1 3,516.478 3,516.478 O.ooE+OO 3.22E+03 3.22E+03 
Tc-99 3.9357E-Q4 3,516.478 3,516.478 O.ooE+OO l.38E+OO 1.38E+OO 
Th-229 1.2057E-10 3,516.478 3,516.478 O.ooE+OO 4.24E-Q7 4.24E-Q7 
Th-230 2.1043E-Q8 3,516.478 3.516.478 O.ooE+OO 7.40E-OS 7.40E-OS 
Th-232 5.2972E-12 3,516.478 3.516.478 O.ooE+OO 1.86E-Q8 1.86E-Q8 
n-208 1.7474E-Q7 3.516.478 3.516.478 O.ooE+OO 6.14E-Q4 6.14E-Q4 
U-232 4.7368E-Q7 3,516.478 3,516.478 O.ooE+OO 1.67E-Q3 1.67E-Q3 Thenmal Power 
U-233 2.5097E-Q8 3,516.478 3,516.478 O.ooE+OO 8.83E-Q5 8.83E-Q5 Nominal Heat Bounding 
U-234 5.0000E-Q5 3,516.478 3,516.478 O.ooE+OO 1.76E-Q1 1.76E-01 Output Heal Output 
U-235 -1.4489E-Q6 3,516.478 0.000 1.52E-01 1.47E-01 1.52E-Ql /Watts\ /Watts\ 
U-236 7.5824E-Q6 3,516.478 3,516.478 O.ooE+OO 2.67E-Q2 2.67E-02 8.09E+01 8.09E+01 
U-238 -2.6129E-Q7 3,516.478 0.000 7.15E-01 7.14E-01 7.15E-01 Total Total 
Y-90 9.1699E-Q1 3,516.478 3,516.478 O.ooE+OO 3.22E+03 3.22E+03 
Other Radionuclides 4.72E+03 4.72E+03 
m. TemDlate SeJedi(.. Swnmarv,B , ...d~ 
Template Selection Summary 

FromSFD Used Basis for Pammeter Differences: 
Reactor Moderater: LlGHTWATER LIGHT WATER This Template was used for the following reasons: 

Fuel Cladding: ZIRC ZIRC This fuel matches on all panuneteJS except enrichmenl(unI<nown). 
BOL HM Constltuenb: UMETAL U 

BOL Enrichment ~o: 0105 

BumupSumma~(MWdt Basis for bumup used in estimate:
 
From SFD Estimated
 

Nominal:1 3.516.478 Nominal bumup sat equal to bounding bumup.
 
Bounding:1 I 3.516.478
 Bounding bumup taken from SFO and converted to MWd using BOl::2197.799kg 

Checks 

Estimated Bumupl
Bumup Multiplier Given Bumup EstImated EOL HMlGlven EOL HM 

Nominal: 0.05 I 1.001 
Boundlng:1 0.05 , 

Reactor shutdown, core removal, storage. shlpplllg or other date confmnlng that Irradiation ceased for fuel. 

2Total bumup for all fuel associated with this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWdIMT). 
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Fuel Radionuclide Inventory Worksheet 
1. Fuel and TeqJlate Information Estimated 

Fuel Name: EBWR 8-11 1FueI decay start date: 1966 Canister usage: 
SNF10 #: 888 Estimates as of: 2OtO 18"xl0' 

Fuel Units & oeser: 1 - 6 FLAT PLATES Template: PWR (Ught Water, Zirc, 0 to 5%. U) 0.08 
Heavy Metal Mass: BOL=40.2Ok9 ; EOl=38.37k9 'Template Bumup(MWd): 61.92 
ROD Storage Site: INEEL Template BOL Heavy Metal Mass (MT): 0.00176911 

Template Decay Time' 35 years 
n. Estimates m xn x. b Yn Y. Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ae-227 8.7758E-l0 1,744.998 3,489.996 O.OOE+OO 1.53E-06 3.06E-06 Avg. MeV 
Am-241 1.4352E-Ol 1,744.998 3,489.996 O.OOE+OO 2.50E-t<l2 5.01E+02 0.0150 1.878E+14 
Am-242m 2.8698E-Q4 1,744.998 3,489.996 O.OOE+OO 5.01E-Ql 1.00E+OO 0.0250 3.787E+13 
Am-243 6.2565E-04 1,744.998 3,489.996 O.OOE+OO 1.09E+OO 2.18E+OO 0.0375 3.612E+13 
C-14 4.7901E-Q5 1,744.998 3,489.996 O.OOE+OO 8.36E-Q2 1.67E-Ol 0.0575 4.173E+13 
CI-36 8.0297E-07 1,744.998 3,489.996 O.OOE+OO 1.40E-03 2.80E-Q3 0.0850 2.101E+13 
Cm-243 2.5081 E-Q4 1,744.998 3,489.996 O.OOE+OO 4.36E-Ol 8.75E-Ql 0.1250 1.458E+13 
Cm-244 4.9015E-Q2 1,744.998 3,489.996 O.OOE+OO 8.55E-t<l1 1.71E-t<l2 0.2250 1.802E+13 
Co-60 2.5581E-Q3 1,744.998 3,489.996 O.OOE+OO 4.48E+OO 8.93E+OO 0.3750 7.747E+12 
Cs-l34 4.0536E-Q5 1,744.998 3,489.996 O.OOE+OO 7.07E-02 1.41E-Ol 0.5750 1.802E+14 
Cs-135 1.4433E-Q5 1,744.998 3,489.996 O.OOE+OO 2.52E-02 5.04E-02 0.8500 2.493E+12 
Cs-137 1.3979E+OO 1,744.998 3,489.996 O.OOE+OO 2.44E+03 4.88E-t<l3 1.2500 2.449E+12 
Eu-l54 2.0203E-Q2 1,744.998 3,489.996 O.OOE+OO 3.53E-t<l1 7.OSE-t<l1 1.7500 7.334E+l0 
Eu-155 1.7684E-Q3 1,744.998 3,489.996 O.OOE+OO 3.09E+OO 6.17E+OO 2.2500 1.181E+07 
Fe-55 4.3136E-05 1,744.998 3,489.996 O.OOE+OO 7.53E-02 1.51E-Ql 2.7500 2.419E+07 
H-3 2.0769E-02 1,744.998 3,489.996 O.OOE+OO 3.62E-t<l1 7.25E-t<l1 3.5000 2.491E+06 
1-129 9.8288E-Q7 1,744.998 3,489.996 O.OOE+OO 1.72E-03 3.43E-03 5.ססOO 1.065E+06 
Kr-85 2.8214E-Q2 1,744.998 3,489.996 O.OOE+OO 4.92E-t<l1 9.85E-t<l1 7.ססOO 1.227E+05 
Np-237 1.1218E-Q5 1,744.998 3,489.996 O.OOE+OO 1.96E-02 3.91E-Q2 11.ססOO 1.410E+04 
Pa-231 1.3036E-Q9 1,744.998 3,489.996 O.OOE+OO 2.27E-06 4.55E-06 
Pb-210 8.5078E-ll 1,744.998 3,489.996 O.OOE+OO 1.48E-07 2.97E-07 
Pm-147 3.6531 E-Q4 1,744.998 3,489.996 O.OOE+OO 6.37E-Ol 1.27E+OO 
Pu-236 7.4564E-Q2 1,744.998 3,489.996 O.OOE+OO 1.30E-t<l2 2.60E-t<l2 
Pu-239 1.1623E-Q2 1,744.998 3,489.996 O.OOE+OO 2.03E-t<l1 4.06E-t<l1 
Pu-240 1.5132E-Q2 1,744.998 3,489.996 O.OOE+OO 2.64E-t<l1 5.28E-t<l1 
Pu-241 9.0036E-Ql 1,744.998 3,489.996 O.OOE+OO 1.57E+03 3.14E+03 
Pu-242 6.4260E-Q5 1,744.998 3,489.996 O.OOE+OO 1.12E-Ol 2.24E-Ol 
Ra-226 2.2804E-l0 1,744.998 3,489.996 O.OOE+OO 3.98E-07 7.96E-07 
Ra-228 5.2713E-12 1,744.998 3,489.996 O.OOE+OO 9.20E-Q9 1.64E-08 
RU-l06 6.1160E-l0 1,744.998 3,489.996 O.OOE+OO 1.07E-06 2.13E-06 
5e-79 1.2377E-06 1,744.998 3,489.996 O.OOE+OO Z.16E-02 4.32E-02 
5n-126 2.5210E-06 1,744.998 3,489.996 O.OOE+OO 4.40E-02 8.80E-Q2 
5r-90 9.1667E-Q1 1,744.998 3,489.996 O.OOE+OO 1.60E-t<l3 3.20E+03 
Te-99 3.9357E-Q4 1,744.998 3,489.996 O.OOE+OO 6.87E-Ol 1.37E+OO 
Th-229 1.2OS7E-l0 1,744.998 3,489.996 O.OOE+OO 2.10E-07 4.21E-Q7 
Th-230 2.1043E-06 1,744.998 3,489.996 O.OOE+OO 3.67E-OS 7.34E-OS 
Th-232 5.2972E-12 1,744.998 3,489.996 O.OOE+OO 9.24E-09 1.85E-08 
n-208 1.7474E-Q7 1,744.998 3,489.996 O.OOE+OO 3.05E-04 6.10E-04 
U-232 4.7366E-Q7 1,744.998 3,489.996 O.OOE+OO 8.27E-04 1.65E-Q3 Thenmal Power 
U-233 2.5097E-08 1,744.998 3,489.996 O.OOE+OO 4.38E-OS 8.76E-OS Nominal Heat Bounding 
U-234 5.0000E-06 1,744.998 3,489.996 O.OOE+OO 8.72E-02 1.74E-Q1 Output Heat Output 
U-235 -1.4489E-06 1,744.998 0.000 1.26E-03 O.OOE+OO 1.26E-03 /Watts) /Wattsi 
U-236 7.5824E-06 1,744.998 3,489.996 O.OOE+OO 1.32E-02 2.65E-Q2 4.01E+01 8.03E+01 
U-238 -2.6129E-07 1,744.998 0.000 1.33E-02 1.29E-02 1.33E-02 Total Total 
Y-90 9.1699E-Ol 1,744.998 3,489.996 O.OOE+OO 1.60E-t<l3 3.20E-t<l3 
Other Radionuelides 2.34E-t<l3 4.68E-t<l3 
m. TemoIltte Sek!~ Sunlnlarv, ......... lUldChecks
 
Templale Selection Summary 

FromSFD Usad Basis for Parameter Differences: 
Reactor Moderator: UGHTWATER UGHTWATER 

Fuel Cladding: ZIRC ZIRC 
BOL HM Constituents: U METAL U 

BOL Enrichment %: 1.447761165 Ot05 

Bumup Summary (MWd) Basis for bumup used in estimate: 
FromSFD Estimated 

Nomlnal:1 I 1,744.998 Nominal bumup calculated from the heavy metal mass destroyed. 
Bounding: 64.320 3.489.996 Bounding bumup assumed to be twice nominal bumup. 

Checks

Estimated Bumupl 
BumuD MultiDllar Given Bumup Estimated EOL HMlGlvan EOL HM 

Nomlnal:1 1.24 I 1.021 
Bounding: 2.48 54.26 , 

Reactor shutdown, core removal. storage. stupplng or other date confirming lhatlrradiatlon ceased for fuel.
 

2Total bumup for all fuel associated with this wor1<sheet must be divided by BOl heavy metal mass to get specific bumup values (MWdIMT).
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Fuel Radionuclide Inventory Worksheet 
I. FlJd and 'femplale Inf_tion Estimated 

Fuel Name: EBWR NORMAL HEAVY 1Fuet decay start date:
 1966 Canister usage: 
SNFID#: 889 Estimates as of:
 2010 18"xl0' 

Fuel Units & Oeser: 11 - 6 FLAT PLATES Template:
 PWR (Ughl Water, Zirc. 0 to 5%, U) 0.92 
Heavy Metal Ma••: BOl=620.40kg ; EOl=566.14kg 'Tempi.... Bumup(MWd):
 61.92 
ROD Storage 51...: INEEl Template BOlHeavy Metel Ma•• (MT):
 0.oot76911 

Tempi.... Decay Time'
 35 years 
n. Estimates m x" x. b y" y. Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initi.1 Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ae-227 8.7758E-l0 51,594.224 103,188.448 O.OOE-tOO 4.53E-OS 9.OOE-05 AV9. MeV 
Am-241 1.4352E-Ol 51,594.224 103,188.448 O.OOE-tOO 7.41E+03 l.48E+04 0.0150 5.552E+15 
Am-242m 2.8898E-04 51,594224 103,188.448 O.OOE-tOO l.48E+Ol 2.96E+Ol 0.0250 1.120E+15 
Am-243 6.2565E-04 51,594.224 103,188.448 O.OOE-tOO 3.23E+Ol 6.48E+Ol 0.0375 1.068E+15 
C-14 4.7901E-OS 51,594.224 103,188.448 O.OOE-tOO 2.47E-tOO 4.94E-tOO 0.0575 1.234E+15 
CI-36 8.0297E-07 51,594.224 103,188.448 O.OOE-tOO 4.14E-02 8.29E-02 0.0850 6.212E+14 
Cm-243 2.5081E-04 51,594.224 103,188.448 O.OOE-tOO 1.29E+Ol 2.59E+Ol 0.1250 4.311E+14 
Cm-244 4.9015E-02 51,594.224 103,188.448 O.OOE-tOO 2.53E+03 5.OOE+03 0.2250 5.327E+14 
Co-6O 2.5581E-03 51.594.224 103,188.448 O.OOE-tOO 1.32E+02 2.64E+02 0.3750 2.291E+14 
Cs-l34 4.OS36E-05 51,594.224 103,188.448 O.OOE-tOO 2.09E-tOO 4.18E-tOO 0.5750 5.328E+15 
Cs-135 1.4433E-05 51,594.224 103,188.448 O.OOE-tOO 7.45E-Ql 1.49E-tOO 0.8500 7.370E+13 
Cs-137 1.3979E-tOO 51,594.224 103,188.448 O.OOE-tOO 7.21E+04 1.44E+05 1.2500 7.240E+13 
EU-l54 2.0203E-02 51,594.224 103,188.448 O.OOE-tOO 1.04E+03 2.08E+03 1.7500 2.168E+12 
Eu-155 1.7884E-03 51,594.224 103,188.448 O.OOE-tOO 9.12E+Ol 1.82E+02 2.2500 3.492E+08 
Fe-55 4.3136E-05 51,594.224 103,188.448 O.OOE-tOO 2.23E-tOO 4.45E-tOO 2.7500 7.152E+08 
H-3 2.0769E-02 51,594.224 103,188.448 O.OOE-tOO 1.07E+03 2.14E+03 3.5000 7.366E+07 
1-129 9.8288E-Q7 51,594.224 103,188.448 O.OOE-tOO 5.07E-02 1.01E-Ql 5.ססOO 3.149E+07 
Kr-85 2.8214E-Q2 51,594.224 103,188.448 O.OOE-tOO 1.48E+03 2.91E+03 7.ססOO 3.629E+06 
Np-237 1.1218E-05 51,594.224 103,188.448 O.OOE-tOO 5.79E-Ol 1.16E-tOO 11.ססOO 4. 168E+05 
Pa-231 1.3036E-09 51,594.224 103,188.448 O.OOE-tOO 6.73E-05 1.35E-04 
Pb-210 8.5078E-l1 51,594.224 103,188.448 O.OOE-tOO 4.39E-OO 8.78E-Q6 
Pm-147 3.6531E-Q4 51,594.224 103,188.448 O.OOE-tOO 1.88E+Ol 3.77E+Ot 
Pu-236 7.4564E-02 51,594.224 103,188.448 O.OOE-tOO 3.85E+03 7.69E+03 
PU-239 1.1623E-Q2 51,594.224 103,188.448 O.OOE-tOO 6.00E+02 1.20E+03 
Pu-240 1.5132E-02 51,594.224 103,188.448 O.OOE-tOO 7.81E+02 1.56E+03 
Pu-241 9.0036E-Ol 51,594.224 103,188.448 O.OOE-tOO 4.65E+04 9.29E+04 
Pu-242 6.4260E-OS 51,594.224 103,188.448 O.OOE-tOO 3.32E-tOO 6.63E-tOO 
Ra-226 2.2804E-l0 51,594224 103,188.448 O.OOE-tOO 1.18E-OS 2.35E-Q5 
Ra-228 5.2713E-12 51,594.224 103,188.448 O.OOE-tOO 2.72E-07 5.44E-Q7 
Ru-lOO 6.1160E-l0 51,594.224 103,188.448 O.OOE-tOO 3.16E-Q5 6.31E-05 
Se-79 1.2377E-OS 51,594.224 103,188.448 O.OOE-tOO 6.39E-Ol 1.28E-tOO 
Sn-126 2.5210E-OS 51,594.224 103,188.448 O.OOE-tOO 1.30E-tOO 2.60E-tOO 
Sr-90 9.1667E-Ol 51,594.224 103,188.448 O.OOE-tOO 4.73E+04 9.48E+04 
Te-99 3.9357E-Q4 51,594.224 103,188.448 O.OOE-tOO 2.03E+Ol 4.OOE+01 
Th-229 1.2057E-l0 51,594.224 103,188.448 O.OOE-tOO 6.22E-Q6 1.24E-05 
Th-230 2.1043E-Q8 51,594.224 103,188.448 O.OOE-tOO 1.09E-03 2.17E-03 
Th-232 5.2972E-12 51,594.224 103,188.448 O.OOE-tOO 2.73E-07 5.47E-07 
TI-208 1.7474E-07 51,594.224 103,188.448 O.OOE-tOO 9.02E-03 1.80E-Q2 
U-232 4.7368E-07 51,594.224 103,188.448 O.OOE-tOO 2.44E-Q2 4.89E-Q2 Thermal Power 
U-233 2.5097E-Q8 51,594.224 103,188.448 O.OOE-tOO 1.29E-Q3 2.59E-Q3 Nominal Heat Bounding 
U-234 5.0000E-05 51,594.224 103,188.448 O.OOE-tOO 2.58E-tOO 5.16E-tOO Output Heal Output 
U-235 -1.4489E-Q6 51,594.224 0.000 9.56E-Q3 O.OOE-tOO 9.56E-03 /Wattsl (Watts) 
U-236 7.5824E-OO 51,594.224 103,188.448 O.OOE-tOO 3.91E-Ql 7.82E-Ql 1.11£+03 2.37E+03 
U-238 -2.6129E-Q7 51,594.224 0.000 2.07E-Ql l.94E-Ol 2.07E-Ql Total Total 
V-90 9.1699E-Ql 51,594.224 103,188.448 O.OOE-tOO 4.73E+04 9.48E+04 
Other Radionuelides 6.93E+04 1.39E+05 

ID. Te~1eSeJe"""" Summarv. 'lJll1'Ih! ,.114 ()bed;s 
Template selection Summary 

FromSFD Used Basis for Parameter Differences: 
Reactor Moderator: UGHTWATER UGHTWATER 

Fuel Cladding: ZIRe ZIRC 
BOl HM Constituents: UMETAl U 

BOl Enrichment %: 0.712765938 Ot05 

BumupSumma~(MWd)< Basis for bumuD used in estimate: 
FromSFD Estimated 

Ncminal:1 1 51,594.224 Nominal bUmup calculaled lrom the heavy metal mass destroyed. 
Bounding:1 992.6401 100,ISS.448 Bounding bumup assumed to be twice nominal bumup. 

Checks 

Estimated Bumupl
 
Bumup Multiplier
 Given Bumup Estimated EOl HMlGlven EOL HM 

Nominal: 2.38 1 1.051 
Bounding: 4.75 103.95 ,

Reactor shutdown, core removal, storage, shlpptng or other date conflRnlng that Irradiation ceased for fuel. 

2rotal bumup for all fuel associated with this worksheet must be divided by BOl heavy metal mass to get specific bumup values (MWdIMT). 
 



Fuel Radionuclide Inventory Worksheet 
I. Fuel and T~ Information 

Fuel Name: E6WR NORMAL THIN 'Fuel dec:ay start date:
 1966 
SNFID#: 890 estimates as of:
 2010 

Estimated 
Canister usage: 

18"xl0' 
0.58 

Gamma Sources 
Photon Total 
Energy Photons/sec 
Group (bounding) 

Avg. MeV 
0.0150 2.378E+14 
0.0250 4.796E+13 
0.0375 4.574E+13 
0.0575 5.285E+13 
0.0850 2.661E+13 
0.1250 1.847E+13 
0.2250 2.282E+13 
0.3750 9.812E+12 
0.5750 2.282E+14 
0.8500 3.157E+12 
1.2500 3.101E+12 
1.7500 9.288E+10 
2.2500 1.496E+07 
2.7500 3.064E+07 
3.5000 3. 156E+06 
 OO 1.349E+06סס.5
 OO 1.555E+OSסס.7
 OO 1.786E+04סס.11

Thermal Power 
Nominal Heat Bounding 

Output Heat Output 
(Watts) (Watts) 
5.08E+01 1.02E+02 

Total Total 

Fuel Unlls & Desc:r: 7 - 6 FLAT PLATES Template:
 PWR (Ught Water, Zirc, 0 to 5%. U) 
Heavy Metal Mass: 601.=281.401<9 : EOI.=279.08k9 1"emplate Bumup(MWd):
 61.92  ROD Storage Site: INEEL Template BOL Heavy Metal Mass IMT): 0.00176911 

Template Decay Time' 35 years 
n. Estimates m x" x. b y. y. 

CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel 
Radionuclide Template Fuel Burnup (MWd)' Burnup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) 
Ac-227 8.7758E-l0 2.210.006 4,420.012 O.ooE+OO 1.94E-06 3.88E-06 
Am-241 1.4352E-Ol 2.210.006 4,420.012 O.ooE+OO 3.17E-Hl2 6.34E-Hl2 
-Am-242m 2.8698E-04 2,210.006 4,420.012 O.ooE+OO 6.34E-Ol 1.27E+OO 
Am-243 6.2565E-04 2,210.006 4,420.012 O.ooE+OO 1.38E+OO 2.77E+OO 
C-14 4.7901E-05 2,210.006 4,420.012 O.ooE+OO 1.06E-Ol 2.12E-Ol 
CI-36 8.0297E-Q7 2,210.006 4,420.012 O.ooE+OO 1.77E-Q3 3.55E-03 
Cm-243 2.5OS1E-04 2,210.006 4,420.012 O.ooE+OO 5.54E-Ql 1.11E+OO 
Cm-244 4.9015E-02 2,210.006 4,420.012 O.ooE+OO 1.OSE-Hl2 2.17E-Hl2 
Co-60 2.5581E-03 2.210.006 4,420.012 O.ooE+OO 5.65E+OO 1.13E-Hll 
Cs-l34 4.0536E-05 2,210.006 4,420.012 O.ooE+OO 8.96E-Q2 1.79E-Ol 
Cs-l35 1.4433E-Q5 2.210.006 4,420.012 O.ooE+OO 3.19E-02 6.38E-02 
Cs-137 1.3979E+OO 2,210.006 4,420.012 O.ooE+OO 3.09E-Hl3 6.18E-Hl3 
Eu-l54 2.0203E-02 2.210.006 4,420.012 O.ooE+OO 4.46E-Hll 8.93E-Hll 
Eu-155 1.7884E-03 2.210.006 4,420.012 O.ooE+OO 3.91E+OO 7.82E+OO 
Fe-55 4.3136E-05 2,210.006 4,420.012 O.ooE+OO 9.53E-02 1.91E-Ol 
H-3 2.0769E-02 2,210.006 4,420.012 O.ooE+OO 4.59E-Hll 9.18E-Hll 
1-129 9.8288E-07 2,210.006 4,420.012 O.ooE+OO 2.17E-03 4.34E-03 
Kr-85 2.8214E-Q2 2,210.006 4,420.012 O.ooE+OO 6.24E-Hll 1.25E-Hl2 
Np-237 1.1218E-05 2,210.006 4,420.01.2 O.ooE+OO 2.48E-02 4.96E-02 
Pa-231 1.3036E-09 2,210.006 4,420.012 O.ooE+OO 2.88E-06 5.76E-06 
Pb-21 0 8.5078E-ll 2,210.006 4,420.012 O.ooE+OO 1.88E-07 3.76E-Q7 
Pm-147 3.6531E-04 2,210.006 4,420.012 O.ooE+OO 8.07E-Ol 1.61E+OO 
Pu-238 7.4564E-02 2,210.006 4,420.012 O.ooE+OO 1.65E-Hl2 3.30E-Hl2 
Pu-239 1.1623E-Q2 2,210.006 4,420.012 O.ooE+OO 2.57E-Hll 5.14E-Hll 
Pu-240 1.5132E-02 2,210.006 4,420.012 O.ooE+OO 3.34E-Hll 6.69E-Hll 
Pu-241 9.oo36E-Ql 2,210.006 4,420.012 O.ooE+OO 1.99E-Hl3 3.98E-Hl3 
Pu-242 6.4260E-05 2,210.006 4,420.012 O.ooE+OO 1.42E-Ol 2.84E-Ql 
Ra-226 2.2804E-l0 2,210.006 4,420.012 O.ooE+OO 5.04E-Q7 1.01E-06 
Ra-228 5.2713E-12 2,210.006 4,420.012 O.ooE+OO 1.16E-oB 2.33E-oB 
Ru-l06 6.1160E-l0 2,210.006 4,420.012 O.ooE+OO 1.35E-oB 2.70E-06 
8e-79 1.2377E-06 2,210.006 4,420.012 O.ooE+OO 2.74E-Q2 5.47E-02 
8n-126 2.5210E-05 2,210.006 4,420.012 O.OOE+OO 5.57E-Q2 1.11E-Ql 
8r-90 9.1867E-Ql 2,210.006 4,420.012 O.ooE+OO 2.03E-Hl3 4.05E-Hl3 
Tc-99 3.9357E-{)4 2,210.006 4,420.012 O.ooE+OO 8.70E-01 1.74E+OO 
Th-229 1.2057E-l0 2,210.006 4,420.012 O_ooE+OO 2.86E-07 5.33E-Q7 
Th-230 2.1043E-OS 2,210.006 4,420.012 O.ooE+OO 4.65E-05 9.30E-Q5 
Th-232 5.2972E-12 2,210.006 4,420.012 O.ooE+OO 1.17E-OS 2.34E-oB 
T1-2OS 1.7474E-Q7 2,210_006 4,420.012 O.ooE+OO 3.86E-04 7.72E-{)4 
U-232 4.7388E-07 2,210.006 4,420.012 O.ooE+OO 1.05E-03 2.OSE-Q3 
U-233 2.5097E-oB 2,210.006 4,420.012 O.ooE+OO 5.55E-06 1.11E-{)4 
U-234 5.0000E-05 2,210.006 4,420.012 O.ooE+OO 1.11E-Ql 2.21E-Ql 
U-235 -1.4489E-06 2,210.006 0.000 4.36E-03 1.15E-03 4.36E-03 
U-236 7.5824E-06 2,210.006 4,420.012 O.ooE+OO 1.68E-Q2 3.35E-02 
U-238 -2.6129E-07 2,210.006 0.000 9.39E-02 9.33E-Q2 9.39E-02 
V-90 9.1699E-Ql 2,210.006 4,420.012 O.ooE+OO 2.03E-Hl3 4.05E-Hl3 
Other Radionuclides 2.97E-Hl3 5.93E-Hl3 
III. Template~~ry,.QJ.'nlI ,andQlecb 
TemDlate selection SummarY 

From SFD Used Basis for Parameter Differences: 
Reactor Moderator: L1GHTWATEA UGHTWATER 

Fuel Cladding: ZIRC ZIRC 
BOL HM Constituents: UMETAL U 

BOL Enrichment ~.: 0.716417866 Ot05 

Bumup Summary (MWd) Basis for bumup used in estimate: 
FromSFD Estimated 

Nominal: 2,210.006 Nominal bumup calculated from the heavy metal mass destroyed. 
Boundlng:1 450.2401 4,420.012 Bounding oomup assumed to be twice nominal bumup. 

Checks 

Estimated Bumupl 
BumUD Mul1lDlIer Given Bumup Estimated EOl HMlGiven EOl HM 

Nominal: 0.22 I 1.001 
Bounding: 0.45 9.82 ,

Reactor shutdown, core removal. stomge, shlppcng or other date conflnlllng that Irradiation ceased for fuel.
 

2Tota1 bumup for aU fuel associated with this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWdfMT).
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Fuel Radionuclide Inventory Worksheet 

I. Fuel and Template Inf<>nQation Estimated 
Fuel Nama: ENEA SALUGGIA (ITALY) 1Fuel decay start date: 1996 Canister usage: 

SNFID#: 574 Estimates as of: 2010 18"x10' 
Fuel Units & Oeser: 116 - MTR TYPE Template: ATR (Ught Water. Alum., 60 to 1()(),}o, U) 3.22
 
Heavy Metal Mas>: BOL=18.56k9 ; EOL=17.23k9 'Template Bumup(MWd): 367.2
 
ROD Storage Sib: SRS Template BOL Heavy Metal Mass (MT): 0.00116689
 

Template Decay Time' 10 years 
n. Estimates m Xn X. b Yn Y. Gamma Sources 

Photon Total 
CilMWdFrom Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Templata Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac·227 2.8404E·10 1,263.324 2,526.648 O.OOE-HlO 3.59E-07 7.18E·07 Avg. Me_V________ 
Am·241 1.4935E-Q3 1,263.324 2,526.648 O.OOE-HlO 1.89E-tOO 3.77E-tOO 0.0150 3.436E+14 
Am·242m 4.4390E-07 1,263.324 2,526.648- --O:OOE-HlO 5.61E·04 1.12E-Q3 0.0250 7.232E+13 
Am·243 1.4913E-06 1,263.324 2,526.648 O.OOE-HlO 1.88E-03 3.77E-03 0.0375 6.305E+13 
C-14 5.7217E-09 1,263.324 2,526.648 O.OOE-tOO 7.23E-Q6 1.45E·05 0.0575 6.661E+13 
CI-36 1.3124E-32 1,263.324 2,526.648 O.OOE-tOO 1.66E-29 3.32E-29 0.0850 4.052E+13 
Cm-243 2.0967E·07 1,263.324 2,526.648 O.OOE-tOO 2.65E-Q4 5.30E·04 0.1250 2.835E+13 
Cm·244 4.3001E-05 1,263.324 2,526.648 O.OOE-tOO 5.43E·02 1.09E-01 0.2250 3.480E+13 
Co-6O 1.9798E-Q5 1,263.324 2,526.648 O.OOE-HlO 2.50E-02 5.00E-Q2 0.3750 1.560E+13 
Cs-134 9.0795E-Q2 1,263.324 2,526.648-------O'OOE-HlO 1.15E-Hl2 2.29E-Hl2 0.5750 2.532E+14 
Cs-135 3.4477E-Q6 1,263.324 2,526.648 O.OOE-tOO 4.36E-03 8.71E-Q3 0.8500 1.235E+13 
Cs-137 2.5588E-HlO 1,263.324 2,526.648 O.OOE-HlO 3.23E-Hl3 6.47E-Hl3 1.2500 4.02OE+12 
Eu-154 5.4847E-Q2 1,263.324 2,526.648 O.OOE-tOO 6.93E-Hl1 1.39E-Hl2 1.7500 1.468E+11 
Eu-155 1.9469E-Q2 1,263.324 2,526.648 O.OOE-tOO 2.46E-Hl1 4.92E-Hl1 2.2500 9.705E+ll9 
Fe-55 1.7797E-Q3 1,263.324 2,526.648 O.oOE-tOO 2.25E+OO 4.50E-tOO 2.7500 1.354E+08 
H-3 8.0065E-03 1,263.324 2,526.648 O.OOE-tOO 1.01 E-Hl1 2.02E-Hl1 3.5000 1.613E+07 
1-129 7.5300E-07 1,263.324 2,526.648 O.OOE-HlO 9.51E-04 1.90E-03 5.0000 1.340E+03 
Kr-85 2.0705E-01 1,263.324 2,526.648 O.OOE-tOO 2.62E-Hl2 5.23E-Hl2 7.0000 1.490E+02 
Np-237 9.5507E-Q6 1,263.324 2,526.648 O.OOE+OO 1.21E-02 2.41E-Q2 11.0000 1.676E+01 
Pa·231 1.2740E-Q9 1,263.324 2,526.648 O.OOE+OO 1.61E-Q6 3.22E-06 
Pb-21 0 1.1836E-11 1,263.324 2,526.648 O.OOE-tOO 1.50E-Q8 2.99E·06 
Pm·147 6.7974E-Q1 1,263.324 2,526.648 O.OOE-tOO 8.59E+02 1.72E-Hl3 
Pu-238 1.9755E-Q2 1,263.324 2,526.648 O.OOE-tOO 2.50E-Hl1 4.99E-Hl1 
Pu·239 4.2836E-Q4 1,263.324 2,526.648 O.OOE-tOO 5.41E-01 1.06E-tOO 
Pu-240 2.4390E-04 1,263.324 2,526.648 O.OOE+OO 3.08E-01 6.16E-Q1 
Pu-241 5.4058E·02 1,263.324 2,526.648 O.OOE-tOO 6.83E-Hl1 1.37E-Hl2 
Pu-242 3.6329E-Q7 1,263.324 2,526.648 O.OOE+OO 4.59E-04 9.18E-Q4 
Ra-226 8.3742E·11 1,263.324 2,526.648 O.OOE-tOO 1.06E-Q7 2.12E-Q7 
Ra-228 5.7734E·15 1,263.324 2,526.648 O.OOE-tOO 7.29E-12 1.46E-11 
Ru-106 6.1356E-Q3 1,263.324 2,526.648 O.OOE-tOO 7.75E-tOO 1.55E-Hl1 
Se-79 1.2936E·05 1,263.324 2,526.648 O.OOE-tOO 1:63E-Q2 3.27E-02 
Sn-126 1.1574E-05 1,263.324 2,526.648 O.OOE-tOO 1.46E-02 2.92E-Q2 
Sr·90 2.4417E-tOO 1,263.324 2,526:648 O.OOE-tOO 3.08E-Hl3 6. 17E-Hl3 
Tc-99 4.2239E-Q4 1,263.324 2,526.648 O.OOE-tOO 5.34E-Q1 1.07E+OO 
Th-229 2.8568E-12 1,263.324 2,526.648 O.OOE-tOO 3.61E-Q9 7.22E-Q9 
Th·230 2.5310E-Q8 1,263.324 2,526.648 O.OOE-tOO 3.20E-Q5 6.40E-05 
Th-232 1.1631E-14 1,263.324 2,526.648 O.OOE-tOO 1.47E-11 2.94E-11 
T1·208 4.6705E-Q8 1,263.324 2,526.648 O.OOE-tOO 5.90E-Q5 1.18E-Q4 
U-232 1.3151E-Q7 1,263.324 2,526.648 O.OOE-tOO 1.66E-04 3.32E-Q4 Thermal Power 
U-233 2.1650E-Q9 1,263.324 2,526.648 O.OOE-tOO 2.74E-Q6 5.47E-Q6 Nominal Heat Bounding 
U-234 1.8399E-Q4 1,263.324 2,526.648 O.OOE-tOO 2.32E-Q1 4.65E-Q1 Output Heat Output 
U-235 -2.7235E-Q6 1,263.324 0.000 3.74E-02 3.39E-Q2 3.74E-Q2 (Watts) (Watts) 
U·236 1.5493E·05 1,263.324 2,526.648 O.OOE-tOO 1.96E-Q2 3.91E-Q2 4.00E+01 8.00E+01 
U-238 -4.2851 E-Q9 1,263.324 0.000 4.29E-Q4 4.23E-Q4 4.29E-Q4 Total Total 
Y-90 2.4423E-tOO 1,263.324 2,526.648 O.OOE-tOO 3.09E-Hl3 6.17E-Hl3 
Other Radionuclides 3.14E-Hl3 6.28E-Hl3 
m. TempiateSeJedion SUIlQilllry, B_"~1Uld~ 
Template Selection Summary 

FromSFD Used Basis for Parameter Differences: 
Reactor Moderator: UGHTWATER UGHTWATER 

Fuel Cladding: AlUM ALUM 
SOL HM Constltuen:3: lJ-ALX U 

BOl Enrichment 0/0: 93.125 60 to 100 

Bumup Summary (MWd) Basis for bumup used in estimate: 
FromSFD Eatimated 

Nomln3l:t-I -j-I 1,263.324 NomInal bumup calculated Iromthe heavy metal mass destroyed. 
Boundir.g:2~ :Bounding bumup assumed to be twice nominal bumup. 

Checks 

Estimated Bumup!
Bumup Multiplier Given Bumup Estlmamd EOL HMlGlven EOL HM 

Nomlnal:1 0.22 I 1.001 
Bounding: 0.43 ,

Reactor shutdown, COfe removal. storage. shipping or other date conflRnlng that Irradiation ceased for fuel. 

2Totat bumup for all fuel associated with this worKsheet must be divided by BOl heavy metal mass to get specific bumup values (MWdlMT). 



Fuel Radionuclide Inventory Worksheet 
I. Fuel ami TeQlIllate Inf_tien Estimated 

Fuel Name: ENEA SALUGGIA (ITALY) 1 FueI decay start date: 1996 Canister usage: 
SNFID#: 760 Estimates as of: 2010 18"xl0' 

Fuel Units & Oeser: 32 - MTR TYPE Template: ATR (light Water, Alum.• 60 to 100~o, U) 0.89 
_vy Metal Mass: BOl=22.40k9 ,EOl=21.57k9 2Template Bumup(MWd): 367.2 
ROD Storage Site: SRS Template BOL ~ Metal Ma•• (MT): 0.00116689 

Template Decay Time' 10 years 

n.Eotimates m x" x. b y" y. Gamma Sources 
Pheton Total 

CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photonslsec 
Radionuclide Template Fuel Burnup (MWd)' Burnup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 2.8404E-l0 787.920 1,575.840 O.ooE+OO 2.24E-07 4.48E-07 Avg. MeV 
Am-241 1.4935E-03 787.920 1,575.840 O.ooE+OO 1.18E+OO 2.35E+OO 0.0150 2.143E+14 
Am-242m 4.4390E-07 787.920 1,575.840 O.ooE+OO 3.50E-04 7.ooE-04 0.0250 4.510E+13 
Am-243 1.4913E-Q6 787.920 1,575.840 O.ooE+OO 1.18E-03 2.35E-03 0.0375 3.933E+13 
C-14 5.7217E-09 787.920 1,575.840 O.ooE+OO 4.51E-06 9.02E-06 0.0575 4.154E+13 
CI-36 1.3124E-32 787.920 1,575.840 O.ooE+OO 1.03E-29 2.07E-29 0.0850 2.527E+13 
Cm-243 2.0967E-07 787.920 1,575.840 O.ooE+OO 1.65E-04 3.30E-04 0.1250 1.768E+13 
Cm-244 4.3001E-05 787.920 1,575.840 O.ooE+OO 3.39E-02 6.78E-02 0.2250 2.170E+13 
Co-GO 1.9798E-05 787.920 1,575.840 O.ooE+OO 1.56E-02 3.12E-02 0.3750 9.727E+12 
Cs-l34 9.0795E-02 787.920 1,575.840 O.ooE+OO 7.15E+Ol 1.43E+02 0.5750 1.579E+14 
Cs-l35 3.4477E-06 787.920 1,575.840 O.ooE+OO 2.72E-03 5.43E-03 0.8500 7.703E+12 
Cs-137 2.5598E+OO 787.920 1,575.840 O.ooE+OO 2.02E+03 4.03E+03 1.2500 2.507E+12 
Eu-l54 5.4847E-02 787.920 1,575.840 O.ooE+OO 4.32E+Ol 8.64E+Ol 1.7500 9.156E+10 
Eu-155 1.9469E-02 787.920 1,575.840 O.ooE+OO 1.53E+Ol 3.07E+Ol 2.2500 6.053E+09 
Fe-55 1.7797E-03 787.920 1,575.840 O.ooE+OO 1.40E+OO 2.80E+OO 2.7500 8.445E+07 
H-3 8.0065E-03 787.920 1,575.840 O.ooE+OO 6.31E+OO 1.26E+Ol 3.5000 1.006E+07 
1-129 7.5300E-07 787.920 1,575.840 O.ooE+OO 5.93E-04 1.19E-03 5.ססOO 8.490E+02 
Kr-85 2.0705E-Ol 787.920 1,575.840 O.ooE+OO 1.63E+02 3.26E+02 7.ססOO 9.440E+Ol 
Np-237 9.5507E-06 787.920 1,575.840 O.ooE+OO 7.53E-03 1.51E-Q2 11.ססOO 1.062E+Ol 
Pa-231 1.2740E-09 787.920 1,575.840 O.ooE+OO 1.ooE-06 2.01E-Q6 
Pb-21 0 1.1838E-ll 787.920 1,575.840 O.ooE+OO 9.33E-09 1.87E-Q8 
Pm-147 6.7974E-Ol 787.920 1,575.840 O.ooE+OO 5.36E+02 1.07E+03 
Pu-238 1.9755E-Q2 787.920 1,575.840 O.ooE+OO 1.56E+Ol 3.11E+Ol 
Pu-239 4.2838E-Q4 787.920 1,575.840 O.ooE+OO 3.38E-Ql 6.75E-Ql 
Pu-240 2.4390E-Q4 787.920 1,575.840 O.ooE+OO 1.92E-Ol 3.84E-Ql 
Pu-241 5.4058E-Q2 787.920 1,575.840 O.ooE+OO 4.26E+Ol 8.52E+Ol 
Pu-242 3.6329E-Q7 787.920 1,575.840 O.ooE+OO 2.86E-04 5.72E-Q4 
Ra-226 8.3742E-ll 787.920 1,575.840 O.ooE+OO 6.GOE-Q8 1.32E-07 
Ra-228 5.7734E-15 787.920 1,575.840 O.ooE+OO 4.55E-12 9.10E-12 
RU-l06 6.1356E-Q3 787.920 1,575.840 O.ooE+OO 4.83E+OO 9.67E+OO 
Se-79 1.2936E-Q5 787.920 1,575.840 O.ooE+OO 1.02E-Q2 2.04E-02 
Sn-126 1.1574E-Q5 787.920 1,575,840 O.OOE+OO 9.12E-Q3 1.82E-Q2 
Sr-90 2.4417E+OO 787.920 1,575.840 O.ooE+OO 1.92E+03 3.85E+03 
Tc-99 4.2239E-Q4 787.920 1,575.840 O.OOE+OO 3'33E-Ql 6.66E-Ol 
Th-229 2.8568E-12 787.920 1,575.840 O.ooE+OO 2.25E-Q9 4.50E-Q9 
Th-230 2.5310E-oB 787.920 1,575.840 O.ooE+OO 1.99E-Q5 3.99E-Q5 
Th-232 1.1631E-14 787.920 1,575.840 O.ooE+OO 9.16E-12 1.83E-ll 
T~208 4.6705E-oB 787.920 1,575.840 O.ooE+OO 3.68E-Q5 7.36E-Q5 
U-232 1.3151E-Q7 787.920 1,575.840 O.ooE+OO 1.04E-Q4 2.07E-04 Thermal Power 
U-233 2.1650E-Q9 787.920 1,575.840 O.OOE+OO 1.71E-Q6 3.41E-06 Nominal Heat Bounding 
U-234 1.8399E-04 787.920 1,575.840 O.OOE+OO 1.45E-Ql 2.90E-Ol Output Heat Output 
U-235 -2.7235E-Q6 787.920 0.000 9.68E-03 7.54E-03 9.68E-03 (Walts) (Watts) 
U-236 1.5493E-05 787.920 1,575.840 O.ooE+OO 1.22E-02 2.44E-Q2 2.49E+Ol 4.99E+Ol 
U-238 -4.2851 E-Q9 787.920 0.000 6.02E-03 6.02E-03 6.02E-03 Total Total 
Y-90 2.4423E+OO 787.920 1,575.840 O.ooE+OO 1.92E+03 3.85E+03 
Other Radionuclides 1.96E+03 3.92E+03 

·m.TempbteSeJe;:tion ~I'Y, B_.p~I'Y,"mI C~ 
Tern late Selection SummarY 

FromSFD Used Basis for Parameter Differences:
 
Reactor Moderator: LIGHT WATER LIGHT WATER This Template was used for the following reasons:
 

Fuel Cladding: ALUM ALUM This fuel matches ATR TerI'lllate on all but one perameter(enridlmenl) mal<ing ATR a reasonable 
BOL HM Constituents: U-ALX U match. 

BOl Enrichment %: 20 60 to 100 

Burnup Summary (MWd) Basis for burnup used in estimate: 
FromSFD Estimated 

Nomlnal:1 787.920 Nominal bumup calculated from the heavy metal mass destroyed. 
Boundlng:1 I 1,575.840 Bounding bumup assumed to be twice nominal bumup. 

Checks 

Estimated Bumupl 
Bumup Multiplier Given BumuD Estimated EOL HMlGlven EOL HM 

Nominal: 0.11 I 1.001 
Bounding: 0.22 , 

Reactor shutdown, core removal, storage, shiPping or other date conflmlmg that irradiation ceased for fuel.
 

~otal bumup for all fuel associatact with this worksheet must be divided by BOl heavy metal mass to get specific bumup values (MWdlMT).
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Templat.. h)formatlon Estimated 

Fuel Name: EPRI 'Fuel decay start date: 1966 Canister usage: 
SNFID#: 67 Estimates as of: 2010 18"x10'
 

Fuel Units & llescr: 1 - CANISTER OF SCRAP Template: (Worst Case) 0.03
 
Heavy Metal Man: SOL: ; EOL:.02k9 2Template Bumup(MWd): 62.5 
ROD Storage Site: INEEL Template BOl Heavy Metal Mass (MT): 0.00186865 

Template Decay Time' 35 years 
D. Estimates m x. x. b Y. Y. Gamma Sources

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (boUnding) 
Ac-227 2.3072E-06 19.007 19.007 O.OOE+OO 4.39E-05 4.39E-05 Avg.MeV 
Am-241 8.4448E+OO 19.007 19.007 -----O'ooE+oo 1.61E+02 1.61E+02 0.0150 2.329E+13 
Am-242m 1.6848E-02 19.007 19.007 O.OOE+OO 3.20E-Ol 320E-Ol 0.0250 4.635E+12 
Am-243 1.6320E-02 19.007 19.007 O.ooE+OO 3.10E-01 3.10E-Ol 0.0375 4.049E+12
C-14 1.2090E-ol 19.007 19.007 O.ooE+OO 2.3OE+OO 2.3OE+OO 0.0575 6.370E+12 
CI-36 2.2849E-03 19.007 19.007 o.oOE+OO 4.34E-02 4.34E-02 0.0850 2.486E+12 
Cm-243 8.6624E-04 19.007 19.007 O.OOE+oo 1.65E-02 1.65E-02 0.1250 1.949E+12 
Cm-244 l.6848E-ol 19.007 19.007 O.OOE+OO 3.20E+OO 3.20E+OO 0.2250 2.154E+12 
Co-6O 2.8086E+Ol 19.007 19.007 O.OOE+OO 5.34E+02 5.34E+02 0.3750 9.213E+l1 
Cs-l34 3.4148E-04 19.007 19.007 O.ooE+OO 6.49E-03 6.49E-03 0.5750 1.498E+13 
Cs-l35 4.3976E-04 19.007 19.007 O.ooE+OO 8.36E-03 8.36E-03 0.8500 5.725E+11 
Cs-137 2.1049E+Ol 19.007 19.007 O.OOE+OO 4.00E+02 4.00E+02 1.2500 4.002E+13 
Eu-154 1.2500E+OO 19.007 19.007 O.OOE+OO 2.38E+Ol 2.38E+Ol 1.7500 1.nOE+10 
Eu-155 6.8986E-02 19.007 19.007 O.OOE+OO 1.31E+OO 1.31E+OO 2.2500 2.099E+08 
Fe-55 2.9308E-ol 19.007 19.007 O.ooE+OO 5.57E+OO 5.57E+OO 2.7500 5.914E+07 
H-3 2.4311E-ol 19.007 19.007 O.OOE+OO 4.62E+OO 4.62E+OO 3.5000 4.734E+04 
1-129 1.0618E-OS 19.007 19.007 O.ooE+OO 2.02E-04 2.02E-04 5.ססOO 2.010E+04 
Kr-SS 5.9882E-01 19.007 19.007 O.OOE+OO 1.14E+Ol 1.14E+Ol 7.ססOO 2.302E+03
Np-237 1.5668E-04 19.007 19.007 O.OOE+OO 2.98E-03 2.98E-03 11.ססOO 2.634E+02 
Pa-231 2.8656E-06 19.007 19.007 O.OOE+OO 5.45E-OS 5.45E-05 
Pb-21a 2.3918E-08 19.007 19.007 O.OOE+OO 4.55E-07 4.55E-07 
Pm-147 1.69OOE-02 19.007 19.007 O.ooE+OO 3.21E-ol 3.21E-ol 
Pu-238 -8.6123E-ol 19.007 0.000 5.14E+OO O.OOE+OO 5.14E+OO 
Pu-239 -4.844OE-02 19.007 0.000 6.22E-ol O.OOE+OO 6.22E-Ol 
Pu-240 -3.oo95E-Ol 19.007 0.000 7.94E-ol O.OOE+OO 7.94E-ol 
Pu-241 -1.0411E+02 19.007 0.000 2.04E+02 O.OOE+OO 2.04E+02 
Pu-242 -1.1381E-04 19.007 0.000 3.44E-03 1.27E-03 3.44E-03 
Ra-226 6.44OOE-08 19.007 19.007 O.OOE+OO 1.22E-06 1.22E-06 
Ra-228 5.9952E-07 19.007 19.007 O.ooE+OO 1.14E-05 1.14E-05 
RU-l06 8.5526E-07 19.007 19.007 O.ooE+OO 1.63E-05 1.63E-05 
Se-79 1.9181E-04 19.007 19.007 O.OOE+OO 3.65E-03 3.65E-03 
8n-126 1.6671E-04 19.007 19.007 O.OOE+OO 3.17E-03 3.17E-03 
8r-90 1.9799E+Ol 19.007 19.007 O.OOE+OO 3.76E+02 3.76E+02 
Tc·99 6.7678E-03 19.007 19.007 O.OOE+OO 1.29E-Ol 1.29E-ol 
Th-229 1.7488E-06 19.007 19.007 O.OOE+OO 3.32E-OS 3.32E-05 
Th-23O 5.8704E-Q6 19.007 19.007 O.OOE+OO 1.12E-04 1.12E-04 
Th-232 6.0208E-07 19.007 19.007 O.OOE+OO 1.14E-05 1.14E-05 
T1-208 8.7573E-OS 19.007 19.007 O.OOE+OO 1.66E-03 l.66E-03 
U-232 2.3706E-04 19.007 19.007 O.OOE+OO 4.51E-03 4.51E-03 Thermal Power 
U-233 3.6128E-04 19.007 19.007 O.OOE+OO 6.87E-03 6.87E-03 Nominal Heat Bounding 
U-234 1.2788E-02 19.007 19.007 O.OOE+OO 2.43E-01 2.43E-ol Output Heat Output 
U-235 5.8772E-04 19.007 19.007 O.OOE+OO 1.12E-Q2 1.12E-02 /Wattsl /Wattsl 
U-236 2.3485E-04 19.007 19.007 O.OOE+OO 4.46E-03 4.48E-03 1.87E+01 1.90E+Ol 
U-238 1.1741E-04 19.007 19.007 O.OOE+OO 2.23E-03 2.23E-03 Total Total 
Y-90 1.9804E+Ol 19.007 19.007 O.OOE+OO 3.76E+02 3.76E+02 
Other Radionuclides 1.17E+03 1.17E+03 
m. Temolate Sdeetlon s.-l'V, IIuralJ ,llnd()lll!dlI> 
Template Selection Summary 

FromSFD Used Basis for Parameter Differences:
 
_Moderator: LIGHT WATER (Worst Case) This Tempfate was used for the following reasons:
 

Fuel Cladding: SST SST/lnconeI Th~ Iu<ll dido' dose~ matc!l any existing lempIales.l!leretOlS Ihs WOISI case template was used.
 
BOl HM Constltuento: Pu02 U. Th. & Pu 

BOL Enrichment ,::.: Oto 100 

Bumup Summary (MWd) Basis for bumup used in estimate:
From SFD Estimated 

Nomlnal:1 I 19.007 Nominal bumupsel equal 10 boun<lingbumup. 
Boundlng:It----------f-I-----c,-O:9.00·7 Bounding bumup estimated by assuming SOL heavy metal mass was twice EeL 

Checks 
Estimated Bumupl 

BumuD MuitiDlier Given Bumup Estimated EOl HMiGlven EOl HM 
Nominal: 14.21 1 601.111 

Bounding: 14.21 , 
Reador shutdown, core removal, storage, shlpplng or other date confllmmg that Irradiation ceased for fuel. 

~otal bumup for all fuel £SSOCiated with this worksheet must be divided by BOL heavy metal mass to get specific bumup vatues (MWd'MT). 
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Fuel Radionuclide Inventory Worksheet 

I. Fuel and TeQlI!Iate .lnf<>tInatiOll~ Estimated 
Fuel Name: ERR
 'Fuel decay start date:
 1966 Canister usage: 

SNFID#: 68
 Estimates as of:
 2010 18"xl0' 
Fuel Units & Doser: 190 - 5 X 5 ROD ARRAY Temptate:
 LWBR (Ught Water, Zirc, 60 to 100%, Th and U) 10.56 
Heavy Metal Mass: BO~5079.65kg : EO~5032.83kg 'Template BumuP(MWd):
 10269.14 
ROD Storage Site: INEEl Temptate BOl Heavy Metal Mass (MT):
 0.45991251
 

Temptate Decay Time'
 35 years
 

n. Estimates m x" Xb b y" Yb Gamma Sources
Photon Total 

CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 
Radionuclide Template Fuel Bumup (MWd)' Burnup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 9.7360E-05 45,559.594 91,119.189 O.ooE-tOO 4.44E-tOO 8.87E-tOO AV9. MeV 
Am-241 2.4345E-04 45.559.594 91,119.189 O.ooE-tOO 1.11E-HJl 2.22E-HJl 0.0150 7.516E+15 
Am-242m 1.4821E-06 45.559.594 91,119.189 O.ooE-tOO 6.75E-02 1.35E-Ol 0.0250 1.548E+15 
Am-243 3.1152E-07 45,559.594 91,119.189 O.ooE-tOO 1.42E-02 2.84E-02 0.0375 1.323E+15 
C-14 9.2432E-05 45,559.594 91,119.189 O.ooE-tOO 4.21E-tOO 8.42E-tOO 0.0575 1.446E+15 
CI-36 1.8103E-06 45,559.594 91,119.189 O.ooE-tOO 8.25E-02 1.65E-Ol 0.0850 9.237E+14 
Cm-243 3.0597E-07 45,559.594 91,119.189 O.ooE-tOO 1.39E-02 2.79E-02 0.1250 5.788E+14 
Cm-244 1.4149E-Q5 45,559.594 91,119.189 O.ooE-tOO 6.45E-Ql 1.29E-tOO 0.2250 8.283E+14 
Co-50 8.7369E-04 45,559.594 91,119.189 O.ooE-tOO 3.98E-HJl 7.96E-HJl 0.3750 3.326E+14 
Cs-l34 2.5501E-Q5 45,559.594 91,119.189 O.ooE-tOO 1.17E-tOO 2.33E-tOO 0.5750 5.079E+15 
Cs-135 2.8639E-Q5 45,559.594 91,119.189 O.ooE-tOO 1.30E-tOO 2.61E-tOO 0.8500 9.075E+13 
Cs-137 1.4772E-tOO 45,559.594 91,119.189 O.ooE-tOO 6.73E+04 1.35E-HJ5 1.2500 4.009E+13 
Eu-l54 8.5025E-03 45,559.594 91,119.189 O.ooE-tOO 3.92E-HJ2 7.84E-HJ2 1.7500 6.2S4E+12 
Eu-155 6.6062E-04 45,559.594 91,119.189 O.ooE-tOO 3.01 E-HJl 6.02E-HJl 2.2500 1.817E+08 
Fe-55 2.3011E-06 45,559.594 91,119.189 O.ooE-tOO 1.05E-Ql 2.10E-Ol 2.7500 4.467E+13 
H-3 2.1277E-03 45,559.594 91,119.189 O.ooE-tOO 9.69E-HJl 1.94E-HJ2 3.5000 1.709E+OS 
1-129 1.5853E-06 45,559.594 91,119.189 O.ooE+OO 7.22E-02 1.44E-Ol 5.ססOO 5.354E+04 
Kr-85 6.2625E-02 45,559.594 91,119.189 O.ooE-tOO 2.85E-HJ3 5.71 E-HJ3 7.ססOO 3.908E+03 
Np-237 1.2620E-Q7 45,559.594 91,119.189 O.ooE-tOO 5.75E-03 1.15E-Q2 11.ססOO 2.985E+02 
Pa-231 1.2017E-04 45,559.594 91,119.189 O.ooE-tOO 5.47E-tOO 1.09E-HJl 
Pb-21 0 1.4247E-08 45,559.594 91,119.189 O.ooE-tOO 6.49E-Q4 1.30E-03 
Pm-147 2.6224E-04 45,559.594 91,119.189 O.ooE-tOO 1.19E-HJl 2.39E-HJl 
Pu-238 4.2477E-04 45,559.594 91,119.189 O.ooE-tOO 1.94E-HJl 3.87E-HJl 
Pu-239 2.7519E-05 45,559.594 91,119.189 O.ooE-tOO 1.25E-tOO 2.51 E-tOO 
Pu-240 1.6184E-Q5 45,559.594 91,119.189 O.ooE-tOO 7.37E-Ql 1.47E-tOO 
Pu-241 1.4895E-Q3 45,559.594 91,119.189 O.ooE-tOO 6.69E-HJl 1.34E-HJ2 
Pu-242 4.0831E-08 45,559.594 91,119.189 O.ooE-tOO 1.86E-Q3 3.72E-03 
Ra-226 2.1423E-Q8 45,559.594 91,119.189 O.ooE-tOO 9.76E-Q4 1.95E-03 
Ra-228 4.6236E-Q6 45,559.594 91,119.189 O.ooE-tOO 2.11E-Ql 4.21E-Ol 
Ru-l06 4.0208E-ll 45,559.594 91,119.189 O.ooE-tOO 1.83E-Q6 3.86E-06 
Se-79 3.5417E-Q5 45,559.594 91,119.189 O.ooE-tOO 1.61E-tOO 3.23E-tOO 
Sn-126 3.9848E-Q5 45,559.594 91,119.189 O.ooE-tOO 1.82E-tOO 3.63E-tOO 
Sr-90 1.4928E-tOO 45,559.594 91,119.189 O.ooE-tOO 6.80E+04 1.36E-HJ5 
Tc-99 3.2525E-Q4 45,559.594 91,119.189 O.ooE-tOO 1.48E-HJl 2.96E+Ol 
Th-229 6.4582E-Q5 45,559.594 91,119.189 O.ooE-tOO 2.94E-tOO 5.88E-tOO 
Th-230 1.1432E-Q6 45,559.594 91,119.189 O.ooE-tOO 5.21E-Q2 1.04E-Ql 
Th-232 -9.0328E-08 45,559.594 0.000 5.36E-Ql 5.32E-Ol 5.36E-Ql 
T1-208 1.3964E-Q2 45,559.594 91,119.189 O.ooE-tOO 6.36E+02 1.27E-HJ3 
U-232 3.7822E-02 45,559.594 91,119.189 O.ooE-tOO 1.72E+03 3.45E+03 Thermal Power 
U-233 -3.3244E-03 45,559.594 0.000 1.80E+03 1.65E+03 1.80E+03 Nominal Heat Bounding 
U-234 8.1769E-04 45,559.594 91,119.189 O.ooE-tOO 3.73E+Ol 7.45E+Ol Output Heat Output 
U-235 5.7813E-08 45,559.594 91,119.189 3.69E-Q4 3.ooE-03 5.64E-03 !Watts) !Watts) 
U-236 1.3273E-Q7 45,559.594 91,119.189 O.ooE-tOO 6.05E-03 1.21E-Q2 1.26E+03 2.48E+03 
U-238 -3.1121E-l0 45,559.594 0.000 2.36E-04 2.22E-04 2.36E-04 Total Total 
Y-90 1.4928E-tOO 45,559.594 91,119.189 O.ooE-tOO 6.80E+04 1.36E+05 
Other Radionuclides 7.5OE+04 1.52E+05 
m. TenlIlIate.SeIe<:tl<m ~l'Y.·8_ andCheckli 
Template selection Summary 

FromSFD ~ Basis for Parameter Differences:
 
_Moderator: UGHTWATER UGHTWATER This Terr¢ll:e was used for the following reasons:
 

Fuel Cladding: 55T(304) ZIRe
 Th~ fuel matches LWBfl Templale on ell but one paramete, (dedding) making LWBR a raasonable 
BOL HM Constituents: Th02-U02 Thand U
 match. 

BOl Enrichment %: 92.94902719 60 to 100 

Burnup Summary (MWd) Basis for bumup used in estimate: 
From SFD Estimated 

Nomlnal:1 27,491.0661 45,559.594 Nominal bumup caloolaled from the heavy metal mass destroyed. 
Bounding:1 66,035.4501 91,119.189 Bounding bumup assumed to be twice nominal bumup. 

Checks 

Estimated Bumupl 
BumuD MUItlDU", Given Bumup Estimated EOL HMfGiven EOL HM 

Nominal: 0.40 1.66 I 1.001 
Bounding: 0.80 1.38 ,

Reactor shutdown, core removal, storage, shlppmg or other date confmmng that irradiation ceased for fuel.
 

2Tolal bumup for all fuel associated with this worksheet must be dvided by BOL heavy metal mass to get specific bumup values (MWd'MT).
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Fuel Radionuclide Inventory Worksheet 
I. Fuel ami Templat< Inf<>rmatJon Estimated
 

Fuel Name: ERR 1Fusl decay start date: 1966 Canister usage:
 
SNF 10 #: 1057 Estimates as of: 2010 18"xl0'
 

Fuel Units & Oeser: 4 - ROD Template: LWBR (Ught Water, Zire, 60 to 100~'o, Th and U) D.17
 
Heavy Metal M..s: BOl=4.29k9 ; E0l=4.23k9 2Template Bumup(MWd): 10269.14
 
ROD Storage Site: INEEl Template BOl Heavy Metal Mass (MT): 0.45991251
 

Template Decay Time" 35 years
 
ll. Estimates m b Yo Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial ActiVity Nominal Fuel BOUnding Fuel Energy Photons/sec
 

Radionuclide Templale Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci)
 Group (boUnding) 
Ac-227 9.7360E-05 56.833 113.665 O.OOE+OO 5.53E_Q3 l.l1E-02 Avg MeV 

"A'c:mO-'2"'4'"1------ ------c2;;:.434:,~-;~5~E_Q4-;;:;-----;5~6"'.83~3----.;.11i3".66:;:5---o.OOE+OO 1.38;;:E~_Q.;;2~----i;2.c;77~E~-.;;02;;----jIf-:Oo:'.0~ ..::lSO- - 9-.3-7-4E-+-1-2
Am-242m 1.4821E-06 56.833 113.665 0.ooE<iJo--------s:42E-05 1.68E-04 0.0250 1.931E+12 
Am-243 3.1152E_Q7 56.833 113.665 O.ooE+OO 1.77E-05 3.54E-05 0.0375 1.65OE+12 
'C;C-;-14~~----·---;9C;.2~4~3;;2~E--;05:O------'E5~6.:;;833;;;O-----;lc;l.;;3:.;?,.665----0:OOE+OO 5.25E-03 1.05E_Q2 0.0575 1.804E+12 
CI-36 1.8103E-06 56.833 113.665 O.oOE+OO 1.03E-04 2.06E_Q4 0.OS50.. 1._152E+12
-;OcC:m~-2~43;;:;------·---;3;:;.0"'5';;97~E;:--';;07:;--------;:5·6:O.:;;8;;:33:;-------1;-;1;;:3::;:.665---- o.oOE+OO 1.74E-05 3.48E_Q5 0.1250 7.220E+ll 
Cm-244 lA149E_Q5 56.833 113.665 O.ooE+OO 8.04E_Q4 1.61E-Q3 0.2250 1.033E+12 
-;OC;:o-6O~c-'---------8;;."'736;;,;;9;;:E'c-04:;:;------;5~6'C.833~:---------;,lli3".66~'5=- O.ooE+OO 4.97E_Q2 9.93E-02 0.3750 4.149E+ll 
~C"'S'c-lc:34:=__-------2:c.'=560=I~E_;-05C'_-----'5="6"'.833=----_;I~I:3.665 O.OOE+OO 1.45E-03 2.91E-03 0.5750 6.335E+12 
.,C"'S'-:-1;;:3o;5 ---c2;o:.~863~9;=E_;-Q5~---_c526;:;.82:33:;;_---__;1.;:13;;:.665~:____--.;;0".::.00-"E:=:+OO~---;;.:1.,::83;o;EO'-';;03':__--_+:3.26E-03 0.8500 1.132E+ll 
.;oC,::S-_;1_'=37';--------cl::-.4"'77:::2:=:E;o+OO'=----_;5c:6.::.:.833=----~II:_o30,:.66:c::05 0~.ooE+OO 8.40E+Ol 1.68E+02 1.2500 5.001E+10 
~E"'u--;I_'E54~------__;8~.60~2"'5~E-Q~3----_;56~.833~----;113.665 O.OOE+OO 4.89E-Ol 9.78E-Ql 1.7500 7.801E+09 
~E"U'c-l:_;5"'5'-----------:c62 ..60630121EE-~ 56.833 113.665 O.OOE+OO 3.75"E=-_Q"'2;;-------=7"".51E-02 2.2500 2.267E+05 
.;,Fie-;;5:o5'__ ~~;;=-~~-_---5~6~.83~3;_---...-;1.;:13;;:.;;;:665 O.ooE+OO 1.31E-04 2.62E_Q4 2.7500 5.573E+l0 
H-3 2.1277E-03 56.833 113.665 O.ooE+OO 1.21 E_Ql 2.42E-Ol 3.5000 2.OS5E+02
 
1-129 1.5853E-06 56.833 113.665 O.ooE+OO 9.01E-05 1.80E_Q4 5.0000 6.538E+Ol
 
-icK,..:r-==85==-----------,6'='.2=6:="2::'5;=E--oO::'2-----;5'"6~.::.:.833=----71:-O13~.665 O.ooE+OO 3.56E+OO 7.12E+OO 7.0000 4.783E+00 
iN"=p"'-2"'3"'7--------1"'.;;:26"'2~0~E-;_QO;7-----;56~.:83320----.;.1~13.665 - ----0.001=+00 7.17E-06 1.43E-05 11.0000 3.665E-Ql 
Pa-231 1.2017E_Q4 56.833 113.665 O.ooE+OO 6.83E_Q3 1.37E_Q2
""P~b-;-2S'1;,0-----------;-1 "'.4;;2·4"'7iE:-:-OS~----5~6~.8;;;33~----;1.;.13_:_665 O.OOE+OO 8.10E_Q7 1.62E-Q6 

""p,::m'-;:-1;;;4;c7 __'2;:.6;;:22~4~E_;-Q4c;-----___;5~6"'.833~----.;.liI3;;:.66"",5=- .;;:;0.ooE+OO 1:.::.4"'9~EC'-0~2'------'2"'.9="8~EC'-Q~2'-----j1 
PU-238:c::_--------.;4:=;.2;;c477~E=--Q4~----_'=56"'.=833:c::_------cl;-~1~3.665 O.ooE+OO 2.41 E-02 4.83E-02 
Pu-239 2.7519E-05 56.833 113.665 O.ooE+OO 1.56E-03 3.13E-03 
Pu-240 1.6184E_Q5 56.833 113.665 0.001:+00 9.2.~OE;:-"'04;o_--...-;I".::.84~E~-Q~3--l1 
Pu-241 1.4695E-Q3 56.833 113.665 O.ooE+OO 8.35E_Q2 1.67E_Ql 
Pu-242 4.0831 E-OS 56.833 113.665--- O.ooE+OO 2.32E-Q6 4.64E-Q6 
Ra-226 2.1423E-OS 56.833 113.665 O.ooE+OO 1.22E-06 2.44E-06 
Ra-228 4.6236E-Q6 56.833 113.665 O.ooE+OO 2.63E-04 5.26E-04 
Ru-l06 4.02OSE-ll 56.833 113.665 O.ooE+OO 2.29E_Q9 4.57E_Q9 
5e-79 3.5417E_Q5 56.833 113.665 O.ooE+OO 2.01E_Q3 4.03E-03 
5n-126 3.9848E-Q5 56.833 113.665 O.ooE+OO 2.26;=E_;-0"'3'----';4c:;.53~E_;-Q"'3:___l1 
5r-90 1.4928E+OO 56.833 113.665 O.ooE+OO 8.4SE+Ol 1.70E+02 
Tc-99 32525E-Q4 56.833 113.665 O.ooE+OO 1.85E-02 3.70E-02 
Th-229 6.4582E-05 56.833 113.665 O.ooE+OO 3.67E-Q3 7.34E-Q3 
Th-230 1.1432E-Q6 56.833 113.665 O.ooE+OO 6.50E_Q5 1.30E-04 

"'Ti-';h-"'23:;;2'--- .---,-9~.;;;03"'27.8E~-OS~---_c52:6.833 0.000 4.53E-Q4:;;,__--'4:;:.48~Eo.:;-Q42_---'i-4:;'.53;<iE~-Q4~--j1 
T~2OS 1.3964E_Q2 56.833 113.665 0.001:+00 7.94E-Ol 1.59E+OO 
U-232 3.7822E-02 56.833 113.665 O.ooE+OO 2.15E+OO 4.30E+OO Thennal Power 

7U;-;-2"'33;';-- -;c3"".3:;:244~E"'-;c03;'------___:56~.833~:____---__O,0~."C_OOO~:-_._-;I".5"'2"EO-,+OO~----';I."'34c:E';=+OO~:____--_I;c.:;;52;;:E;o+OO""''-__lINominal Heat Bounding
U-234 8.1769E_Q4 56.833 113.665 O.ooE+OO 4.65E_Q2 9.29E-Q2 Output Heat Output
U-235 5.7813E-OS 56.833 113.665 3.12E_Q7 3.60:.;:E-;-Q6"=-----;c6.~88;;;E=--06;;;;---j1 /Watts\ /Watts\ 
U-236 1.3273E_Q7 56.833 113.665 O.ooE+OO 7.54E-Q6 1.51E_Q5 1_55E+oo 3.07E+OO 
U-238 -3.1121E-l0 56.833 0.000 1.99E-07 1.82E_Q7 1.99E_Q7 Total Total 
V-90 1.4928E+OO 56.833 113.665 O.ooE+OO 8.48E+Ol 1.70E+02 
Other Radionuclides 9.48E+Ol 1.90E+02 
W. TenlPIate SeIedion Su1mllllry, Bunw , ami Ched!lJ 
Template Selection Summary 

From SFD Used Basis for Parameter Differences: 
Reactor Moderator: UGHT WATER UGHT WATER This Template was used for the following reasons: 

Fuel C1addln~·I---=.SS~T;-'(:::304~)'----t--=:.:Z:::IR::::C::c-::c.:...--\ITh.:;i ~ fuel malches lWBR Template on all but one parameter (cladding) making lWBR a reasonable 
BOl HM Constituen';;; -- Th02-U02 Th and U malch. 

BOl Enrichment %: 93.0868939 60 to 100

Bumup Summary (MWd) Basis for bumup used in estimate: 
From SFO I Esti..-

NomInal:I-I --':-28"'.264~~+-I-------:56-=-.:::8.o:33 Nominal bumup calcclaled from the heavy melal mass destroyed. 
Bounding: 45.487 113.665 Bounding bumup assumed to be twice nominal bumup. 

Checks 
Es1l..- Bumupl 

BumuD Multll,lier Given Bumup Estimated EOl HMlGlven EOl HM
 
NominaE: 0.59 2.01
 I 1.001
 

Bounding: 1.19
 2.50 ,
Reactor shutdown. core removal, storage, stllppmg or other date confirming that Irradiation ceased for fuel. 

2rotal bumup for all fuel assoc:ated W'ith this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWdlMT). 
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Fuel Radionuclide Inventory Worksheet 
J. Fuel and T~*"Information Estimated 

Fuel Name: ESSOR (ITALY) ,Fuel deeay start date: 2006 Canister usage: 
SNFID#: 762 Estimates 89 of: 2010 18"x10' 

Fuel Units & Oeser: 12 -18 CURVED PLATES Template: ATR (Ught Water, Alum.• 60 to 100Cl-o , U) 1.00 
_vy Metal Mass: BOl=7.80k9 ; EOl=5.73k9 'Template Bumup(MWd): 367.2 
ROD Storage Site: SRS Template BOl _vy Metal Mass (MT): 0.00116689 

Template Decay Time' 5 years 
n. Estimates m x" Xb b y" Yb Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 1.4545E-l0 1.960.330 3,920.660 O.OOE+OO 2.85E-07 5.70E-07 AV9_MeV 
Am-241 1.1190E-03 1,960.330 3,920.660 O.OOE+OO 2.19E+OO 4.39E+OO 0.0150 7.564E+14 
Am-242m 4.5425E-07 1,960.330 3,920.660 O.OOE+OO 8.90E-04 1.78E-Q3 0.0250 1.630E+14 
Am-243 1.4921E-06 1,960.330 3,920.660 O.OOE+OO 2.93E-03 5.85E-03 0.0375 1.504E+14 
C-14 5.7244E-09 1,960.330 3,920.660 O.OOE+OO 1.12E-Q5 2.24E-05 0.0575 1.479E+14 
CI-36 1.3124E-32 1,960.330 3,920.660 O.OOE+OO 2.57E-29 5.15E-29 0.0850 9.426E+13 
Cm-243 2.3676E-Q7 1,960.330 3,920.660 O.OOE+OO 4.64E-04 9.28E-04 0.1250 8.163E+13 
Cm-244 5.2042E-05 1,960.330 3.920.660 O.OOE+OO 1.02E-Ql 2.04E-Ol 0.2250 7.989E+13 
Co-60 3.82OBE-05 1,960.330 3,920.660 O.OOE+OO 7.49E-02 1.50E-Ol 0.3750 3.867E+13 
Cs-l34 4.8693E-Ol 1,960.330 3.920.660 O.OOE+OO 9.55E+02 1.91E+03 0.5750 5.312E+14 
Cs-135 3.4477E-OB 1,960.330 3,920.660 O.OOE+OO 6.76E-Q3 1.35E-02 0.8500 7.438E+13 
Cs-137 2.8731E+OO 1,960.330 3,920.660 O.OOE+OO 5.63E+03 1.13E+04 1.2500 1.384E+13 
EU-I54 8.2053E-02 1,960.330 3.920.660 O.OOE+OO 1.61E+02 3.22E+02 1.7500 5.804E+11 
Eu-155 3.9134E-02 1,960.330 3,920.660 O.OOE+OO 7.67E+Ol 1.53E+02 2.2500 1.217E+12 
Fe-55 6.7429E-03 1,960.330 3,920.660 O.OOE+OO 1.32E+Ol 2.64E+Ol 2.7500 7.003E+09 
H-3 1.0599E-02 1,960.330 3,920.660 O.OOE+OO 2.OBE+01 4.16E+Ol 3.5000 7.nOE+08 
1-129 7.5300E-Q7 1,960.330 3,920.660 O.OOE+OO 1.48E-03 2.95E-Q3 5.0000 2.322E+03 
Kr-85 2.8595E-Ol 1,960.330 3,920.660 O.OOE+OO 5.61E+02 1.12E+03 7.0000 2.589E+02 
Np-237 9.5479E-OB 1,960.330 3,920.660 O.OOE+OO 1.87E-02 3.74E-Q2 11.0000 2.918E+Ol 
Pa-231 8.9297E-10 1,960.330 3,920.660 O.OOE+OO 1.75E-oo 3.50E-06 
Pb-21 0 3.7609E-12 1,960.330 3,920.660 O.OOE+OO 7.37E-Q9 1.47E-OB 
Pm-147 2.5452E+OO 1,960.330 3,920.660 O.OOE+OO 4.99E+03 9.98E+03 
Pu-238 2.0550E-Q2 1,960.330 3,920.660 O.OOE+OO 4.03E+Ol 8.OOE+01 
Pu-239 4.2838E-Q4 1,960.330 3,920.660 O.OOE+OO 8.40E-Ql 1.68E+OO 
Pu-240 2.4401E-04 1,960.330 3,920.660 O.OOE+OO 4.78E-Ql 9.57E-Ol 
Pu-241 6.8764E-02 1,960.330 3,920.660 O.OOE+OO 1.35E+02 2.70E+02 
Pu-242 3.6329E-Q7 1,960.330 3,920.660 O.OOE+OO 7.12E-04 1.42E-Q3 
Ra-226 3.8045E-l1 1,960.330 3,920.660 O.OOE+OO 7.48E-Q8 1.49E-Q7 
Ra-228 2.9902E-15 1,960.330 3,920.660 O.OOE+OO 5.86E-12 1.17E-11 
RU-loo 1.9055E-Ol 1,960.330 3,920.660 O.OOE+OO 3.74E+02 7.47E+02 
5e-79 1.2936E-Q5 1,960.330 3,920.660 O.OOE+OO 2.54E-02 5.07E-Q2 
5n-126 1.1574E-Q5 1,960.330 3,920.660 O.OOE+OO 2.27E-Q2 4.54E-Q2 
5r-90 2.7505E+OO 1,960.330 3,920.660 O.OOE+OO 5.39E+03 1.OBE+04 
Tc-99 4.2239E-Q4 1,960.330 3,920.660 O.OOE+OO 8.28E-01 1.68E+OO 
Th-229 1.8848E-12 1,960.330 3,920.660 O.OOE+OO 3.69E-Q9 7.39E-09 
Th-230 1.7042E-OB 1,960.330 3,920.660 O.OOE+OO 3.34E-Q5 6.68E-Q5 
Th-232 7.8132E-15 1,960.330 3,920.660 O.OOE+OO 1.53E-t1 3.OOE-l1 
TI-208 4.4063E-Q8 1,960.330 3,920.660 O.OOE+OO 8.64E-Q5 1.73E-Q4 
U-232 1.3151E-07 1,960.330 3,920.660 O.OOE+OO 2.58E-Q4 5.16E-04 Thenmal Power 
U-233 1.9564E-Q9 1,960.330 3,920.660 O.OOE+OO 3.84E-oo 7.67E-06 Nominal Heat Bounding 
U-234 1.8371E-Q4 1,960.330 3,920.660 O.OOE+OO 3.60E-Q1 7.20E-Ql Output Heat Output 
U-235 -2.7235E-06 1,960.330 0.000 1.56E-Q2 1.03E-Q2 1.56E-Q2 /Watts\ /Watts) 
U-236 1.5493E-05 1,960.330 3,920.660 O.OOE+OO 3.04E-Q2 6.07E-Q2 9.94E+Ot 1.99E+02 
U-238 -4.285 t E-Q9 1,960.330 0.000 1.96E-Q4 1.87E-04 1.96E-Q4 Total Total 
Y-90 2.7505E+OO 1,960.330 3,920.660 O.OOE+OO 5.39E+03 1.OBE+04 
Other Radionuclides 1.01E+04 2.02E+04 
lB. Temnbre~~n.,D .....Cbed<a 
Template selection Summary 

FromSFD Used Basis for Parameter Differences: 
Reactor Moderator: UGHTWATER UGHTWATER 

Fuel Cladding: ALUM ALUM 
BOl HM Constituents: U-ALX U 

SOL Enrichment Of.: 92.52828863 60 to 100 

Bumup Summary (MWd) Basis for bumup used in estimate: 
FromSFD I Estimated 

Nomlnal:1 I 1,960.330 Nominal bumup calculaled lrom'he heavy melal mass destroyod. 
Bounding: 3.920.660 Bounding bumup assumed to be twice nominal bumup. 

Checks 

Estimated Bumupl 
Bumup Multiplier Given Bumup Estimated EOl HMlGlven EOl HM 

Nomlnal:1 0.80 I 1.021 
Bounding: 1.60 ,

Reactor shutdown, core removal, storage, stllppmg or other date conflnnlng thai Irradiation ceased for fuel.
 

2Total bumup for all fuel associated with this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWd'MT).
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Fuel Radionuclide Inventory Worksheet 
1. Fueland Tesq>Iat. lnlonnation Estimated
 

Fuel Name: FAST REACTOR FUEL 1 Fuel decay start date: 1985 Canister usage:
 
SNF ID #: 1029 Estimates as of: 2010 18"'10'
 

Fuel Units & Oeser: 11 - CANISTER OF SCRAP Template: FFTF (FAST. SST. 10 to 3O'l" Pu 8. U) 0.85
 
Heevy Metal Ma£s: BOl=13.33k9 ; EOl=11.09k9 ,.omplate Bumup(MWd): 5011.2
 
ROD Storage SlOe: INEEl Template BOl Heevy Metal Mass (MT): 0.0329181
 

Template Decay Time' 25 years 
n. Estimates m b y. y. Gamma Sources '. 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Aotivity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radianuelide Template Fuel Bumup (MWd)' Bumup (MWd)' (ei) Inventories(Ci) Inventories(Ci) Group (bounding) 
.:;A-=C:,:-22~7 3",.~45",03~E-;-1;;;2,__--___;3",,;;:998~.94O~---_:7;::,9",9",7;,-.;:;880 0.ooE~+OO~_____:1;.:;.38;;~EC'-08~--~2.76E-08 ~1I' Me::.:v=-__-,--,....,.,~~ 
Am-241 9.5092E_Q2 3,998.940 7,997.ssO---2-.57E:-:-+o",1::_--4;:,.06.E+02 7.86E~ 0.0150 3.148E+14 
Am-242m 2.0115E-03 3.998.940 7,997.880 O.OOE+OO 8.04E+OO 1.61E+Ol 0.0250 6.384E+13 

-;A::'m:-:-2c-4:.=3 ~__---;;1';:.0:o-75;;;Oo;E~-04;;;'_---__;,3:;;,9;;;98;;'.94O;;_;~::_---7",.",99",7;:;:.880 O.OOE+OO 4.30E_Ql 8.GOE_Ql ~::~~=------;;:'::,c::-:;~"':-;:;~~.:;Cc--l~4:----------'2== ..::,61"'0"'2-=E:.=-Oco5------'3::'.9=:9~8:::.94O~---_:7O",9",9~7.88O O.OOE:::_+OO~----'l.::.04E-Ol 2.09E-Ol 
.;:Ccl-"'36~,__-------'3~.0,:42:;:;43~E-;-1"'0---___;3"'.9;;:9"'8"'.94O~---""7.';.9",9",7.,;;s80;'c-';;; -~-~_-_~~0;;.00;'c-o;E",+OO~--__1~.~37E-Q6 2.74E-OO 0.0850 3.612E+13 
-;:C::::m:'.:-2;c43~ 5::"ci-:18",2;;;4-=E_:-04o:------:3::,,9=:9~8:::.94O~---_:7o",9",9c.:.7c'88O O.OOE+OO 2.07E+OO 4.14E+OO 0.1250 2.597E+13 
Cm-244 2.1572E_Q3 3,998.940 7.997.s80---0-.00E",+OO~__---':C"8.63E+OO 1.73E+Ol 0.2250 2.886E+13 
Co-GO 5.6254E_Q3 3,998.940 7,997.880 O.ooE+OO 2.25E+Ol 4.50E+Ol 0.3750 1.259E+13 
Cs-l34 2.5942E_Q3 3,998.940 7,997.880 O.OOE+OO l.04E+Ol 2.07E+Ol 0.5750 5.020E+14 

.;:C-=S-;-1""35:;- ._ __:4~."'76:';;9~3~E,.;-Q5~---_:3"',99~8"'.94~0----:7;::,99~7,:;;'88O O.OOE+OO 1.91E-Ol 3.81E-Ol 0.8500 6.202E+12
-;C"'S'-:-1;.;:3"=7--------';C1."'71~22~E-:+OO~----3?,"'998~.94~0---_c7:::,99::::=7"".880 O.OOE+OO 6.85E+03 1.37E+04 1.2500 8.000E+12 
Eu-l54 2.5223E-02 3,998.940 7,997.880 -'0=-'.OO~-=c:::E;'-+OO~---1"'..01E+02 2.02E+02 1.7500 1.676E+11 

-;Ec=u-;-1-;-55=--- ~ -;2:;;.2~68"'9o;E~-Q;;c2;__---~3,:;;9;'c98;;'.94O~;__---7"',~99"'7;:;:.88O; O.ooE+OO 9.07E+Ol 1.81E+02 2.2500 3.569E+07 
-;.F7'e='-5:.=5___' __:c6.co33:;:58~E-:-Q4~---~3,,:o99=:8"'.94O~-'--_c7:::,~997.880 O.ooE+OO 2.53E+OO 5.07E+OO 2.7500 1.455E+08 
H-3 5.6054E_Q3 3,998.940 7,997.880 O.ooE+OO 2.24E+Ol 4.48E+Ol 3.5000 6.265E+05 

-;.1-"'1=;;29:c- :o-l.c;o28~9;-;1-=E-:-Q6~----3?,"'998~.94~0---_c7:::,9=:9~7;,;'88O O.ooE+OO 5.16E_Q3 1.03E-02 5.ססOO 1.777E+05
Kr-SS 4.1746E_Q2 3,998.940 7.997.880 O.ooE+OO 1.67E+02 3.34E+02 7.ססOO 2.033E+04 

-';N"'P--:2"'3:o-7 "'3.-;-20"'2;;;8-=E-:-Q6~----3"',';';;;99;;;8"'.94~0,__--_c7::::,997.880 O.ooE+OO 1.28E_Q2 2.56E-02 11.ססOO 2.328E+03 
-';P"'ac-;-2"'3~1-------,o8."'54oc2==9::=E;-,-1;.;:2'----3?,"'99==8"'.94O~-'--_c7:::,99==,7.880 O.ooE+OO 3.42E-08 6.83E-08 
~P=b-c':2;';10:;;_-------__:7"'.3535~~E--;;1"'3---___;3"',99~8::;.94O~---~7;';,9"'9~7.680 O.ooE+OO 2.94E-09 5.88E-Q9 
"'p~m'-;;-1""40i_7------___c2"'.6"'lo;O:;;2~E-Q~2---___c3",99~8c:.94O~---"'7;';,9~9~7.88o O.OOE+OO 1.04E+02 2.09E+02 
Pu-238 2.3328E-02 3,998.940 7,997.880 O.ooE+OO 9.33E+Ol 1.87E+02 
-';P;-=Uc.;-2"'3"'9--------;c3"'.5c;;52c;:0:iE'-;-Q;;;2::---___:3;:c,';';;;998~.94~0---_c;_~O~.OOO,,: 2.11 E+02 6.89E+Ol 2.11 E+02 
-oP"'Uc-;-2"'40:::-- --'?2."o07cc50=E'-'-Q"'2=-- 3"',~99"'8"'.94O~-----'7C!.,99~7.88o 1.07E+02 1.90E+02 2.73E+02 
-';P;-=Uc.;.2"'4-;;1 -'"'1."'1:;;12c;:7"'E";+OO~----3"',;'c998;;;;c.94~0---_c;_~0.:;:::::000 4.81 E+03 3.63E+02 4.81 E+03 
Pu-242 1.1152E-OS 3,998.940 7,997.880 2.86E-02 7.32E-02 1.18E_Ql 
-oR"'a'-'·22~6-------::-2.-=8.2==9"'7-=E'-:-1":2'----3=",799"'8"'.94O"""---_c7:::,9~97.88O O.ooE+OO 1.13E-OB 2.26E-08 
-';Ri=a'C-22~8-------~1.-;-350;1o;O"'E""-l;o6----3;:c,;;;998~.94O~---__;7:::.,99~~7;,-';;-88O O.ooE+OO 5.40E-13 1.08E-12 
Ru-lOO 2.5104E_Q5 3,998.940 7,997.880-~ O.ooE+OO 1.ooE-Ol 2.01 E-Ol 
-;S;-=e-_;7,.;;9:;:------.--71."'0"'133;;;-:=Ec.;-Q5~----3"',::o998;;;;c.94~0---_c7:::,99~7.880 O.ooE+OO 4.05E_Q2 8.10E_Q2 
-=S"'n-..;.1~26"--------4"'.o::390=2E~-Q5~---__:c3,7998~.94O~---~7,_=99=7=:o.880 O.OOE+OO 1,76E_Ql 3.51E_Ql 
C;Se,r--;;90;;;- "'6.-;;15"'22~E-:-Q"'1---___:3;:c,;'c998;;;;c.94O,,"'---_c7:::.,99~7.880 O.ooE+OO 2.46E+03 4.92E+03 
Tc-99 3.9412E-Q4 3,998.940 7,997.880 O.ooE+OO 1.58E+OO 3.15E+OO 
Th-229 2.OS54E-12 3,998.940 7,997.680 O.ooE+OO 8.22E_Q9 l.64E-oB 
Th-230 5.3660E-l0 3,998.940 7,997.880 O.ooE+OO 2.15E_Q6 4.29E-OO 
-=Th-~2~3=.2-------~1.~95=-22~Ec.,:-1-=6-'---'3=",7998~.94O"""-----'7o",9~9~7.880: O.ooE+OO 7.81 E-13 1.58E-12 
TI-208 5.1046E_Q7 3,998.940 7,997.880 O.ooE+OO 2.04E_Q3 4.OBE-Q3 
7U;-;-2;;;3"'2;__-------;:1.~3883~-=E_;-Q6~----:3"',=:998;;;:::.94O~---_:7:::.,99~~7.880 O.OOE+OO 5.55E_Q3 1.11 E-02 Thermal Power 
-"U~-2==33="_-------__:c3::.7.:::5='16"'Eo_--=10=--__-3=',"'99='8=_..:::94O:;.:::_---_:7O",99~7;_=.88O='?:=---'O=_.00~,Eo:+OO'=---..:1"'.50~E-:-Q6=----.:::3:::.oo==E_:-Q6~__lINominal Heat Bounding 
U-234 3.1909E_Q6 3,998.940 7,997.880 O.ooE+OO 1.28E_Q2 2.55E_Q2 Output Heal Output 
U-235 -8.7842E_Q9 3,998.940 0.000 4.33E_Q5 8.19E_Q6 4.33E_Q5 (Watts) (Watts) 
U-236 1.4813E_Q7 3,998.940 7,997.880 O.ooE+OO 5.92E-Q4 1.18E-Q3 7.84E+Ol 1.51E+02 
U-238 -1.7914E_Q7 3,998.940 0.000 3.15E-Q3 2.44E_Q3 3.15E_Q3 Total Total 
V-90 6.1522E_Ql 3,998.940 7,997.880 O.ooE+OO 2.46E+03 4.92E+03 
Other Radionuclides 6.88E+03 1.38E+04 
m. TetltIlIa~Sel<etion Smltmary, B ,andChed<s 
Template Selection Summary 

From SFD Used Basis for Parameter Differences: 
Reactor Moderator: FAST FAST 1his Template was used for the following reasons: 

Fuel Claddlng:I---...,SS=T,---t-----:SS=T;---iThis fuel matches on all parameters except onridlment (very close to 30%) 

BO;O~==~I--c'3~c".1C':005336'-'C"'A"R,,~=-_+----'.~c"~c"~0::nd"-~"---1 

Bumup Summary (MWd)' Basis for bumup used in estimate: 
From SFD Estimated 

Nomlnal:1 3.998.9401 2,231.045 Nominal bumup talen dir9<:I~ from SFO (COIlverted to MWd). 
BoUndit1g:~ -----~--t----...,7~.99=7.-8800::: Bounding bumup £$Sumed to be twice nominal bumup. 

Checks 
Estimated Bumupl
 

Bumup Multiplier
 Given Bumup Esti"",ted EOl HMlGlven EOl HM 
Nominal: 1.97 0.56 I 0.831 

Bounding:1 3.94 ,
Reactor shutdown, COr3 removal, storage, shlppmg or other date conflnmng that Irradiation ceased for fuel. 

~olat bumup for all fuel associated with this worKsheet must be divided by BOL heavy metal mass to get specific bumup values (MWdIMT). 
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Teowlate Infonuation 

Fuel Name: FAST REACTOR FUEL 1Fuel decay start date: 1985 
SNFID#: 906 Estimates as of: 2010 

Fuel Units & DascT: 1 - CANISTER OF SCRAP Template: (Worst Case) 
Heavy Metal Ma••: BOl=9.04k9 ; EOl=9.04k9 'Template Bumup(MWd): 62.5 
ROD Storage Site: INEEl Template BOl Heavy Metal Mas. (MT): 0.00186865 

Template Decay Time" 25 years 

n.Estimates m x" x. b y" y. 

CilMWd From Nominal BOUnding Fuel Initial Activity Nominal Fuel Bounding Fuel 
Radionuclide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) 
Ae-227 l.9648E-06 904.400 1,808.800 O.ooE+oo 1.78E-03 3.55E-03 
Am-241 7.8064E+00 904.400 1,808.800 O.ooE+OO 7.06E+03 1.41E+04 
Am-242m 1.7632E-02 904.400 1,808.800 O.ooE+OO 1.59E+Ol 3.19E+Ol 
Am-243 1.6336E-02 904.400 1,808.800 O.ooE+OO 1.48E+Ol 2.95E+Ol 
C-14 1.2101E-Ol 904.400 1,808.800 O.ooE+OO 1.09E+02 2.19E+02 
CI-36 2.2849E-03 904.400 1,808.800 O.ooE+OO 2.07E+OO 4.13E+OO 
Cm-243 1.1046E-Q3 904.400 1,808.800 O.ooE+OO 9.99E-Ol 2.ooE+OO 
Cm-244 2.4704E-Ql 904.400 1.808.800 O.ooE+OO 2.23E+02 4.47E+02 
Co-60 1.0466E+02 904.400 1,808.800 O.ooE+OO 9.47E+04 1.89E+05 
Cs-l34 9.8289E-Q3 904.400 1,808.800 O.ooE+OO 8.89E+OO 1.78E+Ol 
Cs-l35 4.3976E-04 904.400 1,808.800 O.ooE+OO 3.98E-Ol 7.95E-Ol 
Cs-137 2.6526E+Ol 904.400 1,808.800 O.ooE+OO 2.40E+04 4.80E+04 
EU-l54 2.7975E+OO 904.400 1,808.800 O.ooE+OO 2.53E+03 5.06E+03 
Eu-155 2.7881E-Ql 904.400 1,808.800 O.ooE+OO 2.52E+02 5.04E+02 
Fe-55 4.2151E+OO 904.400 1,808.800 O.ooE+OO 3.81E+03 7.62E+03 
H-3 4.2599E-Ol 904.400 1,808.800 O.ooE+OO 3.85E+02 7.71E+02 
1-129 1.0618E-05 904.400 1,808.800 O.ooE+OO 9.60E-03 1.92E-Q2 
Kr-85 1.1426E+OO 904.400 1,808.800 O.ooE+OO 1.03E+03 2.07E+03 
Np-237 1.5647E-04 904.400 1,808.800 O.ooE+OO 1.42E-Ql 2.83E-Ql 
Pa-231 2.8624E-06 904.400 1,808.800 O.ooE+OO 2.59E-Q3 5.18E-03 
Pb-210 9.2770E-09 904.400 1,808.800 O.ooE+OO 8.39E-06 1.88E-05 
Pm-147 2.3690E-Ol 904.400 1,808.800 O.ooE+OO 2.14E+02 4.29E+02 
Pu-238 3.2240E+OO 904.400 1,808.800 O.ooE+OO 2.92E+03 5.83E+03 
Pu-239 4.1664E-Ol 904.400 1,808.800 O.ooE+OO 3.77E+02 7.54E+02 
Pu-240 2.9264E-Ol 904.400 1,808.800 O.ooE+OO 2.65E+02 5.29E+02 
Pu-241 7.8816E+Ol 904.400 1,808.800 O.ooE+OO 7.13E+04 1.43E+05 
Pu-242 2.4560E-03 904.400 1,808.800 O.ooE+OO 2.22E+OO 4.44E+OO 
Ra-226 3.2167E-08 904.400 1,808.800 O.ooE+OO 2.91E-05 5.82E-05 
Ra-228 5.9024E-07 904.400 1,808.800 O.ooE+OO 5.34E-04 1.07E-03 
Ru-l06 3.9140E-06 904.400 1,808.800 O.ooE+OO 3.54E-03 7.08E-03 
8e-79 1.9184E-04 904.400 1,808.800 O.ooE+OO 1.73E-Ol 3.47E-Ol 
8n-126 1.6671E-04 904.400 1,808.800 O.ooE+OO 1.51E-Ol 3.02E-Ol 
Sr-90 2.5126E+Ol 904.400 1,808.800 O.OOE+OO 2.27E+04 4.54E+04 
Te-99 6.7678E-03 904.400 1,808.800 O.ooE+OO 6.12E+OO 1.22E+Ol 
Th-229 1.2398E-06 904.400 1,808.800 O.ooE+OO 1.12E-Q3 2.24E-Q3 
Th-230 4.1442E-06 904.400 1,808.800 O.ooE+OO 3.75E-Q3 7.50E-Q3 
Th-232 -4.2431 E-09 904.400 0.000 1.83E-04 l.80E-04 l.83E-04 
TI-208 9.6478E-Q5 904.400 1,808.800 O.ooE+OO 8.73E-02 1.75E-Ql 
U-232 2.6103E-04 904.400 1,808.800 O.ooE+OO 2.36E-Ql 4.72E-Ql 

Estimated 
Canister usage: 

18"xl0' 
0.08 

Gamma Sources 
Photon Total 
Energy Photons/sec 
Group (bounding) 

AV9. MeV 
0.0150 3.067E+15 
0.0250 6.002E+14 
0.0375 5.356E+14 
0.0575 7.308E+14 
0.0850 3.161E+14 
0.1250 2.749E+14 
0.2250 2.685E+14 
0.3750 1.132E+14 
0.5750 1.805E+15 
0.8500 1.088E+14 
1.2500 1.411E+16 
1.7500 3.420E+12 
2.2500 7.431E+10 
2.7500 6.365E+09 
3.5000 7. 129E+06 
 OO 3.029E+06סס.5
 OO 3.472E+05סס.7
 OO 3.976E+04סס.11

Thermal Power 
Nominal Heat Bounding 

Output HeetOutput 
(Watts) (Watts) 
2.14E+03 4.21£+03 

Total Total 

U-233 3.6128E-04 904.400 1,808.800 O.ooE+OO 3.27E-Ol 6.53E-Ql 
U-234 1.2788E-Q2 904.400 1,808.800 O.ooE+OO 1.16E+Ol 2.31E+Ol 
U-235 5.7488E-04 904.400 1,808.800 3.89E-03 5.24E-Ql 1.04E+OO 
U-236 2.3485E-04 904.400 1,808.800 O.ooE+OO 2.12E-Ol 4.25E-Ql 
U-238 1.1581E-04 904.400 1,808.800 4.84E-04 1.05E-Ql 2.10E-Ql 
V-90 2.5126E+Ol 904.400 1,808.800 O.ooE+OO 2.27E+04 4.54E+04 
Other Radionuelldes 6.34E+04 1.27E+05 
m. TenmlateSeleetioJl~rv,B_g ,andC", 
Template Selection Summary 

FromSFD Used Basis for Parameter Differencas: 
Reactor Moderator: FAST (Worst Case) This TerJ1)late was used for the following reasons:  Fuel Cladding: SST SSTnnconel This fuel didn' closely match any existing templates, therefore the worst case template was used. 

BOl HM COnstl1uents: Th02-U02 U. Th,&Pu 
BOL Enrichment %: 7.591623037 010100 

BumupSumma~(MWdr Basis for bumup used in estimate: 
FromSFD Estimated 

Nominal:1 904.4001 Nominal bumup taken directly from SFD (converted to MWd). 
Bounding: 1 1.808.800 Bounding bumup assumed to be twice nominal bumup. 

Checks 
Estimated Bumupl 

BumUD Mu1tiD11er Given Bumup Estimated EOL HMlGlven EOL HM 
Nominal: 2.99 0.00 I 63.131 

Bounding: 5.98 ,
Reactor shutdown. core removal, storage, shipping or other date confuTmng that Irradiation ceased for fuel. 

~otal bumup for all fuel associated with this worksheet must be divided by SOL heavy metal mass to gel specific bumup values (MWdIMT). 
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Template blfonuatiou Estimated 

Fuel Namo: FERMI CORE I& 2 (CORE FOil) 1 Fuel decay start date: 1972 Canister usage: 
SNFIDII: 457 Estimates as of: 2010 18"x10' 

Fuel Units & Descr: 136 - ROD Template: FERMI (Fast, Zire, 10 to 4()c)o, U) 0.04 
Heavy Metal Mas.: BOl=18.21k9 ; EOl=17.73k9 2Template Bumup(MWd): 58.6725048 
ROD Storage Site: INEEl Template BOl Heavy Metal Mass (MT): 0.018774 

Tem])late Decay Time" 35 years 
n. Estimates m Xb b Gamma Sources 

Photon Total 
CilMWd From Nominal Sounding Fuel Initial Activity Nominal Fuel Sounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Burnup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 9.6110E-08 419.738 839.476 O.OOE+OO 4.03E-05 8.07E_Q5 Avg. MeV 
e,Ac:m=-'-:;;:24:;,1;---------;6'"'.560~c;1"'E-;-0;=7:----~4,;;19'"'.7=:38==-------c83O"9A76-----O'OOE+OO---2.75E~c----~5'O.51E-04 0.0150 5.555E+13 
Am-242m O.oooOE+OO 419.738 839.476 O.OOE+OO O.OOE+OO O.OOE+OO 0.0250 1.154E+13 
e,AC:m::--;0243-;;;'''-------~8'''.3C;77~O'''E='--':15::------c4'"'1~9'O.7;;;38::----~83;o9==.~47=:6 O.OOE+OO 3.52E-12 7.03E-12 0.0375 1.015E+13 
-';:C"'-1;-:4;:-:='--------2==.::::17='1"'4:;E""'-0"=5'-----..:4~19==.=738="------"83::c9"'.4 7"76---0:00E+OO 9.1"lE~--i;03~-----;.1:;:.8"'2~E--;.,0~2-+-"'0.O;:05::;7;;.5----:'1."'07:05~Ec.+ 1::C3 
CI-38 5.5188E-08 419.738 839.476 O.OOE+OO 2.32E-05 4.83E-05 0.0850 6.503E+12 
-;C"=m:"-~243=--------71.::;:54~96::::::;E=--7147------c4'"'1~9'O.7;;;38;O----~83"9='.476---- o._OOE+OO 6.50E-12 1.30E-11 0.1250 4.212E+12 
Cm-244 5.2375E-16 419.738 839.476 O.OOE+OO 2.20;=E-:-1c;:3:---~4-;.4~O;=E--;1-;,3--c--lt--;0:':.22=50::-------:5-;.58:::2:.E='+-;1 72 
-;C"=0-;-60~-'-----------;02.::;:O;o94';'7:;;E=-_Q"'3::------c4'"'1~9'O.7;;;38;O----~83;o9==.7.: 476 O.OOE+OO 8.79E-01 1.76E+OO 0.3750-----2-.4-32-E-+1-2 
-;:C"'S-;-1:::34-;----------'6==.::c2448~:;E-;_Qc::7----..:4-'-19==.=738="------"83::c9'".4"'7~6::---0:00E:'OO 2.62.;oE-;-04~------;5".2'~4~E,:;_Q4~-11--~0~.5:;;750~------:4"'.29:07o;E?'+~13 
Cs-135 4.4996E-05 419.738 839.476 O.OOE+OO 1.89E_Q2 3.78E-02 0.8500 3.968E+11 
~C~S~-1~3;7:.::.::.::.::.::.::.::.::.::.::.::.::.::.:1~.3~77;~5~E+OO~~=:.::.::.::.::.::.::.:~4;19~.~738~~:.::.::.::.::.::.::.:~83~9~.4~7~6:---------=-;cO'-~OOE+OO 5.78E+02 1.16E+03 1.2500 2.632E+11 
-;E==u-:-1c;:54c;C-- "'1.c;8571;;;0:;;E=_-;o04;;---------;4'"'1~9"'.7;;;38~------,:083;:;:9==.4~7~~6: ~ ~ O.OOE+OO 7.77":E~-';;0"'2~---1".;c55;=;E='-~Oo-l--+--;1.::.7;;;50::;0:------o'l.':002='4;;E"-+"'10::-
Eu-155 1.4183E_Q3 419.738 839.476 O.OOE+OO 5.94E-01 1.19E+OO 2.2500 1.806E+06 
-;=F:=e--=5-:::5"------~----;1-'-.4;.;1-=79~E~-Q5~----4::.1"'9"'.7"'38'=------'83=9:::.4"'7O::6----;0:OOE+OO 5.95E~-~03;,-----;.1~.1';i9~E-·~O~2-+-"'2.~75OO~----:'1.~74~:1~E-"+0~5 
7H':--3;:;;;- 73.::;5383~;=E=_-;:;:03::_- E+OO_____c4c;l~9"'.7_=38~---~83~9='.4~7:::6:~~~--0:'"'.OO~ 1.49E+OO 2.97E+OO 3.5000 1.660E+02 
1-129 1.1426E-Q6 419.738 839.476 O.OOE+OO 4.80E-04 9.59E_Q4 5.ססOO 5.707E+01 
Kr-85~-----------;3;';.8604~:7.=E-O_Qc.;2:-----4:;-1;;9"'.7:;;38~-------;83s:c.;9:=:;.4"'i6 - --O.OOE+OO 1.62E+01 3.24E+01 7.ססOO 4.951E+OO 
Np-237 3.3099E-Q6 419.738 839.476---0:OOE+oo 1.39;=E--=0"'3---c;2"'.7"'8"'E-=-o"'3--+--'-11:.::.oooo==----=-'4"'.6"1·=7E='-~01 
Pa-231 1.8953E-07 419.738 839.476 O.OOE+oo 7.96;oE--;0~5---~1"i.5"'9:;OE-;_Q4Ci--II----"=""-------C=="-'-
Pb-21 0 8.9531E-12 419.738 839.476 O.OOE+OO 3.76E-09 7.52E-09 
Pm-147 1.1588E-Q3 419.738 839.476 O.OOE+OO 4.88E-01 9.73E-01 
Pu-238 1.7146E-04 419.738 839.476 O.OOE+oo 7.20E-02 1.44E_Q1 
Pu-239 1.9464E_Q2 419.738 839.476 O.OOE+OO 8.17E+OO 1.83E+01 
Pu-240 6.7919E_Q5 419.738 839.476 O.OOE+OO 2.85E_Q2 5.70E_Q2 
Pu-241 4.1774E-Q6 419.738 839.476 O.OOE+OO 1.75E_Q3 3.51E_Q3 
Pu-242 4.3751E-13 419.738 839.476 O.OOE+OO 1.84E-10 3.67E-10 
Ra-226 2.4219E-11 419.738 839.476 O.OOE+oo 1.02E-08 2.03E-oB 
Ra-228 2.3572E-11 419.738 839.476 O.OOE+OO 9.89E_Q9 1.98E-oB 
RU-106 3.0951E-10 419.738 839.476 O.OOE+OO 1.30E_Q7 2.60E_Q7 
8e-79 1.6488E-Q5 419.738 839.476 O.OOE+OO 6.92E-Q3 1.38E_Q2 
8n-126 3.7564E-Q5 419.738 839.476 O.OOE+OO 1.58E-02 3.15E-02 
8r-90 1.2052E+OO 419.738 839.476 O.OOE+OO 5.06E+02 1.01E+03 
Tc-99 4.4625E_Q4 419.738 839.476---0.00E+oo 1.88E_Q1 3.76E_Q1 
Th-229 4.6478E-11 419.738 839.476 O.OOE+OO l.95E-oB 3.90E-oB 
Th-230 2.2259E-09 419.738 839.476 O.OOE+OO 9.34E_Q7 1.87E-Q6 
Th-232 2.3891E-11 419.738 839.476 O.OOE+OO 9.94E_Q9 l.99E-oB 
TI-208 5.8256E_Q9 419.738 839.476 O.OOE+OO 2.45E-Q6 4.89E-Q6 
U-232 1.5759E-oB 419.738 839.476 O.OOE+OO 6.61E-Q6 1.32E-Q5 Thennal Power 
7U;..:-2~33~-----------;-1.:;:0"'11"'0;';E=--oB;;;;_--_--::4"'1"'9~.7;;;38~------;;83;;:9~.:;-47:;;6o-__--;O~.OO~E='+OO~---.:;;4.:;.2::;4,;:E..,-06~---,o8,o.4~9;oE-Q6-;;;;:--jINominalHeat Bounding
U-234 4.9001E-Q6 419.738 839.476 O.OOE+OO 2.06E-Q3 4.11E-03 Ou1put HeatOulpu1 
U-235 -2.3191E-Q6 419.738 0.000 1.01E_Q2 9.14E-Q3 1.01E_Q2 /Wattsl /Wattsl 
U-238 12633E-Q5 419.738 839.476 O.OOE+OO 5.30E_Q3 l.06E-Q2 6.48E+OO 1.30E+01 
U-238 -9.5407E-oB 419.738 0.000 4.55E-03 4.51E-Q3 4.55E_Q3 Total Total 
V-90 12053E+OO 419.738 839.476 O.OOE+OO 5.06E+02 1.01E+03 
Other Radionuclides 5.75E+02 1.15E+03 
m. TemplateSe!eetlon Sommarv.1kmul andCIleeb 
Template Selection Summary 

From SFD Used Basis for Parameter Differences: 
Reactor Moderator: FAST FAST 

Fuel Cladding:I-----=Z:::IRO:C,-----+----::Z"'IR:cC::-----t 

BO;O~==:;r---2"'5:c.6;;O~"'M;::-~;-;404=--t----,1;-;;O-::~"-40=----t 

Bumup Summary (MWd) Basis for bumup used in estimate: 
FromSFD Estimated 

Nomlnal:1 29.1371 419.738 Nominal bwnup calcu:ated from 'he heavy metal mass destroyed. 
Bounding: 50.352 839.476 Bounding bumup assumed to be twice nominal bumup. 

Checks 
Estimated Bumupl
 

Bumup MultiPlier
 Given Bumup Estimated EOl HMlGlven EOl HM 
Nomlnal:1 7.38 14.41 I 1.D11
 

Bounding: 14.75 16.67
 ,
Reactor shutdown. core removal, storage, shlppmg or other date confllmmg that Irradiation ceased for fuel. 

~otal bumup for all fuel a:;sociated with this VI/Orksheet must be divided by SOL heavy metal mass to get specific bumup values (MWdIMT). 

DOEl8NF/REP_Q78 December 2003 
Revision 1 PageC-82 
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Fuel Radionuclide Inventory Worksheet 
I. Fuehllll TeD1(JIate Information Estimated 

Fuel Name: FERMI CORE i & 2 (CORE SHIM) 1Fuel decay start date: 1972 Canister usage: 
SNFID#: 69 Estimates as of: 2010 18"xl0' 

Fuel Unlta & Doser: 280 - ROD Template: FERMI (Fast, Zirc, 10 to 4Mo, U) 0.07 
Heavy Metal Mass: BOl=37.49kg ; EOl=36.82k9 2Template Bumup(MWd): 58.6725048 
ROD Storage Site: INEEl Templata BOl Heavy Melal Mass (MT): 0.018n4 

Templata Decay Time' 35 years 
D.Estimates m x" x. b y" y. Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Bumup (MWd)' Burnup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 9.6110E-08 592.571 1,185.142 O.OOE+OO 5.70E-05 1.14E-04 Avg. MeV 
Am-241 6.5601E-Q7 592.571 1,185.142 O.OOE+OO 3.89E-Q4 7.77E-04 0.0150 7.842E+13 
Am-242m O.OOOOE+OO 592.571 1,185.142 O.OOE+OO O.OOE+OO O.OOE+OO 0.0250 1.629E+13 
Am-243 8.3770E-15 592.571 1,185.142 O.OOE+OO 4.96E-12 9.93E-12 0.0375 1.433E+13 
C-14 2.1714E-05 592.571 1,185.142 O.OOE+OO 1.29E-02 2.57E-02 0.0575 1.518E+13 
CI-36 5.5188E-OS 592.571 1,185.142 O.OOE+OO 3.27E-05 6.54E-05 0.0850 9.181E+12 
Cm-243 1.5496E-14 592.571 1,185.142 O.OOE+OO 9.18E-12 1.84E-ll 0.1250 5.946E+12 
Cm-244 5.2375E-16 592.571 1,185.142 O.OOE+OO 3.10E-13 6.21E-13 0.2250 7.880E+12 
Co-GO 2.0947E-03 592.571 1,185.142 O.OOE+OO 1.24E+OO 2.48E+OO 0.3750 3.433E+12 
Cs-l34 6.2448E-07 592.571 1,185.142 O.OOE+OO 3.70E-04 7.40E-04 0.5750 6.066E+13 
Cs-135 4.4996E-05 592.571 1,185.142 O.OOE+OO 2.67E-02 5.33E-02 0.8500 5.602E+11 
Cs-137 1.3775E+OO 592.571 1,185.142 O.OOE+OO 8.16E+02 1.63E+03 1.2500 3.716E+l1 
EU-I54 1.8510E-04 592.571 1,185.142 O.OOE+OO 1.10E-Ol 2.19E-Ql 1.7500 1.446E+10 
EU-155 1.4163E-03 592.571 1,185.142 O.OOE+OO 8.39E-Ol l.68E+OO 2.2500 2.550E+06 
Fe-55 1.4179E-05 592.571 1,185.142 O.OOE+OO 8.40E-03 1.68E-02 2.7500 2.457E+05 
H-3 3.5383E-03 592.571 1,185.142 O.OOE+OO 2.10E+OO 4.19E+OO 3.5000 2.580E+02 
1-129 1.1426E-06 592.571 1,185.142 O.OOE+OO 6.77E-Q4 1.35E-03 5.ססOO 9.076E+01 
Kr-85 3.8604E-02 592.571 1,185.142 O.OOE+OO 2.29E+Ol 4.58E+Ol 7.ססOO 8.164E+OO 
Np-237 3.3099E-06 592.571. 1,185.142 O.OOE+OO 1.96E-03 3.92E-03 11.ססOO 7.869E-Ol 
Pa-231 1.8953E-07 592.571 1,185.142 O.OOE+OO 1.12E-04 2.25E-Q4 
Pb-21 0 8.9531E-12 592.571 1,185.142 O.OOE+OO 5.31E-09 1.06E-OS 
Pm-147 1.1588E-Q3 592.571 1,185.142 O.OOE+OO 6.87E-Ol 1.37E+OO 
Pu-238 1.7148E-Q4 592.571 1,185.142 O.OOE+OO 1.02E-Ql 2.03E-Ol 
Pu-239 1.9484E-Q2 592.571 1,185.142 O.OOE+OO 1.15E+Ol 2.31E+Ol 
Pu-240 6.7919E-05 592.571 1,185.142 O.OOE+OO 4.02E-02 8.05E-Q2 
PU-241 4.1774E-Q6 592.571 1,185.142 O.OOE+OO 2.48E-03 4.95E-03 
Pu-242 4.3751E-13 592.571 1,185.142 O.OOE+OO 2.59E-l0 5.19E-l0 
Ra-226 2.4219E-ll 592.571 1,185.142 O.OOE+OO 1.44E-Q8 2.87E-08 
Ra-228 2.3572E-l1 592.571 1,185.142 O.OOE+OO 1.40E-OS 2.79E-Q8 
Ru-l06 3.0951E-l0 592.571 1,185.142 O.OOE+OO 1.83E-07 3.67E-Q7 
5e-79 1.8488E-Q5 592.571 1,185.142 O.OOE+OO 9.77E-03 1.95E-Q2 
5n-126 3.7584E-Q5 592.571 1,185.142 O.OOE+OO 2.23E-02 4.45E-02 
Sr-90 1.2052E+OO 592.571 1,185.142 O.OOE+OO 7.14E+02 1.43E+03 
Tc-99 4.4825E-04 592.571 1,185.142 O.ooE+OO 2.66E-Ql 5.31E-Ql 
Th-229 4.8478E-l1 592.571 1,185.142 O.ooE+OO 2.75E-OS 5.51E-Q8 
Th-230 2.2259E-Q9 592.571 1,185.142 O.ooE+OO 1.32E-06 2.84E-Q6 
Th-232 2.3691E-ll 592.571 1,185.142 O.ooE+OO 1.40E-Q8 2.81E-OS 
TI-2OS 5.8256E-Q9 592.571 1,185.142 O.ooE+OO 3.45E-Q6 6.90E-06 
U-232 1.5759E-Q8 592.571 1,185.142 O.ooE+OO 9.34E-06 1.87E-Q5 Thermal Power 
U-233 1.0110E-Q8 592.571 1,185.142 O.ooE+OO 5.99E-06 1.20E-Q5 Nominal Heat Bounding 
U-234 4.9001E-06 592.571 1,185.142 O.ooE+OO 2.90E-03 5.81E-Q3 Output Heat Output 
U-235 -2.3191 E-Q6 592_571 0.000 1.10E-Q2 9.61E-Q3 1.10E-Q2 (Wans) (Watts) 
U-236 1.2633E-Q5 592.571 1,185.142 O.ooE+OO 7.49E-Q3 1.50E-Q2 9.14E+OO 1.83E+Ol 
U-238 -9.5407E-Q8 592.571 0.000 1.09E-Q2 I.OSE-Q2 1.09E-02 Total Total 
Y-90 1.2053E+OO 592.571 1,185.142 O.ooE+OO 7.14E+02 1.43E+03 
Other Radionuclides 8.11E+02 1.62E+03 
W. Temolate $eketioD~rv.B_lI andChecb 
Template selection Summary 

From SFD Used Basis for Parameter Differences: 
Reactor_: FAST FAST 

Fuel Cladding: ZIRC ZIRC 
BOl HM Constltuen1a: U~Mo U 

BOL Enrichment %: 13.55265123 10to40 

BumupSumma~(MWd)< Basis for bumup used in estimate: 
FromSFD Esti_ 

Nomlnal:1 59.9871 592.571 Nominal bumup caIwIaIed from the heavy metal mass destroyed. 
Boundlng:1 103.6651 1.185.142 Bounding bumup assumed to be twice nominal bumup. 

Checks 

Estimated Sumupl' 
BumuD MultiDlier Given BumuD Esti_ EOl HMiGiven EOl HM 

Nominal: 5.06 9.88 I 1.001 
Bounding: 10.11 11.43 ,

Reactor shutdown. core removal, storage, shipping or other dale confurmng that Irradiation ceased for fuel. 

1"olal bumup for all fuel associated with this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWdlMT). 

DOEl5NF/REP-078 December 2003 
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Fuel Radionuclide Inventory Worksheet 
L Fuel aud Template Infonuation Estimated 

Fuel Name: FERMI CORE I& 2 (DECLAD) l FueI decay start date: 1972 Canister usage: 
SNF 10 il: 453 Estimates as of: 2010 18"x10' 

Fuel Units & Oeser: 976 - ROD Template: FERMI (Fast. Zirc, 10 to 4O~o, U) 1.00
 
Heavy Metal Ma..: BOt..:130.69kg ; EOt..:110.97kg >remplate Bumup(MWd): 58.6725048
 
ROD Storage Site: INEEl Template BOl Heavy Metal M.... (MT): 0.018774
 

Template Decay Time· 35 years 

n. Estimates m x" b y" y. Gamma Sources 
Photon Total 

CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photonslsec
 
Radionuclide Template Fuel Burnup (MWd)' Burnup (MWdj' (Ci) tnventories(Ci) Inventories(Ci)
 Group (bounding) 

"A:o;C-"-2"'27;-,- 9'='.'='6110E-OB 17.384.907 34.769.813 _"0"'.O,:0"'E+OO"-':"'----.:.::1.67E-03 3.34E_D3 Avg. MeV 
A.'=m::--;;-24;;1'=----------;;6';;.5~60;;;1"'Eo--D_o;7C;c__---__:1;_c7;';.384:;;;_;_';.90~7---_;:34~.7;;;69.BI3--O.OOE+OO 1.14E-02 2.28E-02 0.0150 2.301E+15 

-'iA::m:.:-2:=c4"'2::-:m'--- ___'0:::.0D00==E:-'+OO?;- ---c1-=7c;.384c:_:_.:::9~07=__--__o:347'.-=76oc9::::-8~,i:-;;-3--0.o6E+OO O.OOE+OO O.OOE+OO 0.0250 4.779E+14 
""A~m"--"'243=--------.-~8:o;.3=77.:.:0"'Eo_-~15"-------1~7"'.384="-'-'.90~7-- _ _"34,,,.~7~69~.813 0.OOEc:.+OO;;-;;- ;c1."'46"'E;o--""10o---__---::2"'.9",1;;:Eo--;;:10;___---iIr----:-0."'03;:7"'5- 4:".204~;;_E+'c1:-:-4 
C-14 2.1714E-05 17.384.907 34,769.81 :l'-----O:-OOE+oo 3".77:.~Eo--D:1;---_----';7_';.5"'5=E:.:-0,,1;-_U_-O='.05=7~5_--_:4:::.453~~E=-+:.:1_:_4 
CI-36 -'5::.5=-1;;88=E-'-08:::c- --:.:-17"','?384.907 34,769.813 0.-0010+00 9.59E-D4 1.92E_D3 0.0850 2.693E+14 
Cm-243 1.5496E-14 17,384.907 34.769.813 0.OOE~+OO~---;;-2"'.6;~9~E-_:1_;:0_---5".;;_39ocEo--"'10O------1,r-----::O-:.1::::25O::::_---::::1.::.-74:;';5:;:;Ec:.+-:-:-14 
Cm-244 __o:5.:;:2::::37':'5o;Eo_--:::16=----__:1:_=7;';,384==.::.90=7---;;-34"'.'=7;;;69~.813 O.OOE+OO 9.11E-12 1.82E-11 0.2250 2.312E+14 
~c,,6-'-w7c----------2:O-.709477.:7"'E-'-D::::3'---------1~7~.384'=7·790"c:7~--_"34"'.~7769~.8:13 0.OOE=-+OO~-----'3".64,,;;;E"'+O;;;1;_--:.;7"'.2:;,o8;;:E"'+O;;;1;_____j~--o0;'-;.3c;75O::::_--____:1;,-;.OO;;.;;;7E:=-+-:-:-14 
-o:CcS_:-1_;:34~------_67.~2448~"'E-;-D:_=7-----:1:C;7c;.384~.:::90;:o:7:---~34"'.'=7~69.813 ---O-.O(lE+oo 1.09E-02 2.17E-02 0.5750 1.780E+15 
-;:C"'Sc,-1:::3==5 ...c.4.==4=99=6"E~-Q5~--_---,1~7"'.384~.::.90~7---_"34"',~7~69'='."'8-.:.:13"'---_O='.~OO='E=-+OO""'---'---'-'7.82E-01 1.56E+OO 0.8500 1.644E+13 
"'C.=-S-"'1=-37;-__. ____:1;C.3;;;77~5E;=+OO~-----:1"'7.:;;384~.90::-:;7;---;;-347,,,,76;:0:9,,,.813 O.OOE+OO 2.39E+04 4.79E+04 1.2500 1.090E+13 
~E:"u_:-1:::54'=----_------:-:1.":8:;-51::cOo:Eo--D4~------'1:_=7~,384~.::.90=7---_"34~,~7~69;:.::8,13 O.OOE+OO 3.22E+OO 6.44E+OO 1.7500 4.242E+11 
-=E"'u-~1_"55"--------__:1:".4-;:1c;63~E-D~3-_-_--:1"'7.:;;384~.90~7;---_;:34~,769.813 0.OO.';:E-'-+OO~--__o:2.:.;46"'E~+O'-2-1----';4.:.;;9"'2E;=+O'-2-1-_u__-::'2.:::25OO:::-~---"'7.::,48::1.;E+:.;0::,7 
Fe-55 1.4179E-Q5 17,384.907 34,769.813-- O.OOE+OO 2.46E-01 4.93E_D1 2.7500 7.208E+06 
H-3 3.5383E-03 17,384.907 34,769.813 O.OOE+OO 6.15E+01 1.23E+02 3.5000 6.033E+03 
7.1-i:1';;29~----_---____:1:;'-.1"'4;;;2~6;=E-D6-;:::::-----:1"'7,:;;384~.90~7,___--;;-347,",76~9.813 0.OOE,,+OO=__--:1-;.9~9:;=E:.:-D:;;2,___---;3::;.9~7;=E-'-D:;;2,___-+--=5~.OOOO:c:::o--._-=2",.002=:E,,+03c::c 
7Kc-r-"'85= 3='.8604==E-;-0'=2 1-=7,o,384~.790=7~--_"34"'.=76:;-9::.::.813-C>'OO."E'-:+OO~--~6."'7;;:1E~+O~2---~1.o;34:;;E~+03~-+____:;-;7."'OOOO~,___ __-:,-:1.635E+02 
->N"p'--:2:;;3~7---------;3_';.30:;;;:-99"'E=_-D6~-_-,___1"'7;',384:;;;_;;'-;.90~7;-- _ _;34"'=.7;;;6;;_9~.8c1~OOE+OO 5.75E-02 1.15E_D1 11.0000"'--__--'-1",.434""'E,,+=01 
-i:P"'a'-:-2~3'::-1------_--"'1.~8953=:;=E'-C-0'=7-----:1:=7c;,384~.:::90=7o__---"34~.7~69:;-:-.:813 0.OO=-:E"'+OO~------'3::::.2=9c.::E"'-D3=-------'6"'.5;.:9c.::E"'-D,,3'--_1, 
Pb-21 0 8.9531E-12 17.384.907 34.769.813 O.OOE+OO 1.56E-07 3.11E_D7 
Pm-147 1.1588E_D3 17.384.907 34,769.813 O.OOE+OO 2.01E+01 4.03E+01 

-i:P"'U-;-2"=38:::- -"1.=77.146~E:.:-D4=-----1~7~,384c:_:_.:::90=7o__---"34~,7-,,69~.813 O.oOE+OO 2.98E+OO 5.96E+OO 
-i:P;=U_;-2~3;;-9--------;;'1.~9464~:;:E-o-D;;;2'-----____:1:_=7c;.384;;:-:-.:;;90=7:;---_;34~,7",69~.813 O.OOE+OO 3.38E+02 6.77E+02 
Pu-240 6.7919E-Q5 17,384.907 34,769.813 0.OO:=E+OO"-':"'--__-=1.-';18~E=_+OO~---=:2."'36""E=_+OO~--l1 
-'rP~U-;-2::;4_;;1------_4:;:.:;;177~4"'E::c-D6s;_----:1"'7;;,384~."'90~7;-----;34~,76~9.813 O.OOE+OO 7.26E-02 1.45E-01 
Pu-242 4.3751E-13 17,384.907 34.769.813 O.OOE+OO 7.61E-09 1.52E-D8 
-i:Ra",-,-2",2~6-------2;:.~4219E-11 17,384.907 34.769.813 O.OOE+OO 4.21E_D7 8.42E_D7 
Ra-228 2.3572E-11 17,384.90"'7,___--;;-347',=76;:o:9;c.8"'1_;:3-----;:'0._;:OO:~E=-+OO_::;;-----,4"'.;;:10o;E:=--Doc7;_--'c8",.2=,0o;E=--D;:o:7~_11 

-i:R"'u'-'-1c::08"- 3=:.~095~1::=E_:-1c::0'---------1:_=7~.384~.:::90;:o:7o__---"34"':::,7~69~.813 O.OOE+OO 5.38E_D6 1.08E-Q5 
Se-79 l.6468E-Q5 17,384.907 34,769.813 O.OOE+OO 2.87E-01 5.73E-01 
Sn-126 3.7564E-Q5 17,384.907 34,769.813 O.OOE+OO 6.53E-01 1.31E+OO 
~S":-r-_o;90o.--------1~.2~0;;;5;;:2"'Ec;+OO~----:;1c;7c;,384;;:-:-._;:90=7:;---_;:34~,7;;_69",.~813 O.OOE+OO 2.10E+04 4.19E+04 
"T"'c--"99=- 47·'::-48"'2"'5=E-;-D4:-:-- _:1:_=7c;,384~·:::90oc7:---_;;__34:,769.813 O.OOE+OO 7.79E+OO 1.56E+01 
Th-229 4.6478E-11 17,384.907 34,769.813 O.OOE+OO 8.08E_D7 1.62E_D6 
Th-230 2.2259E_D9 17,384.907 34.769.813 O.OOE+OO 3.87E-D5 7.74E-D5 
Th-232 2.3691E-11 17,384.907 34,769.813 O.OOE+OO 4.12E_D7 8.24E_D7 

1'1-208 5.8256E_D9 17.384.907 34,769.813 O.OOE+OO 1.01E-D4 2.03E-04 
U-232 1.5759E-D8 17,384.907 34,769.813 O.OOE+OO 2.74E-D4 5.46E-D4 Thermal Power 

-;:U;-:-2=33?;- --:.:-1.:::0-:::1"'10::-;E=--D8~---,___1~7"',384~.::.90=7_--_"34-7,~7;;;69,=,.,8:713=- O=",::OO=,E=-+oo"",___,___:1,c.7~6",E:.:-04::::_---:;-3==.5:;2",E-"-04"'-.-lINominal__ Heat Bounding 
TU.-;-2:;;34;;o-- 4-;;._;,900~1c;:E"'-D6~----';1c;7-';;,384~.;;_90"'7:----=34-:-,;;,7_;,69;;;:.813 O.OOE+OO 8.52E-02 1.70E-01 Output HeatOulput
U-235 -2.3191 E-D6 17,384.907 0.000 7.26E_D2 3.22E_D2 7.26E_D2 /WallS) /Watts> 
U-236 1.2633E-Q5 17,384.907 34.769.813 O.OOE+OO 2.20E_D1 4.39E_D1 2.68E+02 5.37E+02 
U-238 -9.5407E-D8 17.384.907 0.000 3.26E-02 3.10E_D2 3.26E_D2 Total Total 
y-go 1_2053E+OO 17.384.907 34,769.813 O.OOE+OO 2.10E+04 4.19E+04 
Other Radionuclides 2.38E+04 4.76E+04 
m. Template Sdedion Sunttt1lIry, $1lrDtl 
Template selection Summary 

From SFD Used Basis for Parameter Differences: 
Reactor Moderator: FAST FAST This Temp(ate was used for the following reasons: 

Fuel C1addlng:t-----"'N:;;O"'N;=E~----t-----cZ:;;I;:;R""C-----tThiS fuel matm.. 0' all paramole" except cladding. 

BO;;~==:I---~25~.-"~~~"'o"-1404~---+-----,10~1"'~-c40-o---1 

Bumup Summary (MWd)' Basis for bumUD used in estimate,
 
FromSFO Estimated
 

Nominal: 209.098 17.384.907 Nomlnel bumup calculaJed from the heavy melal mass destroyed.
 
Boundlng:1 361.3481 34.769.813 BouTKfing bumup assumed to be twice nominal bumup.
 

Checks 
Estimated Bumupl 

Bum""Multl"li... Given Bumup Esltmated EOl HMlGiven EOl HM
 
Nominal:1 42.57 83.14 1 1.041
 

Boundlng:1 85.13
 96.22 ,
Reactor shutdown. core removal. storage, shiPping or other date confinnlng that Irradiation ceased for fuel. 

~otal bumup for all fuel associated with ttis wol1tsheet must be divided by BOl heavy metal mGlSS to get specific bumup values (MWdlMT). 
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Fuel Radionuclide Inventory Worksheet 
I. Fuel ami Templatelnfotmation Estimated 

Fuel Name: FERMI CORE I & 2 (SECTIONED) 1Fuel decay start date: 1972 Canister usage: 
SNFID#: 454 Estimates 8S of: 2010 18"xl0' 

Fuel Units & Desc:r: 980 . ROD Template: FERMI (Fast. Zirc, 10 to 40%, U) I 0.26 I 
Heavy Motal Ma••: BO~131.22k9 ; EOL=125.05k9 "Template Bumup(MWd): 58.6725048 
ROD Storage Site: INEEL Template BOL _vy Metel Ma.s (MT): 0.018774 

Template Decay Time: 35 years 

n, Estimates m x. x. b Y. Y. Gamma Sources 
Photon Total

CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec
Radionuclide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (boUnding)
Ae-227 9.6110E-Q8 5,444.247 10.888.494 O.ooE-tOO
 5.23E-04 1.05E-03 Avg. MeV
Am-241 6.5601E-07 5,444.247 10,888.494 O.ooE-tOO
 3.57E-03 7.14E-03 0.0150 7.205E+14
Am-242m O.OOOOE-tOO 5,444.247 10,888.494 O.ooE-tOO
 O.ooE-tOO O.ooE-tOO 0.0250 1.497E+14
Am-243 8.3770E-15 5,444.247 10,888.494 O.ooE-tOO
 4.56E-ll 9.12E-ll 0.0375 1.317E+14
C-14 2.1714E-05 5,444.247 10,888.494 O.ooE-tOO
 1.18E-Ol 2.36E-01 0.0575 1.395E+14
CI-36 5.5188E-Q8 5,444.247 10,888.494 O.ooE-tOO
 3.ooE-04 6.01E-04 0.0850 8.435E+13
Cm-243 1.5496E-14 5,444.247 10,888.494 O.ooE-tOO
 8.44E-ll 1.69E-l0 0.1250 5.463E+13
Cm-244 5.2375E-16 5,444.247 10.888.494 O.ooE-tOO
 2.85E-12 5.70E-12 0.2250 7.24OE+13
Co-60 2.0947E-03 5,444.247 10,888.494 O.ooE-tOO
 1.14E+Ol 2.28E+Ol 0.3750 3.155E+13
Cs-l34 6.2448E-07 5,444.247 10,888.494 O.ooE-tOO
 3.40E-03 6.80E-Q3 0.5750 5.573E+14
Cs-l35 4.4996E-Q5 5,444.247 10,888.494 O.ooE-tOO
 2.45E-Ol 4.90E-Ol 0.8500 5.147E+12
Cs-137 1.3775E-tOO 5,444.247 10,888.494 O.ooE-tOO
 7.50E+03 1.50E+04 1.2500 3.414E+12
Eu-l54 1.8510E-04 5,444.247 10,888.494 O.ooE-tOO
 1.01 E-tOO 2.02E-tOO 1.7500 1.329E+11
Eu-155 1.4163E-Q3 5,444.247 10,888.494 O.ooE-tOO
 7.71E-tOO 1.54E+Ol 2.2500 2.343E+07
Fe-55 1.4179E-05 5,444.247 10,888.494 O.ooE-tOO
 7.72E-02 1.54E-Ol 2.7500 2.257E+06
H-3 3.5363E-Q3 5,444.247 10,888.494 O.ooE-tOO
 1.93E+Ol 3.85E+Ol 3.5000 2.011E+03
1-129 1.1426E-Q6 5,444.247 10,888.494 O.ooE-tOO
 6.22E-03 1.24E-02 5.0000 6.793E+02
Kr-SS 3.8604E-02 5,444.247 10,888.494 O.ooE-tOO
 2.10E+02 4.20E+02 7.0000 5.72OE+01
Np-237 3.3099E-06 5,444.247 10,888.494 O.ooE-tOO
 1.80E-Q2 3.60E-02 11.0000 5. 182E+OO
Pa-231 1.8953E-Q7 5,444.247 10,888.494 O.ooE-tOO
 1.03E-03 2.06E-Q3
Pb-21 0 8.9531E-12 5,444.247 10,888.494 O.ooE-tOO
 4.87E-OS 9.75E-OS
Pm-147 1.1588E-03 5,444.247 10,888.494 O.ooE-tOO
 6.31 E-tOO 1.26E+Ol
Pu-238 1.7146E-Q4 5,444.247 10,888.494 O.ooE-tOO 9.33E-Ol 1.87E-tOO
Pu-239 1.9464E-02 5,444.247 10,888.494 O.ooE-tOO 1.06E+02 2.12E+02
Pu-240 6.7919E-Q5 5,444.247 10,888.494 O.ooE-tOO 3.70E-Ql 7.40E-Ol
Pu-241 4.1774E-06 5,444.247 10,888.494 O.ooE-tOO 2.27E-Q2 4.55E-Q2
Pu-242 4.3751E-13 5,444.247 10,888.494 O.ooE-tOO 2.38E-09 4.76E-09
Ra-226 2.4219E-ll 5,444.247 10,888.494 O.ooE-tOO 1.32E-Q7 2.64E-Q7
Ra-228 2.3572E-ll 5,444.247 10,888.494 O.ooE-tOO 1.28E-07 2.57E-Q7
Ru-l06 3.0951E-l0 5,444.247 10,888.494 O.ooE-tOO 1.69E-06 3.37E-06
8e-79 1.6488E-Q5 5,444.247 10,888.494 O.ooE-tOO 8.98E-Q2 1.80E-01
8n-126 3.7564E-Q5 5,444,247 10,888.494 O.ooE-tOO 2.05E-Ol 4.09E-Ql
8r-90 1.2052E-tOO 5,444.247 10,888.494 O.ooE-tOO 6.56E+03 1.31E+04
Te-99 4.4825E-Q4 5.444.247 10,888.494 O.ooE-tOO 2.44E-tOO 4.88E-tOO
Th-229 4.6478E·ll 5,444.247 10,888.494 O.ooE-tOO
 2.53E-07 5.06E-Q7
Th-230 2.2259E-Q9 5,444.247 10,888.494 O.ooE-tOO
 1.21E-05 2.42E-05
Th-232 2.3691E-ll 5,444.247 10,888.494 O.ooE-tOO
 1.29E-Q7 2.58E-Q7
T~2OS 5.8256E-Q9 5,444.247 10,888.494 O.ooE-tOO
 3.17E-05 6.34E-Q5
U-232 1.5759E-Q8 5,444.247 10.888.494 O.ooE-tOO
 8.58E-05 1.72E-Q4 Thermal Power
U-233 1.0110E-Q8 5,444.247 10,888.494 O.ooE-tOO
 5.50E-Q5 1.10E-04 Nominal Heat Bounding
U-234 4.9001E-06 5,444.247 10,888.494 O.ooE-tOO
 2.67E-02 5.34E-Q2 Output Heat Output
U·235 -2.3191 E-06 5,444.247 0.000 7.31E-Q2
 6.04E-02 7.31E-Q2 /Wattsl /Watts} 
U-236 1.2633E-Q5 5,444.247 10,888.494 O.ooE-tOO
 6.88E-Q2 1.38E-Ol 8.40E+Ol 1.68E+02
U-238 -9.5407E-Q8 5,444.247 0.000 3.27E-Q2
 3.22E-02 3.27E-Q2 Total Total
Y-90 1.2053E-tOO 5,444.247 10,888.494 O.ooE-tOO
 6.56E+03 1.31E+04
Other Radionuelides 7.45E+03 1.49E+04
m. TeJllP/a~ Seiedl<Jll. ~~, amlChel*s 
TemDlate Selection Summary

FromSFD Used Basis for Parameter Differences: 
Reactor ~or. FAST FAST 

Fuel Cladding: ZIRC ZIRC 
BOL HM Constituents: U-Mo U 

BOL Enrichment ".: 25.76549664 10 to 40 

Bumup Summary (MWd) Basis for burnup used in estimate: 
FromSFD Estimated 

Nominal: 209.955 5,444.247 NorrinaJ bumup calculated from the heavy mofal mass destroyed. 
Boundlng:1 362.829 10,888.494 Bounding bumup assumed to be twice nominal bumup. 

Checks 
Estimated Bumupl 

Bumup Multiplier Given Bumup EstImated EOL HMlGlven EOL HM 
Nominal:1 13.28 25.93 I 1.011 

Bounding: 26.55 30.01
 ,
Reactor shutdown. core removal. storage. shipping or other date conflnnlng that Irradiation ceased for fuel.
 

~olal bumup for atl fuel associated with this worksheel must be divided by BOl heavy metal mass to get specific bumup values (MWdlMT). 
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Fuel Radionuclide Inventory Worksheet 
1. Fuel and Template Inf_tion Estimated 

Fuel Harm: FERMI CORE I & 2 (SODIUM WORTH) 'FUE!I decay start date: 1972 Canister usage: 
SNFID#: 455 Estimates as 01: 2010 18"xl0' 

Fuel Units & Oeser: 420 ~ ROO Template: FERMI (Fast. Zirc, 101040%, U) 0.11
 
Heavy Metal Mass: BOl=56.24k9 ; EOl=55.4Ok9 'Template Bumup(MWd): 58.6725048
 
ROD Siorage Sib: INEEL Template BOL Heavy Metal Mass (MT): 0.018774
 

Template Decay Time" 35 years 

n.EstimaIe\i m x" Xb b y" Yb Gamma Sources 
Pholon Total 

CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 
Radionuelide Template Fuel Bumup (MWd)' Burnup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 9.6110E-08 740.714 1,481.428 O.OOE+OO 7.12E-05 1.42E-04 AV9· MeV 
Am-241 6.5501E-Q7 740.714 1,481.428 O.OOE+OO 4.86E-04 9.72E-04 0.0150 9.802E+13 
Am-242m O.OOOOE+OO 740.714 1,481.428--- O.OOE+OO O.OOE+OO O.OOE+OO 0.0250 2.036E+13 
Am-243 8.3770E-15 740.714 1,481.428 O.OOE+OO 6.20E-12 1.24E-ll 0.0375 1.791E+13 
C-14 2.1714E-05 740.714 1,481.428 O.oOE+OO 1.61E-02 3.22E-02 0.0575 1.897E+13 
CI-36 5.5188E-Q8 740.714 1,481.428 O.OOE+OO 4.09E-05 8.18E-05 0.0850 1.148E+13 
Cm-243 1.5496E-14 740.714 1,481.428 O.OOE+OO 1.15E-ll 2.30E-ll 0.1250 7.433E+12 
Cm-244 5.2375E-16 740.714 1,481.428 O.oOE+OO 3.88E-13 7.76E-13 0.2250 9.851E+12 
Co-50 2.0947E-03 740.714 1,481.428 O.OOE+OO 1.55E+OO 3.10E+OO 0.3750 4.292E+12 
Cs-l34 6.2448E-07 740.714 1,481.428 O.OOE+OO 4.63E-{)4 9.25E-04 0.5750 7.582E+13 
Cs-l35 4.4996E-05 740.714 1,481.428 O.OOE+OO 3.33E-Q2 6.67E-Q2 0.8500 7.002E+l1 
Cs-137 1.3775E+OO 740.714 1,481.428 O.OOE+OO 1.02E+03 2.04E-Hl3 1.2500 4.645E+11 
Eu-l54 1.8510E-{)4 740.714 1,481.428 O.OOE+OO 1.37E-Ol 2.74E-Ol 1.7500 1.808E+10 
Eu-155 1.4163E-03 740.714 1,481.428 O.OOE+oo 1.05E+OO 2.10E+OO 2.2500 3.187E+06 
Fe-55 1.4179E-05 740.714 1,481.428 O.OOE+OO 1.05E-Q2 2.1OE-Q2 2.7500 3.072E+05 
H-3 3.5363E-Q3 740.714 1,481.428 O.OOE+OO 2.62E+OO 5.24E+OO 3.5000 3.254E+02 
1-129 1.1426E-Q6 740.714 1,481.428 O.OOE+OO 8.48E-04 1.69E-Q3 5.ססOO 1.147E+02 
Kr-85 3.8604E-Q2 740.714 l,481.428-------O'-OOE+oo 2.88E-Hll 5.72E-Hll 7.ססOO 1.034E+01 
Np-237 3.30GGE-Q6 740.714 1,481:-428 O.OOE+OO 2.45E-03 4.90E-Q3 11.ססOO 9.995E-Q1 
Pa-231 1.8953E-Q7 740.714 1,481.428 O.OOE+OO 1.4OE-{)4 2.81E-04 
Pb-21 0 8.9531E-12 740.714 1,481.428 O.OOE+OO 6.63E-09 1.33E-Q8 
Pm-147 1.1588E-Q3 740.714 1,481.428 O.OOE+OO 8.58E-Ol 1.72E+OO 
Pu-238 1.7148E-{)4 740.714 1,481.428 O.OOE+OO 1.27E-Ql 2.54E-Ql 
Pu-239 1.9464E-Q2 740.714 1,481.428 O.OOE+OO l.44E-Hll 2.88E-Hll 
Pu-24O 6.7919E-05 740.714 1,481.428 O.OOE+OO 5.03E-Q2 1.01E-Ql 
Pu-241 4.1774E-Q6 740.714 1,481.428 O.OOE+OO 3.09E-Q3 6.19E-Q3 
Pu-242 4.3751E-13 740.714 1,481.428 O.OOE+OO 3.24E-l0 6.48E-l0 
Ra-226 2.4219E-ll 740.714 1,481.428 O.OOE+OO 1.79E-Q8 3.59E-08 
Ra-228 2.3572E-l1 740.714 1,481.428 O.OOE+OO 1.75E-Q8 3.49E-Q8 
Ru-l06 3.0951E-l0 740.714 1,481.428 O.OOE+OO 2.29E-Q7 4.59E-Q7 
5e-79 l.6488E-05 740.714 1,481.428 O.OOE+OO 1.22E-Q2 2.44E-Q2 
5n-126 3.7564E-Q5 740.714 1,481.428 O.OOE..oo 2.78E-02 5.56E-Q2 
5r-90 1.2052E..oo 740.714 1,481.428 O.OOE+OO 8.93E-Hl2 1.79E+03 
Te-gg 4.4825E-{)4 740.714 1,481.428 O.OOE+OO 3.32E-Ql 6.64E-Ql 
Th-229 4.6478E-ll 740.714 1,481.428 O.OOE+OO 3.44E-Q8 6.89E-Q8 
Th-230 2.2259E-Q9 740.714 1,481.428 O.OOE..oo 1.65E-Q6 3.30E-Q6 
Th-232 2.3691E-ll 740.714 1,481.428 O.OOE..oo 1.75E-08 3.51E-Q8 
T~208 5.8256E-Q9 740.714 1,481.428 O.OOE..oo 4.32E-06 8.63E-06 
U-232 1.5759E-Q8 740.714 1,481.428 O.OOE..oo 1.17E-05 2.33E-05 Thermal Power 
D-233 1.0110E-Q8 740.714 1,481.428 O.OOE+OO 7.49E-06 1.50E-Q5 Nominal Heat Bounding 
U-234 4.9001E-Q6 740.714 1,481.428 O.OOE..oo 3.63E-Q3 7.26E-Q3 Output Heat Output 
U-235 -2.3191E-Q6 740.714 0.000 3.12E-Q2 2.95E-02 3.12E-Q2 /Wattsl /Wattsl 
U-238 1.2633E-05 740.714 1,481.428 O.OOE..oo 9.36E-Q3 1.87E-Q2 1.14E+Ol 2.29E+Ol 
U-238 -9.5407E-Q8 740.714 0.000 1.4OE-Q2 1.4OE-02 1.4OE-Q2 Total Total 
Y-90 1.2053E..oo 740.714 1,481.428 O.OOE+OO 8.93E-Hl2 1.79E+03 
Other Radionuclides 1.01 E-Hl3 2.03E+03 
W. Template Selection Summa~ andChe<1b 
Template selection Summary 

FromSFD Used Basis for Parameter Differences: 
Reactor _ator: FAST FAST 

Fuel Cladding: ZIRC ZIRC 
BOL HM ConstitUenls: U-Mo U 

BOL Enrichment Ofo: 25.69081404 101040 

Bumup Summary (MWCI)" Basis for bumup used in estimate:
 
FromSFD Estimated
 

Nomlnal:1 89.981 740.714 Non-dnal bumup calcula:ed from !tie heavy metal mass destroyed.
 
Bounding: 155.498 1.481.428 Bounding bumup assumed to be twice nominal bumup.
 

Checks 

Estimated Bumupl
Bumup Multipfj_ Given Bumup Estimated EOL HMlGlven EOL HM
 

Nomlnal:1 4.21
 8.23 I 1.001 
Boundi:lg: 8.43 9.53,

Reactor shutdown, core removal, storage, shipping or other date confnnnng that Irradiation ceased for fuel. 

2Total bumup for all fuel associated with this worksheet must be divided by BOl heavy metal mass to get specific bumup values (MWdIMT). 

DOElSNFIREP-078 December 2003 
Revision 1 Page C-86 



Fuel Radionuclide Inventory Worksheet 
I. Fuelalld Template Information Estimated 

Fuel Name: FERMI CORE I & 2 (STO FUEL SU8ASSEMBLY) 1Fuel decay start date: 1972 Canister usage: 
SNFID#: 456 Estimates as of: 2010 18"xl0' 

Fuel Units & Oeser: 27160 - ROD Template: FERMI (Fast. Zirc. 10 to 40%. U) 7.07 
Heavy Metal Masa: 80l=3636.721<9 : EOl=3566.11 kg 'Template Bumup(MWd): 58.6725048
 
ROD Storage Site: INEEl Template BOl Heavy Metal Maa. (MT): 0.018774
 

Template Decay Time' 35 years 

n. Estimates m x" x. b y" y. Gamma Sources 
Photon Total 

CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 
Radionuclide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 9.6110E-08 62,269.344 124,538.688 O.ooE+OO 5.98E-03 120E-02 Avg.MeV
 
Am-241 6.5S01E-07 62,269.344 124,538.688 O.ooE+OO 4.08E-02 8.17E-02
 0.0150 8.241E+15 
Am-242m O.OOOOE+oo 62,269.344 124,538.688 O.ooE+OO O.ooE+OO O.ooE+OO 0.0250 1.712E+15 
Am-243 8.3770E-15 62269.344 124,538.688 O.ooE+OO 5.22E-l0 1.04E-09 0.0375 1.506E+15 
C-14 2.1714E-05 62,269.344 124,538.688 O.ooE+OO 1.35E+OO 2.70E+OO 0.0575 1.595E+15 
CI-36 5.5188E-Q8 62,269.344 124,538.688 O.ooE+OO 3.44E-03 6.87E-03 0.0850 9.647E+14 
Cm-243 1.5496E-14 62,269.344 124,538.688 O.ooE+OO 9.65E-l0 1.93E-09 0.1250 6.249E+14 
Cm-244 5.2375E-16 62,269.344 124,538.688 O.ooE+OO 3.26E-ll 6.52E-l1 0.2250 8.281E+14 
Co-SO 2.0947E-03 62,269.344 124,538.688 O.ooE+OO 1.30E+02 2.61E+02 0.3750 3.608E+14 
Cs-l34 6.2448E-07 62,269.344 124,538.688 O.ooE+OO 3.89E-02 7.78E-02 0.5750 6.374E+15 
Cs-135 4.4996E-05 62,269.344 124,538.688 O.ooE+OO 2.80E+OO 5.60E+OO 0.8500 5.887E+13 
Cs-137 1.3775E+OO 62,269.344 124,538.688 O.ooE+OO 8.58E+04 1.72E+05 1.2500 3.905E+13 
Eu-154 1.8510E-04 62,269.344 124,538.688 O.ooE+OO 1.15E+Ol 2.31E+Ol 1.7500 1.520E+12 
Eu-155 1.4163E-03 62,269.344 124,538.688 O.ooE+OO 8.82E+Ol 1.76E+02 2.2500 2.680E+08 
Fe-55 1.4179E-Q5 62,269.344 124,538.888 O.ooE+OO 8.83E-Ol 1.77E+OO 2.7500 2.582E+07 
H-3 3.5383E-03 62,269.344 124.538.688 O.ooE+OO 220E+02 4.41E+02 3.5000 2.589E+04 
1-129 1.1426E-06 62,269.344 124,538.688 O.ooE+OO 7.11E-02 1.42E-01 5.ססOO 9.008E+03 
Kr-85 3.8604E-02 62,269.344 124,538.688 O.ooE+OO 2.40E+03 4.81E+03 7.ססOO 7.968E+02 
Np-237 3.3099E-06 62,269.344 124,538.688 O.ooE+OO 2.06E-Ol 4.12E-01 11.ססOO 7.566E+01 
Pa-231 1.8953E-07 62,269.344 124,538.688 O.ooE+OO 1.18E-Q2 2.36E-Q2 
Pb-21 0 8.9531E-12 62,269.344 124,538.688 O.ooE+OO 5.58E-07 1.12E-06 
Pm-147 1.1588E-03 62,269.344 124,538.688 O.ooE+OO 7.22E+Ol 1.44E+02 
Pu-238 1.7146E-04 62,269.344 124,538.688 O.ooE+OO 1.07E+Ol 2.14E+Ol 
Pu-239 1.9464E-Q2 62,269.344 124,538.688 O.ooE+OO 1.21E+03 2.42E+03 
Pu-240 6.7919E-OS 62,269.344 124,538.688 O.ooE+OO 4.23E+OO 8.46E+OO 
Pu-241 4.1774E-06 62,269.344 124,538.688 O.OOE+OO 2.SOE-Ol 5.20E-Ol 
Pu-242 4.3751E-13 62,269.344 124,538.688 O.ooE+OO 2.72E-06 5.45E-06 
Ra-226 2.4219E-l1 62,269.344 124,538.688 O.ooE+OO 1.51E-06 3.02E-06 
Ra-228 2.3572E-ll 62,269.344 124,538.688 O.ooE+OO 1.47E-06 2.94E-06 
Ru-l06 3.0951E-l0 62,269.344 124,538.688 O.ooE+OO 1.93E-05 3.85E-Q5 
5e-79 1.6488E-Q5 62,269.344 124,538.688 O.ooE+OO 1.03E+OO 2.OSE+OO 
5n-126 3.7564E-OS 62,269.344 124,538.688 O.ooE+oo 2.34E+OO 4.88E+OO 
5r-90 1.2OS2E+OO 62,269.344 124,538.688 O.ooE+OO 7.50E+04 1,50E+05 
Tc-99 4.4825E-04 62,269.344 124,538.688 O.OOE+OO 2.79E+01 5.58E+Ol 
Th-229 4.6478E-ll 62,269.344 124,538.688 O.ooE+OO 2.89E-06 5.79E-06 
Th-230 2.2259E-09 62,269.344 124,538.688 O.ooE+OO 1.39E-Q4 2.77E-Q4 
Th-232 2.3691E-ll 62,269.344 124,538.688 O.ooE+OO l.48E-06 2.95E-06 
TI-208 5.8256E-09 62,269.344 124,538.688 O.ooE+OO 3.63E-Q4 7.26E-Q4 
U-232 1.5759E-06 62,269.344 124,538.688 O.ooE+OO 9.81E-04 1.96E-Q3 Thermal Power
 
U-233 1.0110E-08 62,269.344 124,538.688 O.ooE+OO 6.30E-Q4 1.26E-03
 Nominal Heat Bounding 
U-234 4.9001E-06 62,269.344 124,538.688 O.ooE+OO 3.05E-Ol 6.10E-Ql Output Heat Output 
U-235 -2.3191 E-06 62,269.344 0.000 2.02E+OO 1.87E+OO 2.02E+OO /Watts) /Wattsi 
U-236 1.2633E-OS 62,269.344 124,538.688 O.ooE+OO 7.87E-Ol 1.57E+OO 9-61E+02 1.92E+03 
U-238 -9.5407E-06 62,269.344 0.000 9.08E-Ql 9.02E-Ol 9.08E-01 Total Total 
Y-90 1.2053E+OO 62,269.344 124,538.688 O.ooE+OO 7.51E+04 1.50E+05 
Other Radionudides 8.53E+04 1.71E+05 
m. Temnlate Selection ~rv.BUl'DlJ" ~rv.aJld C~ 
Template Selection Summary 

FromSFD Used Basis for Parameter Differences: 
Reactor Moderator: FAST FAST 

Fuel Cladding: ZIRC ZIRC 
BOl HM Cons_Ill: U-Mo U 

BOl Enrichment %: 25.69081404 10 to 40 

Bumup Summary (MWd) Basis for burnup used in estimate: 
FromSFD Estimated 

Nomlnal:1 I 62.269.344 Nominal bumup calculated from the heavy metal mass destroyed. 
Bounding: 5.818.758 124.538.688 Bounding bumup assumed to be twice nominal bumup. 

Checks 
Estimated Bumupl 

Bumup Multiplier Given Bumup Eatimated EOl HMlGiven EOl HM 
Nominal: 5.48 I 1.011 

Boundlng:1 10.96 21.40 ,
Reactor shutdown, core removal, storage, shipping or olher dale conflnmng that Irradiation ceased for fuel. 

2Tolal bumup for all fuel associated with this worksheet must be divided by BOL heavy metal mass 10 get specific bumup values (MWd'MT). 
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Templale lDformation Estimated 

Fuel Nomo: FFTF CARBIDE FUEL EXPER. , Fuel decay start date: 1993 Canister usage: 
5NF 10 il: 347 Estimates as of: 2010 18"x10' 

Fuel Units & Desct: 15 - ELEMENT Template: FFTF (FAST. SST. 10 to 30%. Pu & U) 0.31
 
Heavy Metal Mas" BOL= ; EOl=7.36k9 'Tamplate Bumup(MWd): 5011.2
 
ROO Storage 511<>: INEEL Tamplate BOL Heavy Metal Mass (MT): 0.0329181
 

Template Deeay Time: 15 years 

n. Estimates m b y" y. Gamma Sources
Photon Total 

CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 
Radionuclide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 1.3735E-12 525.780 652.692 O.ooE+OO 7.22E-10 8.96E-10 Avg MeV 
cA''=m:':-2~4;-;1---------c70'.95;:~2:::;7E~--;;0;;-2----~525.7;;;8;;-0-----;6;;5",2c;:.692---152E:~+O~.1~~~-_---__:--o51~ ..71"01:~EE'-+oo+O="1'-------:6"'.7='1~E'-+o°'lO-------1f----''''0.~15O 3.315E+13 

-:::A"'m'-'-2:=::4'""2"-m'--- --'2=.~lOS"":'3~E-o~3----'=52""5:".7~80~---_'='65='2O".6=,92:~ 0.001:+00 1.37E+OO 0.0250 7.084E+12 
Am-243 1.0780E-D4 525.780 652.692 O.ooE+OO 5.66E-02 7.02E-02 0.0375 8.096E+12 
C-14 2.6141E-OS 525.780 652.692 O.ooE+OO 1.37E_o2 1.71E-02 0.0575 6.972E+12 
CI-36 3.4243E-10 525.780 652.692 O.ooE+OO 1.80E-07 2.24E-07 0.0850 4.032E+12 
Cm-243 6.8092E-D4 525.780 652.692 O.ooE+OO 3.47E-01 4.31E_o1 0.1250 3.012E+12 
~C:m..-.:-2"'44;.::----------:2='.9:::9~33~E-~0=3-----==5:::25='.7~80~----'='65~2.692 O.OOE+OO 1.57E+OO 1.95E+OO 0.2250 3.054E+12 
Co-80 1.5934E-02 525.780 652.692 O.ooE+OO 8 38E+OO 1.04E+01 0.3750 1.570E+12 
~C"'S--'-1'=34_=___ __-------'4;-:.6356""':~E-o~2----'=52""5:".7~80~---_'='65='2".6,,92 0.ooE"-+OO;;-;;-------;;2C'::44E+01 3.03E+01 0.5750 5.248E+13 
Cs-135 4.7693E_o5 525.780 652.692 O.ooE+OO 2.51E_o2 3.11E_o2 0.8500 1.755E+12 
Cs-137 2.1113E+OO 525.780 652.692 O.ooE+OO 1.11E+03 1.38E+03 1.2500 1.529E+12 
Eu-l54 4.8092E_o2 525.780 652.692 O.ooE+OO 2.53E+01 3.14E+01 1.7500 2.511E+10 

~E",U,-;-1",5",5 6:=:.;;_844~7",E__;-oc:2----~5_==25;o:.-=780~---__;;6:::52='.6;;:9,,2;___--;;_0.-==00~E"'+OO~--____:3~.80E+01 4.47E+01 2.2500 8.453E+08 
-'-F;-e-c:-5"-5 -"5~.848~;;_9~E-o~3----'=52""5:".7~80~----6:=:5='20".6:0:92 O.OOE+OO 3.OSE+OO 3.82E+OO 2.7500 8.818E+07 
H-3 8.9300E-D3 525.780 652.692 O.ooE+OO 4.70E+OO 5.83E+OO 3.5000 9.972E+06 
-;-1--';-1;;-29;:----------1:.".2;;:8~9c.:1i=E_D6~-----==5;;:25:;.:.7-=8~0;------;;-65~2='.6;:;:92 O.ooE+OO 6.78E-04 8.41 E-04 5.ססOO 3.081E+04 
Kr-8c=5-----~ ---~7='.0""94~1i=E_o~2----~5:;::25:".7-=80~----6?52_:692 O.ooE+OO 3.73E+01 4.63E+01 7.0000 3.S21E+03 

""N"p'-;-2~3~7--------72.-==654=1"'E__;-06:=__---____;;5_==25;o:.=_780;:;:__---__;;6:::52",.6::;;92 O.ooE+OO 1.40E_o3 1.73E_o3 11.ססOO 4.031E+02
Pa-231 4.8970E-12 525.780 652.692 O.ooE+OO 2.57E-D9 3.20E-09 
Pb-210 2.2170E-13 525.780 652.692 O.ooE+OO 1.17E-10 1.45E-10 
Pm-147 2.3827E_o1 525.780 652.692 O.ooE+OO 1.24E+02 1.54E+02 
-op"'U"'-2Co.38':C---------2""."'8636=-=E--;_o~2-----==5-==25=-.=780;:;:-------;;65:=;:2:692-------O:-ooo;E"'+OO~--~1~.5"'1'=E"-+O:::1;-----~1'-'.80:7:;:E"-+O"'1?----j1 
Pu-239 -3.5520E_o2 525.780 0.000 1.25E+02 1.06E+02 1.25E+02 
Pu-240 2.0790E_o2 525.780 652.692 6.34E+01 7.43E+01 7.70E+01 

PU-241 -4.8316E_o1 525.780 0.000 2.85E+03 2.59E+03 2.85E+03 
Pu-242 1.lOS2E-OS 525.780 652.692 1.69E-02 2.27E_o2 2.41E-D2 
Ra-226 5.7471E-13 525.780 652.692 O.ooE+OO 3.02E-10 3.75E-10 
-oRao=-22~8------~57'.~495=7i=E--o-1=7----_==5;:25=_._=780;:;:__---____=65==2"'.6==9:.;2'---__:=:O._==00==E~+OO~--~20'.:89E-14 3.59E-14 
Ru-106 1.4583E_o2 525.780 652.692 O.ooE+OO 7.67E+OO 9.52E+OO 
Se-79 1.0137E-D5 525.780 652.692 0.00;;;E='+OO~---5;O-.;;:33;;';EO'-03;';;;----6';C.~62;;;E='-D3;';;;--il 
Sn-126 4.3922E-D5 525.780 652.692 O.ooE+OO 2.31 E_o2 2.87E-Q2 
Sr-90 7.6329E_o1 525.780 652.692 O.ooE+OO 4.01E+02 4.98E+02 
Tc-99 3.9412E-D4 525.780 652.692 O.OOE+OO 2.07E-01 2.57E_o1 
Th-229 1.6457E-12 525.780 652.692 O.ooE+OO 8.65E-10 1.07E-D9 
Th-230 1.8822E-10 525.780 652.692 O.ooE+OO 9.90E-oB 1.23E_o7 

~:;~2 ~:~~~~; ;~:;: :;:::; ~:~."0~~::~ ~;:"';;"'~=':-;'~7-____;;~:,-;~~7~~~",,1-;-4---j1 
U-232 1.4925E_D6 525.780 652.692 O.ooE+OO 7.85E-D4 9.74E-D4 Thermal Power 
-"U"-2==33~_---- __---=:2.'-01~11=,3~Ec--l=,0=--_----.:::S,,,2:=:S.==7;;_80=-_---6:=:S='2='.6==9:-"2;___----:0o".OO~E;.:+OO~----:-1'"'.1_=1~E-o_'?:7---___71."'38=E~-o7.::7--lINominalHeat Bounding 
U-234 1.9528E_D6 525.780 652.692 O.OOE+OO 1.03E-Q3 1.27E-D3 Output Heat Output 
U-235 -9.7920E_o9 525.780 0.000 2.56E_oS 2.OSE-OS 2.S6E-D5 (Watts) (Watts) 
U-236 1.1570E_o7 525.780 652.692 O.ooE+OO 6.OSE-OS 7.55E_o5 1.71E+01 2.04E+01 
U-238 -1.7914E_o7 525.780 0.000 1.88E-03 1.77E_o3 1.88E-D3 Total Total 
V-90 7.6329E_o1 525.780 652.692 O.ooE+OO 4.01E+02 4.98E+02 
Other Radionuclides 1.14E+03 1.42E+03 
m. Template SeJedjon Summarv, B1J!'II ,and Checks 
Template Selection Summary 

From SFD Used Basis for Parameter Differences: 
Reactor Moderator: FAST FAST This Template was used for the followtng raasons: 

Fuel Claddlng:r---SS=TO'("'D9=-)--+----':SS==T;-- - irh~ tuel matches on all panuneI.1S e,ceptenrichment (unknown). 

BO~O~E:'=: PuIU CARB 70~;~ 

Burnup Summary (MWd) Basis for bumup used in estimate: 
FromSFD EsUmatecl 

Nomlnal:1 I 525.780 Norr;nal bumup tal,en from SfD and converted to MWd using 8OL=7.883kg 
Bounding: 652.692 Bounding bumup taken from SFD and converted to MWd using BOL=7.883k.g 

Checks 
Estimatad Bumupl 

BumUD MulllDiIer Given Bumup Estimated EOL HMlGlvan EOL HM
 
Nomlnal:1 0.44
 I 1.001
 

Bounding: 0.54
 ,
Reactor shutdo\M'l, cora removal. storage, shipping or other date confinnlng that Irradiation ceased for fuel. 

2Total bumup for all fuel associated Vetith this woOO>heet must be divided by BOl heavy metal mass to get specific bumup values (MWdlMT). 

DOElSNF/REP_o78 December 2003 
Revision 1 Page C-88 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Fuel Radionuclide Inventory Worksheet 
I. Fuel and 'femptateW_tlon Estimated 

Fuel Name: FFTF OXIDE EXPERIMENTS 1Fuel decay start date: 1993 Canister usage: 
SHFID#: 349 Estimates as of: 2010 18"xl0' 

Fuel Units & Oeser: 1 - HEX ARRAY 91 ROD Template: FFTF (FAST, SST. 10 to 30%, Pu & U) 0.02 
_vy Metal Maos: BOL: ; EOL:.25k9 'Tamplate Bumup(MWd): 5011.2 
ROD Storage Site: IHEEL Template BOL _vy Metal Mas. (MT): 0.0329181 

Template Decay Time· 15 years 
U. Estimates m x. x, b y. y, Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuelide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Invenlories(Ci) Group (bounding) 
Ae-227 1.3735E-12 33.977 62.291 O.ooE+oo 4.67E-ll 8.S6E-ll Avg. MeV 
Am-241 7.9S27E-02 33.977 62.291 S.46E-Ql 3.2SE+OO S.SOE+OO 0.0150 3.115E+12 
Am-242m 2.1OS3E-03 33.977 62.291 O.OOE+OO 7.1SE-02 1.31E-Ol 0.0250 6.752E+ll 
Am-243 1.0760E-04 33.977 62.291 O.OOE+OO 3.66E-03 6.70E-03 0.0375 7.726E+11 
C-14 2.6141E-05 33.977 62.291 O.ooE+OO 8.88E-04 1.63E-03 0.0575 6.529E+11 
CI-36 3.4243E-l0 33.977 62.291 O.ooE+OO 1.16E-08 2.13E-OS 0.0850 3.848E+11 
Cm-243 6.6092E-04 33.977 62.291 O.ooE+OO 2.25E-02 4.12E-02 0.1250 2.874E+ll 
Cm-244 2.9933E-03 33.977 62.291 O.ooE+OO 1.02E-Ol 1.86E-Ol 0.2250 2.914E+11 
Co-6O 1.S934E-02 33.977 62.291 O.ooE+OO S.41E-Ol 9.93E-Ol 0.3750 1.498E+11 
Cs-l34 4.6356E-02 33.977 62.291 O.ooE+OO 1.56E+OO 2.89E+OO 0.5750 5.008E+12 
Cs-135 4.7693E-OS 33.977 62.291 O.ooE+OO 1.62E-03 2.97E-03 0.8500 1.675E+11 
Cs-137 2.1113E+OO 33.977 62.291 O.ooE+OO 7.17E+Ol 1.32E+02 1.2500 1.459E+ll 
EU-1S4 4.6092E-02 33.977 62.291 O.ooE+OO 1.63E+OO 3.ooE+OO 1.7500 2.397E+09 
Eu-1S5 6.8447E-02 33.977 62.291 O.ooE+OO 2.33E+OO 4.26E+OO 2.2500 8.067E+07 
Fe-55 S.8489E-03 33.977 62.291 O.ooE+OO 1.99E-Ol 3.64E-Ol 2.7500 8.414E+06 
H-3 8.9300E-03 33.977 62.291 O.ooE+OO 3.03E-Ol S.56E-Ol 3.5000 9.495E+05 
1-129 1.2891E-Q6 33.977 62.291 O.ooE+OO 4.38E-OS 8.03E-OS 5.0000 2.044E+03 
Kr-SS 7.0941E-Q2 33.977 62.291 O.ooE+OO 2.41E+OO 4.42E+OO 7.0000 2.340E+02 
Np-237 2.6541E-Q6 33.977 62.291 O.ooE+OO 9.02E-OS 1.SSE-04 11.0000 2.681E+01 
Pa-231 4.8970E-12 33.977 62.291 O.ooE+OO 1.66E-l0 3.0SE-l0 
Pb-210 2.2170E-13 33.977 62.291 O.ooE+OO 7.S3E-12 1.38E-ll 
Pm-147 2.3627E-Ol 33.977 62.291 O.ooE+OO 8.03E+OO 1.47E+Ol 
Pu-238 2.8636E-02 33.977 62.291 O.ooE+OO 9.73E-Ol 1.78E+OO 
Pu-239 -3.SS20E-Q2 33.977 0.000 4.48E+OO 3.27E+OO 4.48E+OO 
Pu-240 2.0790E-02 33.977 62.291 2.28E+OO 2.98E+OO 3.S7E+OO 
Pu-241 -4.8316E-Ql 33.977 0.000 1.02E+02 8.S8E+Ol 1.02E+02 
Pu-242 1.lOS2E-QS 33.977 62.291 6.07E-Q4 9.83E-Q4 1.30E-03 
Ra-226 S.7471E-13 33.977 62.291 O.ooE+OO 1.9SE-ll 3.58E-ll 
Ra-228 S.49S7E-17 33.977 62.291 O.ooE+OO 1.87E-1S 3.42E-15 
RU-l06 1.4583E-02 33.977 62.291 O.ooE+OO 4.95E-Ol 9.OSE-Ol 
Se-79 1.0137E-Q5 33.977 62.291 O.OOE+OO 3.44E-04 6.31E-Q4 
Sn-126 4.3922E-QS 33.977 62.291 O.ooE+OO 1.49E-03 2.74E-03 
Sr-90 7.6329E-Ql 33.977 62.291 O.ooE+OO 2.S9E+Ol 4.7SE+Ol 
Tc-99 3.9412E-04 33.977 62.291 O.OOE+OO 1.34E-Q2 2.45E-02 
Th-229 1.64S7E-12 33.977 62.291 O.ooE+OO S.S9E-ll 1.03E-l0 
Th-230 1.8822E-l0 33.977 62.291 O.ooE+OO 6.40E-09 1.17E-oB 
Th-232 9.7601E-17 33.977 62.291 O.OOE+OO 3.32E-1S 6.OSE-1S 
T1-2OS S.2722E-Q7 33.977 62.291 O.ooE+OO 1.79E-QS 3.28E-OS 
U-232 1.492SE-Q6 33.977 62.291 O.OOE+OO S.07E-QS 9.30E-OS Thermal Power 
U-233 2.1113E-l0 33.977 62.291 O.ooE+OO 7.17E-Q9 1.32E-oB Nominal Heat Bounding 
U-234 1.9528E-Q6 33.977 62.291 O.ooE+OO 6.64E-QS 1.22E-Q4 Oulpul HeatOuipul 
U-23S -9.7920E-09 33.977 0.000 9.20E-07 S.87E-07 9.20E-Q7 /Wattsl /Wattsl 
U-236 1.1S70E-Q7 33.977 62.291 O.OOE+OO 3.93E-06 7.21E-06 9.19E-G1 1.56E+OO 
U-238 -1.7914E-Q7 33.977 0.000 6.70E-QS 6.09E-QS 6.70E-OS Total Total 
Y-90 7.6329E-Ql 33.977 62.291 O.ooE+OO 2.S9E+Ol 4.7SE+Ol 
Other Radionuelides 7.37E+Ol 1.35E+02 
m. T$llOIate SeIectloIl ~rv.~ • and <::llecI<s 
Template Selection Summary 

FromSFD Uaed Basis for Parameter Differences: 
Raeclor _&tor: FAST FAST This Template was used for the folk>wing reasons:
 

Fuel Cladding: SST SST This fuel matches on all parameters except enrichment (unknown).
 
BOL HM Conatituents: PU02-U02 Puand U 

SOL enrichment %: 10t03O 

Bumup Summary (MWd)< Basis for bumup used in estimate: 
FromSFD Estimated 

Nomlnal:1 I 33.977 Nominal bumup taken from SFD and converted to MWd using BOl--O.283kg 
Boundlng:1 I 62.291 Bounding bumup taken from SFD and converted to MWd using BOl.=O.283kg 

Checks 
Estimated Bumupl 

BumunMultl_ Given BumUD Estimated EOL HMlGlven EOl HM 
Nominal: 0.79 I 1.001 

Bounding: 1.45 , 
Reactor shutdown, core removal. storage. shipping or other date confenmng that Irradiation ceased for fuel.
 

2Total bumup for all fuel associated with this worKsheet must be divided by BOl heavy metal mass to get specific bumup values (MWdlMT).
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Template Inf_tion Estimated 

Fuel Nama: FFTF-DFNTDFA , Fuel decay start date: 1992 Canister usage: 
5NFID": 71 Estimates as of: 2010 18"x15' 

Fual Units & Oeser: 261 - HEX ARRAY 217 ROD Template: FFTF (FAST, SST, 10 to 30"10. Pu & U) 52.20
 
Heavy Metal M8S3: BOl=9083.09kg ; EOl=8443.74kg 2Yempl3te Bumup(MWd): 5011.2
 
ROD Storage Silo: HANFORD Template BOl Heavy Metal Ma•• (MT): 0.0329181
 

""emplate Decay Time· 15 years 
D.Estimates m x" b y" Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photonslsec
 

Radionuclide Template Fuel Burnup (MWdf Burnup (MWd)2 (Ci) Inventories(Ci) Inventories(Ci)
 Group (bounding) 
Ac-227 1.3735E-12 638,157.184 1,362,463.065 ~0.~OO~E~+OO~c....~_"",B'C.77,~E;...-0;.7,,-__-"l-::.8:~7,;E:..:-06=--jf__-=AV9' MeV ____,==...,-:
",A::.:m",-2",4;.;1:-c:-.~ ~--;;-7'79:;:52o;7",E;...-Q:;:2o- 6:;:362'1;_;5",7:,:.1,.,84:-;---;;,1,,,,3:;:62,,,,-;46~3.065 1.75E-HJ4 6.83E-HJ4 1.26E+05 0.0150 - 6.844E+16 
Am-242m 2.1053E_Q3 638,157.184 1,362,483.065-- o.OOE+OO 1.34E+03 2.87E+03 0.0250 1.477E+16 
,;AC'm'i--~243-",- ~__""1,;:.0-;75O~E=_-,,04;,---_-,,6382,-;-15,,,7,;-.1;-;84~~_--;-1,;,36:;:;02',_;4,,6,,3.065 O.OOE+OO 6.87E+01 1,47E+02 0.0375 1.690E+16 
-;Cc.--""14-=- ~2"'.6c.:c1_;41"'E=_-Q.:;:5=_---""638=,_::15=:7;:..1;_;84:c:_--_;1.:;,36~2,'_;4"'83" ..;OO5-~ O.OOE+OO 1.67E+01 3.56E+01 0.0575 1.436E+16 
-;C~I-,,36~;__-------3~.~42~43~E_;-1"'0'------~638~,1.57.184 1,362,483.065--0:00E+oo 2.19E-Q4 4.67E-04 0.0850 8.417E+15 
-;C"m"--,=24_::30'---~--- __~6.:;.5O=92,,,E=_-Q4~--_~638=,_::15=:7;:..1;_;84:c:_--_;1.:;,36~2',_;4",63:.065 O.OOE+OO 4.22E+02 9.00E+02 0.1250 6.286E+15 
Cm-244 2.9933E-Q3 638,157.184 1,362,483.065--o.00E'+OT~0~__-;1"".91E+03 4.08E+03 0.2250 6.374E+15 
Co-50 1.5934E-02 638,157.184 1,362,483.065 O.OOE+OO 1.02E-HJ4 2.17E-HJ4 0.3750 3.277E+15 
-;C~S-;-1:;:34~ . 4:;:.~8356~:;:E-;-0",2,---__~6382,1;_;5~7e::.1:;:84:;---__;1.:;'3622'C;483;;;;.,.06~~5 0.OOE~+oo~__----,2",.>:96.E-HJ4 6.32E-HJ4 0.575O"____---"1."'095"=E+"'1":-7 
-;C"'S:..:-1,.,3:::5-----~--=4_;.7.:.:6;::93"'E=_-~05=_---"'638=._;_15=:7;:..1;_;84~~_--;-1.:;,36~2,'_;4=63.065--------O:OOE+OO 3.04E+01 6.50E+01 0.8500 3.664E+15 
Cs-137 2.1113E+OO 638,157.184 1,362,483.065 O.OOE+OO 1.35E+06 2.BBE+06 1.2500 3.191E+15 
-';E;::U_::-1-==54~-------4_;;."'80~9:::2;;=E_;-Q"'2---~638.2'1;;5'=:7_::.1~84_;__-___ol'O,36",2?'c;.483;;;;.065 O.OOE+OO 3.07E+04 6.55E-HJ4 1.7500 5.242E+13 
-=E",U:..:-1~55",-- ",6':.;844=7~E=_-702=_-_~",638==,;_;15=:7;:..1~84o-;-- _ _;1.:;,36",2,?,,,4~83.065 O.OOE+OO 4.37E-HJ4 9.33E-HJ4 2.2500 1.764E+12 
-;-F"e-~5,-=5 ;o5-=.848~9",E=--"03;,-----,,6382',;c15,,,7,;-.1;-;84~----;-1,;,36;;;2;;,',_;483=~.065 O.OOE+OO 3.73E+03 7.97E+03 2.7500 1.840E+11 
H·3 8.9300E_Q3 638,157.184 1,362,483.065 O.OOE+OO 5.70E+03 1.22E-HJ4 3.5000 2.078E+10 

-i;1-::-1';;29:;.--- ~__,;1~.2~B9';:1;_;E=--Q6;;;;.---__;;638:2,~15~7;'_.1;_;84~--_o_ls:,36o;2~,C;483~.,,06;:5 O.OOE+OO B.23E_Q1 1.76E+OO 5.0000 5.022E+07 
Kr-85 7.0941E_Q2 638,157.184 1,362,483.065 O.OOE+OO 4.53E+04 9.67E-HJ4 7.0000 5.747E+06 
Np-237 2.6541E_Q6 638,157.184 1,362,483.065 O.OOE+OO 1.69E+OO 3.62E+OO 11.0000 6.582E+OS 
-;;po,-a.-;:2.:;:31~--------c4_;;.8;;'9"'7~0i=E_::-1_;;2---~6382' 157.184 1,362,483.085 O.OOE+OO 3.13E_Q6 6.67E-06 
-;;P:::b-:=2;';10C;- ._~-c2"'.~21;;7~0~E_;-1;;3----638~;':,1;.,5~7:.;.1_;;84;__-;1';;,36:o;2~"c;483.:;;:.065 O.OOE+OO 1.41E_Q7 3.02E-07 
-;P"'m-'-;-""14Ci:7 ---:2"'.36~2"'7i=E-Q~1-~--638~:'_;,1c;:5"'7.'_;l;o84_;__-__;_1,-=36;;:2",,483~.065 O.OOE+OO 1.51E+05 3.22E+05 
~P"'Uc:-2c::38==_------~2."'BB36~?E=_'-Q:::2:__--_co638=,;_;15=7c_:.1"'84c;_----'1-",36=o2~,483.065 O.OOE+OO 1.83E-HJ4 3.90E-HJ4 
-;P-c::Uc;-2;';3"'9 ~-.;;3~.5~5;;;200iE'_;-Q~2c_--___;:6;;:38~,~15=7;':.1"'84:;--_---:;-;;;~O"'.OOO;;;;. 1.44E~+O~5-----c1"'.2~1:;;E"'+05~ __-1;.:."'44;;E"'+05~-_j1 
-;;PC'U--;:2,,400,-- -'2~.0::;;7"'90~Ecc-0:;:;2----638="',1;;5'=:7_::.1"'84_;__--'-1"',36:::c2?,c.:c483~.06.~-E=--HJ4~-----:8:c.83~EC'-+04;;';;_--_:1;c.0"'1""E"-+05~__11 
-;;PC'U-~2~4ic1 -4i-.:;;83"'1~6~E'-i-Q:'i1----638;:;;;;':, 1:-;5~7e::.1_;;84:;----.-=0;;:.c:;-000~" 3.28E+06 2.97E+06 3.28E+06 
PU-242 1.1OS2E_Q5 638,157.184 1,362,483.065 1.95E+01 2.85E+01 3.45E+01 
Ra-226 5.7471 E-13 638,157.184 1,362,483.065 0.OO:i=E"-+OO07---_co3"'.6~7i=E""'-0,o7---__=7"'.83~Ec:-0,o7-__jj 

-;Ro;:ac:-22o=8 ~5.'_;495=7""E:_;-lc;7c__--_co6382' 1;-;5"'7:':.1c;:84_;__----:;l.o;,36:;;;;-2,'_;483=,.06;;,,5 O.OOE+OO 3.51 E-11 7.49E-11 
-;;R:::cU-__=1",06"---~----1:..:.4_;;5~83~E-Q~2----638=,,, 1"'5:::7-.;.1"'84_;__---::-1.:;,36"'2"',-;;483.065 O.OOE+OO 9.31 E+03 1.99E-HJ4 
->S2e::-:-7~9';;--------~1."'O"'13S7"'E-;-Q5~---_;:6382' 1;_;5~7;':.1:;:84:;---__;1-S,36~2,S483;;;;.:;:.065 O.OOE+OO 6.47E+OO 1.38E+01 
Sn-126 4.3922E_Q5 638,157.184 1,362,463.065 O.OOE+OD 2.5OE+01 5.98E+01 

"S"'r--;:90:;;-- ;;-7."'837.2;o;9"'E_::-Q"'1____,--_co6382'1;-;5"'7:':.1c;:84_;__----:'.o;,36:;;;;-2',_;46=3.065 O.OOE+OO 4.87E+05 1.04E+06 
"T;;.C-"-9::=9-=- -73.-=94_;1;;2=E:-.'-Q4c=----""638=,1~5=7:'_;.1"'84c;_----:1-':,36=2,,,,483=".065 O.OOE+OO 2.52E+02 5.37E+02 
Th-229 1.6457E-12 638,157.184 1,362,483.065 O.OOE+OO 1.OSE-06 2.24E_Q6 
Th-230 1.BB22E-1O 638,157.184 1,362,483.065 O.OOE+OO 1.20E-Q4 2.56E-Q4 

"T"-'hi.-2"'3""2 ~ ~9.:;;75O~1~E:_;-1~7;----___;:6382' 1"'5~7;':.1:;;84:;---__;1.:;,36~2,S483;;;:;:.06,,~5 O.OOE+OO 6.23E-11 1.33E-10 
TI-208 5.2722E_Q7 638,157.184 1,362,483.065 O.OOE+OO 3.36E-01 7.18E_Q1 
U-232 1.4925E_Q6 638,157.184 1,362,483.065 .;;O.:;.OO~E+OO~~--:;.9.~5;:2E~-Q.;;.;-1 ;,2.:;0~3E~+OO~-_lI::==T;;h:;:e;::rma::;::I:.:P...o'"w:,:e;;.r=.,.... 
-;U'"-,:o233~-------___';2_::.1c.:1-;;13:;:E=--""10=_---"'638=,':-15:::7;:.._;_184~--c;.1.:;,36~2"',483=."'065~-____,O"'.;;OO:::E=-+OO,~_-~_:i1_::.35:::;=E,,-04;;;:;---_"'2';.BB~E-c-{)4;;;;--_ilNominalHeat Bounding 
7U7'-2~34~-------_;;1."'95:o;2=:8?E=_'-Q6=---""638==,1~5=7:'_;.1~847-----'1-",36=o2,S483.065 O.OOE+OO 125E+OO 2.BBE+OO Output Heat Output
U-235 -9.7920E-Q9 638,157.184 0.060 2.95E-Q2 2.33E_Q2 2.95E_Q2 (Wattsl /Wattsl 
U-236 1.1570E_Q7 638,157.184 1,362,483.065 O.OOE~+OO~--____::7~.38~E'-'-Q;;;2;-----;1~.5~8~E'-'-Q;c1;----jf...;2.:::03;;:;E+04;;:;:__.;;3;;;.65;;;E:;,;+04~_ 
U-238 -1.7914E_Q7 638,157.184 0.000 2.15E+OO 2.03E+OO 2.15E+OO Total Total 
Y-90 7.8329E_Q1 638,157.'84 1,362,483.065 O.OOE+OO 4.87E+05 1.04E+06 
Other Radionuclides 1.38E+06 2.95E+06 

Template Selection Summary 
From SFD Used Basis for Parameter Differences: 

Reactor Moderatcr:I---_--;o;o.;FA:::S;;;:T=__t--~_-':F"'A::;;ST:--_-1ThisTernplate was used for the following reasons: 
Fuel Cladding: SST (316) SST This tool matches on all parameters excopt enrichment. 

BOl HM Constituents:I--_O,-Pu=O"-2-"'U"O:=2,-_+-~--'-Pu~an"'d"U"----1 
BOl Enrichment %: 0.709999934 10 to 30 

Bumup Summary (MWd) Basis for bumup used in estimate: 
From5FD Estimated 

Nomln£l:II--__.......:6:::::35.816.097 638,157.184 Nominal bumup calculaled trom the heavy metal mass destroyed. 
Boundlng:1 1.362.463.0651 1.276.314.369 Bounding bumup taken directly from SFD (converted to MWd). 

Checks 
Estirnal8d Bumupl 

Bumup Multiplier Given Bumup Estimated EOl HMlGlven EOl HM 
Nomlnel:1 0.46 1.00 1 1.001 

Bounding: 0.99 0.94,
Reactor shutdown, core removal, storage, shipping or other date conflnnlnQ that madiation ceased for fuel.
 

2Total bumup for all fuel associated With this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWd'MT).
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Fuel Radionuclide Inventory Worksheet 
J. Fuel a.... T~te lnfol'll1lllion Estimated 

Fuel Name: FFTF-DFAfTDFA PINS 1Fuel decay start date: 1992 Canister usage: 
SNFID#: 323 Estimates as of: 2010 18"x15' 

Fuel Units & Doser: 2768 - ROD Template: FFTF (FAST. SST. 101030%. Pu & U) 41.94 
_vy Metal Ma••: BOl= ; EOl=443.99k9 'Template Bumup(MWd): 5011.2 
ROD Storage Site: HANFORD Template BOl _vy Metal Ma•• (MT): 0.0329181 

Template Decay Time' 15 years 
U. Estimates m x. x. b y. y. Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuelide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(CI) Group (bounding) 
Ae-227 1.3735E-12 31,146.436 69,045.345 O.OOE+OO 4.28E-08 9.46E-08 Avg. MeV 
Am-241 7.9527E-02 31,146.436 69,045.345 9.16E-Hl2 3.39E-Hl3 6.41E-Hl3 0.0150 3.470E+15 
Am-242m 2.1053E-03 31,146.436 69,045.345 O.OOE+OO 6.56E-Hll 1.45E-Hl2 0.0250 7.487E+14 
Am-243 l.D760E-Q4 31,146.436 69,045.345 O.OOE+OO 3.35E+OO 7.43E+OO 0.0375 8.564E+14 
C-14 2.6141E-05 31,146.436 69,045.345 O.OOE+OO 8.14E-Ol l.80E+OO 0.0575 7.280E+14 
CI-36 3.4243E-l0 31,146.436 69,045.345 O.OOE+OO 1.07E-OS 2.36E-Q5 0.0850 4.26SE+14 
Cm-243 6.6092E-04 31,146.436 69,045.345 O.OOE+OO 2.06E-Hll 4.56E-Hll 0.1250 3.186E+14 
Cm-244 2.9933E-03 31,146.436 69,045.345 O.OOE+OO 9.32E-Hll 2.07E-Hl2 0.2250 3.230E+14 
Co-6O 1.5934E-02 31,146.436 69,045.345 O.OOE+OO 4.96E-Hl2 1.10E-Hl3 0.3750 1.661E+14 
Cs-l34 4.6356E-Q2 31,146.436 69,045.345 O.OOE+OO 1.44E-Hl3 3.20E-Hl3 0.5750 5.551E+15 
Cs-l35 4.7693E-05 31,146.436 69,045.345 O.OOE+OO 1.49E+OO 3.29E+OO 0.8500 1.857E+14 
Cs-137 2.1113E+OO 31,146.436 69,045.345 O.OOE+OO 6.58E+04 1.46E-Hl5 1.2500 1.617E+14 
EU-l54 4.8092E-02 31.146.436 69,045.345 O.OOE+OO 1.50E-Hl3 3.32E+03 1.7500 2.656E+12 
Eu-155 6.8447E-02 31,146.436 69,045.345 O.OOE+OO 2.13E+03 4.73E-Hl3 2.2500 8.941E+10 
Fe-55 5.8489E-03 31.146.436 69,045.345 O.OOE+OO 1.82E-Hl2 4.04E-Hl2 2.7500 9.327E+09 
H-3 8.9300E-03 31,146.436 69,045.345 O.OOE+OO 2.78E-Hl2 6.17E-Hl2 3.5000 1.053E+09 
1-129 1.2891E-06 31,146.436 69,045.345 O.OOE+OO 4.02E-02 8.90E-Q2 5.0000 2.574E+06 
Kr-85 7.0941E-02 31,146.436 69,045.345 O.OOE+OO 2.21E+03 4.90E+03 7.0000 2.945E+05 
Np-237 2.6541E-06 31,146.436 69,045.345 O.OOE+OO 827E-02 l.83E-Ql 11.0000 3.373E+04 
Pa-231 4.8970E-12 31,146.436 69,045.345 O.OOE+OO 1.53E-07 3.38E-Q7 
Pb-21 0 2.2170E-13 31,146.436 69,045.345 O.OOE+OO 6.91E-09 1.53E-Q8 
Pm-147 2.3627E-Ol 31,146.436 69,045.345 O.OOE+OO 7.36E-Hl3 1.63E+04 
Pu-238 2.8636E-02 31,146.436 69,045.345 O.OOE+OO 8.92E-Hl2 1.98E-Hl3 
Pu-239 -3.5520E-Q2 31,146.436 0.000 7.52E+03 6.41E-Hl3 7.52E-Hl3 
PU-240 2.0790E-Q2 31,146.436 69,045.345 3.82E-Hl3 4.47E-Hl3 5.26E-Hl3 
Pu-241 -4.8316E-Ql 31,146.436 0.000 1.72E-Hl5 1.57E+05 1.72E-Hl5 
Pu-242 1.1052E-Q5 31,146.436 69,045.345 1.02E+OO 1.36E+OO 1.78E+OO 
Ra-226 5.7471E-13 31,146.436 69,045.345 O.OOE+OO 1.79E-06 3.97E-oB 
Ra-228 5.4957E-17 31,146.436 69,045.345 O.OOE+OO 1.71E-12 3.79E-12 
Ru-l06 1.4583E-02 31,146.436 69,045.345 O.OOE+OO 4.54E-Hl2 1.01E+03 
5e-79 1.0137E-05 31,146.436 69,045.345 O.OOE+OO 3.16E-Ol 7.00E-Ql 
5n-126 4.3922E-OS 31,146.436 69,045.345 O.OOE+OO l,37E+OO 3.03E+OO 
5r-90 7.6329E-Ql 31.146.436 69,045.345 O.OOE+OO 2.38E+04 5.27E+04 
Te-99 3.9412E-Q4 31,146.436 69,045.345 O.OOE+OO 1.23E-Hll 2.72E-Hll 
Th-229 1.6457E-12 31,146.436 69,045.345 O.OOE+OO 5.13E-oB 1.14E-07 
Th-230 1.8822E-l0 31,146.436 69,045.345 O.OOE+OO 5.88E-06 1.30E-Q5 
Th-232 9.7601E-17 31,146.436 69,045.345 O.OOE+OO 3.04E-12 6.74E-12 
n-208 5.2722E-Q7 31,146.436 69,045.345 O.OOE+OO 1.64E-02 3.64E-Q2 
U-232 1.4925E-06 31,146.436 69,045.345 O.OOE+OO 4.65E-02 1.03E-Ql Thermal Power 
U-233 2.1113E-l0 31,146.436 69,045.345 O.OOE+OO 6.58E-06 1.46E-Q5 Nominal Heat Bounding 
U-234 1.9528E-06 31,146.436 69,045.345 O.OOE+OO 6.08E-Q2 1.35E-Ql Output tteatOutput 
U-235 -9.7920E-Q9 31,146.436 0.000 1.54E-Q3 1.24E-Q3 1.54E-Q3 /Watts) /Walls) 
U-236 1.1570E-Q7 31,146.436 69,045.345 O.OOE+OO 3.60E-Q3 7.99E-03 1.02E+03 1.86E+03 
U-238 -1.7914E-07 31,146.436 0.000 1.12E-Ql 1.07E-Ol 1.12E-Ol Total Tolal 
V-90 7.6329E-Ql 31,146.436 69,045.345 O.OOE+OO 2.38E+04 5.27E+04 
Other RadiOnuelides 6.75E+04 1.50E+05 
m.T-*te~$Wnmal'Y.B ,,",,,Ch«lis 
Template selection Summary 

FromSFD Used Basis for Parameter Differences:
 
Reactor Moderator: FAST FAST This Templale was used for the following reasons:
 

Fuel Cladding: SST (316) SST Th~ fuel malch.. on all parameters e,ceptenrichmont (unknown).
 
BOL HM Constituents: PU02-U02 Puand U 

BOL enrichment 0/0: 10t03O 

Bumup Summary (MWdj' Basis for bumup used in estimate: 
From SFD Estimated 

Nomlnal:1 31,146.436 Nominal bumup taken from SFO and converted to MWd using BOl.=475.192kg 
Bounding:1 I 69,045.345 Bouncing bumup taken from SFD and convened 10 MWd using 801.=475.192kg 

Checks 

Estimated Bumupl
BumuD MultiDlior Given Bumup Estimated EOl HMlGlven EOL HM 

Nominal: 0.43 I 1.001 
Bounding: 0.95,

Reactor shutdown, core removal, storage. shipping or other date confirT11lng that "radiation ceased for fuel. 

~olal bumup for all fuel associated with this wol1(sheet must be divided by BOl heavy metal mass to get specific bumup values (MWd'MT). 
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Templat< Infmnation Estimated 

Fuel Name: FFTF-TFA PINS 'Fuel decay start date: 1992 Canister usage: 
SNFID#: 320 Estimates as of: 2010 18"x15' 

Fuel Units & Oeser: 1645· ROD Template: FFTF (FAST, SST, 10 to 3~o, Pu & U) 24.92
 
Heavy Metal Mass: BOl= ; EOl=389.701<9 'Template Bumup(MWd): 5011.2
 
ROD Storage 51»: HANFORD Template BOl Heavy Motal Mass (MT): 0.0329181 

Template Decay Time' 15 years 
n.Estimates m x" x. b Y" Y. Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding FlJel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
:,.A,C~-:,:2~27i-;-- .__~1;;.",37:.;3",5~E-;-1;;;2 ~2~7,:;;3:::,38:;:.",134:;7-__~60",,~60:s3~.111 O.ooE_HlO 3.75E-Q8 8.32E-08 2v!l._Ma~__. __ 
Am-241 7.9527E-Q2 27,338.134 60,603.111 8.04E_Hl2 2.9sE+1l3---5-.62E+oS-- 0.0150 3.046E+15 
';Ae::m'--2;;-4;-;2'"=m=----------"2.::;1"o5~3"E~-~03;c-----';2c;7CS,3~38~.1-=34-=-------=60:~,;;.60;;:3"'.111---O'OOE+OO---5:7<6:"'E:-'-Hl~1---_;;1.:;.2:;;8.;::E_'_-Hl~2;c_---l-I---~0.C;;02;;:5O;;:-'----------6:;'.:::57;';2~E+'cl;.:;4 
,A;"m;--2;'43~ ""1.';;0-:-760~E~-Q4;;;o----__';2c;7CS,338~'_i.1_=34_=_--____=60;;',;;.60;;:3;;.o·c1c 1;-1, QooE+OO 2.94E+OO 6.52E+OO 0.0375 7.517E+14 
C-14:o-- --c2==..;,61=-4;;:1"'E:..:-Q5~-___=2'=7,'=338::=:·ccl34=_o_-----.:60~,603=::..1c.:1co1 -_';0"=.00E+oo 7.15E-01 1.5~8ooE:+OO;=-_+-~0,:.0"57,",5,------_--=,6.,,390,,,,=Ecc+=14 
CI-36 3.4243E-10 27,338.134 60,603.111 O.OOE+OO 9.36E-06 2.08E-05 0.0850 3.744E+14 
Cm-243 6.6092E-04 27,338.134 60,603.111 O.OOE+OO 1",.8:c1:.;E:..:_Hl~1 -;4-:.:.0,,1:;E:-:-Hl=1_+-~0,::.1,,25O=- "'2.::,796:=Ecc+.".C14 
Cm-244 2.9933E-03 27,338.134 60,603.111 O.OOE+OO 8.18E_Hll 1.81E_Hl2 0.2250 2.835E+14 
Co-50 1.5934E-02 27,338.134 6O-;-603.111------O:00E+OO 4.36E_Hl2 9.66E-Hl:.:;2:":--lf_--,O".3:=7",5-=-0_-_-_-_-_-_-1;.4=58~-E=-+=1~4 
Cs-l34 4.6356E-02 27,338.134 60,603.111 O.OOE+OO 1.27E_Hl3 2.81E+03 0.5750 4.872E+15 
Cs-135 4.7693E-05 27,338.134 60,603.111 O.ooE+OO 1.30~E:..:+oo~ -,,2-:.:.8~9;;:E'-'+OO':;;;-_+_-70,::.850=0:..:- __---:,1''7630=E,,-+.".C14 
Cs-137 2.1113E+OO 27,338.134 60,603.111 O.ooE+OO 5.77:.:;E:..:+04"=" -c:l~.:20,:8'=E;.'+05~-+--'1:::.2:::5OO=----.-cc1.c:4,,19:::E-'-+.'214 
Eu-154 4.6092E.02 27,338.134 6O,603~1-1-1--O:-06E+OO 1.31E_Hl3 2.91E_Hl3 1.7500 2.332E+12 
Eu-155 6.8447E-02 27,338.134 60,603.111 O.ooE+OO 1.87E_Hl3 4.15E_Hl3 2.2500 7.848E+l0 
Fe-55 5.8489E-03 27,338.134 60,603.111 O.ooE+OO 1.60E_Hl2 3.54E_Hl2 2.7500 8. 186E+09 
H-3 8.9300E-03 27,338.134 60,603.111 O.ooE+OO 2.44E_Hl2 5.41E_Hl2 3.5000 9.245E+08 
1-129 1.2891E-06 27,338.134 60,603.111 O.ooE+OO 3.52E-02 7.81E-Q2 5.ססOO 2.259E+C6 
Kr-SS 7.0941 E-Q2 27,338.134 60,603.111 O.ooE+OO 1.94E_Hl3 4.30E_Hl3 7.ססOO 2.585E+05 
Np-237 2.6541E-06 27,338.134 60,603.111 O.OOE+OO 7.26E-02 1.61E-Q1 11.ססOO 2.960E+04 
Pa-231 4.8970E-12 27,338.134 6O,60~Q06E+OO 1.34E-07 2.97E-07 
Pb-21 0 2.2170E-13 27,338.134 60,603.111 O.OOE+OO 6.06E-09 1.34E-08 
Pm-147 2.3627E-Ql 27,338.134 6O,603.111---0lJoE+oo 6.46E+03 1.43E+04 
Pu-238 2.6636E-02 27,338.134 60,603.111 0.ooE~--Y83E_Hl2 1.74E_Hl3 
Pu-239 -3.5520E-Q2 27,338.134 0.000 6.60E_Hl3 5.63E_Hl3 6.60E_Hl3 
Pu-240 2.0790E-Q2 27,338.134 60,603.111 3.36E+03 3.92E+03 4.62E+03 
Pu-241 -4.8316E-Ql 27,338.134 0.000 1.51E_Hl5 1.37E_Hl5 1.51E_Hl5 
Pu-242 1.1052E-Q5 27,338.134 60,603.111 8.95E-Ql 1.20E+OO 1.56E+OO 
Ra-226 5.7471E-13 27,338.134 60,603.111 O.ooE+OO 1.57E-Q8 3.48E-oB 

-Ra-228 5.4957E-17 27,338.134 60,603.111 O.ooE+OO 1.50E-12 3.33E-12 
Ru-l06 1.4583E-02 27,338.134 60,603.111 O.OOE+OO 3.99E_Hl2 8.84E_Hl2 
Se-79 1.0137E-Q5 27,338.134 60,603.111 o.06E+OO 2.77E-Ol 6.14E-Ql 
Sn-126 4.3922E-Q5 27,338.134 60,603.111 O.ooE+OO 1.20E+OO 2.66E+OO 
Sr-90 7.6329E-Q1 27,338.134 60,603.111 O.ooE+OO 2.09E+04 4.63E+04 
Tc-99 3.9412E-04 27,338.134 6O,66:J:l"11---0.00E+OO 1.OsE_Hll 2.39E_Hl1 
Th-229 1.8457E-12 27,338.134 60,603.111 O.ooE+OO 4.50E-oB 9.97E-oB 
Th-230 1.8822E-l0 27.338.134 60,603.111 O.ooE+OO 5.15E-06 1.14E-Q5 
Th-232 9.7601E-17 27,338.134 60,603.111 O.OOE+OO 2.67E-12 5.91E-12 
TI-208 5.2722E-Q7 27,338.134 60,603.111 O.OOE+oo 1.44~E,..;-0;;;2:-__..;3;:;.2;,:0",E,..;-0;;;2:":--I!-__=====,....__ 
U-232 1.4925E-Q6 27,338.134 60.603.111 O.ooE+OO 4.08E-Q2 9.04E-Q2 Thennal Power 
U-233 2.1113E-l0 27,338.134 60,603.111 O.ooE+OO 5.77E-Q6 1.28E-05 Nominal Heat Bounding 
U-234 1.9528E-Q6 27,338.134 60,603.111 O.ooE+OO 5.34E-Q2 1.18E-Ql Output Heal Output 
U-235 -9.7920E-Q9 27,338.134 0.000 1.36E-Q3 1.09E-Q3 1.36E-Q3 /WallS\ /Watts\ 
U-236 1.1570E-Q7 27,338.134 60,603.111 O.ooE+OO 3.16E-Q3 7.01E-Q3 8.93E+02 1.64E+03 
U-238 -1.7914E-Q7 27,338.134 0.000 9.87E-02 9.38E-Q2 9.87E-Q2 Total Total 
Y-90 7.6329E-Q1 27,338.134 60,603.111 O.ooE+OO 2.09E+04 4.63E+04 
Other Radionuclides 5.93E+04 1.31 E+05 

Template Selection Summary 
From SFD Used Basis for Parameter Differences: 

Reactor Moderator:f-__-=cC:FA;.::S"T=__j-_~_'F"A=ST'------lThisTemplate was used for the following reasons: 
Fuel Cladding: SST (HT9) SST This fuel matches on all parameters exceptenrichmenl(unknown). 

BO~:~=:f-_--,PUO-=:=2-,-UO=2'----+----'~=~C'~"'~730O:U---1 

Bumup Summary (MWd) Basis for burnup used in estimate: 
FromSFD I Estimated

NomI...I:lt-- +-I 2~.7.~,338=':.1_:_:34 Nominal bumup 'aken from 8m and converted'o MWd using 6Ol.=4t7.090kg 
Bounding: I 60,603.111 Bounding bumup taken from 8m ar.d converted to MWd using BOl.=417.090kg 

Checks 
Estimated Bumupl 

BumUD MultiDlier Given Bumup Eatimated EOl HMlGlven EOl HM 
Nominal:1 0.43 I 1.001 

Bounding: 0.95 ,
Reactor shutdown, com rerr.oval, storage, shipping or other date confmnlng that Irradiation ceased for fuel.
 

210taJ bumup for 8111001 associated with this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWdlMT).
 

DOElSNF/REP-078 December 2003 
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and 1'$1pIate Information Estimated 

Fuel Name: FFTF-TFA PINS (AC-3) 1Fuel decay start date: 1992 Canister usage: 
SNF 10 #: 1046 Estimates 8S of: 2010 l8"x15' 

Fuel Units & Oeser: 72 - ROD Template: FFTF (FAST. SST. 10 to 30%. Pu & U) 1.09 
Heavy Metal Ma••: BOL: : EOl=8.88kg 'Templata Bumup(MWd): 5011.2 
ROD Storage Site: HANFORD Template BOl Heavy Metal Ma•• (MT): 0.0329181 

Template Decay Time" 15 years 
n. Estimates m x.. x. b y.. y. Gamma Sources 

Photon Total 
CUMWdFrom Nominal Bounding Fuel Initial ActiVity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ae-227 1.3735E-12 634.538 787.703 O.ooE+OO 8.72E-10 1.OBE-09 Avg_MeV 
Am-241 7.9527E-02 634.538 787.703 1.83E+01 6.88E+01 8.10E+01 0.0150 4.001E+13 
Am-242m 2.1053E-03 634.538 787.703 O.ooE+OO 1.34E+OO 1.88E+OO 0.0250 8.549E+12 
Am-243 1.0760E-04 634.538 787.703 O.ooE+OO 6.83E-02 8.48E-Q2 0.0375 9.n1E+12 
C-14 2.6141E-05 634.538 787.703 O.ooE+OO 1.88E-Q2 2.OBE-Q2 0.0575 8.415E+12 
CI-38 3.4243E-10 634.538 787.703 O.ooE+OO 2.17E-07 2.70E-07 0.0850 4.866E+12 
Cm-243 6.6092E-Q4 634.538 787.703 O.ooE+OO 4.19E-Ol 5.21E-Ol 0.1250 3.635E+12 
Cm-244 2.9933E-Q3 634.538 787.703 O.ooE+OO 1.90E+OO 2.36E+OO 0.2250 3.685E+12 
Co-GO 1.5934E-02 634.538 787.703 O.ooE+OO 1.01E+Ol 1.26E+Ol 0.3750 1.895E+12 
Cs-l34 4.6356E-Q2 634.538 787.703 O.ooE+OO 2.94E+Ol 3.65E+Ol 0.5750 6.333E+13 
Cs-l35 4.7693E-05 634.538 787.703 O.ooE+OO 3.03E-02 3.76E-02 0.8500 2.118E+12 
Cs-137 2.1113E+OO 634.538 787.703 O.ooE+OO 1.34E+03 1.66E+03 1.2500 1.845E+12 
Eu-154 4.8092E-02 634.538 787.703 O.ooE+OO 3.05E+Ol 3.79E+Ol 1.7500 3.031E+10 
Eu-155 6.8447E-02 634.538 787.703 O.ooE+OO 4.34E+Ol 5.39E+Ol 2.2500 1.020E+09 
Fe-55 5.8489E-03 634.538 787.703 O.ooE+OO 3.71E+OO 4.61E+OO 2.7500 1.064E+08 
H-3 8.9300E-Q3 634.538 787.703 O.ooE+OO 5.67E+OO 7.03E+OO 3.5000 1.203E+07 
1-129 1.2891E-Q6 634.538 787.703 O.ooE+OO 8.18E-04 1.02E-03 5.ססOO 3.718E+04 
Kr-65 7.0941E-02 634.538 787.703 O.ooE+OO 4.50E+Ol 5.59E+Ol 7.ססOO 4.249E+03 
Np-237 2.6541E-Q6 634.538 787.703 O.ooE+OO 1.88E-Q3 2.09E-Q3 11.ססOO 4.864E+02 
Pa-231 4.8970E-12 634.538 787.703 O.ooE+OO 3.11E-Q9 3.86E-Q9 
Pb-210 2.2170E-13 634.538 787.703 O.ooE+OO 1,41E-l0 1.75E-l0 
Pm-147 2.3827E-Q1 634.538 787.703 O.ooE+OO 1.50E+02 1.86E+02 
Pu-238 2.8638E-02 634.538 787.703 O.ooE+OO 1.82E+Ol 2.26E+Ol 
Pu-239 -3.5520E-Q2 634.538 0.000 1.51E+02 1.28E+02 1.51E+02 
Pu-240 2.0790E-Q2 634.538 787.703 7.65E+Ol 8.97E+Ol 9.29E+Ol 
Pu-241 -4.8316E-Ql 634.538 0.000 3.44E+03 3.13E+03 3.44E+03 
Pu-242 1.1052E-05 634.538 787.703 2.04E-02 2.74E-Q2 2.91E-02 
Ra-226 5.7471E-13 634.538 787.703 O.ooE+OO 3.65E-l0 4.53E-l0 
Ra-228 5.4957E-17 634.538 787.703 O.ooE+OO 3.49E-14 4.33E-14 
Ru-1OB 1.4583E-02 634.538 787.703 O.ooE+OO 9.25E+OO 1.l5E+Ol 
5e-79 1.0137E-05 634.538 787.703 O.ooE+OO 6.43E-Q3 7.99E-03 
5n-126 4.3922E-Q5 634.538 787.703 O.ooE+OO 2.79E-02 3.46E-Q2 
5r-90 7.6329E-Ql 634.538 787.703 O.ooE+OO 4.84E+02 6.01E+02 
Te-99 3.94l2E-Q4 634.538 787.703 O.ooE+OO 2.50E-Ol 3.l0E-Ol 
Th-229 1.6457E-12 634.538 787.703 O.ooE+OO 1.04E-Q9 1.30E-Q9 
Th-230 1.8822E-l0 634.538 787.703 O.ooE+OO 1.19E-Q7 1.48E-Q7 
Th-232 9.7601E-17 634.538 787.703 O.ooE+OO 6.19E-14 7.69E-14 
TI-208 5.2722E-Q7 634.538 787.703 O.ooE+OO 3.35E-04 4.15E-04 
U-232 1,4925E-Q6 634.538 787.703 O.ooE+OO 9,47E-04 1.18E-03 Thermal Power 
U-233 2.11l3E-l0 634.538 787.703 O.ooE+OO 1.34E-07 1.66E-07 Nominal Heat Bounding 
U-234 1.9528E-Q6 634.538 787.703 O.ooE+OO 1.24E-03 1.54E-03 Output Heat Output 
U-235 -9.7920E-Q9 634.538 0.000 3.09E-05 2.47E-05 3.09E-Q5 /Watts\ /Wattsi 
U-236 1.1570E-Q7 634.538 787.703 O.ooE+OO 7.34E-Q5 9.11E-Q5 2.06E+01 2.46E+01 
U-238 -1.7914E-Q7 634.538 0.000 2.25E-03 2.14E-Q3 225E-Q3 Total Total 
Y-90 7.6329E-Ql 634.538 787.703 O.ooE+OO 4.84E+02 6.01E+02 
Other Radionuelides 1.38E+03 1.71E+03 

m. Template Selection ~tV," IIIId CIledis 
Template Selection Summary 

From SFD Used Basis for Parameter Differences: 
Reactor Moderator: FAST FAST This Ten¢lle was used 'or the following reasons: 

Fuel Cladding: 88T(HT9) SST This fuel matches on all parameters except enrichment (unknown). 
BOl HM Constltuenta: PulUCARB Pu aodU 

BOl Enrichment %: 10t03O 

Bumup Summary (MWd) Basis for bumup used in estimate: 
FromSFD Estimated 

Nominal: 634.538 Nonlnal bumup taken from SFD and converted to MWd using BOl--9.513kg 
Boundlng:1 I 787.703 Bounding bumup taken from SFO and convened 10 MWd using BOl.=9.513kg 

Checks 

Estimated Sumupl' 
Bumup MultipU. Given Bumup E.ti...- EOl HMlGlven EOl HM 

Nominal: 0.44 I 1.001 
Bounding:1 0.54 ,

Reactor shutdo'Ml, core removal, storage, shlppcng or other dale con'lnnlng that Irradiation ceased for fuel.
 

~olal bumup for all fuel associated with this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWdlMT).
 

DOEl5NF/REP-078 December 2003 
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Template Wt>rmation Estimated
 

Fuel Name: FFTF-TFA-AB-1 'Fuel decay start date: 1992 Canister usage:
 
SNFID#: 317 Estimates as of: 2010 18"x15'
 

Fuel Units & Descr: 1 . HEX ARRAY 217 ROD Template: FFTF (FAST. SST. 10 to 3~". Pu & U) 0.20
 
Heavy MelaI Ma••: BOl= ; EOl=34.65kg 'Template Bumup(MWd): 5011.2
 
ROD Stor_ Site: HANFORD Template BOL Heavy Metal Ma•• IMT): 0.0329181 

Template Decay Time" 15 years 
n.Estimates m b y. Gamma Sources 

Photon T0181 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec
 

Radionuclide Template Fuel Burnup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci)
 Group (bounding) 
Ac-227 1.3735E-12 251.327 502.655 O.OOE+OO 3.45E·10 6.90E·10 Avg MeV 
-Am-241 7.9527E-0~c2=---------:2:;;5c;l~.3::=27=------:5°0:2.65S- -----s.73E:-'-_Hl"'1;------=8'=.7':;3~E_Hl--;,::1----c1"'.0"'7~E_Hl--;,::2~---jf---'="-::0":-.~150--2-.8-53-E-+13 
Am-242m 2.1053E-03 251.327 502.655-----------O'-OOE+oo 5.29E-01 1.06E+OO 0.0250 5.507E+12 
Am-243 1.0760E-Q4 251.327 502.655 O.OOE+OO 2.70E-02 5.41E-02 0.0375 6.240E+12 
C-14 2.6141E·05 251.327 502.655 O.OOE+OO 6.57E-03 1.31E-02 0.0575 6.141E+12 
CI-36 3.4243E-10 251.327 502.655 O.OOE+OO 8.61E-08 1.72E_Q7 0.0850 3.106E+12 
Cm-243 6.6092E·04 251.327 502.655 O.OOE+OO 1.66E-01 3.32E_Q1 0.1250 2.322E+12 
Cm-244 2.9933E-03 251.327 502.655--o.-00E+oo 7.52E-01 1.50E+OO 0.2250 2.352E+12 
Co-6O 1.5934E-02 251.327 502.655 O.OOE+OO 4.00E+OO 8.01E+OO 0.3750 1.210E+12 
Cs-l34 4.6356E-02 251.327 502.655 O.OOE+OO 1.17E_Hl1 2.33E_Hl1 0.5750 4.041E+13 
Cs-l35 4.7693E-05 251.327 502.655 O.OOE+OO 1.20E_Q2 2.40E-02 0.8500 1.352E+12 
Cs-137 2.1113E+OO 251.327 502.655 O.OOE+OO 5.31E_Hl2 1.06E_Hl3 1.2500 1.177E+12 
Eu-l54 4.8092E-02 251.327 502.655 O.OOE+OO 1.21E_Hl1 2.42E_Hl1 1.7500 1.934E+10 
Eu-155 6.8447E-02 251.327 502.655 O.OOE+OO 1.72E_Hl1 3.44E_Hl1 2.2500 6.512E+08 
Fe-55 5.8489E_Q3 251.327 502.655 O.OOE+OO 1.47E+OO 2.94E+OO 2.7500 6.806E+07 
H-3 8.9300E-03 251.327 502.655 O.OOE+OO 2.24E+OO 4.49E+OO 3.5000 7.809E+06 
1-129 1.2891 E-Q6 251.327 502.655 O.OOE+OO 3.24E-04 6.48E-Q4 5.ססOO 7.880E+04 
Kr-BS 7.0941 E_Q2 251.327 502.655----O-.OOE+oo 1.78E_Hl1 3.57E_Hl1 7.ססOO 8.981E+03 
Np-237 2.6541E-06 251.327 502.6sS------O:OOE+oo 6.67E-04 1.33E_Q3 11.ססOO 1.027E+03 
Pa-231 4.8970E-12 251.327 502.655 O.OOE+OO 1.23E-09 2.46E-09 
Pb-21 0 2.2170E-13 251.327 502:655 O.OOE+OO 5.57E-11 l.l1E-10 
Pm-147 2.3627E_Q1 251.327 502.655 0.OO"'E~+OO~~=====~5~.94~~E",_Hl\'"'1~=====~1~.1~9~E:;_Hl~2~=~: 
Pu-238 2.6636E_Q2 251.327 502.655 O.OOE+OO 7.20E+OO 1.44E_Hl1 
Pu-239 -3.5520E_Q2 251.327 0.000 5.52E_Hl2 5.44E_Hl2 5.52E_Hl2 
Pu-240 2.0790E_Q2 251.327 502.655 2.81E_Hl'C~2:-------'2?'.86E_Hl2 2.91E_Hl2 
Pu-241 -4.8316E-01 251.327 0.000 1.26E='+04~---:1"'.2:;;5"'E"-+04~-----=lC:.2"'6~E;':'+04~--l1 
Pu-242 1.1052E-Q5 251.327 502.655 7.49E-02 7.77E_Q2 8.04E-02 
Ra-226 5.7471E-13 251.327 502.655 O.OOE+OO 1.44E-10 2.89E-10 
Ra-228 5.4957E-17 251.327 502.655 O.OOE+OO 1.38E-14 2.76E-14 
Ru-106 1.4583E_Q2 251.327 502.655 O.OOE+OO 3.67E+OO 7.33E+OO 
5e-79 1.0137E-Q5 251.327 502.655 0.OO~E-'-+OO~---';2:-O.5~5';=E'-;_Q"'3:------:5C=.1;:;:0';=E'-;_Q;;;3:------j1 
5n-126 4.3922E-Q5 251.327 502.655 O.OOE+OO 1.10E_Q2 2.21E_Q2 
5r-90 7.8329E-01 251.327 502.655 O.OOE+OO 1.92E_Hl2 3.84E_Hl2 
Tc-99 3.9412E-Q4 251.327 502.655 O.OOE+OO 9.91E_Q2 1.98E_Q1 
Th-229 1.8457E-12 251.327 502.655 O.OOE+OO 4.14E-10 8.27E-10 
Th-230 1.8822E-10 251.327 502.655 O.OOE+OO 4.73E_oB 9.46E_oB 
Th-232 9.7601E-17 251.327 502.655 0.OO~E;.:.+OO~---,;2::,.4;;:5i=E-::-1:-i4----::4~.9o=li=E-::-1:-i4-___j1
11-208 5.2722E_Q7 251.327 502.655 O.OOE+OO 1.33E-Q4 2.65E-Q4 
U-232 1.4925E-06 251.327 502.655 O.OOE+OO 3.75E-Q4 7.50E-Q4 Thennal Power 
~U""-=233;;:;_--_---__--o:2:;;.1:::1.;;.13",E=,-",10~__----:2;;5c;l~.3;;:2,,,7-----=50:;;2=.:;;6;o55:o- 0;<."'OO"'E~+OO~:____--_c5c;.3~1~E,,-oB;;:;_---_=1:=;.06~E'_'-Q;.;7c_-jJNominalHeat Bounding
U-234 1.9528E-06 251.327 502.655 O.OOE+OO 4.91 E-Q4 9.82E-Q4 Output Heat Output 
U-235 -9.7920E-Q9 251.327 0.000 1.13E-Q4 1.11E-Q4 1.13E-Q4 /Wattsl /Wattsl 
U-236 1.1570E-07 251.327 502.655 O.OOE+OO 2.91E_Q5 5.82E-Q5 3.35E+01 3.91E+01 
U-238 -1.7914E_Q7 251.327 0.000 8.26E-Q3 8.21E-Q3 8.26E-Q3 Total Total 
V-90 7.6329E_Q1 251.327 502.655 O.OOE+OO 1.92E_Hl2 3.84E_Hl2 
Other Radionuclides 5.45E_Hl2 1.09E-Hl3 

Template Selection Summary 
From SFD Used Basis for Parameter Differences: 

Reactor Moderatcr: FAST FAST This Template was used for the foUtlwing reasons: 
Fuel C1addlng:I--·--SST="'("3C.16cc)--t----'SS::7.T:----1This fuel matchos on all parametOlS exceplenricllmenl (unl<nown). 

BO~o~=;=~f----'PuO-=:=2..:-UO=2'----t-----'-7:'Ooc:~c:~d"'30~U---1 

Bumup Summary (MWd) Basis for burnup used in estimate:
 
From SFD Estimated
 

Nomlna:1 I 251.327 Nominal bumup taken from SFD and converted to MWd using BOlr34.907kg
 
Boundlng:1 I 502.655 Bounding bumup assumed to be twice nominal bumup.
 

Checks 
Estimated Bumupl 

BumUD MultiDlier Given BumuD Estimatad EOL HMiGiven EOL HM
 
Nomlnd: 0.05
 I 1.001 

Bounding: 0.09 ,
Reactor shutdown. core removal, storage, shipping or other date confmmng that Irradiation e&aS3d for fuel.
 

2Total bumup for 8111001 associated with this womsheet must be divided by BOL heavy metal mass to get specific bumup values (MWdIMT).
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Fuel Radionuclide Inventory Worksheet 
I. Fuel llJld TeJQlllal\! Wonna!ion Estimated 

Fuel Name: FFTF-TFA-ABA-l THRU 6 1Fuel decay start date: 1992 Canister usage: 
SNFID#: 318 Estimates as of: 2010 18"xlS' 

Fuel Units & Doser: 6 - HEX ARRAY 91 ROO Template: FERMI (Fast. Zirc. 10 to 4~o. U) 1.20 
_vy Metal Mass: BOlo ; E010257.431<9 'Template Bumup(MWd): 58.6725048
 
ROD Storage Site: HANFORD Templete BOL _vy Metal Mass (MT): 0.018774
 

Template Decay Time' 15 yaars
 
n.Estimate!; m x" x. b y" Y. Gamma Sources 

Photon Total 
CilMWdFrom Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Bumup (MWd)' Burnup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ae-227 2. 1509E-08 5,934.579 8,479.480 O.ooE+OO lo28E-04 1.82E-04 Avg. MeV 
Am-241 4.6529E-<l7 5,934.579 8,479.480 O.ooE+OO 2.76E-03 3.95E-03 0.0150 9.091E+14 
Am-242m O.OOOOE+OO 5,934.579 8,479.480 O.ooE+OO O.ooE+OO O.ooE+OO 0.0250 1.927E+14 
Am-243 8.3923E-15 5,934.579 8,479.480 O.ooE+OO 4.98E-ll 7.12E-l1 0.0375 1.675E+14 
C-14 2.1765E-05 5,934.579 8,479.480 O.ooE+OO lo29E-Ol 1.85E-Ol 0.0575 1.759E+14 
CI-36 5.5188E-<l8 5,934.579 8,479.480 O.ooE+OO 3.28E-04 4.88E-04 0.0850 1.081E+14 
Cm-243 2.5208E-14 5,934.579 8,479.480 O.ooE+OO lo50E-l0 2.14E-l0 0.1250 6.989E+13 
Cm-244 1.1259E-15 5,934.579 8,479.480 O.ooE+OO 6.88E-12 9.55E-12 0.2250 9.128E+13 
CO-OO 2.9094E-02 5,934.579 8,479.480 O.ooE+OO 1.73E+02 2.47E+02 0.3750 4.178E+13 
Cs-l34 5.1932E-04 5,934.579 8,479.480 O.ooE+OO 3.08E+OO 4.40E+OO 0.5750 6.926E+14 
Cs-l35 4.4996E-05 5,934.579 8,479.480 O.ooE+OO 2.67E-Ol 3.82E-Ol 0.8500 6.689E+12 
Cs-137 2.1867E+OO 5,934.579 8,479.480 O.ooE+OO lo30E+04 lo85E+04 1.2500 2.054E+13 
Eu-l54 9.2837E-04 5,934.579 8,479.480 O.ooE+OO 5.51E+OO 7.87E+OO 1.7500 1.701E+11 
Eu-155 2.31BOE-02 5,934.579 8,479.480 O.ooE+OO 1.38E+02 1.97E+02 2.2500 4.864E+08 
Fe-55 2.9332E-03 5,934.579 8,479.480 O.ooE+OO 1.74E+Ol 2,49E+Ol 2.7500 2.=E+07 
H-3 1.0871E-<l2 5,934.579 8,479.480 O.ooE+OO 6.45E+Ol 9.22E+Ol 3.5000 2.566E+06 
1-129 1.1426E-06 5,934.579 8,479.480 O.ooE+oo 6.78E-<l3 9.69E-03 5.0000 6.262E+02 
Kr-85 lo4068E-Ol 5,934.579 8,479.480 O.ooE+OO 8.35E+02 1.19E+03 7.0000 5.570E+01 
Np-237 3.3099E-06 5,934.579 8,479.480 O.ooE+OO lo96E-02 2.81E-02 11.0000 5.315E+OO 
Pa-231 7.8640E-<l8 5,934.579 8,479.480 O.ooE+OO 4.67E-<l4 6.67E-<l4 
Pb-21 0 7.4277E-13 5,934.579 8,479.480 O.ooE+OO 4.41E-09 6.30E-<l9 
Pm-147 2.2856E-Ol 5,934.579 8,479.480 O.ooE+OO lo36E+03 1.94E+03 
Pu-238 2.oo95E-04 5,934.579 8,479.480 O.ooE+OO 1.19E+OO lo70E+OO 
Pu-239 1.9481E-02 5,934.579 8,479.480 O.ooE+OO 1.16E+02 lo85E+02 
Pu-240 6.B056E-05 5,934.579 8,479.480 O.ooE+OO 4.04E-Ol 5.77E-<l1 
Pu-241 lo0939E-05 5,934.579 8,479.480 O.ooE+OO 6,49E-02 9.28E-02 
Pu-242 4.3751E-13 5,934.579 8,479.480 O.ooE+OO 2.60E-<l9 3.71E-09 
Ra-226 4.0428E-12 5,934.579 8,479.480 O.ooE+OO 2.40E-08 3.43E-<l8 
Ra-228 2.1032E-ll 5,934.579 8,479.480 O.ooE+OO 1.25E-07 1.78E-<l7 
RU-l06 2.9077E-<l4 5,934.579 8,479.480 O.ooE+OO lo73E+OO 2.47E+OO 
Se-79 1.6492E-05 5,934.579 8,479.480 O.ooE+OO 9.79E-02 lo40E-<ll 
Sn-l26 3.7564E-05 5,934.579 8,479.480 O.ooE+OO 2.23E-<l1 3.19E-Ol 
Sr-90 lo9396E+OO 5,934.579 8,479.480 O.ooE+OO 1.15E+04 1.64E+04 
Tc-99 4.4842E-<l4 5,934.579 8,479.480 O.ooE+OO 2.66E+OO 3.BOE+OO 
Th-229 lo8544E-ll 5,934.579 8,479.480 O.ooE+OO 1.10E-<l7 1.57E-<l7 
Th-230 9.0605E-l0 5,934.579 8,479.480 O.ooE+OO 5.38E-<l6 7.88E-<l6 
Th-232 2.3674E-ll 5,934.579 8,479.480 O.ooE+OO 1.40E-<l7 2.01E-07 
TI-208 7.0323E-<l9 5,934.579 8,479.480 O.ooE+OO 4.17E-05 5.96E-05 
U-232 lo9106E-08 5,934.579 8,479.480 O.ooE+OO 1.13E-04 1.62E-<l4 Thermal Power 
U-233 9.6774E-09 5,934.579 8,479.480 O.ooE+OO 5.74E-<l5 8.21E-<l5 Nominal Heat Bounding 
U-234 4.8796E-06 5,934.579 8,479.480 O.ooE+OO 2.90E-<l2 4.14E-02 Output Heat Output 
U-235 -2.3191 E-<l6 5,934.579 0.000 1.46E-Ol 1.32E-<l1 1.46E-<l1 /Wattsl /Wattsl 
U-236 lo2633E-<l5 5,934.579 8,479.480 O.ooE+OO 7.50E-<l2 1.07E-<l1 1.48E+02 2.12E+02 
U-238 -9.5407E-<l8 5,934.579 0.000 6.61E-02 6.55E-<l2 6.61E-<l2 Total Total 
V-90 1.9396E+OO 5,934.579 8,479.480 O.ooE+OO 1.15E+04 1.64E+04 
Other Radionuelides 129E+04 1.84E+04 
m. Temolate Sdectilm ~rv, Il .·.Ild()~ 
TemDlate Selection Summary 

FromSFD Used Basis for Parameter Differences: 
Reactor -"tor: FAST FAST This Template was used for the following reasons: 

Fuel Cladding: SST (HT9) ZIRe This template is a good approximation since ~ is a FAST, Uranium fuel 
BOL HM Constituenlll: U02 U 

BOl enrichment Of.: 10t040 

Bumup Summary (MWd) Basis for burnup used in estimate: 
From SFD Estimated 

NomInal:\ I 5.934.579 Nominal bumup taken from SFD and converted to MWd using BOl.=264.158kg 
Bounding:1 I 8,479.480 Bounding bumup taken from SFD and converted to MWd using BOL=264.158kg 

Checks 

Estimated Bumupl
Bumup MultiDlier Given Bumup Estimated EOL HMiGiven EOL HM 

Nominal: 7.19 I 1.011 
Bounding: 10.27 ,

Reactor shutdown, core removal, storage, shlppmg or other date confmmng that lnadiallon ceased for fuel.
 

2Total bumup for all fuel associated lNith this worksheet must be divided by BOl heavy metal mass to get specific bumup values (MWcVMT).
 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Templato lnfomlation Estimated 

Fuel Nan::e: FFTF-TFA-ACN-1 PINS 'Fuel decay start date: 1992 Canister usage: 
SNFID#: 321 Estimates as of: 2010 18"x15' 

Fuel Units & Oeser: 90 . ROD Template: FFTF (FAST, SST, 10 to 3(),}o, Pu & U) 0.02 
Heavy Metal Ma<s: BOl: ; EOl:14.35kg 2Temptate Bumup(MWd): 5011.2 
ROD Storage Site: HANfORD Templale BOl Heavy Metal Mass (MT): 0.0329181 

TemplatEt Decay Time' 15 years 
n.Estimateli m b Yo Yb Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Templata Fuel Bumup (MWd)' Burnup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 

:,AC':C'.:--2~2':i:7;- """""1,:;.3,,,7;o35:;:E,,"--;;1;;-2 .;:1'S;O;o38~.~590~ -.;;2,077.181 0.OO~E':"+OO;2'- Me__-----:1i-'.?43",Eo,--,;;0C;;9_---;2;:c.8",5'iEo,-:;;09:;;------jf-.::A",V09~.0·c3• -"---1-.045E+14
"'A"'m'--2"'4;-;1:=- . ""'7.9527E-02 1,038.590 2,077~181---2-.97EO'+O~1______;1,,-.1~~2E+02 1.95E+02 1 50
Am-242m 2.1OS3E-Q3 1,038.590 2,077.181 O.OOE+OO 2.19E+OO 4.37E+OO 0.0250 2.253E+13 
,;AC'mo--0'24~3'--------_----;21;';'.6o;-;71C;S0471;=EE--Q-;:04"'5-----;1-,;,038~:;:.5.~90;o--- _____,2",,~077~.181 O.OOE+OO 1.12E-Ql 2.24E-Ql 0.0375 2.576E+13 
C-14 1,038.590 2,077.181 O.OOE+OO 2.72E-Q2 5.43E-Q2 0.0575 2.193E+13 
CI-36 3.4243E-10 1,038.590 2,077.181 --O.OOE+OO 3.56E-07 7.11E-07 0.0850 1.283E+13 
Cm-243 6.6092E-Q4 1,038.590 2,077.181 O.OOE+OO 6.86E-Ql 1.37E+OO 0.1250 9.584E+12 
Cm-244 2.9933E-Q3 1,038.590 2,077.181 O.OOE+OO 3.11E+OO 6.22E+OO 0.2250 9.718E+12 
Co-SO 1.5934E-02 1,038.590 2,077.181 O.OOE+OO 1.65E+Ol 3.31E+Ol 0.3750 4.997E+12 
~C",Sc..,-1:-:34==-- ___,4",.635=~6;=E-~0~2-----,1-,;,0:=387.,,-,5~90;o--------,2?,~077==-,.181 O.OOE+OO 4.81 E+Ol 9.63E+Ol 0.5750 1.670E+14 
Cs-135 4.7693E-OS 1,038.590 2,077.181 O.OOE+OO 4.95E-02 9.91E-Q2 0.8500 5.586E+12 

~Cc:S-:-1:-:3",7 . 2::;',::1",11=,3~E=,+oo~ ",l',=038:::=:.~590=----,;2,",O~77=:-::.181 O.OOE+OO 2.19E+03 4.39E+03 1.2500 4.864E+12 
Eu-l54 4.8092E-Q2 1,038.590 2,077.181 O.OOE+OO 4.99E+Ol 9.99E+Ol 1.7500 7.992E+10 
Eu-155 6.8447E-02 1,038.590 2,077.181 O.OOE+OO 7.11E+Ol 1.42E+02 2.2500 2.690E+09 

-'-Fo"e=--5"'5___' ~5"-'.848~9~Eo,-~03=_------"l,"'038:::=:.~590=----'2:!:,0~77~.1;~8;-,--1 O.OOE+OO 6.07E+OO 1.21 E+Ol 2.7500 2.806E+08 
H-3 8.9300E-03 1,038.590 2,077.181 O.OOE+OO 9.27E+OO 1.85E+Ol 3.5000 3.169E+07 

-;1-;-'1,,2:'::9__ ~ c:l:'_:.2~8c;9_;,1E;=--;:06~_-_~1~,038~."'5~90:c_-----'2?,==077~.1,~81 O.OOE+OO 1.34E-Q3 2.68E-03 5.0000 7.951E+04 
Kr-85 7.0941E-02 1,038.590 2,077.18f--o~OOE+OO 7.37E+Ol 1.47E+02 7.0000 9.097E+03 
Np-237 2.6541E-Q6 1,038.590 2,077.181 O.OOE+OO 2.76E-03 5.51E-Q3 11.0000 1.042E+03 
Pa-231 4.8970E-12 1,038.590 2,077.181 O.OOE+OO 5.09E-Q9 1.02E-08 
Pl>-21 0 2.2170E-13 1,038.590 2,077.181 0.OOE~+OO~--_____;2"'.30~~E;--1;;;0:o___---4;;.6~1'"'E;--_;ol0:O____j1 
Pm-147 2.3627E-Ol 1,038.590 2,077.181 O.OOE+oo 2.45E+02 4.91E+02 
Pu-238 2.8636E-02 1,038.590 2,077.181 O.OOE+OO 2.97E+Ol 5.95E+Ol 
Pu-239 -3.5520E-Q2 1,038.590 0.000 2.44E+02 2.07E+02 2.44E+02 
Pu-240 2.0790E-02 1,038.590 2,077.181 1.24E+02 1.45E+02 1.67E+02 

",P:U::--;:2:-o4=-1 --:-4."'83==1'::6,;oE:..:-0"'1___' 1;-',038="'.5"'90~--____;'"'0"'."'000'" 5.56E+03 5.OSE+03 5.56E+03 
Pu-242 1.lOS2E-05 1,038.590 2,077.181 3.30E-02 4.45E-02 5.SOE-Q2 
Ra-226 5.7471E-13 1,038.590 2,077.181 O.OOE+OO 5.97E-l0 1.19E-Q9 
Ra-228 5.4957E-17 1,038.590 2,077.181 O.OOE+OO 5.71E-14 1.14E-13 
Ru-l06 1.4583E-Q2 1,038.590 2,077.181 O.OOE+OO 1.51E+Ol 3.03E+Ol 
Se-79 1.0137E_Q5 1,038.590 2,077.181 O.OoE+OO 1.OSE-02 2.11E-Q2 

-;:S:':'n-""1;c-26=- c;4.~392~2;=E-Q5~-----;'1 ,'=038:=;.5"'90~--___';;2,"'077==-'.181 O.oOE+OO 4.56E-Q2 9,12E-Q2 
Sr-90 7.6329E-Ql 1,038.590 2,077.181 O.OOE+OO 7.93E+02 1.59E+03 
Tc-99 3.9412E-04 1,038.590 2,077.181 O.OOE+OO 4.09E-Ql 8.19E-Ql 
Th-229 1.6457E-12 1,038.590 2,077.181 O.OOE+OO 1.71E-Q9 3.42E-Q9 
Th-230 1.6822E-l0 1,038.590 2,077.181 0.OOEO-,+OO=- 1:.::.95~E;.:-Q,07c___---'3o:.9~looE=-'-Q'''7c____j1 
Th-232 9.7S01E-17 1,038.590 2,077.181 O.OOE+OO 1.01E-13 2.03E-13 
T1-208 5.2722E-07 1,038.590 2,077.181 O.OOE+OO 5.48E-Q4 1.10E-Q3 
7U,",-2~3002c-- -=,1.:o-4:;:92",5;;E;.:-Q6~------71,~038~.5~90~_---..:2~,O~77=:-::.181 0.OOo;.E~+OO~,----__il.::;55;;;E~-Q-;,3;---__~3",.1;;-OE~-Q3~_-jI;:==T::ih~e;:rma=,l",p;i0::,:w:;;:e:::r;;;:::-
U-233 2.1113E-l0 1,038.590 2,077.181 O.OOE+OO 2.19E-Q7 4.39E-D7 Nominal Heat Bounding 
U-234 1.9528E-Q6 1,038.590 2,077.181 0.OOE=,+OO~_______;2",.03~E,-;-Q3~--____;4",.06~E,",-Q3~--JI Output HeatOulput 
U-235 -9.7920E-Q9 1,038.590 0.000 5.00E-05 3.98E-05 5.00E-Q5 (Wattsl (Watts) 
U·236 1.1570E-07 1,038.590 2,077.181 O.OOE+OO 1.20E-04 2.40E-Q4 3.36E+o1 S.69E+01 
U-238 -1.7914E-Q7 1,038.590 0.000 3.64E-Q3 3.45E-Q3 3.64E-Q3 Total Total 
Y-90 7.6329E-Ql 1,038.590 2,077.181 O.OOE+OO 7.93E+02 1.59E+03 
Other Radionuclides 2.25E+03 4.SOE+03 
m. TelllDlate seJedion~, Burno 
Template selection Summary 

From SFD Used Basis for Parameter Differences: 
Reactor Moderator. FAST FAST This Template was used for the following reasons: 

Fuel C1addln9:r ---=SS=T;:';;:(D9=)--+------'-SS=T:-----1Th~ fuel matches on all paramete.. except enrichment (unknown). 
BOl HM Constituents: PU02-U02 Pu and U 

SOL Enrtchment 0/0: 10 to 30":"'-
Burnup Summary (MWd) Basis for burnup used In estimate:
 

From SFD I Estimated
 
Nomlnal:1 I 1.038.590 Nominal bumup taken from SFD and converted to MWd using 8Ol;::15.387kg
 

Bounding:1 I 2,On.181
 BoUnding bumup assumed to be twice nominal bumup. 

Checks 
Estimated Bumupl 

BumUD Mulliolier Given Bumup Estimated EOl HMiGIven EOl HM
 
Nominal: 0.44
 I 1.001
 

Bounding: 0.89
 ,
Reactor shutdown, core removal, storage, shIpping or other date confmnlng that mudiation ceased for fuel. 

,.otal bumup for all fuel associated with thls worksheet must be divided by BOL heavy metal mass to gel specific bumup values (MWdIMT). 

I 
I 
I 
I 
I
I
I 
I 
I
I
I 
I

I 
I
I
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J. Fuel and T<Q\PIaIe hlfonnation 
Fuel Name: FFTF-TFA·ACN-1 RODS 

SNFID#: 865 
Fuel Units & Oeser: 16 - ROD 

Fuel Radionuclide Inventory Worksheet 

1Fuel decay start date: 1992 
Estimates as of: 2010 

Template: FFTF (FAST, SST, 101030%. Pu & U) 

Estimated 
Canister usage: 

18"x15' 
I 1.00 I 

_vy Metal M....: BOL: : EOL:2.56k9 
ROD Storage Site: HANFORD 

D. Estimates m 

CilMWd From 
Radionuclide Template 
Ac·227 1,3735E·12 
Am·241 7.9527E-02 
Am·242m 2.1053E-03 
Am-243 1.0780E-04 
C·14 2.6141E·05 
CI-36 3.4243E-l0 
Cm-243 6.8092E-04 
Cm-244 2.9933E·03 
Co-6O 1.5934E-02 
Cs-l34 4.6356E-02 
Cs·135 4.7693E-05 
Cs-137 2.1113E+OO 
Eu-l54 4.8092E-02 
Eu-155 6.8447E-02 
Fe-55 5.8489E-03 
H-3 8.9300E-03 
1-129 1.2891E-06 
Kr-85 7.0941E-02 
Np-237 2.6541E-OS 
Pa-231 4.8970E-12 
Pb-210 2.2170E-13 
Pm-147 2.3627E-Ol 
Pu-236 2.8636E-02 
Pu-239 -3.5520E-02 
Pu-240 2.0790E-02 
PU-241 -4.8316E-Ol 
Pu-242 1,1052E-05 
Ra-226 5.7471E-13 
Ra-228 5.4957E-17 
Ru-1OS 1,4583E-02 
5e-79 1,0137E-05 
5n-126 4.3922E-05 
5r-90 7.6329E-ol 
Tc-99 3.9412E-04 
Th-229 1.8457E-12 
Th-230 1,8822E-l0 
Th-232 9.7601E-17 
TI-208 5.2722E-07 
U-232 1.4925E-06 

'Template Bumup(MWd):
 5011.2 
Template BOl _vy Metal Ma•• (MT):
 0.0329181 

Template Decay Time:
 15 years 

x" x. b Yo Y. 

Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel 
Fuel Bumup (MWd)' Burnup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) 

185.217 370.435 O.ooE+OO 2.54E-l0 5.09E-l0 
185.217 370.435 5.29E+OO 2.ooE-HJl 3.48E-HJl 
185.217 370.435 O.ooE+OO 3.90E-Ol 7.80E-Ol 
185.217 370.435 O.ooE+OO 1.99E-02 3.99E-02 
185.217 370.435 O.ooE+OO 4.84E-03 9.68E-03 
185.217 370.435 O.ooE+OO 6.34E-09 1.27E-07 
185217 370.435 O.ooE+OO 1.22E-ol 2.45E-ol 
185.217 370.435 O.ooE+oo 5.54E-ol 1.11E+OO 
185.217 370.435 O.ooE+OO 2.95E+OO 5.90E+OO 
185.217 370.435 O.ooE+OO 8.59E+OO 1,72E-HJl 
185.217 370.435 O.ooE+OO 8.83E-03 1.77E·02 
185.217 370.435 O.ooE+OO 3.91 E-HJ2 7.82E-HJ2 
185.217 370.435 O.ooE+OO 8.91E+OO 1.78E-HJl 
185.217 370.435 O.ooE+OO 1.27E-HJl 2.54E-HJl 
185.217 370.435 O.ooE+OO 1.OSE+OO 2.17E+OO 
185.217 370.435 O.ooE+OO 1,85E+OO 3.31E+OO 
185.217 370.435 O.ooE+OO 2.39E-04 4.78E-04 
185.217 370.435 O.ooE+OO 1.31 E-HJl 2.63E-HJl 
185.217 370.435 O.ooE+OO 4.92E-04 9.83E-04 
185217 370.435 O.ooE+OO 9.07E-l0 1.81E-09 
185.217 370.435 O.ooE+OO 4.11E-ll 8.21E-ll 
185.217 370.435 O.ooE+OO 4.38E-HJl 8.75E-HJl 
185.217 370.435 O.ooE+OO 5.30E+OO 1,OSE-HJl 
185.217 0.000 4.34E-HJl 3.68E-HJl 4.34E-HJl 
185.217 370.435 2.21E-HJl 2.59E-HJl 2.98E-HJl 
185.217 0.000 9.91 E-HJ2 9.01E-HJ2 9.91 E-HJ2 
185.217 370.435 5.89E-03 7.93E-03 9.98E-03 
185.217 370.435 O.ooE+OO 1,OSE-l0 2.13E-l0 
185.217 370.435 O.ooE+OO 1.02E-14 2.04E-14 
185.217 370.435 O.ooE+OO 2.70E+OO 5.40E+OO 
185.217 370.435 O.ooE+OO 1.68E-Q3 3.76E-03 
185.217 370.435 O.ooE+OO 8.14E-03 1.63E-02 
185217 370.435 O.ooE+OO 1.41E-HJ2 2.83E-HJ2 
185.217 370.435 O.ooE+OO 7.30E-02 1.46E-ol 
185.217 370.435 O.ooE+OO 3.05E-l0 6.10E-l0 
185.217 370.435 O.ooE+OO 3.49E-oB 6.97E-oB 
185.217 370.435 O.ooE+OO 1,81E-14 3.62E-14 
185.217 370.435 O.ooE+OO 9.77E-05 1.95E-04 
185.217 370.435 O.ooE+OO 2.76E-04 5.53E-04 

Gamma Sources 
Photon Total 
Energy Photons/sec 
Group (bounding) 

Avg. MeV 
0.0150 1.864E+13 
0.0250 4.017E+12 
0.0375 4.595E+12 
0.0575 3.911E+12 
0.0850 2.288E+12 
0.1250 1.709E+12 
0.2250 1.733E+12 
0.3750 8.911E+11 
0.5750 2.978E+13 
0.8500 9.962E+11 
1.2500 8.675E+l1 
1.7500 1.425E+l0 
2.2500 4.797E+08 
2.7500 5.004E+07 
3.5000 5.652E+06 
5.0000 1.418E+04 
7.0000 1.622E+03 
11.0000 1.858E+02 

Thermal Power 
Nominal Heat Bounding 

Output HeatOutpul 
(Wattsl (Wattsl 
5.99E+OO 1.02E+Ol 

Total Total 

U-233 2.1113E-l0 
U-234 1,9528E-Q6 
U-235 -9.7920E-09 
U-236 1.1570E-07 
U-236 -1.7914E-07 
Y-90 7.6329E-ol 
Other Radionuclides 

Ill-TemuJate.~~al'V.Burnu 
Template Selection Summary 

FromSFD 
Reactor_: FAST 

Fuot Cladding: SST 
BOl HM Constituents:
 Pu/UCARB 

SOL enrichment "co: 

185.217 370.435 O.ooE+OO 3.91E-oB 7.82E-OS 
185.217 370.435 O.ooE+OO 3.62E-04 7.23E-04 
185.217 0.000 8.92E-OS 7.1OE-OS 8.92E-06 
185.217 370.435 O.ooE+OO 2.14E-Q5 4.29E-05 
185.217 0.000 6.49E-04 6.16E-04 6.49E-04 
185.217 370.435 O.ooE+OO 1.41E-HJ2 2.83E-HJ2 

4.02E-HJ2 8.03E-HJ2 
and CheCks 

Used Basis for Parameter Differences:
 
FAST This Template was used for the following reasons:
 
SST
 This fuel mald1es on all parameters except enrichment (unknown). 

Pu and U 
10t03O 

Bumup Summary (MWd) Basis for bumup used in estimate: 
FromSFD Eatimaled 

Nomlnal:1 185.217 Nominal bumup taken from SFD and converted to MWd using BOL::2.744kg 
Bounding: 370.435 Bounding bumup assumed to be twice nominal bumup. 

Checks 

EstImated Bumupl 
Bumup Mulllptior Given Bumup Estimated EOl HMlGlven EOl HM 

Nominal: 0.44 1.001 
Bounding: 0.89
 

1Reactor shutdown. core removal. storage, shipping or other date confinning that irradiation ceased for fuel. 

~otal bumup for all fuel associated with this worksheet must be divided by BOL heavy metat mass to get specific bumup values (MWdlMT). 
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Te.npIate Information Estimated 

Fuel Nama: FFTF~TFA-ACO·2, 4 THRU 16 1 Fuel decay start date: 1992 Canister usage: 
SNF 10 #: 329 Estimates as of: 2010 18"x15' 

Fuel Units & Oeser: 14 - HEX ARRAY 169 ROD Template: FFTF (FAST, SST. 10 to 30%. Pu & U) 2.80
 
_vy Metal Mass: BOl: ; EOl=605.98k9 'Template Bumup{MWd): 5011.2
 
ROO Storage Sit:s: HANFORD Template BOL Heavy Metal Mass (MT): 0.0329181
 

Template Decay Time" 15 years 
n.&timates m x" b y" Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Burnup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
A:::C:c-22~7 ___c1",.;;;37",35~E-;-1",2,.----__;96~,3,",19""",97:;;2;_--1::_402;.0",7",,4.700 O.OOE+OO 1.32E-07 1.92E-07 Avg, MeV 
":A=m'_-'''24.;;1;-----~~--=-7.::;:9"'520;7"E~-~02;_---~96?:,3c;l"'9:::.9=7",2---1:.,4O?:.0",7",4,,"7=00,=--- -_-_-__'",.:35E+03 9.01:;:E'-+O"'3;,-----=l-';.2;::5O;:E:+04~~-11-...c:..:0~.~0"150-7:01-3E-+-1-5 
":A"'m'-'-2~4"'2"'m'----_---2:;c.:;;;105~3"'E_;-03~---_;96~,3'"'19"'."'97:;;2;_ __1::_4O;~,O"'7"'4:.~7:oo,,~---_;:;0"'.00E+OO 2.03E+02 2.95E+02 0.0250 1.518E+15 
'-A'"mc--2;o43=- ~1."'0o-7GO~E~-04::_::_---__;96?:,3c;l"'9:::.9=72;_--__:1:.,4O?:,O"'7"'4,.=7=00'=-----'O"'.~ooE+OO 1.04E+Ol 1.51E+Ol 0.0375 1.737E+15 
-::C~-1'=4,O-----_---_=2":.6'=1-:-4='lE:o_--"0~S------'96~,3"'1:_;9"'.9~7:o2- __1'_'4O""",O:c:7"'4c.~7~00~ 0.ooE+OO---2-.S2E+OO 3.66E+OO 0.0575 1.470E+15 
CI-36 3.4243E-l0 96,319.972 14O,074.700---o.-oo£':+oo 3.30E-05 4.80E-05 0.0850 8.653E+14 
Cm-243 6.G092E-04 96.319.972 140,074.700 O.ooE+OO 6.37E+Ol 9.26E+Ol 0.1250 6.463E+14 
-;C"=m-;-"'244c-'-- 2:;c.-Oc99"'33~E:...;-Q;::3:_--__;9"'6'_;.3~1=_9."'97:;;2;_--_;_1402;,0",7",,4.700 O.ooE+OO 2.88E+02 4.19E+02 0.2250 6.553E+14 
Co-GO 1"".~S9?34~E:...;-Q"'2---__;96~.3:c_19='.:c97=2;_--1'-'402;'O"'7:C'4 ..7oo O.OOE+OO 1.S3E+03 2.23E+03 0.3750 3.369E+14 

-;C'"'S:-c-l;-;34;;o- -;4".635~6"'E""-Q~2---__;96~,3"'1C;;9c;.9"'7;;;2---1::_4O~,0~7;74.7.oo O.ooE+OO 4.47E,Kl3 6.49E+03 0.5750 1.126E+16 
Cs-l35 4.7693E_QS 96,319.972 140,074.700 O.ooE+OO 4.S9E+OO 6.88E+OO 0.8500 3.767E+14 
..C~Sc;-1~3c.7---------'2;-:.-;,11;;;1,,3"'E"'+OO'2C__---_;96~,3:_;.1"'9.~97~2;_--;.:14O~.0"'7;,o4,.7~00 O.ooE+OO 2.03E+05 2.96E+05 1.2500 3.280E+14 
"E~u'-:-lc.o54c_--------4~."'80:;c9"'2"'E:...;-Q;::2:_--__;96;::'_;,3~1=_9."'97=2;_--_;_14;-;0:.:;,O"'7,~4,.,,700 O.OOE+OO 4.63E+03 6.74E+03 1.7500 5.389E+12 
Eu-1SS 6.8447E-02 96,319.972 140,074.700 O.OOE+OO 6.S9E+03 9.59E+03 2.2500 1.814E+l1 

-;-FO,:e-;C'5:.=5 5"'.;;;848~9"'E:...;-Q;::3___c--__;96~,3:o_1=_9."'97:;;2;_--_;_1402;,O"'7"'4,.~7:,,00~~- -~-O:6()E+OO 5.63E+02 8.19E+02 2.7500 1.892E+l0 

~~'7;::;;~9'=.~~~~~~~~~~~~-~~~8"'1;';:7;;;;~~9~l:o:~::oo;;;03~~~~~~~~~:~"::~;c:.=:;-;~~::c~"'~~;'=-~~~~_=:l'-'l_;:~:.:;:"'g~~::::;~""~ ~~~~ ~'.~~~; ~'.~;~~ ~:= :~:~:: 
.;;K:;.-r--':85= 7='."'094o-;-:l:o:E:...;-Q"'2'----__;96~,3:c_l='9."'97=2;_--'-1402;,0~7"'4,.7="'OO~~- -_-=-.-'=.O-~.oo~E+OO 6.63E+03 9.94E+03 7.0000 5.406E+05 
"'N~p-:..;2;;3;.,;7-----_-~2:;:.6;;54~1;;;E~-D6~-- _ __;96""',3~1C;;9:_o.9;:;7o:2--_cl;_'402;'0'''7~4~.7~::00.; O.OOE+OO 2.56E_Ql 3.72E_Ql 11.0000 6.192E+04 
"'P,~a-;-2~3Ocl------___c4;c.=_89~7;;;0"'E:...;-lc;2---__;96~,3'"'19"'.;;;97=2;_--1::_402;,0",7",4.:~7oo 0.ooE+OO:_---=4.";72~E""-"'07=------;:;6.":'86::o:E:o_-Q~7-_l1 
"'P,~b-..::2;:1"'0c----------'2==.'=-21"'7=0~E_c:-l"'3'---__;96?_,:3:c_19='.:c97=2;_--1,-,40~,0~7:74.:=7",OO~~_--_--,o.ooE+OO 2.14~E':C-08"7 ___.;3",.l;ol~E:.:'-D6~-1I 
rPC'm'-;-1;;;4;;-7 '--2;;'.;;;36;;;2"'7"'E_;-Q;;;1,.----__;96~,3'"'19=_."'97:;;2;_--1::_402;.0"'7"'4:.~7:oo,,~_---;-:;0~OOE:.=+OO~-----;:2"'.2:·8~~E+04~:_--_;3.:;.3~1~E+04~:_-1I 
"'P,=U~-2;;;38:;--------'2==:.::::8636~i;:E'"'-Q:-:2:---__;96~,3:c_19='.'=.:97=2;_--1'-4O~,O'=7"'4,.7c.::c00=___---"0.:.-:.00:;E:-'-+OO~--_=2"'.7,6~~E+03.:.:;_;'---_;4'C.0:.=1~E+O.:.:;::3'-_11 
"'P"'U_-,2c;3"'9 --c-~3.'icS:;;S2;;;0:.=E:..;-Q"'2'----_.;96~,3:_;.19;;_.;;97;,;2;_--=~0.~000~=--_il'i..1.1E+04 7.70E+03 1.11E+04 
"'P,=U-;-2:-;4O:;- _'2::;.0::::7';;'90~E'"'-0:-:2,.----__;96~,3:c_19='.;;;97=2;_--1'_4O~,O':::7"'4.:~7.::c00=---_=5.:.-:.85E+03 7.85E+03 8.56E+03 
"'P,=U~-2-;4=-1---------:-4."'83"'1"'6-=E-;-0~1'---__;96~,3:c_19='.~97=2'--__~0"'.::::00~0-=o._-~2.54E+05 2.07:;;E'"'+O~5---2~.~54~E~+05~--1I 
rPc:U-;-2;;;4"'2 ___cl;c.~10~5;;2o;:E-;-D5~---~96~.3'"'19"'.;;;97:;;2;_--1::_402;,074.700 1.S1E:+OO---2-.57E+oo 3.06E+OO 
-::Ra:"-:-22=6 ---cS='.'=:74~7c:l,;=E:...;-1"'3---__;96~,3:c_19='.:c97=2;_--1_"402;,0",7:,:,4':,,7,,00 O.ooE+OO S.54"'E:o_-D8.:;:c----=8.==05:;e:E:o_-D8.:;:c---jJ 
-;,Ra~-2:;;2;:.8---------'5;.:.4:;:95~7~E...;-1"'7---___;:96~,3~19;;_.~97~2:_-___cl;_'4O~,0;:;7~4.'::;7;c00~---;;0:;:.ooE+OO 5.29E-12 7.70E-12 
-::Rc::u-""1=_06=----------,;:1.-=4583~"'E:...;-Q;;;2'----__;96~,3~1=_9."'97=2;_--_;_1402;,0",7"4:.=7,,,00 0.ooE'"'+OO~--__;l'"'.4O~E"'+03:::;:---__;2~.04,~E.:..+O?3;__11 
-'=.S:.=e-..:7-"9c:- 1':'.0~1'"'3'_::7_=E..::-D5"'----_::96~,3:.=19='.,o:97=2'----1.:-:4O~.0'=7~4 .. =7~00=__-~0.OOE;:c+OO~---';9::,;.7"'6~E--;0~1:_--_i:l"'.4'O'2;oE+OO:-:;;;:--11 
Sn-126 4.3922E-D5 96,319.972 140.074.700 O.oOE+OO 4.23E+OO 6.1SE+OO 
ciS'=r-..,90~--------7;;:.;;63'i:2;;9"'E:...;-Q~1:_--_.;96~,3:_;.1~9.:;:97~2~--;.:14O~,O",7;'O4.7OO O.ooE+OO 7.35E+04 1.07E+05 
-:;T"'c-;-99= :;c3."'947.1o=2"'EC'-D4;.;;-----;96~,3~1=_9."'97=2;_--_;_14O_2:,O"'7"'4"'.7=00:;--__;O"'.ooE+oo 3.80?Eo-:+O-=-1__,--S::::.==:52",Eo-:+O-=-1~-jl 
-=Tho:-_=22=9=__-------lo:.64~5'=7_=E-'-1_=2---__;96-",==3719=_=.:c97=2'----1.:_:4O~,O'=7"'4.=7OO'" O.oOE+OO 1.59E-07 2.31E_Q7 
~Th-;c-;;2;;;30~------"""'l"'.88::;;;;22~E:...;-1-=0---__;96"',:;;3"'19;;'.;;;97"'2;_--1;.,4O;::'_;,0",7-;4.700 O.ooE+OO 1.81E-D5 2.64E-D5 
Th-232 9.7G01E-17 96.319.972 140,074.700 O.ooE+OO 9.4OE-12 1.37E-ll 
7T1-~208=_-------S_:'."'27:::22~E'""'-Q"'7;----___;96c=-:,3~1-::-9.':::97=2;_--.;.14O~,O",7",,4.700 O.ooE+OO S.08E_Q2 7.39E_Q2 
,U,-2;:c.3;.,2:_------ 1...49;-:2;;:5"'E:...;-D6"'---_;96~.3~1=_9."'97~2~--.;.1402;,0",7,4~.7oo O.ooE+OO 1.44i.E~-;;;01~---2:;:.';.09~E~-Q;;;1~---jj"u::=:::T:i'h1:iei:rma:FI..;.P;;o_::w~e::r=::_ 
7U,;-2;;;33~--------_;2-;.1,,1:;;lo;3;::E--;1"'0_c-_-96=,3=_1;_;9"'.9;;;7"'2:_ __-:-140~,O~7'='4.7OO O.OOE+OO 2.03E-Q5 2.96E-Q5 Nominal Heat Bounding 
-iUT--2;;;34=- -o:l.c:::95"'2;;;8"'Eo-,-D6='=- :...;96~,3c;.1"'9.::c97=2o_--.:..14O~,O-=7;;4".~7_"00"__ ......;::0.ooE='+OO~ 1;:..88~E~-Q~1c__---'2~.7='4~E~-Q~1c____IJ Output Heat Output 
o';U..:;:-2:;;,3S;;- ---,-;-:9.'"'7920~;;;.E-D9=---'""'96~,3.;.19;,:..9:::7~2--__o_~0.000 2.28E_Q3 1.34E-D3 2.28E_Q3 (Watts) (Watts) 
7U,-2;;;36~-------..1.-:;15"'7:;-0;;E:-'-Q:::7;_--___;96~,3:o,l=_9.':::97:;;2;_---14O~,O"'7"'4'='.7-'-00-'--_____70.ooE+OO 1.11 E-02 1.62E-02 2.52E+03 3-57E+03
-iU;..:.2;;;38"'"'" -=1'=.7"'9'""14"'E"'-Q"'7'_____;96~,3'_'179.::c97~2;_--="'O.~OOO;'--=:=C 1.66E-Ol 1.49E_Ql 1.66E_Ql Total Total 
-iY~-90c=====co_---7~."'63"'2::::9:::E"'-Q'-'1----'96=,3:.=1-"'9.:.=97'-'2=----'-'14"0""0"7,,,4,,.700 O.ooE+OO 27.·09E35E+05+04 31.'0407EE+05+05
Other Radionuclides 

Template Selection Summary 
From SFD Used Basis for Parameter Differences: 

Reactor Moderator:I_--"""7=F;:.AS=,T'----+-----'Fc:-A:;S"'T__--1This Template was used lor the following reasons: 
Fuel Cladding: SST (316) SST Th~ luel matches on all pammeters e,,,,,,, enrichment (unknown). 

BOL HM COnstilUen!ll: PU02-U02 Pu and U __ 
BOl enrichment %: 101030 

BumupSumma~(MWd, Basis for bumup used in estimate: 
From SFO Estimated

NomJn31:1_1--------+-I---.....:.96".3::,:1:.=9::.9.:.:72=jNOminai bumup taken from SFD and converted to MINd using BOL::702.481kg 
Boundlng:1 I 140.074.700 Bounding bumup laken from SFO and converted 10 MWd using BOl=702.481kg 

Checks 
Estimated Bumupl 

Bumup Multiplier Given Bumup estimated EOL HMlGlven EOL HM
 
Nominal: 0.90
 I 1.001 

Boundir.g: 1.31 ,
Reactor shutdown. core removal. storage, stllppmg or other date conflnmng that Irradiation ceased for fuel.
 

~otal bumup for all fuel associated with this worKsheet must be divided by BOl heavy metal mass to get specific bumup values (MWdlMT).
 

DOE/SNF/REP_Q78 December 2003 
Revision 1 PageC-98 



I 

I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I
 
I 
I
 

Fuel Radionuclide Inventory Worksheet 
I. Fuel and Templalelnfonnatio!l Estimated 

Fuel Name: FFTF-TFA-CRBR-3 & CRBR-5 1Fuel decay start date: 1992 Canister usage: 
SNFID#: 322 Estimates as of: 2010 18"xI5' 

Fuel Units & Deacr: 2 - HEX ARRAY 217 ROD Template: FFTF (FAST. SST. 10 to 30%. Pu & U) 0.40 
Heavy Metal Ma••: BOl= ; EOl=69.40kg 'Template Bumup(MWd):
 5011.2 
ROO Storage Site; HANFORD Template BOl Heavy Metal Ma.s (MT):
 0.0329181 

Template Decay Time'
 15 years 

n.Estima~ m x. x. b y. y. Gamma Sources 
Photon Total 

CilMWd From Nominal
 Bounding Fuel
 Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 
Radionuclide Template Fuel Bumup (MWd)'
 Bumup (MWd)'
 (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ae-227 1.3735E-12 5.116.338
 5.738.646 O.ooE+OO 7.03E-09 7.88E-09 Avg. MeV 
Am-241 7.9527E-02 5.116.338
 5,738.646 I.44E-Kl2 5.51 E-Kl2 6.ooE-Kl2 0.0150 2.921E+14 
Am·242m 2.1053E-03 5,116.338
 5,738.646 O.ooE+OO I.OSE-Kll 1.21 E-Kll 0.0250 6.229E+13 
Am-243 1.0760E-ll4 5.116.338 5,738.646 O.ooE+OO 5.51E-Ol 6.17E-Ol 0.0375 7.118E+13 
C-14 2.6141E-05 5,116.338 5,738.646 O.ooE+OO I.34E-Ql 1.50E-Ol 0.0575 6.144E+13 
CI-38 3.4243E-l0 5,116.338 5.738.646 O.ooE+OO 1.75E-Q6 1.97E-OO 0.0850 3.545E+13 
Cm-243 6.6092E-04 5,116.338 5,738.646 O.ooE+OO 3.38E+OO 3.79E+OO 0.1250 2.648E+13 
Cm-244 2.9933E-03 5.116.338 5,738.646 O.ooE+OO 1.53E-Kll 1.72E-Kll 0.2250 2.685E+13 
Co-60 1.5934E-02 5,116.338 5,738.646 O.ooE+OO 8.15E-Kll 9.14E-Kll 0.3750 1.381E+13 
Cs-l34 4.6356E-02 5,116.338 5,738.646 O.ooE+OO 2.37E-Kl2 2.88E-Kl2 0.5750 4.614E+14 
Cs-135 4.7693E-05 5.116.338 5.738.646 O.ooE+OO 2.44E-Ol 2.74E-Ol 0.8500 1.543E+13 
Cs-137 2.1113E+OO 5,116.338 5,738.646 O.ooE+OO I.OSE+04 1.21E+04 1.2500 1.344E+13 
Eu-154 4.8092E-02 5,116.338 5,738.646 O.ooE+OO 2.46E-Kl2 2.76E-Kl2 1.7500 2.208E+11 
EU-155 6.8447E-02 5,116.338 5,738.646 O.ooE+OO 3.50E-Kl2 3.93E-Kl2 2.2500 7.432E+09 
Fe-55 5.6469E-03 5,116.338 5,738.646 O.ooE+OO 2.99E-Kll 3.36E-Kll 2.7500 7.754E+08 
H-3 8.9300E-03 5.116.338 5,738.646 O.ooE+OO 4.57E-Kll 5.12E-Kll 3.5000 8.nOE+07 
1-129 1.2891E-OO 5,116.338 5,738.646 O.ooE+OO 6.60E-Q3 7.40E-03 5.0000 2.808E+05 
Kr-85 7.0941E-02 5,116.338 5,738.646 O.ooE+OO 3.63E-Kl2 4.07E+02 7.0000 3.209E+04 
Np-237 2.6541E-OO 5.116.338 5,738.646 O.ooE+OO 1.36E-02 1.52E-Q2 11.0000 3.674E+03 
Pa-231 4.8970E-12 5,116.338 5,738.646 O.ooE+OO 2.51E-OS 2.81E-OS 
Pb-21 0 2.2170E-13 5,116.338 5,738.646 O.ooE+OO 1.13E-Q9 1.27E-09 
Pm-147 2.3627E-Ql 5,116.338 5,738.646 O.ooE+OO 1.21 E-Kl3 1.36E-Kl3 
Pu-238 2.8836E-Q2 5,116.338 5,738.646 O.ooE+OO 1.47E-Kl2 1.64E-Kl2 
PU-239 -3.5520E-Q2 5.116.338 0.000 1.18E+03 9.98E-Kl2 1.18E-Kl3 
Pu-240 2.0790E-Q2 5,116.338 5,738.646 6.ooE-Kl2 7.OOE-Kl2 7.19E-Kl2 
Pu-241 -4.8316E-Ol 5,116.338 0.000 2.69E+04 2.44E+04 2.69E+04 
Pu-242 1.1052E-05 5,116.338 5,738.646 1.60E-Ol 2.16E-Ol 2.23E-Ql 
Ra-226 5.7471E-13 5.116.338 5,738.646 O.ooE+OO 2.94E-Q9 3.30E-09 
Ra-228 5.4957E-17 5,116.338 5,738.646 O.ooE+OO 2.81E-13 3.15E-13 
Ru-lOO 1.4563E-02 5,116.338 5.738.646 O.ooE+OO 7.46E-Kll 8.37E-Kll 
50-79 1.0137E-05 5,116.338 5,738.646 O.ooE+OO 5.19E-02 5.82E-Q2 
5n-126 4_3922E-Q5 5,116.338 5,738.646 O.ooE+OO 2.25E-Ol 2.52E-Ol 
5r-90 7.6329E-Ql 5,116.338 5,738.646 O.ooE+OO 3.91E-Kl3 4.38E+03 
Te-99 3.9412E-04 5,116.338 5,738.646 O.ooE+OO 2.02E+OO 2.26E+OO 
Th-229 1.6457E-12 5,116.338 5,738.646 O.ooE+OO 8.42E-09 9.44E-Q9 
Th-230 1.8822E-l0 5,116.338 5,738.646 O.ooE+OO 9.63E-07 1.OSE-Q6 
Th-232 9.7601E-17 5,116.338 5,738.646 O.ooE+OO 4.99E-13 5.60E-13 
n-2OS 5.2722E-07 5,116.338 5,738.646 O.ooE+OO 2.70E-03 3.03E-Q3 
U-232 1.4925E-OO 5,116.338 5,738.646 O.ooE+OO 7.64E-03 8.56E-Q3 Thermal Power 
U-233 2.1113E-l0 5,116.338 5,738.646 O.ooE+OO 1.OSE-OO 1.21E-OO Nominal Heat Bounding 
U-234 1.9528E-OO 5,116.338 5,738.646 O.ooE+OO 9.99E-Q3 1.12E-02 OUlput HeatOUlput 
U-235 -9.7920E-Q9 5,116.338 0.000 2.42E-ll4 1.92E-ll4 2.42E-ll4 <Watts) <Watts) 
U-236 1.1570E-07 5,116.338 5,738.646 O.ooE+OO 5.92E-04 6.64E-ll4 1.64E+02 1.83E+02 
U-238 -1.7914E-Q7 5,116.338 0.000 1.76E-02 1.67E-Q2 1.76E-02 Total Total 
Y-90 7.6329E-Ol 5,116.338 5,738.646 O.ooE+OO 3.91 E-Kl3 4.38E+03 
Other Radionuelides 1.11E+04 1.24E+04 

m. Templa... Sdedion~"".lJ .... .ndCltecks 
TemDlate selection Summary 

From SfD Used Basis for Parameter Differences: 
Reactor Moderator: FAST FAST This Template was used for the following reasons: 

Fuol Cladding: SST SST Th~ luelmatches on all panunete.. except enrichment (unknown). 
BOL HM Constituenlll: PU02-U02 Pu and U 

BOl Enrichment 0/.: 10t03O 

Bumup SUmmary (MWd)" Basis for bumup used in estimate: 
FromSFD Estimated 

Nomlnat:\ I 5,116.338 Nominal bumup taken from SFD and convelled to MWd using BOL=74.528kg 
Boundlng:1 I 5.738.646 Bounding bumup taken from SFD and converted to MWd using B0L=74.528kg 

Checks
 

Estimated Bumupl
 
Bumup Multiplier Given Bumup EstImated EOl HMlGlven EOL HM 

Nominal: 0.45 I 1.001 
Bounding: 0.51 ,

Reactor shutdown, core removal, $1orage, shipping or other date conflmung that Irradiation ceased for fuel.
 

2Total bumup for all fuel associated YoIith this worksheet must be divided by SOL heavy metal mass to get specific bumup values (MWdlMT).
 

DOEl5NF/REP-Q78 December 2003 
Revision 1 Page C-99 



I 

I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 

I 

Fuel Radionuclide Inventory Worksheet 
I. Fuel and Template Information Estimated 

Fuel Name: FFTF-TFA-DEA-2 1Fuel decay start date: 1992 Canister usage: 
SNFID#: 324 Estimates as of: 2010 18"x15' 

Fuel Unllll & Descr: 1 - HEX ARRAY 217 ROD Template: FFTF (FAST, SST. 10 to 30%, Pu & U) 0.20
 
Heavy Metal Mas., BOu" : EOl=34.61k9 'Template Bumup(MWd): 5011.2
 
ROD Storage Site: HANFORD Template BOL Haavy Metal Ma•• (MT): 0.0329181
 

Template Decay Time' 15 years 
n. Estimates m x" x. b Yo y. Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photonslsec 

Radionuelide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Invenlories(Ci) Invenlories(Ci) Group (bounding) 
Ae-227 1.3735E-12 3.461 6.922 O.OOE+OO 4.75E-12 9.51E-12 AV9· MeV 
Am-241 7.9527E-02 3.461 6.922-- 6.67E+Ol 6.70E+Ol 6.73E+Ol 0.0150 3.943E+12 ----
Am-242m 2.1053E-03 3.461 6.922 O.OOE+OO 7.29E-03 1.46E-D2 0.0250 1.374E+11 
Am-243 1.075OE-04 3.461 6.922 D.OOE+OO 3.72E-04 7.45E-04 0.0375 9.222E+l0 
C-14 2.6141E-05 3.461 6.922 O.OOE+OO 9.OSE-05 1.81E-D4 0.0575 9.979E+l1 
CI-36 3.4243E-l0 3.461 6.922 O.OOE+OO 1.19E-D9 2.37E-D9 0.0850 4.379E+10 
Cm-243 6.5092E-04 3.461 6.922 O.OOE+OO 2.29E-03 4.57E-03 0.1250 3.482E+l0 
Cm-244 2.9933E-03 3.461 6.922 O.OOE+OO 1.04E-02 2.07E-02 0.2250 3.270E+10 
Co-50 1.5934E-02 3.461 6.922 O.OOE+OO 5.51E-D2 1.10E-Ol 0.3750 1.797E+l0 
Cs-l34 4.6356E-02 3.461 6.922 O.OOE+OO 1.5OE-Ol 3.21E-Dl 0.5750 5.S66E+11 
Cs-l35 4.7693E-DS 3.461 6.922 O.OOE+OO 1.65E-D4 3.30E-D4 0.8500 1.863E+10 
Cs-137 2.1113E+OO 3.461 6.922 O.OOE+OO 7.31E+OO l.46E+Ol 1.2500 1.621E+l0 
Eu-l54 4.8092E-D2 3.461 6.922 O.OOE+OO l.66E-Dl 3.33E-Ol 1.7500 2.668E+08 
Eu-155 6.8447E-02 3.461 6.922 O.OOE+OO 2.37E-Ol 4.74E-Ol 2.2500 9.267E+06 
Fe-55 5.8489E-D3 3.461 6.922 O.OOE+OO 2.02E-02 4.05E-02 2.7500 1.110E+06 
H-3 8.9300E-03 3.461 6.922 O.OOE+OO 3.09E-D2 6.18E-02 3.5000 2.611E+05 
1-129 1.2891E-OO 3.461 6.922 O.DOE+OO 4.46E-OO 8.92E-D6 5.0000 6.627E+04 
Kr-85 7.0941E-D2 3.461 6.922 O.OOE+OO 2.46E-Dl 4.91E-Dl 7.0000 7.544E+03 
Np-237 2.6541E-OO 3.461 6.922 O.OOE+OO 9.19E-D6 1.84E-DS 11.0000 8.623E+02 
Pa-231 4.8970E-12 3.461 6.922 O.OOE+OO 1.69E-ll 3.39E-l1 
Pb-21 0 22170E-13 3.461 6.922 O.OOE+OO 7.67E-13 1.53E-12 
Pm-147 2.3627E-Dl 3.461 6.922 O.oOE+OO 8.18E-Dl 1.64E+OO 
Pu-238 2.8636E-D2 3.461 6.922 O.OOE+OO 9.91E-D2 1.98E-Dl 
Pu-239 -3.5520E-D2 3.461 0.000 5.48E+02 5.48E+02 5.48E+02 
Pu-240 2.0790E-D2 3.461 6.922 2.78E+02 2.78E+02 2.79E+02 
Pu-241 -4.8316E-Dl 3.461 0.000 1.25E+04 1.25E+04 1.25E+04 
Pu-242 1.IOS2E-D5 3.461 6.922 7.42E-02 7.43E-D2 7.43E-D2 
Ra-226 5.7471E-13 3.461 6.922 O.OOE+OO 1.99E-12 3.98E-12 
Ra-228 5.4957E-17 3.461 6.922 O.OOE+OO 1.90E-16 3.80E-16 
Ru-lOO 1.4583E-02 3.461 6.922 O.OOE+OO 5.OsE-D2 1.0IE-Dl 
8e-79 1.0137E-DS 3.461 6.922 O.OOE+OO 3:51 E-D5 7.02E-DS 
8n-126 4.3922E-DS 3.461 6.922 O.OOE+OO 1.52E-D4 3.04E-D4 
8r-90 7.8329E-Ol 3.461 6.922 O.OOE+OO 2.64E+OO 5.28E+OO 
Te-99 3.9412E-D4 3.461 6.922 O.OOE+OO l.36E-D3 2.73E-D3 
Th-229 1.6457E-12 3.461 6.922 O.OOE+OO 5.70E-12 1.14E-l1 
Th-230 1.8822E-l0 3.461 6.922 O.OOE+OO 6.51E-l0 1.30E-D9 
Th-232 9.7501E-17 3.461 6.922 O.OOE+OO 3.38E-16 6.76E-16 
T1-208 5.2722E-D7 3.461 6.922 O.OOE+OO 1.82E-D6 3.65E-D6 
U-232 1.4925E-D6 3.461 6.922 O.OOE+OO 5.17E-OO 1.03E-DS Thermal Power 
U-233 2.1113E-l0 3.461 6.922 O.OOE+OO 7.31E-l0 1.46E-D9 Nominal Heat Bounding 
U-234 1.9528E-D6 3.461 6.922 O.OOE+OO 6.76E-D6 1.35E-DS Output Heal Output 
U-235 -9.7920E-D9 3.461 0.000 1.12E-D4 1.12E-D4 1.12E-D4 !Wattsl !Wattsl 
U-236 1.1570E-D7 3.461 6.922 O.OOE+OO 4.00E-D7 8.01E-D7 2.82E+Ol 2.83E+Ol 
U-238 -1.7914E-D7 3.461 0.000 8.19E-D3 8.19E-03 8.19E-D3 Total Total 
Y-90 7.8329E-Dl 3.461 6.922 O.OOE+OO 2.84E+OO 5.28E+OO 
Other Radionuelides 7.51E+OO 1.50E+Ol 

m. Temolate Selection Summa"", B , and Cbetks
Template Selection 8ummary 

From SFD Used Basis for Parameter Differences:
 
Reactor -.tor: FAST FAST This Template was used for the followfng reasons:
 

Fuel Cladding: SST (316) SST This fuel matches on all parameters except enrichment (unknown).
 
SOL HM Con_Is: PU02-U02 Po and U 

BOl enrichment %: 10to30 

Bumup Summary (MWd)< Basis for bumup used in eslimate: 
From SFD Estimeted 

Nomlnal:1 I 3.461 Nominal bumup taken from SFU and converted to MWd using BOl=34.61Okg 
Bounding:1 I 6.922 Bounding bumup assumed to be twice nominal bumup. 

CheckS 

Estimated Bumupl 
BumuuMulUplie< Given Bumup estimated EOL HMfGlven EOl HM 

Nominal: 0.00 1 1.001 
Bounding: 0.00 ,

Reactor shutdown. cora removal. stomge. shiPping or other date confirming that tn'adiation ceased for fuel. 

2Total bumup for all fuel associated with this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWdIMT). 
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and TeQlPlale loformatlOll Estimated 

Fuel Name: FFTF-TFA-FC-1 1 Fuel decay start date:
 1992 Canister usage: 
SNFID#: 325 Estimates 8S of:
 2010 18".15' 

Fuel Units & Oeser: 1 - HEX ARRAY 91 ROD Template:
 FFTF (FAST, SST, 10 to 30%, Pu & U) 0.20 
Heavy -'1 Mass: 80l= ; E0l=42.58kg 'Template Bumup(MWd):
 5011.2 
ROD Storage Site: HANFORD Template BOL Heavy -'1 Mass (MT):
 0.0329181 

Template Dscay Time'
 15 years 

D. Estimates m Gamma Sources '0 b Yo Y." Photon Total 
CUMWdFrom Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Burnup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 1.3735E-12 2,694.342 5,388.684 O.OOEtOO 3.70E-09 7.40E-09 Avg. MeV 
Am-241 7.9527E-Q2 2,694.342 5,388.684 8.73E+Ol 3.02E+02 5.16E+02 0.0150 2.717E+14 
Am-242m 2.1053E-03 2,694.342 5,388.684 O.OOE+OO 5.67EtOO 1.13E+01 0.0250 5.845E+13 
Am-243 1.075OE-04 2,694.342 5,388.684 O.OOEtOO 2.90E-Q1 5.5OE-Ol 0.0375 6.684E+13 
C-14 2.6141E-OS 2,694.342 5,388.684 O.OOEtOO 7.04E-02 1.41E-Q1 0.0575 5.703E+13 
CI-36 3.4243E-10 2,694.342 5,388.684 O.OOEtOO 9.23E-07 1.85E-OS 0.0850 3.329E+13 
Cm-243 6.5092E-04 2,694.342 5,388.684 O.OOEtOO 1.78E+OO 3.56E+OO 0.1250 2.486E+13 
Cm-244 2.9933E-03 2,694.342 5,388.684 O.OOEtOO 8.OSEtOO 1.61E+01 0.2250 2.521E+13 
CO-50 1.5934E-02 2,694.342 5,388.684 O.OOEtOO 4.29E+01 8.59E+01 0.3750 1.296E+13 
Cs-134 4.6356E-02 2,694.342 5,388.684 O.OOE+OO 1.25E+02 2.50E+02 0.5750 4.332E+14 
Cs-135 4.7693E-05 2,694.342 5,388.684 O.OOEtOO 1.29E-01 2.57E-01 0.8500 1.449E+13 
Cs-137 2.1113EtOO 2,694.342 5,388.684 O.OOEtOO 5.69E+03 1.14E+04 1.2500 1.262E+13 
EU-154 4.8092E-Q2 2,694.342 5,388.684 O.OOEtOO 1.30E+02 2.59E+02 1.7500 2.073E+11 
Eu-155 6.8447E-02 2,694.342 5,388.684 O.OOEtOO 1.84E+02 3.69E+02 2.2500 6.978E+09 
Fe-55 5.8489E-03 2,694.342 5,388.684 O.OOEtOO 1.58E+01 3.15E+01 2.7500 7.280E+oa 
H-3 8.9300E-03 2,694.342 5,388.684 O.OOEtOO 2.41E+01 4.81E+01 3.5000 8.224E+07 
1-129 1.2891E-OS 2,694.342 5,388.684 O.OOEtOO 3.47E-03 6.95E-03 5.ססOO 2. 165E+05 
Kr-SS 7.0941E-Q2 2,694.342 5,388.684 O.OOEtOO 1.91E+02 3.82E+02 7.ססOO 2.477E+04 
Np-237 2.6541E-OS 2,694.342 5,388.684 O.OOEtOO 7.15E-03 1.43E-02 11.ססOO 2.836E+03 
Pa-231 4.8970E-12 2,694.342 5,388.684 O.OOEtOO 1.32E-OS 2.84E-08 
Pb-210 2.2170E-13 2,694.342 5,388.684 O.OOEtOO 5.97E-10 1.19E-09 
Pm-147 2.3627E-01 2,694.342 5,388.684 O.OOEtOO 6.37E+02 1.27E+03 
PU-238 2.8636E-02 2,694.342 5.388.684 O.OOEtOO 7.72E+01 1.54E+02 
Pu-239 -3.5520E-Q2 2,694.342 0.000 7.17E+02 6.21E+02 7.17E+02 
Pu-240 2.0790E-Q2 2,694.342 5,388.684 3.84E+02 4.20E+02 4.76E+02 
Pu-241 -4.8316E-01 2,694.342 0.000 1.64E+04 1.50E+04 1.64E+04 
Pu-242 1.1052E-OS 2,694.342 5,388.684 9.71E-02 1.27E-01 1.57E-Q1 
Ra-226 5.7471E-13 2,694.342 5,388.684 O.OOEtOO 1.55E-09 3.10E-09 
Ra-228 5.4957E-17 2,694.342 5,388.684 O.OOEtOO 1.48E-13 2.96E-13 
RU-1OS 1.4583E-Q2 2,694.342 5,388.684 O.OOEtOO 3.93E+01 7.86E+01 
Se-79 1.0137E-Q5 2,694.342 5,388.684 O.OOEtOO 2.73E-02 5.46E-02 
Sn-126 4.3922E-Q5 2,694.342 5,388.684 O.OOEtOO 1.18E-01 2.37E-01 
Sr-90 7.6329E-Q1 2,694.342 5,388.684 O.OOEtOO 2.OSE+03 4.11E+03 
Tc-99 3.9412E-<l4 2,694.342 5,388.684 O.OOEtOO 1.OSEtOO 2.12EtOO 
Th-229 1.6457E-12 2,694.342 5,388.684 O.OOEtOO 4.43E-09 8.87E-Q9 
Th-230 1.8822E-10 2,694.342 5,388.684 O.OOEtOO 5.07E-07 1.01E-Q6 
Th-232 9.7501E-17 2,694.342 5,388.684 O.OOEtOO 2.83E-13 5.26E-13 
TI-208 5.2722E-07 2,694.342 5,388.684 O.OOEtOO 1.42E-Q3 2.84E-03 
U-232 1.4925E-Q6 2,694.342 5,388.684 O.OOEtOO 4.02E-03 8.04E-03 Thermal Power 
U-233 2.1113E-10 2,694.342 5,388.684 O.OOEtOO 5.69E-07 1.14E-OS Nominal Heat Bounding 
U-234 1.9528E-Q6 2,694.342 5,388.684 O.OOEtOO 5.26E-Q3 1.05E-02 Output Heat Output 
U-235 -9.7920E-Q9 2,694.342 0.000 1.47E-04 1.21E-04 1.47E-<l4 /Watts) /Watts\ 
U-236 1.1570E-Q7 2,694.342 5,388.684 O.OOEtOO 3.12E-04 6.23E-<l4 9.15E+01 1.52E+02 
U-238 -1.7914E-Q7 2,694.342 0.000 1.07E-02 1.02E-02 1.07E-Q2 Total Total 
V-90 7.6329E-Q1 2,694.342 5,388.684 O.OOEtOO 2.OSE+03 4.11E+03 
Other Radionuclides 5.84E+03 1.17E+04 

tn. Tenmlale$ell:dlon·~rv.·~ andCIl«b 
Template selection Summary 

FromSFD Used Basis for Parameter Differences: 
_-.or: FAST FAST This Templat& was used for the following reasons: 

Fuel Cladding: SST (09) SST This fuel matches on all pammete.. exceplenrichmenl (unknown). 
BOL HM COnstituents: PulUCARB Pu andU 

BOl Enrichment %: 10to30 

Bumup Summary (MWd) Basis for bumup used in estimate: 
From SFD I Estimated 

Nomlnal:1 I 2.694.342 Nominal bumup taken from 8FO and converted to MWd using BOl=45.283kg 
Bounding: 5.388.684 Bounding bumup assumed to be twice nominal bumup. 

Checks 

Estimated Bumupl
BumuD MulliDliar Glven8umup Estim_ EOl HMlGlven EOL HM 

Nominal: 0.39 I 1001 
Bounding: 0.78 ,

Reactor shutdown, core removal. storage, stllppcng or other date conflmllng that irradiation ceased for fuel. 

~otal bumup for all fuel associated with this worksheet must be divided by BOl heavy metal mass to get specific bumup values (MWdlMn. 
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Fuel Radionuclide Inventory Worksheet 

I. Fuel and Templaw Inf_tion Estimated 
Fuel Name: FFTF-TFA-MFF-1 & lA (CDE) 1Fuel decay start date: 1992 Canister usage: 

SNF 10#: 330 Estimates as of: 2010 18"x15' 
Fuel Units & Deser: 2 - HEX ARRAY 169 ROO Template: FFTF (FAST, SST, 10 to 30'•. Pu & U) 0.40
 
Heavy Metal Mans: BOl= : EOl=88.11k9 'Template Bumup(MWd): 5011.2
 
ROD Storage Sileo HANFORD Template BOl ~leavy Metal Mass (MT): 0.0329181
 

Template Decay Time' 15 years 
II. Estimates m x. b Y. Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuelide Template Fuel Burnup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
"A,.::C-:,-2",2;-.7 ,;:1.~37~3~5;;:E__i-l;;;2c_--____;1""0';;,38"'2~.o;:82~3,---_o;2,,0,S'765.646 O.OOE+OO 1.43E-08 2.85E-08 Avg. MeV 
Am-241 7.9527E-Q2 10,382.823 20,765.646--1:'gQE+O~2---1:"02E-Hl3 1.84E_Hl3 0.0150;;e--~-----:1-;.0:;:39:::;E=-+-;1=-5 

-,OA"'m"--:c24-:-:2='m"--- :=.2.__=1=05'='3~E=_-=037_--~--'1"'0",38""=2"'.8::2=3_~ _ _=2=0,"'7=65"'.646---0.boE-Hl0 2.19E_Hll 4.37E+Ol 0.0250 2.251E+14 
Am-243 1.0760E-Q4 10,382.823 20,765.646 O.OOE+OO 1.12E+OO 2.23E+OO 0.0375 2.575E+14 
';:C;'--1'"'4;'-'-'--------2"'.:061;;4;C;1-;::E"'-os;;O-----"'l:00c;,38=2~.=82"'3:------';;2:00,"'7~6-;:5'.646----O'oiJE_Hl0 2.7-=-lE=---=0-=-1 -=5:..:.43~E--=0-=-1-+-"'0."'05"'7"'5----=2."_17'_'8::E"-+1",,4 
.;:CC::I-:"38;;--;;:c_-----------'3"'.4~2~4;;;3;oE__i-l"'0---____;1.~0,';;38o;:2~.8;;:2~3;_ ___o;2:o0,:;,76~5.646---0-.00E+OO 3.56E-06 7.11E-06 0.0850 1.283E+14 
-;C;cm"---;::243-;7__~ ___.,;6;::.60=9_;::2-;::E~-04~-------,;;10=','='38~2".8~2~3:___--...:2~0;::,7"'6c:5,.:.c646 0.00E+OO.:.~---___.,;6".86.=E=-+OO~---"'l:c.3:;7;;:E:.:.-Hl7-'-1-+-70.__=12=5O:::....---9",.;::SS:,:1=E.:.+1:::-3 
.;:C;:m'-;:-2:;;44:-'- __'20'.;::99S33~E-o-0:;;3---____;1""0,c~38o;:2~.8;;:2~3;_ ..1;,.;1~E:.:.-Hl~1i<__----;6<=:.2:22~E:~-Hl~1i<___U_--;0C;.22?-?5O;_----'9;::.7,;1~5EC-'+~13__~20,765.646--O:-00E:-'+OO~------:3~
-;Cco-6O:~;-;----_-~----""1.:;;5:o934~E=--;;:02;;.__~--"'1_';;0",38=2c;.8_;::23;;.__--___;::20:?,==765.~O:_OOE:+OO~-_--o-lc;.6"5;:E.:.-Hl;;;2::-----__=3.:;;3,,lE:=--Hl'-=2:_____lf-_:0;::.3=7"'5O::--- ______:4".995;=.E"'+-:1':3 
-;Cc:S'-:-1"'34:-::-- ""4."'63=56=.E=--~02o___-- _ _:1"'0",38""=2"'.8::23o___--___;::20=,"'7-;65==-.:.c646--------O'OOE::+OO~-_-24"'.8=1:;E,.:.-Hl'"2::-------'::9.,,63'=E:=_-Hl'_;72'---__lf---'0"'.5"'7:;.5O"-----___.,;1".6"'70==E::+,,1"'S 
.;:C;:S'-;-1;-;35::;- ~_----c"'4.o-7;':69,,3'iiE=_-'ii05""----::1C;;0'S,38222';;.8"'2""3 ,,20;;:':;,7;c65==.646---~O.OOE+OO 4.95E-Ol 9.90E-Ql 0.8500 5.SSSE+13 
-i'C:=,s",-1~37,;----- __--",2',-;;1-::,11:::;3",E'C+OO;:;:------,1",0c:,38=2'c;8~23=---_~2",0,=,7",6o-5.646---0-.oiJE+OO=-- __-----,4;::.38~E-,-+04=--11-----:1'=.2:"5OO:::....-------,4::.:.863==Eo.:+=13__-,:2:-;.1~9-;::E.:.+04=-
-=E"'u-__'1=54~---_-_--"'4:;;.80'-"9~2~E:-c-OS2;-----:1;-;0:s,38222.:;;8~23:;_-_-;2~0~,7;6~~5.:;;6467.-:~---~--;;:;0.oiJE+OO 4.99;';E::_Hl~2---:;:9."'99;o:E~-Hl~2-+-;;1.~75OO~----;;7.:o9.8~9E+l1 
-;E'=u-;-1:-;:5~5 6;:.-;::844-;-;;;7"'E=--0;;:2;;.__---"'1-;;0",38=2.c;8-;::23;o.----___;::20"',"'76:5.646 O.OOE+OO 7.11 E_Hl2 1.42E_Hl3 2.2500 2.689E+l0 
-;-F~e-"'5:='5---.----_~5."'646~9"E=--0;::3o___--_~1-;;0",38=2."'8"'23o___--.....::20~,-=76~5==-:646=-:-:-:_----'0~.ooE+OO 6.07E_Hll 1.21E_Hl2 2.7500 2.805E+09 
-i-H'i-3~----_-----'80'.902300S2';oE-o-Q;;;3-------o1,,0,~38;;:2~.8;;:2~3;_--_o;2O;;:,:;,76;;;5~.;;646 O.OOE+OO 9.27E_Hll 1.85E_Hl2 3.5000 3.166E+08 
-;;1-:'cl,;;29~ ~1.~2=89~1"'E=--Q6~---____:1-;;0",38=2.c;8~23;o.----.....::20"',-=76:::50,- ..646-~ --ci.OOE+OO 1.34E-Q2 2.68E-02 S.OOOO 6.892E+05 
-;-K,r_---::85=- --=7."0=947'1-=E'"'-Q~2:--------1'-':0,,,38=2."'8"'23=-----':2",0,=,7"!.6",5.64Ei-- O:_OOE+OO 7.37E_Hl2 1.47E+03 7.0000 7.892E+04 
-';;N:''p-;;-2'''3;-7 ---'2;.:.654~;;;l;oE-Q6~-------ol:00,~38;;:2'"'.8~2'''3:-----~20;;:,",7.6=5.646 O.OOE+OO 2.76E-02 5.51E-02 11.0000 9.04OE+03 
P"a--;;2:::31;- --,4;::.8::;9:=7=:OE:=---,ol:c2---___710=',:;o38=o2"'.8=o2"'3 2"'0=',7=6:-=5.646--O:-ooE=-+OO-==__----:5"'.08=.E'"'-Q8~---l:-:.0::c2"E'"'-Q~7;---jI 

-=P:;.b--':20-,-10o=-- ""2.:;;2-ic17~0;;:E:-c-l~3;_----:1"'0:s,38222.:;;8~23:;_ __-;2~0.765.646---O'ooE+OO~-----;;2::-:.30;-:=-;=E-:-09;;;;-------;4c;.60~E-:-Q;;;9,-__l1 
-;;PC'm'-;;-1,,4~7-----------c2:'=.3827E-Ol 10,382.823 20,76"s:646--QooE<OO 2.45E+03 4.91E_Hl3 
-=P:;.u--=2-=38;o.-- __'2;-.8638=~E-Q~2;-------'1"'0,""38"'2:=:.8"'2"'3'------=20'","-':765.646----O'OOE+OO 2.97E_Hl2 5.95E_Hl2 
Pu-239 -3.5520E-02 10,382.823 0.000 1.56E+03 1.19E+03 1.56E_Hl3 
-=P:=-U-_';;2:-:-40:;----------'27.0":7."'90~E-cc0"'2---___.,;1~0,'='38"'2:=:.8"'2"'3'---- _ _=20"":=,765":7.:64"",6 7=".92E-Hl2 1.01 E_Hl3 1.22E_Hl3 
-i;P",U-_o;2c;4",,1 -4.8316E-Ol 10,382.823 0.000 3.56E+04 3.06E+04 3.56E+04 
Pu-242 ------:1-:.1;0~;c52"'E='-0"'5O------1;-;0"',38~2".8-;::2:03-----:2:;::0;c,7;;6"'5c.646 2.11 E-Ol 3.26E-Ql 4.41 E-Ql 

-i;R:::a-;;-2:;;2;c6 ---;5='.7;;-;4~7c;;1~E--::l';3-------o1"'0,S038~2'"'.8:;;2~3:--- __""20"',~76=5.646 O.ooE+OO 5.97E-Q9 1.19E-Q8 
-;;R:=a--"2~28=__-------:5".4-;-;95~7;:E--;;1"'7---__:_:_10=',-;::38::c2".8"'2"'3c_-_-=20~,=-765~.646---0-.ooE+OO 5.7:ic1:=,E-",1",3c_--",1,;;.1",4:=,E-",1",2c_-f1 
R."'U-:-l=06"--- 1:.:.4='5"'83==-E-Q~2-------'-1~0,""38'='2:=:.8"'2~3'------=20",,-=76=,5.646 O.ooE+OO 1.51E_Hl2 3.03E_Hl2 

-;S;-:e---:;7c;;9:;;- -:1.:;:.0"'13=:7"'E=--OS;;;:- --,1;-;0"',38~2.:;:.8-;::23=__---:2",0::-:,7;;6_;::5;.646~:-:- O.ooE+OO 1.05E-Ql 2.11 E-Ql 
-=So.:n~-1:c-26=----------;--4=-.3'='9:::2=2E=--OS-="------'1"'0-"',38""2~.8"'2::::3'-------'2",00,:,7",6",5.646 O.OOE+OO 4,56E-Ql 9.12E-Q1 
~S:cr--;;-90;;__-------~7:c:.63~2-;::9;:E-Q~1---__:_:_10=',-=38"'2='.8"'2"'3:___---=20="=-76;;;5,,.646~ O.ooE+OO 7.93E+03 1.59E+04 
""T;:-C-~99=---------3"'.~94""1=2=E...:-Q4~---_:1-;;0'=,38~2~.~82~3'------=2~0,,~7=,=,65.646 O.ooE+OO 4.09E+OO 8.18E+OO 
Th-229 1.6457E-12 10,382.823 20,765.646 O.ooE+OO 1.71E-08 3.42E-Q8 
Th-230~---~.--___71."'88=22~E'"'-1~0:-----------:1;-;:0c:,38=2."'8~23=----~2O~,7,6~",5.:646~:::: ",,0.ooE+OO l.95E-06 3.91 E-Q6
TIi=232 9.7601E-17 10,382.823 20,765.646 O.ooE+OO 1.01E-12 2.03E-12 
T1-208 5.2722E-Q7 10,382.823 20,765.646 O.ooE+OO 5.47E-03 1.09E-Q2 
U-232 1.4925E-Q6 10,382.823 20,785.646 O.ooE+OO 1.55E-Q2 3.10E-Q2 Thermal Power 
U-233 2.1113E-l0 10,382.823 20,765.646 O.ooE+OO 2.19E-Q6 4.38E-Q6 Nominal Heat Bounding 
U-234 1.9528E-Q6 10,382.823 20,765.646 O.ooE+OO 2.03E-Q2 4.06E-Q2 Output Heat Output 
U-235 -9.7920E-Q9 10,382.823 0.000 3.20E-Q4 2.18E-Q4 3.20E-Q4 /Watts) /Wattsi 
U-238 1.1570E-Q7 10,382.823 20,765.646 O.ooE+OO 1.2OE-Q3 2.40E-Q3 2.91E+02 5.24E+02 
U-238 -1.7914E-Q7 10,382.823 0.000 2.33E-02 2.14E-Q2 2.33E-Q2 Total Total 
V-90 7.6329E-Ql 10,382.823 20,765.646 O.ooE+OO 7.93E_Hl3 1.59E+04 
Other Radionuclides 2.25E+04 4.50E+04 

Template selection Summary 
From SFD Used Basis for Parameter Differences: 

Reactor Moderator: FAST FAST This Template was used for the following reasons: 
Fuel C1addlng:t-----:;SS=T:-c(O;HT;;c9::)--+----SS=-=T=-----1Th~fuel matches on all pmameters except enrichment (unknown). 

BO;:'~=:;I--_-'Pu=O:=2-..::U"'O"'2--'----j---"r:;;0"'~~~:c-----1 

Bumup Sumrnary (MWd)' Basis for bumup used in estimate: 
From SFD Estimated 

NomIr.aI:I__-------+------,1'::O":,38=2.::823'3.NOminal bumup taken from 8FD and converted to MWd using BOl--98.509k.g
 
Boundlng:1 20.765.646 Bounding bumup assumed to be twice nominal bumup.
 

Checks 
Estimated Bumupl

Bumup Multiplier Given Bumup Estimated EOl HMfGiven EOL HM
 
Nomlcal: 0.69
 I 1.001 

Bounding:1 1.38 ,
Reactor shutdown, com removal, storage. stllpptng or other date conflnnlng that madiation ceased for fuel.
 

~otal bumup for all fuel assodated with this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWdIMT).
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I 
I Fuel Radionuclide Inventory Worksheet 

I. Fuel BUd TeJUPlate Inronuatiou Estimated 
Fuel Name: FFTF-TFA-Po-2.4 & 5 'Fuel decay start date: 1992 Canister usage: 

SNFID#: 333 Estimates as of: 2010 18"x15' 
Fual Units & Dascr: 3 - HEX ARRAY 169 ROD Template: FFTF (FAST, SST, 10 to 30%, Pu & U) 0.60 
Heavy Metal Mas.: BOl= : EOl=131.25k9 "Template Bumup(MWd): 5011.2 
ROO Storage Site: HANFORD Template BOL Heavy Metal Mass (MT): 0.0329181 

Temp'ate Decoy Time- 15 years 
D. Estimates m x" Xb b y" Yb Gamma Sources 

Photon Total 
CIIMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bOUnding) 
Ac-227 1.3735E-12 10,725_307 11,359_598 O.ooE+OO 1.47E-08 1.56E-08 Avg. MeV 
Am-241 7.9527E-02 10,725.307 11,359.598 2.74E+02 1.13E+03 1.18E+03 0.0150 5.n5E+14 
Am-242m 2,1053E-03 10,725.307 11,359.598 O.ooE+OO 2.26E+Ol 2.39E+Ol 0.0250 1.233E+14 
Am-243 1.0760E-D4 10,725.307 11,359.598 O.ooE+OO 1.15E+OO 1.22E+OO 0.0375 1.409E+14 
C-14 2.6141E-05 10,725.307 11,359.598 O.ooE+OO 2.80E-Ol 2.97E-Dl 0.0575 1.215E+14 
CI-36 3.4243E-l0 10,725.307 11,359.598 O.ooE+OO 3.67E-OO 3.89E-OO 0.0850 7.018E+13 
Cm-243 6.6092E-04 10,725.307 11,359.598 O.ooE+OO 7.09E+OO 7.51E+OO 0.1250 5.242E+13 
Cm-244 2.9933E-03 10,725.307 11,359.598 O.ooE+OO 3.21E+Ol 3.40E+Ol 0.2250 5.315E+13 
Co-50 1.5934E-D2 10,725,307 11,359.598 O.ooE+OO 1.71E+02 1.81E+02 0.3750 2.733E+13 
Cs-l34 4.6356E-02 10,725.307 11,359.598 O.ooE+OO 4.97E+02 5.27E+02 0.5750 9.133E+14 
Cs-135 4.7693E-05 10,725.307 11,359.598 O.ooE+OO 5.12E-Dl 5.42E-Ol 0.8500 3.055E+13 
Cs-137 2.1113E+OO 10,725.307 11,359.598 O.ooE+OO 2.26E+04 2.40E+04 1.2500 2.660E+13 
EU-l54 4.8092E-D2 10,725.307 11,359.598 O.ooE+OO 5.16E+02 5.46E+02 1.7500 4.370E+11 
EU-155 6.8447E-02 10,725.307 11,359.598 O.ooE+OO 7.34E+02 7.78E+02 2.2500 1.471E+10 
Fe-55 5.8469E-03 10,725.307 11,359.598 O.ooE+OO 6.27E+Ol 6.64E+Ol 2.7500 1.535E+09 
H-3 8.9300E-03 10,725.307 11,359.598 O.ooE+OO 9.58E+Ol 1.01E+02 3.5000 1.736E+08 
1-129 1.2891E-OO 10,725.307 11,359.598 O,ooE+OO 1.38E-02 1.46E-02 5.0000 5.453E+05 
Kr-SS 7.0941E-02 10,725.307 11,359,598 O.ooE+OO 7.61E+02 8.00E+02 7.0000 6.233E+04 
Np-237 2.6541E-OO 10,725.307 11,359.598 O.ooE+OO 2.SSE-02 3.01E-D2 11.0000 7.134E+03 
Pa-231 4.8970E-12 10,725.307 11,359.598 O.ooE+OO 5.25E-DB 5.58E-DB 
Pb-210 2.2170E-13 10,725.307 11,359.598 O.ooE+OO 2.38E-D9 2.52E-09 
Pm-147 2.3627E-Ol 10,725.307 11,359.598 O,ooE+oo 2.53E+03 2,68E+03 
Pu-238 2,8636E-02 10,725.307 11,359.598 O.ooE+OO 3.07E+02 3.25E+02 
Pu-239 -3.5520E-02 10,725.307 0.000 2.25E+03 1.87E+03 2.25E+03 
Pu-240 2.0790E-02 10,725.307 11,359.598 1.14E+03 1.37E+03 l.38E+03 
Pu-241 -4.8316E-Ol 10,725.307 0.000 5.13E+04 4.61E+04 5.13E+04 
Pu-242 1.1052E-DS 10,725.307 11,359,598 3,05E-Dl 4.23E-Dl 4.30E-Ol 
Ra-226 5.7471E-13 10,725.307 11,359.598 O.ooE+OO 6.16E-09 6.53E-D9 
Ra-228 5.4957E-17 10,725.307 11,359.598 O.ooE+OO 5.89E-13 6.24E-13 
RU-l00 1.4583E-02 10,725.307 11,359.598 O.ooE+OO 1.56E+02 1.68E+02 
5e-79 1.0137E-DS 10,725.307 11,359.598 O.ooE+OO 1.09E-Dl 1.15E-Ol 
5n-126 4.3922E-DS 10,725.307 11,359.598 O.ooE+OO 4.71E-Ol 4.99E-Dl 
$r-90 7.6329E-Dl 10,725.307 11,359.598 O.ooE+OO 8.19E+03 8.67E+03 
Tc-99 3.9412E-D4 10,725.307 11,359.598 O.ooE+OO 423E+OO 4.48E+OO 
Th-229 1.6457E-12 10,725.307 11,359.598 O,ooE+oo 1.77E-OS 1.87E-oB 
Th-230 1.6822E-l0 10,725.307 11,359,598 O.ooE+OO 2.02E-D6 2.14E-D6 
Th-232 9.7601E-17 10,725.307 11,359.598 O.ooE+OO 1.05E-12 l.l1E-12 
TI-2OS 5.2722E-D7 10,725.307 11,359.598 O.ooE+OO 5.65E-D3 5.99E-D3 
U-232 1.4925E-D6 10,725.307 11,359.598 O,ooE+oo 1.60E-D2 1.70E-02 Thermal Power 
U-233 2.1113E-l0 10,725.307 11,359,598 O.ooE+OO 2.26E-D6 2.40E-D6 Nominal Heat Bounding 
U-234 1.9528E-D6 10,725.307 11,359.598 O.ooE+OO 2.09E-02 2.22E-D2 Output Heat Output 
U-235 -9,7920E-D9 10,725.307 0.000 4.61E-D4 3.56E-D4 4,61E-D4 /Wattsl /Wattsl 
U-236 1.1570E-D7 10,725.307 11,359.598 O.ooE+OO 1.24E-D3 1.31E-D3 3.33E+02 3.58E+02 
U-238 -1.7914E-D7 10,725.307 0.000 3.36E-D2 3.17E-D2 3.36E-D2 Total Total 
Y-90 7.6329E-Dl 10,725.307 11,359,598 O.ooE+OO 8.19E+03 8.67E+03 
Other Radionuclides 2.33E+04 2.46E+04 
m. TenqlIate SeIeciions.-O'••1lumq audC~ 
Template Selection 5ummarv 

FromSFD Used Basis for Parameter Differences:
 
Reactor Moderator: FAST
 FAST This Template was used for the following reasons:
 

Fuel Cladding:
 SST(D9)
 SST Th~ fuel mat_ on atl parameters exceplenri<llment (unlolown).
 
BOL HM Constituents:
 PU02-U02
 Pu and U 

BOL Enrichment "0:
 101030 

BumupSumma~(MWd)' Basis for burnup used in estimate: 
From SFD Estimated 

Nomina':1 I
 10.725.307 ~mflaI bumup taken from 8FD and converted to MWd using BOl=141.995kg 
Boundlng:1 I
 11.359.598 Bounding bumup taken from 8FD and converted to MWd using 801.=141.995«9 

Checks 

Estimated Bumupl 
BumuD MultiDlier Given Bumup Estimated EOl HMlGlven EOl HM 

Nominal: 0.50 I 1.001 
Bounding: 0.53 , 

Reactor shutdown. core removal, storage, shipping or other date confmnlng that Irradiation ceased for fuel.
 

2Total bumup for all fuel associated lNith this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWdlMT).
 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Template lJlf"rmation Estimated
 

Fuel Name: F"TF-TFA-SRF-3&4 1Fuel decay start date: 1992 Canister usage:
 
SNFID#: 334 Estimates as of: 2010 18"x15' 

Fuel Units & Des<:r: 2 - HEX ARRAY 91 ROD Template: FFTF (FAST, SST, 1010 3Q'", Pu & U) 0040 
Heavy Metal Mass: BOl=: : EOl=85.81kg 'Templ_ Bumup(MWd): 5011.2 
ROD Storage Site: HANFORD Template BOL Heavy Metal Mass (MT): 0.0329181 

Templ_ Decay Time' 15 years 
m x. b y. Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Burnup (MWd)' Bumup (MWd)' (Ci) tnventories(Ci) Inventories(Ci) Group (bounding) 
",A",C-__2~27'o- ","1.:;;3~73~5",E,-;-1;;2:- 3",,~63:;;1:-::.5o;8~7,_----;3"',9:<:50;;3.599 0.00:<:E=,+OO~-----:4"',99~E?-:,-0",9;;----...:5;:',43E-09 Avg. MeV __ -C__~:---
Am-241 7.9527E-02 3,631.587 3,953.599---1-.72:=E+O.c;;;:2:--c-4",.~61E+02 4.87E+02 0.0150 2.052E+14 
Am-242m 2.1053E-03 3,631.587 3,95:l.599--0:00=,:E=,+oo~---,7;,-.6.5E+DO 8.32E+DO 0.0250 4.298E+13 

"Ao:'mOc-2;,-43~ -;cl.",07",60~E-o-04;;c- _,3""63~1c;.58~7------:3,,,,9;;;5",3~.599 O.OOE+OO 3.91E-Ol 4.25E-Ol 0.0375 4.905E+13 
.,C;;.-1"'4::- 2:o:.,o61Oc4"'1,;::E---:-05:=-- ...:3"',63=-'1c;.5"'8"'7---...:3?_,9",5",3",.5:~99 0.OO,,"E"'+OO=__--';'9A9E-02 1.03E-Ol ~:::__-_-'-~:.::~::o3;~~'-':=~~ 
"'C"=I-0'36""";-- 3~.~42"'43~E-;-lc;O---___:3"',63;;;;::1"'.5~8:~7---...;3'",9~5~3.599----O:-00E:=:+OO~---;ol.24E-06 1.35E_06 
Cm-243 6.6092E-04 3,631.587 3,953.599 O.ooE+DO 2.40E+OO 2.61 E+DO 0.1250 1.825E+13
 

.,C"'m"'-2"'44'-'- 2~.9c9~=33"E=_-"'03=_----=3"',63'=-"1."'58"'7=_-----=3,,::,95=3~.599 O.OOE+DO 1.09E+Ol 1.18E+Ol 0.2250 1.850E+13
 

.,C;-:o-6O~c;-------__71.~59;;;34~E-o-0;;:;2---___c3"',63=-'1"'.5"'8=7------:3"',9;;;5",3:0;.599 O.OOE+OO 5.79E+Ol 6.30E+Ol 0.3750 9.513E+12
 

.,C"'S---:-1-=34-='- 4~.~635=6,;::E..,-0::;:2----'3:O,,6"'3:-:1-".5"'8"'7---...:3?_,9",5",3",.5:~99 O.OOE+OO 1.68E+02 1.83E+02 0.5750 3.179E+14
 
"'C2'S_::-1C;;3~5---------;4~.;.:76~9"'3~E,..;-0;;:5,_--___:3~,63;;;;::1"'.58~7---...;3",,9~5~~3:-;.599 O.OOE+DO 1.73E_Dl 1.89E_Dl 0.8500 1.063E+13
 
-;:C;::S---:-1-=3':7 _'27-.1-:c1::-;1:::::3"'E+OO~'-----___c3:O,,63;:;:~1"'.5::;:8=7----;:3,953.599 O.ooE+DO 7.67E+03 8.35E+03 1.2500 9.259E+12
 
,;::E...u-_'1"'54=- 4;c."'809~2:i'E"'-0;;;2,_--___:3"',63;;;;::1:-::.58~7---..:;;3,953.599 O.OOE+OO 1.75E+02 1.90E+02 1.7500 1.521E+l1
 
-;:E:=u-;-1~5=-5-------6=-.:;-844~7::=E-o-D;;:;2---___c3"',6;;;3;::1"'.5"'8=7---..,3""9",5,,,3,'0.599 O.OOE+OO 2.49E+02 2.71E+02 2.2500 5.121E+09
 
7F~e-=~5...5----_--...:5=_."'848=9,;::E..,-D::;:3----'3:O,,63=-'1-".5::;:8=7----'3"',9:o-~53.599 O.OOE+OO 2.12E+Ol 2.31 E+Ol 2.7500 5.344E+08
 
7H,O--3;;;, 80'.~9300~::=E-o-D"'3---___c3"',63~1"'.58~7---..,3"',9;;;5'":lc;.5:~99 O.OOE+OO 3.24E+Ol 3.53E+Ol 3.5000 6.059E+C7
 
71-,..:1::;;29==- "'1."'2"'89:o-;l:;::E~-06=------3?,~63::,1:.::.5"'8cc7c__--...:3=_,~953.599 O.OOE+OO 4.68E-03 5.10E_D3 ~:=:"o----'~=:::c:,,~~~::'-"-". 'icKe:-r-85~,__-------~7c;.0~947.1"'Eo..;-D"'2;-----_:;:3"',63;;;.;:1.~58~7;----...;3"',95~~3.5~~OOE+OO 2.58E+02 2.80E+02 
Np-237 2.6541 E_06 3,631.587 3,953.599 O.OOE+OO 9.64E-03 1.05E_D2
 11.0000 3.478E+03 
~P"'a'C-2"'3'=1------_.-~4~.8,o97=0"'Eo_-l"'2;------'='3,"'63"'1::.5~8cc7c__--...:3"","'95"'3~.599 O.OOE+DO 1.78E_06 1.94E_06
 
~P"'b-:c'2::'1~0;---------;o2."'2"'17"'0"'E'-;-1~3'------3;;:,~63;cl:.::.5o;8"'7,_ __-:3;;:,95;;:~3.599 O.OOE+OO 8.05E-l0 8.77E-l0
 
~Pc-m'::-1:=:4;;.7-------'2?36'??2"=7,;::E-D-::-=1----'3?_,63=-'1"'.5::;:8=7---_c3:.::,9:0-:5::;:3",.599 D.OOE+OO 8.58E+02 9.34E+02
 
Pu-238 2.8836E-D2 3,631.587 3,953.599 O.OOE+DO 1.04E+02 1.13E+02
 
~P,;::U..,-2"'3:;-9---------=3:;:.5=:520~E'__;-D"'2:.....---3;;:,~63:;cl:.::.5o;8"'7---~=:o=:.oooO'-::o:=-_ 1.42E+03 1.29E+03 1.42E+03
 
~P,;::u'-'-2"'40-"---------=2.~07~90~E"'-0="2;-------'3?,"'63='1c::.5"'8~7---...:3",,::,953.599 7.20E+02 7.95E+02 8.02E+02
 
-;:P"'u..,-2;::4"'1 -4~.83~16c.::E'__;-0"'1'--------,3;;:,~63;cl:.::.58~7,_--~;c;.0'000 3.23E+D4 3.05E+D4 3.23E+D4
 
Pu-242 1.1052E-05 3,631.587 3,953.599 1.92E-Ol 2.32E_D1 2.36E_Dl
 
-i:Ri'.:a'-;-22~6-------~5.,o-74"'7~1"'E_::-l~3:__-----:3"',;c.63"'1:-::.58~7-----;3~,953.599 O.OOE+OO 2.09E-09 2.27E_D9
 
~Rai=-:-22~8--------:;::5.c.;.495~7,;::E'"'-1"'7:----___:3:O,,83=-'1c;.58~7------:3:O,,95=3:::.5",,9:9 O.OOE+OO 2.00E-13 2.17E-13
 
~R~u'-=-1=:06-"--------"1.c;4583==E..,-D::;:2'------'3=_,6"'3='1-".58~7---...:3?_,9~5~3:::.599 0.OO~:E:=-+OO~---'50'..30E+Ol 5.77E+Ol
 
.,S;-:e----:7"'9:=- __71."'01;;;3~7;,=E-o-D5;_o__---_,3"',63~1c;.58~7------:3:O,,9;;;5"'3~.599 O.OOE+OO 3.68E-02 4.01E_D2
 
Sn·126 4.3922E-D5 3,631.587 3,953.599 O.OOE+DO 1.60E-Ol 1.74E_Dl
 
Sr-90 7.6329E_Dl 3,631.587 3,953.599 O.OOE+OO 2.77E+D3 3.02E+03
 
Tc-99 3.9412E-D4 3,631.587 3,953.599 O.OOE+OO 1.43E+OO 1.56E+OO
 
~Th"'--;;22"'9~-------71."'64;;;5"'7"'E_::-l:;;2---___:3"',63;;;;::1:-::.58~7---...;3~,95~3:=;:.599 O.OOE+DO 5.98E-09 6.51E-D9 
Th-230 1.8822E-l0 3,631.587 3,953.599 D.OOE+OO 6.64E_D7 7.44E_D7 
.;Th"'-;c2"'32=- 9?-:c760=1,;::E'"'-1"'7c__---'3:O,,63=-'1:.::.58~7---...:3?_,95=3",.599 D.ooE+OO 3.54E-13 3.86E-13 
T1-208 5.2722E_D7 3,631.587 3,953.599 O.OOE+OO 1.91 E_D3 2.06E-D3 
-cU,,-2;;;32~-------;cl.-;-49;-:2"'5::=E---:-06"'---_,3"',63~1c;.58~7------:3"',9;;;5",3c;.5:99~ O.OOE+OO 5.42E-03 5.90E-03 Thenmal Power 
-cU""-2;::33:;:;- ....:;o2'::.1"'1=:13:;;E=_-"'10;;-.-----3?,"'63;::1;.-."'58:;;7=_-----:3?_,95=3:.::.5,~9"'9:_--=--=-===oi."'OO!.E:=+OO~~======;7:':.6c;7;,=E~-D,,7;_---=:8-==.3",5,;::E..,-Dc;7,---llNOrninal Heat Bounding
7U"'-2"'34o=-- ~1.":::95=2="8"'E"'-06::;....--_...:3:O,,83=-'1:.::.58~7---...:3"',95~3.599 O.OOE+OO 7.09E_D3 7.72E-03 Output Heat Output 
-cU,.c-2:;:35=- -:c:9."'792=0;=E-D-=9 3="',63=-'1"'.58"'7=-__----=-='0=".OOO~~ 2.91 E-D4 2.55E-04 2.91 E-D4 (Watts) (Watts) 
~U,,-2=:36;;;;_-------__';1'::.1:::57~0'7E'=-D"'7~--_-3~,"'63;;.1;.:.58~7=-_----=3:.:.,9:::53~.5",99 O.OOE+OO 4.20E-D4 4.57E-D4 1.46E+02 1.57E+02 
U-236 -1.7914E_D7 3,631.587 0.000 2.12E-D2 2.05E-D2 2.12E_D2 Total Total 
->Y'"-90c=====c;- 7'-'.=.63=2=9~E'_'-D~1 '___3=,63=1"'.58=7 '_'3=,95=3"'.5=99=---__~0=.OO=.E=+OO=__'___2:;'.77:E+D3 3.02E+D3 
Other Radionuclides 7.88E+D3 8.57E+03 

Templa1e Selection Summary 
From SFD Used Basis for Parameter Differences: 

Reactor Moderator: FAST FAST This Template was used forUle following reasons: 
Fuel ctaddlng:r---ss""'T;:(;-.;3';c16~)--t----'SS~T;--- ...1his fuel mat_ on all pammelelS except enridllnent (unknown). 

BO;,~e:':=:I--__'Pu-=O"'2__U:::O"'2'-_+-_--'-~"'0-"~0"'nd"-3~"------I 

Bumup Summary (MWd) Basis for bumup used in estimate: 
FromSFD EstimstedNomlnal:I- -1 ...:3"'.630-..::1.:.::58::o7,INominai bumup taken from SFO and converted to MINd using 8Ol=89.448kg 

Boundlng:1 I 3.953.599 Bounding bumup lal<en from SFD and converted to MWd using BDl.=89.448kg 

Checks 
Estimated Bumupl

Bumup Multiplier Given Bumup Estima1ed EOL HMlGlven EOL HM
 
Nominal: 0.27
 1 1.001
 

Bounding:1 0.29
 ,
Reador shutdown. core removal, storage, shiPpIng or other date confirming that Irradiation ceased .or fuel.
 

2Total bumup for all fuel associated with this worksheet must be divided by BOL heavy metal mass to gat specific bumup values (MWdIMT).
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I Fuel Radionuclide Inventory Worksheet 

I. FueJund Template Infonnatinll Estimated 
Fuel Name: FFTF-TFA-UO-l 'Fuel decay start date: 1992 Canister usage: 

SNFID#: 335 Estimates as of: 2010 18"x15' 
Fuel Units & llesc:T: 1 - HEX ARRAY 217 ROD Template: FFTF (FAST. SST, 101030%. Pu & U) 0.20 
Heavy Metal M•••: BO~ ; EO~35.01k9 'Template Bumup(MWd): 5011.2 
ROD Slor_ Site: HANFORD Template BOL Heavy Metal Mass (MT): 0.0329181
 

Template Dacay Time' 15 years
 
n. Estimates m x. Xb b Y. Yb Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial ActiVity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Bumup (MWd)' Burnup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 lo3735E-12 835.266 1,229.597 O.OOE+OO 1.15E-09 1.69E-09 Avg. MeV 
Am-241 7.9527E-02 835.266 1,229.597 6.91E+Ol lo36E+02 1.67E+02 0.0150 6.464E+13 
Am-242m 2.1053E-03 835.266 1,229.597 O.OOE+OO 1.76E+OO 2.59E+OO 0.0250 1.338E+13 
Am-243 lo0760E-04 835.266 1,229.597 O.OOE+OO 8.99E-Q2 1.32E-Ol 0.0375 1.526E+13 
C-14 2.6141E-05 835.266 1,229.597 O.OOE+OO 2.18E-02 3.21E-02 0.0575 1.370E+13 
CI-36 3.4243E-l0 835.266 1,229.597 O.OOE+OO 2.66E-07 4.21E-07 0.0850 7.597E+12 
Cm-243 6.6092E-04 835.266 1,229.597 O.OOE+OO 5.52E-Ol 8.13E-Ql 0.1250 5.675E+12 
Cm-244 2.9933E-D3 835.266 1,229.597 O.OOE+OO 2.50E+OO 3.68E+OO 0.2250 5.753E+12 
Co-6O lo5934E-02 835.266 1,229.597 O.OOE+OO 1.33E+Ol 1.96E+Ol 0.3750 2.959E+12 
Cs-l34 4.6356E-Q2 835.266 1,229.597 O.OOE+OO 3.87E+Ol 5.70E+Ol 0.5750 9.886E+13 
Cs-l35 4.7693E-Q5 835.266 1,229.597 O.OOE+OO 3.98E-02 5.86E-02 0.8500 3.307E+12 
Cs-137 2.1113E+OO 835.266 1,229.597 O.OOE+OO lo76E+03 2.60E+03 1.2500 2.880E+12 
Eu-154 4.8092E-02 835.266 1,229.597 O.OOE+OO 4.02E+Ol 5.91E+Ol 1.7500 4.731E+10 
Eu-155 6.8447E-02 835.266 1,229.597 O.OOE+OO 5.72E+Ol 8.42E+Ol 2.2500 1.593E+09 
Fe-55 5.8489E-Q3 835.266 1,229.597 O.OOE+OO 4.89E+OO 7.19E+OO 2.7500 1.662E+08 
H-3 8.9300E-Q3 835.266 1,229.597 O.OOE+OO 7.46E+OO 1.10E+Ol 3.5000 1.888E+07 
1-129 1.2891E-Q6 835.266 1,229.597 O.OOE+OO 1.08E-03 1.59E-Q3 5.0000 9.814E+04 
Kr-85 7.D941E-02 835.266 1,229.597 O.OOE+OO 5.93E+Ol 8.72E+Ol 7.0000 1.12OE+04 
Np-237 2.6541E-OO 835.266 1,229.597 O.OOE+OO 2.22E-Q3 3.26E-03 11.0000 1.281E+03 
Pa-231 4.8970E-12 835.266 1,229.597 O.OOE+OO 4.09E-09 6.02E-09 
Pb-21 0 2.2170E-13 835.266 1,229.597 O.OOE+OO 1.85E-l0 2.73E-l0 
Pm-147 2.3627E-Ol 835.266 1,229.597 O.OOE+OO lo97E+02 2.91E+02 
Pu-238 2.8636E-02 835.266 1,229.597 O.OOE+OO 2.39E+Ol 3.52E+Ol 
Pu-239 -3.5520E-02 835.266 0.000 5.67E+02 5.38E+02 5.67E+02 
Pu-240 2.0790E-02 835.266 1,229.597 2.88E+02 3.OOE+02 3.14E+02 
Pu-241 -4.8316E-Ql 835.266 0.000 lo29E+04 lo25E+04 1.29E+04 
Pu-242 1.1052E-05 835.266 1,229.597 7.69E-02 8.61E-02 9.05E-Q2 
Aa-226 5.7471E-13 835.266 1,229.597 O.OOE+OO 4.80E-l0 7.07E-l0 
Aa-228 5.4957E-17 835266 1,229.597 O.OOE+OO 4.59E-14 6.76E-14 
AU-l 00 1.4583E-02 835.266 1,229.597 O.OOE+OO lo22E+Ol lo79E+Ol 
5e-79 lo0137E-Q5 835.266 1,229.597 O.OOE+OO 8.47E-03 1.25E-Q2 
5n-126 4.3922E-Q5 835.266 1,229.597 O,OOE+OO 3.67E-Q2 5.40E-Q2 
5r-90 7.6329E-Ol 635.266 1,229.597 O.OOE+OO 6.38E+02 9.39E+02 
Tc-99 3.9412E-04 835.266 1,229.597 O.OOE+OO 3.29E-Ol 4.85E-Ol 
Th-229 lo6457E-12 835.266 1,229.597 O.OOE+OO 1.37E-09 2.02E-Q9 
Th-230 lo8822E-l0 835266 1,229.597 O.OOE+OO 1.57E-07 2.31E-Q7 
Th-232 9.7601E-17 835.266 1,229.597 O.OOE+OO 8.15E-14 lo20E-13 
T1-208 5.2722E-Q7 835.266 1,229.597 O.OOE+OO 4.40E-Q4 6.48E-04 
U-232 lo4925E-Q6 835.266 1,229.597 O.OOE+OO 1.25E-Q3 lo84E-03 Thermal Power 
U-233 2.1113E-l0 835.266 1.229.597 O.OOE+OO 1.76E-07 2.60E-Q7 Nominal Heat Bounding 
U-234 1.9528E-Q6 835.266 1,229.597 O.OOE+OO 1.63E-03 2.40E-Q3 Output Heat Output 
U-235 -9.7920E-09 835.266 0.000 lo16E-04 1.08E-04 1.16E-Q4 (WallS) (WallS) 
U-236 1.1570E-07 835.266 1,229.597 O.OOE+OO 9.66E-Q5 1.42E-Q4 4.61E+Ol 5_S5E+Ol 
U-238 -1.7914E-Q7 835.266 0.000 8.48E-Q3 8.33E-03 8.48E-Q3 Total Total 
V-90 7.6329E-Ql 835.266 1,229.597 O.OOE+OO 6.38E+02 9.39E+02 
Other Aadionuclides 1.81E+03 2.67E+03 
1lI.T._1e SeJeetiOII Slun!nan-,BUl'II\l andClled<s 
Template Selection Summary 

FromSFD Used Basis for Parameter Differences: 
Reactor Moderator: FAST FAST This Te"l)late was usec:I for the following reasons: 

Fuel Cladding: SST(D9) SST Th~ fuel matches on all parameters except enrichment (unknown). 
BOL HM Constituenlll: Pu02-U02 Pu and U 

BOl Enrichment "..: 1010 30 

Bumup Summary (MWd) Basis for bumup used in estimate: 
FromSFD I Estimated 

Nomlnal:1 I 835.266 Nominal bumup taken from SFD and converted to MWd using BOl=35.848kg 
Bounding: 1,229.597 Bounding bumup taken from 8FD and converted to MWd using BOl=35.848kg 

Checks 

Estimated Bumupl 
BumuD Mu1tiD11er Given Bumup Estimated EOL HMlGlven EOL HM 

Nomlna,:f 0.15 1 1.001 
Bounding: 0.23 ,

Reactor shutdown, core removal, storage, shlppmg or other date confm11lng that Irradiation ceased for fuel.
 

:2Total bumup for all fuel associated with this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWcVMT).
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Fuel Radionuclide Inventory Worksheet 

I. Fuel and Templat. bII'_tion Eslimated
 
Fuel Name: FFTF-TFA-WBOI8 & WB042 'Fual decay start date: 1992 Canister usage:
 

SNFID#: 336 Estimates as of: 2010 18"x15'
 
Fuel Units & Descr: 2 - HEX ARRAY 61 ROD Template: FERMI (Fast, Zire, 10 to 400,0, U) 0.40 
Heavy Metal Mat:S: BOl= : EOl=94.98kg "Template Bumup(MWd): 58.6725048 
ROD Storage Si~: HANFORD Template BOl Heavy Metal Mas. (MT): 0.018n4 

Template Decay Time' 15 years 
n. Eotimates m x" x. b y" y. Gamma Sources
 

Photon Total
 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec
 

Radionuclide Template Fuel Burnup (MWd)' Bumup(MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding)
 
Ac-227 2.1509E-08 1.204.373 1.348.897 O.OOE+OO 2.59E-05 2.90E-OS Avg.MsV
 
Am-241 4.6529E-07 1.204.373 1,348.897 O.OOE+OO 5.60E-04 6.28E-04 0.0150 1.446E+14
 
Am-242m O.OOOOE+OO 1,204.373 1,348.897 O.OOE+OO O.OOE+OO O.OOE+OO 0.0250 3.066E+13
 
Am-243 8.3923E-15 1,204.373 1,348.897 O.OOE+OO 1.01E-ll 1.13E-ll 0.0375 2.665E+13
 
C-14 2.1765E-OS 1,204.373 1,348.897 O.OOE+OO 2.62E-02 2.94E-Q2 0.0575 2.799E+13
 
CI-36 5.5188E-08 1,204.373 1,348.897 O.OOE+OO 6.65E-Q5 7.44E-OS 0.0850 1.720E+13
 
Cm-243 2.5208E-14 1,204.373 1,348.897 O.OOE+OO 3.04E-l1 3.40E-ll 0.1250 1.112E+13
 
Cm-244 1.1259E-15 1,204.373 1,348.897 O.OOE+OO 1.36E-12 1.52E-12 0.2250 1.452E+13
 
Co-6O 2.9094E-Q2 1,204.373 1,348.897 O.OOE+oo 3.50E+Ol 3.92E+Ol 0.3750 6.646E+12
 
Cs-l34 5.1932E-04 1,204.373 1,348.897 O.OOE+OO 6.25E-Ol 7.01E-Ql 0.5750 1.102E+14
 
Cs-l35 4.4996E-OS 1,204.373 1,348.897 O.OOE+OO 5.42E-02 6.07E-Q2 0.8500 1.064E+12
 
Cs-137 2.1867E+OO 1,204.373 1,348.897 O.OOE+OO 2.63E+03 2.95E+03 1.2500 3.267E+12
 
Eu-l54 9.2837E-04 1,204.373 1,348.897 O.OOE+OO 1.12E+OO 1.25E+OO 1.7500 2.705E+l0
 
Eu-155 2.3180E-Q2 1,204.373 1,348.897 O.OOE+OO 2.79E+Ol 3.13E+Ol 2.2500 7.737E+07
 
Fe-55 2.9332E-03 1,204.373 1,348.89~OOE+OO 3.53E+OO 3.96E+OO 2.7500 3.53SE+06
 
H-3 1.0871E-Q2 1,204.373 1,348.897 O.OOE+OO 1.31E+Ol 1.47E+Ol 3.5000 4.083E+05
 
1-129 1.1426E-06 1,204.373 1,348.897 O.OOE+OO l.38E-03 1.54E-Q3 5.0000 1.311E+02
 
Kr-SS l.4068E-Ol 1,204.373 1,348.897 O.oOE+OO 1.69E+02 1.90E+02 7.0000 1.249E+Ol
 
Np-237 3.3099E-Q6 1,204.373 1,348.897 O.OOE+OO 3.99E-03 4.46E-Q3 11.0000 1.262E+OO
 
Pa-231 7.8640E-oB 1,204.373 1,348.897 O.OOE+OO 9.47E-OS 1.06E-04 
Pb-210 7.4277E-13 1,204.373 1,348.897 O.OOE+OO 8.95E-l0 1.00E-09 
Pm-147 2.2856E-Ql 1,204.373 1,348.897 O.oOE+OO 2.75E+02 3.08E+02 
Pu-238 2.0095E-04 1,204.373 1,348.897 O.OOE+OO 2.42E-Ol 2.71E-Ql 
Pu-239 1.9481E-02 1,204.373 1,348.897 O.OOE+OO 2.35E+Ol 2.63E+Ol 
Pu-240 6.8056E-Q5 1,204.373 1,348.897 O.OOE+OO 8.20E-Q2 9.18E-Q2 
Pu-241 1.0939E-OS 1,204.373 1,348.897 O.OOE+OO 1.32E-Q2 1.48E-Q2 
Pu-242 4.3751E-13 1,204.373 1,348.897---0-.00E+oo 5.27E-l0 5.90E-l0 
Ra-226 4.0428E-12 1,204.373 1,348.897 O.OOE+OO 4.87E-Q9 5.45E-Q9 
Ra-228 2.1032E-ll 1,204.373 1,348.897 O.OOE+OO 2.53E-oB 2.84E-oB 
Ru-l06 2.9077E-04 1,204.373 1,348.897 O.OOE+OO 3.50E-Ql 3.92E-Ql 
8e-79 1.6492E-Q5 1,204.373 1,348.897 O.OOE+OO 1.99E-02 2.22E-02 
8n-126 3.7564E-Q5 1,204.373 1,348.897 O.OOE+OO 4.52E-02 5.07E-Q2 
8r-90 1.9396E+OO 1,204.373 1,348.897 O.OOE+OO 2.34E+03 2.62E+03 
Tc-99 4.4842E-04 1,204.373 1,348:897 O.OOE+OO 5.40E-Ql 6.OSE-Ql 
Th-229 1.8544E-ll 1,204.373 1,348.897 O.OOE+OO 2.23E-oB 2.50E-oB 
Th-230 9.0605E-l0 1,204.373 1,348.897 O.OOE+OO 1.09E-Q6 1.22E-Q6 
Th-232 2.3674E-l1 1,204.373 1,348.897 O.OOE+OO 2.SSE-oB 3.19E-oB 
TI-208 7.0323E-Q9 1,204.373 1,348.897 O.OOE+OO 8.47E-Q6 9.49E-Q6 
U-232 1.9106E-Q8 1,204.373 1,348.897 O.OOE+OO 2.30E-Q5 2.58E-Q5 Thermal Power 
U-233 9.6774E-Q9 1,204.373 1,348.897 O.OOE+OO 1.17E-OS 1.31E-Q5 Nominal Heat Bounding 
U-234 4.8796E-Q6 1,204.373 1,348.897 O.OOE+OO 5.88E-Q3 6.58E-Q3 Output Heat Output
 
U-235 -2.3191 E-Q6 1,204.373 0.000 5.33E-Q2 5.05E-02 5.33E-Q2 (Watts) (Watts)
 
U-236 1.2633E-Q5 1,204.373 1,348.897 O.OOE+OO 1.52E-Q2 1.70E-Q2 3.01E+Ol 3.37E+Ol
 
U-238 -9.5407E-oB 1,204.373 0.000 2.41E-Q2 2.40E-Q2 2.41E-Q2 Total Total
 
Y-90 1.9396E+OO 1,204.373 1,348.897 O.OOE+OO 2.34E+03 2.62E+03 
Other Radionuclides 2.62E+03 2.93E+03 
m. Template Seleetion Summary, BU1'JIlI _Cltedi$ 
Template Selection 8ummary 

FromSFD llMd Basis for Parameter Differences:
 
ReacIo<_ FAST FAST This Templale was used for the following reasons:
 

Fuel Cladding: SST (316) ZIRe This template is agood approximation since it isa FAST, Uranium fuel
 
SOL HM Constituents: 002 U 

BOl Enrichment Ok: 10t04O 

Bumup Summary (MWd)' Basis for burnup used in estimate: 
FromSFD Estimated 

Nominal:1 I 1,204.373 Nominal bumup taken from SFD and converted to MWd using BOl.::96.350kg 
Boundlng:1 I 1.348.897 Bounding bumup t1lken from SFD and converted to MWd using BOl.=96.35Okg 

Checks 

Estimated Bumupl
Bumup Multiplier Given Bumup Estimated EOl HMlGlven EOl HM 

Nomlr.al: 4.00 I 1.001 
Bounding: 4.48 ,

Reactor shutdown. cora removal, storage, shipping or other date conflrmmg that Irradiation ceased for fuel.
 

2Total bumup tor all tue: aSSOCiated with this worksheet must be divided by BOl heavy metal mass to gat specific bumup values (MWd'MT).
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Template Information Estimated 

Fuel Name: FMRB (GERMANY) 'Fuel decay start date: 1994 Canister usage: 
SNFID#: 577 Estimates 8S of: 2010 18"xl0' 

Fuel Units & Oeser: 92 - MTR TYPE Template: ATR (light Water, Alum., 60 to 100%. U) 3.83 
_vy Metal Mass: BOl=13.14k9 ; EOl=11.67k9 'Template Bumup(MWd): 367.2 
ROD Storage Slle: SRS Template BOl _vy Metal M.... (MT): 0.00116689 

Template Decay Time' 15 years 

n. Estimates m x" Xb b y" Yb Gamma Sources 
Photon Total 

CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 
Radionuclide Template Fuel Burnup (MWd)' Burnup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 4.5861E-l0 1,394.013 2,788.025 O.ooE-tOO 6.39E-07 1.28E-Q6 Avg. MeV 
Am-241 1.7832E-03 1,394.013 2,788.025 O.ooE-tOO 2.49E-tOO 4.97E-tOO 0.0150 3.326E+14 
Am-242m 4.3410E-07 1,394.013 2,788.025 O.ooE-tOO 6.05E-Q4 1.21E-03 0.0250 6.936E+13 
Am-243 1.4907E-Q6 1,394.013 2,788.025 O.ooE-tOO 2.08E-03 4.16E-03 0.0375 6.057E+13 
C-14 5.7162E-09 1,394.013 2,788.025 O.ooE-tOO 7.97E-06 1.59E-05 0.0575 6.458E+13 
CI-36 1.3124E-32 1,394.013 2,788.025 O.ooE-tOO 1.83E-29 3.66E-29 0.0850 3.912E+13 
Cm-243 1.8568E-Q7 1,394.013 2,788.025 O.ooE-tOO 2.59E-04 5.18E-Q4 0.1250 2.682E+13 
Cm-244 3.5512E-05 1,394.013 2,788.025 O.ooE-tOO 4.95E-02 9.90E-Q2 0.2250 3.370E+13 
Co-50 1.0261E-05 1,394.013 2,788.025 O.ooE-tOO 1.43E-02 2.86E-02 0.3750 1.476E+13 
Cs-l34 1.6931E-02 1,394.013 2,788.025 O.ooE-tOO 2.36E+Ol 4.72E+Ol 0.5750 2.396E+14 
Cs-135 3.4477E-Q6 1,394.013 2,788.025 O.ooE-tOO 4.81E-03 9.61E-Q3 0.8500 5.692E+12 
Cs-137 2.28ooE-tOO 1,394.013 2,788.025 O.ooE-tOO 3.18E+03 6.36E+03 1.2500 2.876E+12 
Eu-l54 3.6656E-02 1,394.013 2,788.025 O.ooE-tOO 5.11E+Ol 1.02E+02 1.7500 1.205E+11 
Eu-155 9.6841E-Q3 1,394.013 2,788.025 O.ooE-tOO 1.35E+Ol 2.70E+Ol 2.2500 1.507E+08 
Fe-55 4.6977E-Q4 1,394.013 2,788.025 O.ooE-tOO 6.55E-Ol 1.31 E-tOO 2.7500 9.059E+06 
H-3 6.0485E-03 1,394.013 2,788.025 O.ooE-tOO 8.43E-tOO 1.69E+Ol 3.5000 5.760E+05 
1-129 7.5300E-07 1,394.013 2,788.025 O.ooE-tOO 1.05E-D3 2.10E-03 5.ססOO 1.332E+03 
Kr-85 1.4989E-Ol 1,394.013 2,788.025 O.ooE-tOO 2.09E+02 4.18E+02 7.ססOO 1.476E+02 
Np-237 9.5534E-Q6 1,394.013 2,788.025 O.ooE-tOO 1.33E-02 2.66E-Q2 11.ססOO 1.657E+Ol 
Pa-231 1.6550E-09 1,394.013 2,788.025 O.ooE-tOO 2.31E-Q6 4.61E-06 
Pb-21 0 2.6631E-l1 1,394.013 2,788.025 O.ooE-tOO 3.71E-OS 7.42E-08 
Pm-147 1.8156E-Ol 1,394.013 2,788.025 O.ooE-tOO 2.53E+02 5.06E+02 
Pu-236 1.8990E-02 1,394.013 2,788.025 O.ooE-tOO 2.65E+Ol 5.29E+Ol 
Pu-239 4.2836E-04 1,394.013 2,788.025 O.ooE-tOO 5.97E-Ol 1.19E-tOO 
Pu-240 2.4379E-04 1,394.013 2,788.025 O.ooE-tOO 3.40E-Ol 6.80E-Ql 
PU-241 4.2511E-Q2 1,394.013 2,788.025 O.ooE-tOO 5.93E+Ol 1.19E+02 
Pu-242 3.6329E-07 1,394.013 2,788.025 O.ooE-tOO 5.06E-04 1.01E-OJ 
Ra-226 1.4725E-l0 1,394.013 2,788.025 O.ooE-tOO 2.05E-07 4.11E-07 
Ra-228 8.975OE-15 1,394.013 2,788.025 O.ooE-tOO 1.25E-l1 2.50E-ll 
RU-l06 1.9752E-Q4 1,394.013 2,788.025 O.ooE-tOO 2.75E-Ol 5.51E-Ql 
Se-79 1.2933E-05 1,394.013 2,788.025 O.ooE-tOO 1.80E-Q2 3.61E-02 
Sn-126 1.1574E-05 1,394.013 2,788.025 O.ooE-tOO 1.61E-Q2 3.23E-02 
Sr-90 2.1680E-tOO 1,394.013 2,788.025 O.ooE-tOO 3.02E+03 6.04E+03 
Tc-99 4.2239E-04 1,394.013 2,786.025 O.ooE-tOO 5.89E-Ol 1.18E-tOO 
Th-229 3.9270E-12 1,394.013 2,788.025 O.ooE-tOO 5.47E-Q9 1.09E-OS 
Th-230 3.3578E-Q8 1,394.013 2,788.025 O.ooE-tOO 4.68E-Q5 9.36E-Q5 
Th-232 1.5452E-14 1,394.013 2,788.025 O.ooE-tOO 2.15E-l1 4.31E-ll 
T~208 4.6705E-Q8 1,394.013 2,788.025 O.ooE-tOO 6.51E-05 l.30E-04 
U-232 1.3045E-07 1,394.013 2,788.025 O.ooE-tOO 1.82E-04 3.64E-04 Thermal Power 
U-233 2.3739E-Q9 1,394.013 2,788.025 O.ooE-tOO 3.31E-06 6.62E-Q6 Nominal Heat Bounding 
U-234 1.8423E-Q4 1,394.013 2,788.025 O.ooE-tOO 2.57E-Ol 5.14E-Ol Output Heat Output 
U-235 -2.7235E-Q6 1,394.013 0.000 2.59E-Q2 2.21E-Q2 2.59E-02 /Wattsl /Wattsl 
U-236 1.5493E-Q5 1,394.013 2,788.025 O.ooE-tOO 2.16E-Q2 4.32E-Q2 3.77E+Ol 7.55E+Ol 
U-236 -4.2851E-Q9 1,394.013 0.000 3.86E-04 3.80E-Q4 3.86E-Q4 Total Total 
Y-90 2.1686E-tOO 1,394.013 2,788.025 O.ooE-tOO 3.02E+03 6.05E+03 
Other Radionuclides 3.03E+03 6.06E+03 
Ill. T...-teSeIedioJl ~rv, BlJr!W andCbed<s 
Template Selection Summary 

FromSFD Used Basis for Parameter Differences: 
Reactor_, LIGHT WATER UGHTWATER 

Fuel Cladding: ALUM ALUM 
BOL HM Constltu..ts: U-ALX U 

BOL Enrichment 0/..: 91.25787542 6010100 

Bumup Summary (MWd) Basis for bumup used in estimate: 
FromSFD Estimated 

Nomlnal:1 I 1,394.013 Nominal bumup calculated from the heavy metal mass deslroyed. 
Boundlng:1 I 2.788.025 Bounding bumup assumed to be twice nominal bumup. 

Checks 

Estimated Bumupl 
Bumuo MuIllDlie< Given Bumup Eatimated EOl HMlGlven EOl HM 

Nominal: 0.34 I 1.011 
Bounding: 0.67 ,

Reactor shutdown, core removal, S1orage, stupptng or other date confirming that Irradiation ceased for fuel.
 

2Total bumup for all fuel associated with this worksheet muS1 be divided by BOl heavy metal mass to get specific bumup values (MWdlMT).
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Fuel Radionuclide Inventory Worksheet 
1. Fuel and Template Information Estimated
 

Fuel Name: FRG·l (GERMANY) 1 Fuel decay start date: 1994 Canister usage:
 
SNFID#: 581 Estimates as of: 2010 18"x10'
 

Fuel Units & Doser: 7 . MTR TYPE Template: ATR (Ught Water. Alum.. 60 to 100%. U) 0.29
 
_vy Metal Mas.: BO~9.57k9 ; EO~8.64k9 'Template Bumup(MWd): 367.2
 
ROD Storage Site: SRS Template BOl Heavy Metal Mas. (MT): 0.00116689
 

Template Deeay Time' 15 yea'"
 
ll. Estimates m x. b Y" Y.
 Gamma Sources

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec
 

Radionuclide Template Fuel Bumup (MWdf Bumup (MWd)' (Ci) Inventories(Ci) Inventoriea(Ci)
 Group (bounding) 
AC.2",2~7 4",.=:586~1~E-i.1;;;0 ~88.;;.1",.=-01~2:-__---:1",.7",6;:2",.024 O.OOE-tOO 4.04E·07 8.OSE·07 Avg. MeV
 
11",-241 1.7832E-Q3 881.012 1.762.024 0.00E:o--tOO~,____~1::-..57E-tOO 3.14E+OO 0.0150·~~--'-""2:-.1""02=E+-l:-:4
 
Am-242m 4.3410E-07 881.012 1.762.024---0-.00E-tOO 3.82E-Q4 7.65E-Q4 00250 4.384E+13
 
Am-243 1.4907E-06 881.D12 1,762.024 O.ooE-tOO 1•.;3,,'l.;::E-;-03;;;-__---;2"'.83~Ec..;-0"'3'--__l~-_o0~:O::o37%5~~~~~~~3~.-:::8.:c2::8~E;::+'-=1"'-3
 
C-14 5.7162E-09 881.D12 1,762.024---0-.ooE-tOO 5.04E-06 1.01E-05 0.0575 4.0ll2E+13
 
CI-36 1.3124E-32 881.D12 1,762.024-o",.00?'~E",+oo=~__-,1",.1,:;6~E",-2",9 ~2.",3",1 E~-",2",9 __+_-,0:::.0:::8::::5O,-__--=2:.:.4.::72:=:E:.:+-,13...
 
Cm-243 1.8568E-07 881.012 1.762.024 O.ooE-tOO l.64E-04 3.27E-04 0.1250 1.695E+13
 
Cm-244 3.5512E-05 881.D12 1,762.024 0.00=-~E-tOO",=,:-__-:3".1",3~E~-0~2;;.-..__-:6;c.2?6;;E:_-Q?2;;'-"--111-....:::0.c::22:::50:::..-__ 2.130E+13
 
Co-50 1.0261E-05 881.012 1,762.024 O.ooE-tOO 9.04E-03 1.81E-02 0.3750 '---g:s30E+12
 
Cs-l34 1.6931E-Q2 881.012 1,762.024 O.ooE-tOO 1.49E+01 2,98E+01 0.5750 1.515E+14
 
Cs-l35 3.4477E-Q6 881.012 1,762.024 O.ooE-tOO 3.04E-03 6.07E-Q3 0.8500 3.597E+12
 
Cs-137 2.2800E-tOO 881.D12 1,762.024 O.OOE+OO 2.01E+03 4.02E+03 1.2500 1.817E+12
 
Eu-l54 3.6656E-Q2 881.D12 1,762.024 O.ooE-tOO 3.23E+01 6.46E+01 1.7500 7.616E+l0
 
Eu-155 9.6841E-Q3 881.012 1,762.024 O.ooE+OO 8.53E+OO 1.71E+01 2.2500 9.527E+07
 
Fe-55 4.6977E-Q4 881.012 1,762.024 O.ooE+OO 4,14E-Ql 8.28E-Q1 2.7500 5.725E+06
 
H-3 6.0485E-Q3 881.012 1,762.024 O.OOE-tOO 5.33E+OO 1.07E+01 3.5000 3.640E+05
 
'-129 7.5300E-Q7 881.D12 1,762.024 O.OOE-tOO 6.83E-Q4 1.33E-03 5.0000 8.473E+02
 
Kr-SS 1.4989E-Q1 881.012 1,762.024 O.OOE-tOO 1.32E+02 2.64E+02 7.0000 9.388E+Ol
 
Np-237 9.5534E-Q6 881.D12 1,762.024 O.ooE-tOO 8.42E-03 1.68E-Q2 11.0000 1.054E+Ol
 
'Pa-231 1.6550E-Q9 881.012 1,762.024 O.ooE-tOO 1.46E-06 2.92E-06 
Pb-21 0 2.6831E-l1 881.012 1,762.024 O.ooE-tOO 2.35E-OS 4.69E-~_ 

Pm-147 1.8156E-Q1 881.D12 1,762.024 0.ooE;=-tOO~,-__1;,.5O~E",+O~2 =-3.",20~E",+O~2_11 
'Pu-236 1.8990E-Q2 881.012 1,762.024 O.oOE-tOO 1.67E+01 3.35E+01 
Pu-239 4.2838E-Q4 881.012 1,762.024 O.ooE-tOO 3.77E-Q1 7.55E-Q1 
'Pu-240 2.4379E-04 881.D12 1,762.024 O.ooE-tOO 2.15E-01 4.30E-Q1 
Pu-241 4.2511E-Q2 881.012 1,762.024 O.ooE-tOO 3.75E+01 7.49E+01 
Pu-242 3.8329E-Q7 881.012 1,762.024 O.ooE-tOO 3.,,,20~E;=-Q4~ ~6';C.40,,,E;=-Q4~_-l1 
Ra-226 1.4725E-10 881.D12 l,762.024---0-.ooE-tOO 1.30E-Q7 2.59E-Q7 
Ra-228 8.975OE-15 881.012 1,762.024 O.ooE-tOO 7.91E-12 1.58E-11 
Ru-106 1.9752E-Q4 881.012 1,762.024 0.00~E",-tOO=__,--1:.::.7:-:4",Ec:-0:::1:-__-:30'.46=::E~-Q",1c--l1
 
S..79 1.2933E-05 881.D12 1,762.024---0-.ooE-tOO 1.14E-02 2.28E-Q2
 
Sn-126 1.1574E-05 881.012 1,762.024 O.OOE-tOO 1.02E-Q2 2.04E-Q2
 
Sr-90 2.1680E-tOO 881.012 1,762.024 0.00.~E-tOO~:-__.;;1.~91;;:E~+O'i2'3 >;3",.8",2E~+O'i2'3'--l1
 
Tc-gg 4.2239E-Q4 881.012 1,762.024-----O:OOE-tOO 3.72E-Ql 7.44E-Ql 
Th-229 3.9270E-12 881.012 1,762.024 O.ooE-tOO 3.46E-09 6.92E-Q9 
Th-230 3.3578E-Q6 881.012 1,762.024 O.ooE-tOO 2.96E-Q5 5.92E-05 
Th-232 1.5452E-14 881.012 1,762.024 O.ooE-tOO 1.36E-11 2.72E-11 
11-2OS 4.6705E-08 881.012 1,762.024 O.ooE-tOO 4.11E-Q5 8.23E-05 
U-232 1.3045E-Q7 881.012 1,762.024 O.ooE-tOO 1.15E-Q4 2.30E-Q4 Thermal Power 
U-233 2.3739E-Q9 881.012 1,762.024 O.ooE-tOO 2.09E-Q6 4.18E-06 Nominal Heat Bounding 
U-234 1.8423E-Q4 881.012 1,762.024 O.ooE-tOO 1.62E-Q1 3.25E-Ql Output Heat Output
 
U-235 -2.7235E-Q6 881.012 0.000 4.OSE-03 1.68E-03 4.OSE-03 (Watts) (Watts)
 
U-236 1.5493E-05 881.012 1,762.024 O.ooE-tOO 1.36E-Q2 2.73E-02 2.38E+01 4.771'+01
 
U-236 -4.2851E-09 881,012 0.000 2.58E-03 2.58E-03 2.58E-03 Total Total
 
Y-90 2.1686E-tOO 881.012 1,762.024 O.ooE-tOO 1.91E+03 3.82E+03
 
Other Radionuclides 1.92E+03 3.83E+03 
ID. TeJUIlIare Sek!etlon Sununarv, 81m1 llndCbecks 
Template Selection Summary 

From SFD Used Basis for Parameter Differences: 
Reactor ModerBtor:t-.-'U:;:G=:HT.:.:,.:W"."'T:.E:.:.R_-+_-=L1G:.HT~W:.:.':.:.T:.:E:::R'__-lThis Template was used forthe following reasons: 

Fuel Cladding: ALUM ALUM Th~ fuel mafches ATR Template on all but one parameter (enrichment) making ATR a rsasooable 
BOl HM Constituents: U308 U mafch. 

BOL Enrichment %: 19.730n542 60 to 100 

Burnup Summary (MWdt Basis for bumup used in estimate:
 
FromSFD Estimated
 

Nomb",':1 I 881.012 Nominal bumup caleulatoo from the heavy metal mass destroyed.
 
Bounding:1 I 1.762.024 Bounding bumup assumed to be twice nominal bumup.
 

Checks 

Estimated Bumupl 
Bumup Multiplier Given Bumup Estimated EOl HMiGiven EOl HM
 

Nomini3l: 0.29
 1 1.011
 
Bounding: 0.59
 ,

Reador shutdown. core removal. storage, stupplng or other date conflrrmng that Irradiation ceased for fuel. 

2Total bumup for all fuel assoctated with this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWdlMT). 

DOElSNF/REP-078 December 2003 
Revision 1 PageC-los 

I



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Fuel Radionuclide Inventory Worksheet 
J. Fuel and T~ Infonnation Estimated 

Fuel Name: FRG-l (GERMANY) l Fuei decay start date: 1995 Canister usage: 
SNFID#: 742 Estimates as of: 2010 18"x10' 

Fuel Unils & Oeser: 141 - MTR TYPE Template: ATR (Ught Water. Alum.• 60 to 100%, U) 5.88 
Heavy Me1a1 Mass: BOl=23.42kg ; EOl=16.54kg ~emplate Bumup(MWd): 367.2 
ROO Storage Site: sRS Template BOL Heavy Metal Mass (MT): 0.00116689 

Template Decay Time' 15 years 
n. Estimates m x. x. b y. y. Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
AC-227 4.5881E-l0 6.516.251 13,032.502 O.ODE+OO 2.99E-OO 5.98E-OO Avg. MeV 
Am-241 1.7832E-Q3 6.516.251 13.032.502 O.ODE+OO 1.16E+Ol 2.32E+Ol 0.0150 1.555E+15 
Am-242m 4.3410E-07 6,516.251 13,032.502 O.ODE+OO 2.83E-03 5.66E-03 0.0250 3.242E+14 
Am-243 1.4907E-OO 6.516.251 13.032.502 O.ODE+OO 9.71E-03 1.94E-02 0.0375 2.831E+14 
C-14 5.7162E-09 6,516.251 13.032.502 O.ODE+OO 3.72E-05 7.45E-05 0.0575 3.019E+14 
CI-36 1.3124E-32 6.516.251 13.032.502 O.ODE+OO 8.55E-29 1.71E-28 0.0850 1.829E+14 
Cm-243 1.8588E-07 6,516.251 13.032.502 O.ODE+OO 1.21E-03 2.42E-03 0.1250 1.254E+14 
Cm-244 3.5512E-05 6,516.251 13,032.502 O.ODE+OD 2.31E-Ol 4.63E-Ol 0.2250 1.575E+14 
Co-60 1.0261E-05 6.516.251 13,032.502 O.ODE+OO 6.69E-Q2 1.34E-Ql 0.3750 6.901E+13 
Cs-l34 1.6931E-Q2 6.516.251 13.032.502 O.ODE+OO 1.10E+02 2.21E+02 0.5750 1.120E+15 
Cs-135 3.4477E-Q6 6.516.251 13.032.502 O.ODE+OO 2.25E-02 4.49E-02 0.8500 2.661E+13 
Cs-137 2.2800E+OO 6,516.251 13,032.502 O.ODE+OO 1.49E+04 2.97E+04 1.2500 1.344E+13 
Eu-l54 3.6656E-02 6.516.251 13.032.502 O.ODE+OO 2.39E+02 4.78E+02 1.7500 5.633E+l1 
Eu-155 9.8841E-Q3 6.516.251 13.032.502 O.ODE+OO 6.31E+Ol 1.26E+02 2.2500 7.047E+08 
Fe-55 4.6977E-04 6.516.251 13,032.502 O.ODE+OO 3.OOE+OO 6.12E+OO 2.7500 4.234E+07 
H-3 6.0485E-Q3 6.516.251 13,032.502 O.ODE+OO 3.94E+Ol 7.88E+Ol 3.5000 2.692E+06 
1-129 7.5300E-07 6,516.251 13.032.502 O.ODE+OO 4.91E-Q3 9.81E-Q3 5.0000 6.225E+03 
Kr-85 1.4989E-Ql 6,516.251 13,032.502 O.ODE+OO 9.77E+02 1.95E+03 7.0000 6.895E+02 
Np-237 9.5534E-Q6 6,516.251 13,032.502 O.ODE+OO 6.23E-02 1.25E-Ol 11.0000 7.741E+Ol 
Pa-231 1.6550E-09 6,516.251 13,032.502 O.ODE+OO I.OOE-05 2.16E-05 
Pb-21 0 2.6631E-l1 6.516.251 13.032.502 O.ODE+OO 1.74E-Q7 3.47E-07 
Pm-147 1.8156E-Ol 6,516.251 13,032.502 O.ODE+OO 1.18E+03 2.37E+03 
Pu-238 1.8990E-Q2 6.516251 13,032.502 O.ODE+OO 1.24E+02 2.47E+02 
Pu-239 4.2838E-04 6,516.251 13,032.502 O.ODE+OO 2.79E+OO 5.58E+OO 
Pu-240 2.4379E-04 6.516.251 13,032.502 O.ODE+OO 1.59E+OO 3.18E+OO 
Pu-241 4.2511E-Q2 6.516.251 13.032.502 O.ODE+OO 2.77E+02 5.54E+02 
Pu-242 3.6329E-Q7 6,516.251 13,032.502 O.ODE+OO 2.37E-03 4.73E-Q3 
Ra-226 1.4725E-l0 6,516.251 13,032.502 O.ODE+OO 9.60E-07 1.92E-OO 
Ra-228 8.9760E-15 6.516.251 13,032.502 O.ODE+OO 5.85E-ll 1.17E-l0 
Ru-lOO 1.9752E-Q4 6.516.251 13.032.502 O.ODE+OO 1.29E+OO 2.57E+OO 
Se-79 1.2933E-05 6,516.251 13,032.502 O.ODE+OO 8.43E-02 1.69E-Ql 
Sn-126 1.1574E-05 6,516.251 13,032.502 O.ODE+OO 7.54E-Q2 1.51E-Ql 
Sr-90 2.1680E+OO 6,516.251 13.032.502 O.ODE+OO 1.41E+04 2.83E+04 
Tc-99 4.2239E-Q4 6.516.251 13.032.502 O.ODE+OO 2.75E+OO 5.50E+OO 
Th-229 3.9270E-12 6.516.251 13.032.502 O.ODE+OO 2.56E-08 5.12E-Q8 
Th-230 3.3578E-08 6,516.251 13.032.502 O.ODE+OO 2.19E-04 4.38E-04 
Th-232 1.5452E-14 6.516.251 13,032.502 O.ODE+OO 1.0IE-l0 2.01E-l0 
TI-208 4.6705E-Q8 6,516.251 13,032.502 O.ODE+OO 3.04E-Q4 6.09E-Q4 
U-232 1.3045E-Q7 6,516251 13.032.502 O.ODE+OO 8.50E-04 1.70E-Q3 Thermal Power 
U-233 2.3739E-Q9 6.516.251 13.032.502 O.ODE+OO 1.55E-05 3.09E-Q5 Nominal Heat Bounding 
U-234 1.8423E-Q4 6.516.251 13,032.502 O.ODE+OO 1.20E+OO 2.40E+OO Output Heat Output 
U-235 -2.7235E-Q6 6.516.251 0.000 4.70E-02 2.92E-Q2 4.70E-Q2 /Watts) /Wattsi 
U-236 1.5493E-Q5 6,516.251 13,032.502 O.ODE+OO 1.01E-Ol 2.02E-Ol 1.76E+02 3.53E+02 
U-238 -4.2851 E-09 6,516.251 0.000 5.63E-Q4 5.35E-Q4 5.63E-04 Total Total 
Y-90 2.1886E+OO 6,516.251 13.032.502 O.ODE+OO 1.41E+04 2.83E+04 
Other Radionuclides 1.42E+04 2.83E+04 
m.Ternp!lIt<!~~l:Y,B_p.~·-'()~ 
Template Selection Summary 

FromSFD Used Basis for Parameter Differences: 
ReactorModorator: UGHTWATER UGHTWATEA 

Fuel C1addlng: ALUM ALUM 
BOL HM Con8liluen1s: U-ALX U 

BOl Enrichment '0/.: 92.84381755 60 to 100 

Bumup Summary (MWd)' Basis for bumup used in estimate: 
FromSFD Estimated 

Nomlnal:1 I 6.516.251 Nominal bumup calculated from the heavy metal mass destroyed. 
Bounding:1 I 13.032.502 Bounding bumup assumed to be twice nominal bumup. 

Checks 

Estimated Bumupl 
BumuD MultiDlIer Given BumuD Estimated EOL HMlGlvan EOL HM 

Nominal: 0.88 I 1.021 
Bounding: 1.77 , 

Reactor shutdown. core removal, storage, shipping or other date confmmng that Irradiation ceased for fuel.
 

2Total bumup for all fuel associated with this worksheet must be divided by SOL heavy metal mass to get specific bumup values (MWdlMT).
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Fuel Radionuclide Inventory Worksheet 
1. Fuel and Template Wormation Estimated 

Fuel Nama: FRG-l (GERMANY) 1 Fuol decay start date: 1994 Canister usage: 
SNFID#: 741 Estimates as of: 2010 18"'10' 

Fuel Unl'" & Oeser: 109 - MTR TYPE Template: AlR (Ught Water, Alum., 60 to 100%, U) 4.54
 
Heavy Metal Mas.: BO~161.56l<g : EOl=l50.93kg 'Template Bumup(MWd): 367.2
 
ROD Storage SIIa: SRS Template BOl Heavy Metal Mass (MT): 0.00116689
 

Template Decay Time" 15 years 
n. Estimates m 'b b Y" Yb Gamma Sources '" Photon Total 

CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec
 
Radionuclide Template Fuel Bumup (MWd)2 Bumup (MWd)2 (Ci) Inventories(Ci) Inventories(Ci)
 Group (bounding) 
Ac-227 4.5861E-l0 10,064.449 20,128.897 O.ooE+oo 4.62E-06 9.23E-06 Avg. MeV 
-'::A:::m,.:-2='4'=:1c--------~1"'.7"'83~2io:E~-co03~----cl~0"',064:;:-;'-:.44~9---'=2"O,'"'l:O-.'8:9-7---o.-ooE+OOcc28  1.79E+Ol 3.59E+Ol 0.0150 2.401E+15
Am-242m 4.3410E-07 10,064.449 20,128.89Y--o.ooE+oo 4.37E_o3 8.74E-03 0.0250 5.008E+14 
-';oA:::mo--2,,43=- ---ocl"'.4co90~7"'E~-Q6'='=------'1~0"',064:;:_;"':.44=9---'=2,,0-,,,,1 28,,,.897 O.ooE+OO 1.50E_o2 3.ooE_o2 0.0375 4.373E+147C-14 5.7162E-09 10,064.449 20,128.897 O.ooE+OO 5.75E-05 1.15E-Q4 0.0575 4663E+14 
.,C"I--;,36;;-------·--~1';;.3~12"'4;;E~-"32;;-------::1,;;0'-;,064~-::.44~9----;;2~0,'"'1-;;28"'.897---0-.00i:EC.+OO~-----:1:-'."32;;;E~-"28;;-------;2OC.64SEo--2;;;8;-----j1-~0.';;08;;;50:::---·--c2:'::::824E+14 
Cm-243 1.8568E-07 10,064.449 20,128~89-7---0:00E+OO 1.87E-03 3.74E-03 0.1250 1.936E+14 
.,CC'm"-;-2::;44C-'--_~ ---:3.5512E-OS 10,064.449 20,128.897 O.OOE+OO 3.57E-Ol 7.15E-Ol 0 2250 2.433E+14 
-"C"'o-6O=-,-O--- -'-1."'0726=-1c:E~-o"'5:c___----'1"'=0"',064:;:_;"':.44=9---_"20""",1 28:0-',:897 0])0:O:E"'+OO'='=--~:;:1.'=0"3E~-~0~1----c2"'.::::07::;E~-"Oo-l---lf---o'O:3750 1.066E+147Cs-l34 1.6931E_o2 10,064.449 20,128.89-7---6.ooE+oo 1.70E+02 3.41E+02 0.5750 1.730E+15 
"C:C-S-::-1~35;C---------3::::.~44~77~E-;_Q6;;;------;1"0,:;;064~.44~9;---'=2"0,"'1=-28~.897 O.ooE+OO 3.47E-02 6.94E_o2 0.8500 4110E+13 
-;C~S:..,-l;;3~7c--- --,;;2c;.2;,;;800~E~+OOC;S;,___ __----:l;;Oc;,064~:::.44~9 -o2:;;0,::,l-02,,,8.897---o.60=E+oo~O-----~-C2'''.2~9'"'Eo-+04~----C4-::.5'''9'=Ec-+04~--Jf--."1.C:25OO=---~-c2~:076E+13 
-;E",u_c-l~54~-_------;3:"".68::-:~5~6E~-._;;02~---.;;10""O:c64~.44~9--_2=-0:-,,1:-:2:::8::-.:8c-9:~7 O.OOE+OO 3.69E+02 7.36E+02 1.75OO~::--___c8",.7,00::::E:-,+=11 
-=E"'u--=1755"---- --'900-."'684=1=E-c-03"'-----'1-'::'0,~064~.44~9'------_"2"'0,,,,12'0'8:."':,897 O.ooE+OO 9.75E+Ol 1.95E+02 2.2500 1.088E+09 
Fe-55 4.6977E-Q4 10,064.449 20,128.897--D:'OOE+OO 4.73E+OO 9.46E+OO 2.7500 6.540E+07 
H-3 6.0485E-{)3 10,064.449 20,128.897 O.OOE+OO 6.09E+Ol 1.22E+02 3.5000 4. 158E+06 
1-129 7.5300E-07 10,064.449 20,128.897 O.ooE+OO 7.58E_o3 1.52E_o2 5.0000 9.712E+03 
1<r-85 1.4989E-Ol 10,064.449 20,128.897 O.oOE+OO 1.51E+03 3.02E+03 7.0000 1.076E+03 
Np-237 9.5534E_Q6 10,064.449 20,128.897 O.ooE+OO 9.61E_o2 1.92E_ol 11.0000 1.209E+02 
Pa-231 1.6550E-{)9 10,064.449 20,128.897 O.ooE+OO 1.67E-OS 3.33E-05 
""P~b--'2c-'1=0:_-------=:2."'66~3"'1"'E'c-l'_'1-----'1"'=0_":,064~."'44"'9'-------",,20,128.897 0.00"'E~+OO.~--_c2;'C.68,,""E""-0"'7""----;5~.;:;36;;:E~-o"'7""___j1 
Pm-147 1.8156E_ol 10,064.449 20,128.897 O.oo;;;E='+OO~--____,l;.::.83E+03 3.65E+03 
Pu-236 1.8990E_o2 10,064.449 20,128.897 O.ooE+OO 1.91E+02 3.82E+02 
Pu-239 4.2836E-04 10.064.449 20,128.897 O.ooE+OO 4.31E+OO 8.62E+OO 
Pu-240 2.4379E-Q4 10,064.449 20,128.897 O.ooE+OO 2.45E+OO 4.91E+OO 
-=P"'U-_'=2"-41o----------;;4.:;;2~51"'1;;:Ec.:-o~2;--------;1~Oc;,064~.::;447.9~--~2;;;0'::,1~2;c8.,::;:897 O.ooE+OO 4.28E+02 8.56E+02 
Pu-242 3.6329E_o7 10,064.449 20,128.897 O.OOE+OO 3.66E-03 7.31E-03 
Ra-226~------_cl:_'.4"'7~2:=5=E--'1-=0-------'-1='O,_=064=-o-:.44~9'-----_"20=',';'12,o,8"'.8:::9"'7c---__0='._=00:::E='+OO~--____,1:_'.46~Eo--Q6':"'_----'2"'.='96~E""-Q6':"'_-~1 
rR;':a--:;2~28;;____---_----~8.:;;90;;760~Ec;-1~5e__-----;1-;0'_;,064~.';44.;;9::____--~2~0,:;'1_;;28~.897 O.ooE+OO 9.03E-ll 1.81 E-l0
Ru-1OB 1.9752E-04 10,064.449 20,128.897 O.ooE+OO 1.99E+OO 3.98E+OO 
Se-79 1.2933E-OS 10.064.449 20,128.897 O.OOE+OO 1.30E_ol 2.60E_ol 
8n-126 1.1574E-OS 10,064.449 20,128.897 O.ooE+OO 1.16E_ol 2.33E_ol 
8r-90 2.1680E+OO 10,064.449 20,128.897 O.ooE+OO 2.18E+04 4.36E+04 
Tc-99 4.2239E-Q4 10,064.449 20,128.897 O.ooE+OO 4.25E+OO 8.50E+OO 
-=Th~-'=22==9::____-------3:o-.-=92=7~0::::E_c-l"'2'-------;1"'=0s:,064~.744"'9::____--_'=2O_=,,,,1 28==.897 O.ooE+OO 3.95E-08 7.90E-oB7Th-230 3.3578E-oB 10,064.449 20,128.897 O.OOE+OO 3.36E-Q4 6.76E-Q4 
Th-232 1.5452E-14 10,064.449 20,128.897 O.ooE+OO 1.56E-l0 3.11E-l0 
11-208 4.67OSE-oB 10,064.449 20,128.897 O.ooE+OO 4.70E-Q4 9.40E-Q4 
U-232 1.3045E-{)7 10,064.449 20,128.897 O.OOE+OO 1.31E_o3 2.83E-Q3 Thermal Power 
7U.-'-2;;;332---------~2-;.3C;73~9;;;E~-o,,97_---_::1~0'_;,064~_::.44~9---_;;2,,0,"'1==28==.,8~::;;970;___---c0==.00~E~+OO~_---::2C;.3'=9::::E,,-o;;;5;___--__;C4'=;.7~8;=E-05""c---1INominallteatBoundin9 
7:U;-:-2:;;34::;-- .;:1.:::84.;:2"'3"'E"'-Q4?o-- "'1_;;0:;;,064~.744"'9o____---=2"'0,'='1",28==',897 O.ooE+OO 1.85E+OO 3.71 E+OO OUlpUl Heat OUlput
U-235 -2.7235E_Q6 10,064.449 0.000 6.92E_o2 4.18E_o2 6.92E-Q2 /Wattsl /Wattsl
'U'-2;;;36~--------::1."'54-::93~E~-05::;O-----cl"'0c;,064-;-;-.';44""9::------"'2c;;0.:;,1"'2;:-8.'''89'''7 0.00.:;.:E~+OO~---71.;;56;E~-{)~1;..---37.0i12;E~-{)~1;..___1l-2.;;:;,;72::;E~+02F=_-......:5;:;.45~E+02;;:=_
""'U;-:-2:;;36:=-- ____,-,:-4.:;:2::;85:=;;1;;Ec--Q9~----;1-=0,s:064~.44~9O____--=_70._=000=,,, 4.35E_o2 4.35E-{)2 4.35E_o2 Total Total 
V-90 2.1686E+OO 10,064.449 20,128.897 O.ooE+OO 2.18E+04 4.37E+04 
Other Radionuclides 2.19E+04 4.36E+04 

Template Selection SUmmary 
From SFD Used Basis for Parameter Differences: 

Reactor ModeraIor.f--____'u=-G=HT"":-:W-=A.::T-=E'-'R_--+_--=UG."HT~WCC:AC:T:.:E=-R'----1:: is Template was used for the followfng reasons: 
BOl tm"::.=::-:: ~~~ Al~M =ue1 matches AlR lemplale on all but.ne parameter (enrichment) making ATR alO8SOl\llble 

BOl enrichment %: 19.81106509 60 to 100 

Bumup Summary (MWd) Basis for bumup used in estimate:
 
FromSFD I Estimated
 

Nomlnal:1 I 10.084.449 Nominal bumup aiOJlaled from the heavy metal mass destroyed.
 
Bounding:1 I 20.128.897 Boundilg bumup assurr.ed to be twice nominal bumup.
 

Checks 
Estimated Bumupl 

BumuD Multiplier Given BumuD Estimated EOl HMlGlven EOl HM 
Nomlnal:1 0.20 I 1.001 

Bounding: 0.40 , 
Reactor shutdown, core removal. storage, shipping or other date confmmng that madiation ceased for fuel. 

"otal bumup for all fuel associated with this worksheet must be divided by BOl heavy metal mass to get specific bumup values (MWG'MT). 
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I. Fuel and TempIa~ Infonuadon 
Fuel Name: FRJ (GERMANY) 

SNFID#: 933 
Fuel Units & Oeser: 195 - CONCENTRIC TUB
_vy Metal Mass: BOL=39.31k9 ; EOl=26.
ROD Storage Site: SRS 

n. Estimates m 

CilMWdFrom 
Radionuclide Template 
Ac-227 2.1567E-l0 
Am-241 7.1264E-Q3 
Am-242m 1.4010E-OO 
Am-243 3.7114E-05 
C-14 2.6476E-08 
CI-36 4.4441E-31 
Cm-243 6.4399E-OO 
Cm-244 5.6367E-Q3 
Co-GO 9.3864E-05 
Cs-l34 5.7047E-02 
Cs-135 4.2564E-Q6 
Cs-137 2.2855E+OO 
EU-I54 7.7704E-02 
Eu-155 2.8736E-Q2 
Fe-55 5.1379E-Q3 
H-3 6.1239E-03 
1-129 6.6403E-Q7 
Kr-85 1.4927E-Ol 
Np-237 3.1525E-05 
Pa-231 7.8676E-l0 
Pb-21 0 6.1847E-12 
Pm-147 9.1373E-02 
Pu-238 1.5978E-Ol 
Pu-239 6.9502E-Q4 
Pu-240 3.7424E-04 
Pu-241 1.7090E-Ql 
Pu-242 3.0911E-Q6 
Ra-226 3.4848E-ll 
Ra-228 9.6173E-15 
Ru-lOO 2.2789E-Q4 
Se-79 1.2339E-Q5 
Sn-126 1.0194E-05 
Sr-90 2.1476E+OO 
Tc-99 3.8056E-04 
Th-229 3.3026E-12 
Th-230 8.2503E-Q9 
Th-232 1.6586E-14 
11-208 4.8827E-08 
U-232 1.3821E-Q7 
U-233 3.0790E-Q9 
U-234 4.9915E-05 
U-235 -2.8661 E-Q6 
U-236 1.6701E-Q5 
U-238 -9.4194E-Q9 
Y-90 2.1482E+OO 
Other Radionuclides 

'lQ. TenmIa~ Se!edioo~rv.n 
TemDlate Selection Summary 

FromSFD 

Fuel Radionuclide Inventory Worksheet 
Estimated 

'Fuel decay start date: 1995 Canister usage: 
Estimates as of: 2010 18"xl0' 

ES Template: HFBR (Heavy Water. Alum., 40 to 1~o, U) 5.42 
87k9 "Template Bumup(MWd): 164.6 

Template BOL _vy Metal Mas. (MT): 0.OOO3n 
Template lJeeay Time' 15 years 

x" x. b y" y. Gamma Sources 
Photon Total 

Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photonslsec 
Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventorles(Ci) Group (bounding) 

11,459.442 22,918.885 O.ODE+OO 2.47E-OO 4.94E-OO Avg.MeV 
11,459.442 22,918.885 O.ODE+OO 8.17E+Ol 1.63E+02 0.0150 2.740E+15 
11,459.442 22,918.885 O.ODE+OO 1.61E-02 3.21E-02 0.0250 5.664E+14 
11,459.442 22,918.885 O.ODE+OO 4.25E-Ol 8.51E-Ol 0.0375 5.074E+14 
11,459.442 22,918.885 O.ODE+OO 3.03E-04 6.07E-04 0.0575 5.316E+14 
11,459.442 22,918.885 O.ODE+OO 5.09E-27 1.02E-26 0.0850 3.245E+14 
11,459.442 22,918.885 O.ODE+OO 7.38E-02 l.48E-Ol 0.1250 2.357E+14 
11,459.442 22,918.885 O.ODE+OO 6.48E+Ol 1.29E+02 0.2250 2.776E+14 
11,459.442 22,918.885 O.ODE+OO 1.08E+OO 2.15E+OO 0.3750 1.205E+14 
11,459.442 22,918.885 O.ODE+OO 6.54E+02 1.31E+03 0.5750 2.020E+15 
11,459.442 22,918.885 O.ODE+OO 4.88E-02 9.76E-Q2 0.8500 9.317E+13 
11,459.442 22,918.885 O.ODE+OO 2.62E+04 5.24E+04 1.2500 4.404E+13 
11,459.442 22,918.885 O.ODE+OO 8.90E+02 1.78E+03 1.7500 1.536E+12 
11,459.442 22,918.885 O.ODE+OO 3.29E+02 6.59E+02 2.2500 1.340E+09 
11 ,459.442 22,918.885 O.ODE+OO 5.89E+Ol 1.18E+02 2.7500 8.389E+07 
11,459.442 22,918.885 O.ODE+OO 7.02E+Ol 1.40E+02 3.5000 7.371E+06 
11,459.442 22,918.885 O.ODE+OO 7.61E-03 1.52E-Q2 5.ססOO 8.266E+05 
11,459.442 22,918.885 O.ODE+OO 1.71E+03 3.42E+03 7.ססOO 9.495E+04 
11,459.442 22,918.885 O.ODE+OO 3.61E-Ol 7.23E-Ol 11.ססOO 1.088E+04 
11,459.442 22,918.885 O.ODE+OO 9.02E-OO 1.80E-Q5 
11,459.442 22,918.885 O.ODE+OO 7.09E-08 1.42E-07 
11,459.442 22,918.885 O.ODE+OO 1.05E+03 2.09E+03 
11,459.442 22,918.885 O.ODE+OO 1.83E+03 3.66E+03 
11 ,459.442 22,918.885 O.ODE+OO 7.96E+OO 1.59E+Ol 
11,459.442 22,918.885 O.ODE+OO 4.29E+OO 8.58E+OO 
11,459.442 22,918.885 O.ODE+OO 1.96E+03 3.92E+03 
11,459.442 22,918.885 O.ODE+OO 3.54E-02 7.08E-Q2 
11,459.442 22,918.885 O.ODE+OO 3.99E-07 7.99E-07 
11,459.442 22,918.885 O.ODE+OO 1.10E-l0 2.20E-l0 
11,459.442 22,918.885 O.ODE+OO 2.61E+OO 5.22E+OO 
11,459.442 22,918.885 O.ODE+OO 1.41E-Ol 2.83E-Ol 
11,459.442 22,918.885 O.OOE+OO 1.17E-Ol 2.34E-Ol 
11,459.442 22,918.885 O.ODE+OO 2.46E+04 4.92E+04 
11,459.442 22,918.885 O.ODE+OO 4.36E+OO 8.72E+OO 
11,459.442 22,918.885 O.OOE+OO 3.78E-08 7.57E-08 
11,459.442 22,918.885 O.ODE+OO 9.45E-Q5 1.89E-Q4 
11,459.442 22,918.885 O.ODE+OO 1.90E-l0 3.80E-l0 
11,459.442 22,918.885 O.ODE+OO 5.GOE-04 1.12E-03 
11,459.442 22,918.885 O.ODE+OO I.58E-Q3 3.17E-Q3 Thermal Power 
11,459.442 22,918.885 O.ODE+OO 3.53E-Q5 7.OOE-Q5 Nominal Heat Bounding 
11,459.442 22,918.885 O.OOE+OO 5.72E-Ol 1.14E+OO Output HeatOulPut 
11,459.442 0.000 6.79E-02 3.50E-02 6.79E-Q2 /Watts) /Watts) 
11,459.442 22,918.885 O.ODE+OO 1.91E-Ql 3.83E-Ql 3.76E+02 7.51E+02 
11,459.442 0.000 2.66E-03 2.55E-Q3 2.66E-Q3 Total Total 
11,459.442 22,918.885 O.ODE+OO 2.46E+04 4.92E+04 

2.51E+04 5.02E+04 
.ndCbedls 

lhled Basis lor Parameter Differences: 
Reactor Moderator: HEAVVWATEA HEAVYWATEA 

Fuel Claclding: ALUM ALUM 
BOL HM Constituents: U-AU< U 

BOL enrichment -Ie: 79.89992512 40 to 100 

Bumup Summary (MWd) Basis for burnup used in estimate: 
FromSFD Estimated 

Nominal: I I 11,459.442 Nominal bumup calculated from the hea"')' metal mass destroyed. 
Bounding: 22,918.885 Bounding bumup assumed to be twice nominal bumup. 

Checks 

Estimated Bumupf 
BumuD MultiDlier Given Bumup Estimated EOL HMlGiven EOL HM
 

Nomlnal:1 0.67 I 1.011
 
Bounding: 1.34 , 

Reactor shutdown, core removal, storage, shipping or other date conflnnlng that irradiation ceased for fuel.
 

2Totar bumup for all fuel associated with this worksheet must be divided by BOl heavy metal mass to get specific bumup values (MWd'MT). 
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Fuel Radionuclide Inventory Worksheet 
1. Fuel and Template lIlfonnatioo Estimated 

Fuel Name: FRJ (GERMANY) Fuel decay start date: 1993 Canister usage:
 
SNF ID #: 1000 Estimates as of: 2010 18"x10'
 

Fuel Units & Deser: 10 - CONCENTRIC TUBES Template: HFBR (Heavy Water. Alum., 40 to 1~o. U) 0.28 
Heavy Metal Mess: B01.=3.78kg ; EOl=3.34kg 'Templete Bumup(MWd): 164.6 
ROD Stor_ SIts: SRS Template BOl Heavy Metal Mess (MT): 0.000377 

Template Decay Time' 15 years 
n. Estimates m x" x. b Yn Y. Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuelide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 2.1567E-l0 408.049 816.097 o.OOE:.-+OO.?O-__----c":8.SOE-08 1.76E-07 AV9. MeV 
Am-241 7.1264E_Q3 408.049 816.097 O.OOE+OO 2.91E+OO-'c~'_ __~5"'."'8=:2E~+OO~'--__1f---'O"'.0'-;1,,5O'---~......-o9'-'.7,,56"'E"'+"-13". 
Am-242m ------'-.;-I.:..;4O~10"'E"_Q6~-----:;4O~8.:;:04~9~-----;;8.;;16"'.0~9~~7 ----O-.OOE+oo 5.72E-Q4 1.14E_Q3 0.0250 2.017E+13 
Am-243 3.7114E_Q5 408.049 816.097 -0~.0;;-;0::=E-"+OO?O------'1:;O.5:1E_Q2 3.03E_Q2 0.0375 1.807E+13 
C-14 2.6476E_Q8 408.049 816.097--- O.OOE+OO 1.08E-OS 2.16E-OS 0.0575 1.893E+13 
CI-36 4.4441E-31 408.049 816~097--o.-00~E'"'+OO-?O------:IC'.8:1E-28 3.63E-28 0.0850 1.I56E+13 
Cm-243 6.4399E_Q6 408.049 816.097 0.OO;=E+OO~:---;c2.",63~E:o--,;;0~3---~5",.2;;;6~E-Q~3-~U~-:::,0.;;:12cc5O.:c--~_-c8",.3;;-;93~E+,-::1-;o2 
Cm-244 5.6367E-03 408.049 816.09Y---O:-OOE+oo 2.30E+OO 4.SOE+OO 0.2250 9.884E+12 
-Co-so 9.3664E-OS 408.049 816.097 -MO"'E'-'+OO-?'o----c3?.83E_Q2 7.66E-02 0.3750 4.292E+12 
Cs-134 5.7047E-02 408.049 816.097 O.OOE+OO 2.33E+01 4.66E+Ol 0.5750 7.192E+13 
Cs-l35 4.2564E-08 408.049 816.097--- O.OOE+OO 1.74E-03 3.47E-03 0.8500 3.318E+t2 
Cs-137 2.2855E+OO 408.049 816.097 O.OOE+OO 9.33E+02 1.87E+03 1.2500 1.568E+12 
Eu-l54 7.7704E-02 408.049 816.097 O.OOE+OO 3.17E+Ol 6.34E+Ol 1.7500 5.469E+l0 
EU-155 2.8736E_Q2 408.049 816.097 O.OOE+OO l.17E+Ol 2.35E+Ol 2.2500 4.772E+07 
Fe-55 5.1379E-03 408.049 816.097 O.OOE+OO 2.10E+OO 4.19E+OO 2.7500 2.987E+06 
H-3 6.1239E_Q3 408.049 816.097 O.OOE+OO 2.50E+OO 5.00E+OO 3.5000 2.625E+05 
1-129 6.6403E_Q7 408.049 816.097 O.OOE+OO 2.71E-04 5.42E-Q4 5.0000 2.943E+04 
Kr-85 1.4927E_Ql 408.049 816.097'---------O:-OOE+OO 6.09E+Ol 1.22E+02 7.0000 3.381E+03 
Np-237 3.1525E-Q5 408.049 816.097 O.OOE+OO 1.29E_Q2 2.57E_Q2 11.0000 3.876E+02 
Pa-231 7.8676E-l0 408.049 816.097 O.OOE+OO 3.21E_Q7 6.42E_Q7 
Pb-21 0 6.1847E-12 408.049 816.097----0-.OO:~E-"+OO?O-----::2'=.5:;;2;=E--:;0~9----o5"'.0;;:5;=E_Q9~--j1 
Pm-147 9.1373E-02 408.049 816~97---0-.Q()E+OO 3.73E+Ol 7.46E+Ol 
Pu-238 1.5978E-Ol 408.049 816.097 O.OOE+OO 6.52E+Ol 1.30E+02 
Pu-239 6.9502E-Q4 408.049 816.097 O.OOE+OO 2.84E_Ql 5.67E-Ol 
Pu-24O 3.7424E-Q4 408.049 816:097 0.OOE"+OO~-----'1;=.5"'3'"'E"_Q"'1:----3;c.""OS"'E"_Q""I:---" 
Pu-241 1.7090E_Ql 408.049 816.097 O.OOE+OO 6.97E+Ol 1.39E+02 
Pu-242 3.0911 E_Q6 408.049 816.097 O.OOE+OO 1.26E-03 2.52E_Q3
Ra-226 3.4848E-ll 408.049 816.097 0.OOE.:.+OO?O-------,;I.::;.4:=2"'E--:;08:;;-----::2c-;.84~E-o_Q6:;;-----I1 
Ra-228 9.6173E-15 408.049 816.097 O.oOE+OO 3.92E-12 7.85E-12 
Ru-l06 22789E-Q4 408.049 816.097 ---0-.OOE:-:+OO?O----::9c-;.30~E:-;_Q;;;2:-----:1;c.86~E'-;_Q"'I=-----t1 
Se-79 12339E-Q5 408.049 816.097 O.OOE+OO fr.03E-03 1.0IE_Q2 
5n-126 1.0194E-Q5 408.049 816.097 O.OOE+OO 4.16E-03 8.32E-03 
Sr-90 2.1476E+OO 408.049 816.097 O.OOE+OO 8.76E+02 1.75E+03 
Tc-99 3.8056E-Q4 408.049 816.097 O.OOE+OO 1.55E_Ql 3.11E_Ql
Th-229 3.3026E-12 408.049 816.097------O'OO:cE:+OO'=---1.:.:."'35"'E"_Q9~---"'2.'=70~E=-_Q9~--11 
Th-230 8.2503E_Q9 408.049 816.097 O.OOE+OO 3.37E_Q6 6.73E_Q6 
Ttl-232 1.8586E-14 408.049 816.097 0.OO~:E~+OO""'---6"'.~77~E,,-~12'---_=1."'35~E=_-~II;,____I, 
T~208 4.8827E-08 408.049 816.097 O.OOE+OO l.99E-Q5 3.98E-Q5 
U-232 1.3821E_Q7 408.049 816.097 O.OOE+OO 5.64E-OS 1.13E-Q4 Thermal Power 
U-233 3.0790E_Q9 408.049 816.097 0.OOE~+OO'7.:,--_-.,:Ic:.2=,6~E,-,-06?O-_-_-,;2c:.5=I==E:-:-06?O---1INominaJHeat Boundin9 
U-234 4.9915E-Q5 408.049 816.097 O.OOE+OO 2.04E_Q2 4.07E_Q2 Output Heat Output 
U-235 -2.8661 E_Q6 408.049 0.000 3.67E-03 2.50E-03 3.67E-03 (Walts) (Wattsi 
U-236 1.6701E-Q5 408.049 816.097 O.OOE+OO 6.81E-03 1.36E_Q2 1.34E+Ol 2.67E+Ol 
U-238 -9.4194E_Q9 408.049 0.000 7.00E-Q4 6.97E-Q4 7.00E-Q4 Total Total 
Y-90 2.1482E+OO 408.049 816.097 O.OOE+OO 8.77E+02 1.75E+03 
Other Radionuelides 8.93E+02 1.79E+03 

Template Selection Summary 
FromSFD Used Basis for Parameter Differences: 

Reactor Moderator: HEAVY WATER HEAVY WATER 
Fuel Ctaddlr.9:1--~-;A;-;LU:;:M:-:'-''--'---j--=:-;A7L;-;UM;-;-'-=---1 

BO;:lM=~=:I-----;44-;-.;c.~~A",LJ(~1;;-3--t---'"'40='t~:'cl;-;OO:;;----1 

Bumup Summary (MWd) Basis for bumup used in estimate: 
FromSFD Estimated

Nominel:I- --+ ---'408=:".04=9::tNomlnal bumup calculated lromthe heavy metal mass destroyed. 
Bounding:1 I 816.097 Bounding bumup assumed to be ~'Iice nominal oomup. 

Checks 
Estimated Bumupl 

Bumul> Multiplier Given Bumup Estirna1e<l EOl HMlGi.... EOL HM
 
Nomlnel: 0.25
 I 1.001 

Bounding:1 0.49 ,
Reactor shutdown, core removal. storage. shipping or other date confirmmg that Irradiation ceased for fuel. 

2Talai bumup for all fuel associated with this worf(sheet must be divided by SOL heavy metal mass to get specific bumup values (MWdIMT). 
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Fuel Radionuclide Inventory Worksheet 
J. Fuel and TeIIl{lIllf,e Wormation Estimated 

Fuel Name: FRJ TUBES (GERMANY) 1Fuel decay start date: 1998 Canister usage: 
SNFID#: 999 Estimates as of: 2010 18"xl0' 

Fuel Units & Deser: 3 - CONCENTRIC TUBES Template: HFBR (Heavy Water. Alum.. 10 to 20%, U) 0.13 
_vy -.1 Mass: BOl.=3.04k9 ; EOl.=3.01k9 'Template Bumup(MWd): 15 
ROD Storage Site: SRS Template BOl _vy -.1 Mass (MT): 0.00034251 

Template Decay Time' 10 years 
D.Estimateti m x" x, b y" y, Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Burnup (MWd)' Burnup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ae-227 3.5433E-l0 28.229 56.458 O.OOE-tOO 1.00E-Q8 2.00E-08 Avg. MeV 
Am-241 1.6993E-Q2 28.229 56.458 O.OOE-tOO 4.80E-Ol 9.59E-Ol 0.0150 7.361E+12 
Am-242m 9.3333E-06 28229 56.458 O.OOE-tOO 2.63E-Q4 5.27E-04 0.0250 1.548E+12 
Am-243 6.4067E-06 28.229 56.458 O.OOE-tOO 1.81E-Q4 3.62E-04 0.0375 1.357E+12 
C-14 2.9653E-Q8 28.229 56.458 O.OOE-tOO 8.37E-07 1.67E-06 0.0575 1.436E+12 
CI-36 5.9513E-35 28.229 56.458 O.OOE+OO l.68E-33 3.36E-33 0.0850 8.652E+l1 
Cm-243 2.8167E-06 28.229 56.458 O.OOE-tOO 7.95E-05 1.59E-04 0.1250 6.000E+l1 
Cm-244 1.6140E-04 28.229 56.458 O.OOE-tOO 4.56E-03 9.11E-03 0.2250 7.429E+11 
CcH>O 6.OB93E-05 28.229 56.456 O.OOE-tOO 1.72E-03 3.44E-03 0.3750 3.330E+l1 
Cs-l34 6.t567E-02 28.229 56.458 O.OOE-tOO 1.74E-tOO 3.48E-tOO 0.5750 5.550E+12 
Cs-135 4.8807E-06 28.229 56.458 O.OOE-tOO 1.37E-04 2.74E-04 0.8500 2.117E+l1 
Cs-137 2.5487E-tOO 28.229 56.456 O.OOE-tOO 7.19E+Ol 1.44E+02 1.2500 7.682E+l0 
EU-l54 4.6780E-02 28.229 56.458 O.OOE-tOO 1.32E-tOO 2.64E-tOO 1.7500 2.967E+09 
Eu-155 1.6533E-02 28.229 56.458 O.OOE-tOO 4.67E-Ol 9.33E-Ol 2.2500 1.794E+08 
Fe-55 2.0373E-02 28.229 56.458 O.OOE-tOO 5.75E-Ol 1.15E-tOO 2.7500 3.843E+06 
H-3 8.1800E-03 28229 56.458 O.OOE+OO 2.31E-Ol 4.62E-Ql 3.5000 4.826E+05 
1-129 7.1800E-07 28.229 56.458 O.OOE-tOO 2.02E-Q5 4.04E-OS 5.0000 1.371E+02 
Kr-85 1.9547E-Ol 28.229 56.458 O.OOE-tOO 5.52E-tOO 1.10E+Ol 7.0000 1.559E+Ol 
Np-237 3.6573E-06 28.229 56.458 O.OOE-tOO 1.03E-04 2.06E-Q4 11.0000 1.778E+OO 
Pa-231 1.6420E-09 28.229 56.458 O.OOE-tOO 4.64E-Q8 9.27E-OB 
Pb-21 0 7.4800E-15 28.229 56.458 O.OOE-tOO 2.11E-13 4.21E-13 
Pm-147 6.5033E-Ql 28.229 56.458 O.OOE-tOO l.84E+Ol 3.67E+Ol 
PU-238 5.9807E-03 28.229 56.458 O.OOE-tOO 1.69E-Ol 3.38E-Ql 
Pu-239 1.0320E-02 28.229 56.458 O.OOE-tOO 2.91E-Ql 5.83E-Ol 
Pu-240 5.4233E-Q3 28.229 56.458 O.OOE-tOO 1.53E-Ol 3.06E-Ql 
Pu-241 6.0807E-Ql 28.229 56.458 O.OOE-tOO 1.72E+Ol 3.43E+Ol 
Pu-242 3.0713E-06 28.229 56.458 O.OOE-tOO 8.67E-OS 1.73E-04 
Ra-226 6.1580E-14 28.229 56.458 O.OOE-tOO 1.74E-12 3.48E-12 
Ra-228 4.9953E-15 28.229 56.458 O.OOE-tOO 1.41E-13 2.82E-13 
Ru-l06 8.2133E-03 28.229 56.458 O.OOE-tOO 2.32E-Ol 4.64E-Ql 
5e-79 1.2540E-OS 28.229 56.458 O.OOE-tOO 3.54E-Q4 7.OBE-04 
5n-126 1.1393E-OS 28.229 56.458 O.OOE-tOO 3.22E-04 6.43E-Q4 
5r-90 2.3340E+OO 28.229 56.458 O.OOE-tOO 6.59E+Ol 1.32E+02 
Te-99 4.3540E-04 28.229 56.458 O.OOE-tOO 1.23E-02 2.48E-02 
Th-229 2.4973E-13 28.229 56.458 O.OOE-tOO 7.OSE-12 1.41E-ll 
Th-230 2.4613E-ll 28.229 56.458 O.OOE-tOO 6.95E-l0 1.39E-Q9 
Th-232 9.9467E-15 28.229 56.458 O.OOE-tOO 2.81E-13 5.62E-13 
T1-2OB 7.7667E-09 28.229 56.458 O.OOE-tOO 2.19E-Q7 4.38E-07 
U-232 2.1927E-Q8 28.229 56.458 O.OOE-tOO 6.19E-07 1.24E-06 Thermal Power 
U-233 2.7687E-l0 28.229 56.458 O.OOE-tOO 7.87E-09 1.57E-Q8 Nominal Heat Bounding 
U-234 3.0807E-Q7 28.229 56.458 O.OOE-tOO 8.70E-06 1.74E-OS OutpUt Heat OutPUt 
U-235 -2.5341E-06 28.229 0.000 l.30E-03 122E-Q3 1.30E-03 (Watts) (Watts) 
U-236 l.3000E-OS 28.229 56.458 O.OOE-tOO 3.67E-Q4 7.34E-Q4 8_76E-Ot 1.75E+OO 
U-238 -1.4207E-OB 28.229 0.000 8.20E-04 8.19E-Q4 8.20E-04 Total Total 
Y-90 2.3347E-tOO 28.229 56.458 O.OOE-tOO 6.59E+Ol 1.32E+02 
Other Radionuelides 6.96E+Ol 1.39E+02 
))). T~te SeIeetioo 8lmlmarv, B~ and~ 
Template Selection Summary 

FrcmSFD Used Basis for Parameter Differences: 
R_Moderator: HEAVY WATER HEAVY WATER 

Fuel Cladding: ALUM ALUM 
BOl HM Constituents: U3S12 U 

BOL Enrichment 0/..: 19.72968438 10to20 

Bumup Summary (MWd) Basis for bumup used in estimate: 
FromSFD I Estimated 

Nomlnal:1 0.2491 28.229 Nominal bumup calculated from the heavy metal mass destroyed. 
Bounding: 56.458 Bounding bumup assumed to be twice nominal bumup. 

Checks 

Estimated Bumupl
BumuD Multiplier Given Bumup Estimated EOl HMlGlven EOl HM 

Nomlnal:1 0.21 113.31 I 1.001 
Bounding: 0.42 ,

Reactor shutdo'Wl'l, core removal, storage, shipping or other date confirming that Irradiation ceased for fuel.
 

2Total bumup for all fuel associated with this worksheet must be dvided by BOl heavy metal mass to get specific bumup values (MWdlMT).
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Template Information Estimated 

Fuel Name: FilM (GERMANY) 'Fuel decay start date: 1995 Canister usage: 
SNFID#: 806 Estimates as of: 2010 18"xl0' 

Fuel Units & Oeser: 31 . MTR TYPE Template: ATR (Ught Water, Alum., 60 to 1()()<}o, U) 1.29
 
Heavy Metal Mas.: BOl---6AOk9 ; EOL=3.17k9 'Template Bumup(MWdl: 367.2
 
ROD Storage Site: SRS Template BOL Heavy Metal Mas. (MIl: 0.00116689
 

Template Decay Time' 15 years 
n. Estimates m b Y. Yb Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial ActiVity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
_Ac-227 4.5861E-10 3.053.191 6.056.473 O.OOE+OO 1.40E-06 2.78E·06 Avg. MeV 
Am-241 1.7832E_o3 3.053.191 6P56.473 '--(J.OOE+oo---~5.44"E"+OO"""---·1--;.OS;;;E"+O~1---I~~';;O;'O.0:;1;:;5O~======~7.~22~5~E==+::"::14 

.cA."'m"--2"04"'2"'m-'--- -=4"'.34::::~1=OE:=_-o_"':_7-------'3"'.05~3::-:.1-"9'-1---~6,056.473 O.OOE+OO 1.33E-03 2.83E-03 0.0250 1.507E+14 
~A~m~-~243=_------_;;1.c:.4;:;90"'7;;:E:o:-~06'E___---~3~.05~3,_o.1~9~1----=6~."'05;c6~.4o:7;;3;_.---0~.OOE+OO 4.55E_o3 9.03E-03 0.0375 1.316E+14 
C-14 5.7162E_o9 3,053.191 6,056.47=3. ..::0;.::.OO~E"+OO== -71.",7",5E:=--05~ -c30'.46=.E".0,,_5:;_-If---___::0.:::05=7,,5--.--1:.:..403=''-E+:.:.1C'-4 
CI-36 1.3124E-32 3.053.191 6.056.473 O.OOE+OO 4.01E-29 7.95E·29 0.0850 8.498E+13 
-oC"m:.:.--=2_7437---------""""1:;:.8568:;:.:::c"'E:=--o~7----_=3",05:?03:.;.1=97_1----6;c,~056:-'-.4;=7;;;3--~0".OO~~-"E='+OO'=--~__:5 ..6:c::7_:=E'"'-04c;__---;;1._71=2E:=_-_=0-:'3---I~-'"'0_'_;.1=2=:5Oo-_- _ ___::75·.:::382261EE++1133 
-':C"'m'-'-2::=44rT..... ~ __._-"3."'5"_51~2~E'-'-05:"'__---___"3"'.0"_53"'.'-19"_'1'--------"6,":'05"'6:c.4~=7:~3,----7'0.OOE+OO 1.OSE-01 2.15E·01 0.2250 
Co-GO 1.0261E_05 3.053.191 6,056.473 O.OOE+OO 3.13E_o2 6.21E_o2 0.3750 3.207E+13 
Cs-134 1.6931E-02 3,053.191 6,056.473 O.OOE+OO 5.17E+01 1.03E+02 0.5750 5.206E+14 
Cs-135 3.4477E-06 3,053.191 6,056.473 O.OOE+OO 1.05E-02 2.09E·02 0.8500 1.237E+13 
CS-137 2.2800E+OO 3,053.191 6,056.473 O.OOE+OO 6.96E+03 1.38E+04 1.2500 6.247E+12 
~E"Uc.-1'-'54~-_-------_"3":.86"""56~E:=_-_"0'C2----_"3",05""'3'-'.1~9'-1-___=6"",:,056.473 O.OOE+OO 1.12E+02 2.22E+02 1.7500 2.618E+11 
Eu-155 9.6841E·03 3.053.191 6.056.473 O.OOE+OO 2.96E+01 5.87E+01 2.2500 3.275E+08 
Fe·55 4.6977E-04 3,053,191 6.056.473 O.OOE+OO 1.43E+OO 2.85E+OO 2.7500 1.968E+07 
7H~-3~--------~6.,o,048~5~E~-o~3:_---~3,~O;c53~.1,;.;9~1----=6~,~056,473 O.OOE+OO 1,85E+01 3.86E+01 3.5000 1.251E+06 
-:-1-,1:2~9=_--------77._"5300=:;:E'"'-o~7----"_3.":'0"'53"'."'19'"'1----6",,=056.473 O.OOE+OO 2.30E-03 4.56E-03 5.ססOO 2.892E+03 
Kr-85 1.4989E_o1 3,053.191 6,056.473 O.OOE+OO 4.58E+02 9.OSE+02 7.ססOO 3.204E+02 
Np-237 9.5534E-06 3.053.191 6,056.473 O.OOE+OO 2.92E-02 5.79E_o2 11.ססOO 3.597E+01 
Pa-231 1.6550E-09 3,053.191 6,056.4:=.7-"3_____"0'=.OO":':=-E+OO~'-----~5."'05~E:=_-':'06~--_71.":'00"'E,,-o"'5:;_____j1 
-:-P~b-C'2=.-:17.0:_----_._~2:;:.683~1;;E'"'-1"'1:____---_=3",05"'3"_._719;:,1:____--___::6,056.47;;;3-----;;0.:;.OO=:=-E+OO~:____--;=:8.':'-13"'E".~OS=_--___,_'1."'6"'1E,,-o~7;;______i1 
Pm-147 1.8156E-01 3,053.191 6.0i;6:-473= =0.:::00"'E:=_+OO'=------'5~.54~E::.+O=2o.....--__,1;.:_.1"'0:;:E:.:.+O"_3O""'_11 
Pu-238 1.8990E_o2 3,053.191 6,056.473 O.OOE+OO 5.80E+01 1.15E+02 
Pu-239 4.2836E-04 3.053.191 6.056.4"'7.3=_--"_0.::;00"'EO'+OO'=-----,1O'.3::-:1c::E"'+OO;:::-.------:2;c.5"'9"'E::.+OO=-------j1 
Pu-240 2.4379E-04 3,053.191 6.056.47",3__--;;0"'.00~E+OO~:_--;.:7.~44~E,,-_';;01;;---__,1;,:-.48~E,,+OO~---j1 

-:-P,::.U'"'-2'"'4:o-1 """"4."'2:o.51"'1;::E'"'-o==2:____---=3,s:05~3"'."'19'"'1:----- __6~,056.473 O.OOE+OO 1.30E+02 2.57E+02 
Pu-242 3.8329E_o7 3.053.191 6,056.473 O.OOE+OO 1.11E-03 2.20E-03 
Ra·226 1.4725E-10 3,053.191 6,056.4=.7~3=_-_;0;:;,OOE+OO 4.50E-07 8.92E_o7 
-=R~a'-'-22~8-------8::::.-"97"'60~E'-'-1"'5'------"'3,":'053~.1"'9'"'1---...:6"',056=c-.4:-=7==3 __~0.OOE+OO 2.74E-11 5.44E-11 
~R~uC'-1"'06"'-------.----'-'1._"97~5":2"=E,,-04~------"'3,"'05"'3:;--.1'-'9'-'1----=6 ",.",05",6",.4:=.7,'lc3 __~O.OOE+OO 6.0~;3,",E,",_o;;;1;--__--:1;-.2;;;0",E:C+OO~------j 
59079 1.2933E_05 3,053.191 6.056.473 O.ooE+oo 3.95E_o2 7.83E_o2 
5n-126 1.1574E_o5 3.053.191 6,056.473 O.OOE+OO 3.53E-Q2 7,01E_o2 
5r-90 2. 1680E+OO 3.053.191 6.056.473 O.ooE+OO 6.62E+03 1.31E+04 
Tc-99 4.2239E-04 3.053.191 6.056.473 O.ooE+OO 1.29E+OO 2.56E+OO 
Th-229 3.9270E·12 3.053.191 6,056.473 O.OOE+OO 1.20E-oB 2.36E-oB 
Th-230 3.3578E-oB 3.053.191 6,056,473 O,OOE+OO 1.03E-04 2.03E-04 
Th-232 1.5452E-14 3.053.191 6,056.473 O.OOE+OO 4.72E-11 9.36E·11 
TI-2OS 4.6705E-oB 3.053.191 6,056.473 O.OOE+OO 1.43E-04 2.83E-04 
-:-U;..-2"'3==2:----------""""1.'=304=53E~-o~7o-----_=3".0_=53"'.719~1'------=-6,_=056~.4;~7~3:--____='0.ooE+OO 3.98E-04 7.90E-Q4 Thermal Power 
~U"---=233= ___=2:::.3::7_"3"_9E:=_-09-""--_-_"3"'.05~3::-:.1-"9'-1---_6'".":'05''_6==.-407'''3:;_--':'0-=.00":':=-E+OO~c---_--'7~.2'''5,,E,,-06~-___:1_'_;.44=E--'-05?.c-~Nominal Heat Bounding 
U-234 1.8423E-04 3.053.191 6.056.473 O.ooE+OO 5.62E_o1 1.12E+OO Output Heat Output 
U-235 -2.7235E-06 3.053,191 0.000 1.26E-02 4.28E-03 1.26E_o2 /WallS) /Watts) 
U-236 1.5493E·05 3.053.191 6.056.473 O.ooE+OO 4.73E_o2 9.38E_o2 8.26E+01 1.64E+02 
U-238 -4.2851E_o9 3,053.191 0.000 1.91E-04 1.78E-04 1.91E-04 Total Total 
Y-90 2.1686E+OO 3,053.191 6.056.473 O.OOE+OO 6 ..~627.EO'+03""' :i'1.-=31",E=,+04",-="__1I 
Other Radionuclides 6.64E+03 1.32E+04 

Template selection Summary 
From SFD Used Basis for Parameter Differences: 

Reactor Moderator: UGHTWATER UGHTWATER 
Fuel CIaclding:I----="'ALc:U-;;M7-""----+--=c.;ACcL-:-;U-:-;M;='--------\ 

BOL HM COns1l1uents:~_:_U-=A"'LX"----+----U"--------I 
BOLEnrichment%: 91.10863593 60 to 100 

Bumup Summary (MWd)' Basis for bumup used in estimate:
 
FromSFD Estimated
 

N<>minal:I~----_--+-I-__----'3"'.0"'5::3::-:.1.::9-'l1.NomlnaJ bumup ~Clllated from the heavy metal mass destroyed.
 
Bounding:1 I 6,056.473 BoUnding bumup calculated assumhg all SOL hea\oY metal burned.
 

Checks 
Estimated Bumupl 

Bumup Multiplier Given Bumup Estimated EOL HMiGiven EOL HM
 
Nominal: 1.52
 I 1.061 

Bounding: 3.01 
1Reactor shutdown. core removal. storage, shipping or other date conflRnlng that IrradiatIOn ceased for fuel. 

,.otal bumup for all fue! associated with this worksheet must be divided by BOL heavy metal mass ~o get specific bumup values (MWdlMT). 

DOElSNF/REP_o78 December 2003 
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Fuel Radionuclide Inventory Worksheet 
I. FlId and TetJ\PIllte Wonnation Estimated 

Fuel Name: FRM (GERMANY) 1Fuel decay start date: 1995 Canister usage: 
SNFID#: 805 Estimates as of: 2010 18"xl0' 

Fuel Units & Oeser: 50 . MTR TYPE Template: ATR (Ught Water, AJum., 60 to 100%. U) 2.08 
_vy Metal Mass: BOL=28.18k9 ; EOl=23.47k9 'Template Bumup(MWd): 367.2 
ROO Storage Slta: SRS Template BOL _vy Metal Mas. (MT): 0.00116689 

Template Decay Time' 15 years 

n. Estimates m x" x. b y" Y. Gamma Sources 
Photon Total 

CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 
Radionuclide Template Fuel Burnup (MWd)' Bumup(MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 4.5861E-10 4,460.461 8,920.923 O.OOE+OO 2.05E-06 4.09E-06 Avg,MeV 
Am-241 1.7832E-03 4,460.461 8,920.923 O.OOE+OO 7.95E+OO 1.59E+01 0.0150 1.064E+15 
Am-242m 4.3410E-07 4,460.461 8,920.923 O.OOE+OO 1.94E-03 3.87E-03 0.0250 2.219E+14 
Am-243 1.4907E-06 4,460.461 8,920.923 O.OOE+OO 6.65E·03 1.33E-02 0.0375 1.938E+14 
C-14 5.7162E-09 4,460.461 8,920.923 O.OOE+OO 2.55E-OS 5.10E-05 0.0575 2.066E+14 
CI-36 1.3124E-32 4,460.461 8,920.923 O.OOE+OO 5.85E-29 1.17E-28 0.0850 1.252E+14 
Cm-243 1.8568E-07 4,460.461 8,920.923 O.OOE+OO 8.28E-04 1.68E-03 0.1250 8.581E+13 
Cm-244 3.5512E-05 4,460.461 8,920.923 O.OOE+OO 1.58E-01 3.17E-Ol 0.2250 1.078E+14 
CO-60 1.0261E-OS 4,460.461 8,920.923 O.OOE+OO 4.58E-02 9.15E-02 0.3750 4.724E+13 
Cs-l34 1.6931E-02 4,460.461 8,920.923 O.OOE+OO 7.55E+Ol 1.51E+02 0.5750 7.668E+14 
Cs-l35 3.4477E-Q6 4,460.461 8,920.923 O.OOE+OO 1.54E-Q2 3.08E-02 0.8500 1.821E+13 
Cs-137 2.2800E+OO 4,460.461 8,920.923 O.OOE+OO 1.02E+04 2.03E+04 1.2500 9.201E+12 
EU-l54 3.6856E-02 4,460.461 8,920.923 O.OOE+OO 1.64E+02 3.27E+02 1.7500 3.856E+11 
Eu-155 9.6841E-03 4,460.461 8,920.923 O.OOE+OO 4.32E+Ol 8.64E+Ol 2.2500 4.824E+08 
Fe-55 4.6977E-04 4,460.461 8,920.923 O.OOE+OO 2.10E+OO 4.19E+OO 2.7500 2.898E+07 
H-3 6.0485E-Q3 4,460.461 8,920.923 O.OOE+OO 2.70E+Ol 5.40E+Ol 3.5000 1.843E+06 
1-129 7.5300E-07 4,460.461 8,920.923 O.OOE+OO 3.36E-Q3 6.72E-03 5.0000 4.272E+03 
Kr-85 1.4989E-Ol 4,460.461 8,920.923 O.OOE+OO 6.69E+02 1.34E+03 7.0000 4.732E+02 
Np-237 9.5534E-OG 4,460.461 8,920.923 O.OOE+OO 4.26E-02 8.52E-02 11.0000 5.314E+01 
Pa-231 1.6550E-09 4,460.461 8,920.923 O.OOE+OO 7.38E-OG 1.48E-05 
Pb-210 2.6631E-ll 4,460.461 8,920.923 O.OOE+OO 1.19E-Q7 2.38E-07 
Pm-147 1.8156E-Ql 4,460.461 8,920.923 O.OOE+OO 8.10E+02 1.62E+03 
Pu-238 1.8990E-02 4,460.461 8,920.923 O.OOE+OO 8.47E+Ol 1.69E+02 
Pu-239 4.2838E-04 4,460.461 8,920.923 O.OOE+OO 1.91E+OO 3.82E+OO 
Pu-240 2.4379E-04 4,460.461 8,920.923 O.OOE+OO 1.09E+OO 2.17E+OO 
PU-241 4.2511E-Q2 4,460.461 8,920.923 O.OOE+OO 1.90E+02 3.79E+02 
Pu-242 3.6329E-Q7 4,460.461 8,920.923 O.OOE+OO 1.62E-03 3.24E-03 
Ra-226 1.4725E-l0 4,460.461 8,920.923 O.OOE+OO 6.57E-07 1.31E-OG 
Ra-228 8.9760E-15 4,460.461 8,920.923 O.OOE+OO 4.00E-ll 8.01E-11 
Ru-1OG 1.9752E-04 4,460.461 8,920.923 O.OOE+OO 8.81E-Ol 1.76E+OO 
5e-79 1.2933E-Q5 4.460.461 8,920.923 O.OOE+OO 5.77E-02 1.15E-Ql 
5n-126 1.1574E-OS 4,460.461 8,920.923 O.OOE+OO 5.16E-Q2 l,03E-Ol 
5r-90 2.1660E+OO 4,460.461 8,920.923 O.OOE+OO 9.67E+03 1.93E+04 
Tc-99 4.2239E-04 4,460.461 8,920.923 O.OOE+OO 1.88E+OO 3.77E+OO 
Th-229 3.9270E-12 4,460.461 8,920.923 O.OOE+OO 1.75E-oB 3.50E-oB 
Th-230 3.3578E-oB 4,460.461 8,920.923 O.OOE+OO 1.50E-04 3.00E-04 
Th-232 1.5452E-14 4,460.461 8,920.923 O.OOE+OO 6.89E-ll 1.38E-l0 
TI-208 4.67OSE-08 4,460.461 8,920.923 O.OOE+OO 2.08E-04 4.17E-04 
U-232 1.3045E-07 4,460.461 8,920.923 O.OOE+OO 5.82E-04 1.16E-Q3 Thermal Power 
U-233 2.3739E-09 4,460.461 8,920.923 O.OOE+OO 1.OGE-OS 2.12E-Q5 Nominal Heat Bounding 
U-234 1.8423E-04 4,460.461 8,920.923 O.OOE+OO 8.22E-Ol l.64E+OO Output Hea10utput 
U-235 -2.7235E-OG 4,460.461 0.000 2.74E-02 1.52E-Q2 2.74E-02 /Wattsl /Watts! 
U-236 1.5493E-OS 4,460.461 8,920.923 O.OOE+OO 6.91E-02 1.38E-Ql 1,21E+02 2.41E+02 
U-238 -4.2851E-09 4,460.461 0.000 5.21E-03 5.19E-03 5.21E-Q3 Total Total 
Y-90 2.1686E+OO 4,460.461 8,920.923 O.OOE+OO 9.67E+03 1.93E+04 
Other Radionuclides 9.70E+03 1.94E+04 
ltI.temPlate~·Summarv.....--pSumma!'Yand <!lte<1b 
Template Selection Summary 

From SFD Used Basis for Parameter Differences:
 
Reactor_: LIGHT WATER UGHTWATER This Template was used foc the following reasons:
 

Fuel Cladding: ALUM ALUM This fuel matches ATR Tel!"!'lale on all but one parameter (enrichmenl) rnaJcjng ATR areasonablo
 
BOL HM Constituents: lJ-ALX U match. 

BOL Enrichment ".: 44.97952648 60 to 100 

Bumup Summary (MWd) Basis for bumup used in estimate:
 
From SFD I Estimated
 

Nominal:1 686.606\ 4,460.461
 Nominal bum up calclJated from the heavy metal mass destroyed. 
Bounding: 8,920.923 Bounding bumup assumed to be twice nominal bumup. 

Checks 

Estimated Bumupl
Bumup Multiplier Given Bumup Estimated EOL HMlGlven EOL HM 

Nomlnal:1 0.50 6.50 I 1.011 
Bounding: 1.01 ,

Reactor shutdown, core removal, storage, shipping or other dale conflmllng that Irradiation ceased for fuel. 

2Total bumup for all fuel associated with this worksheel must be divided by BOl heavy metal mass to gel specific bumup values (MWd'MT). 
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Template Wunaalion Estimated 

Fuel Name: FRR ASTRA (AUSTRIA) , Fuel decay start date: 2010 Canister usage: 
SNF 10 #: 738 Estimates as of: 2010 18"xl0' 

Fuel Units & Oeser: 14 - MTR TYPE Template: ATR (Ught Water, Alum., 60 to lomo. U) 0.58 
Heavy Metal Mass: BOl:5.6Okg ; EOl..--4.86kg 'Template Bumup(MWd): 367.2 
ROO Storage Site: SClS Template BOL Heavy Metal Ma•• (MT): 0.00116689 

Template Decay Time' 5 years 
n. Estimates m Xb b y" Yb Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventones(Ci) Inventories(Ci) Group (bounding) 
Ac-227 1.4545E-l0 702.686 1.405.377 o.ooEO'+OO-=----'C71·.o862EE:oo71 2.04E_{)7 ~A.~Y;"9:::.Me~V'--__=~7.:C-O-;-

~AC:m::--oo24_;;1'="_--_-_~1"'.1-;-''''90=;EO'-'''03:;___---__o7;;::0::::2~.686~---~1''-,4"0,,,5,:;:.377 0.OO~EO'+OO,=----;;,::c:-;:~,-------,;;1.,::57,=E~+OO:'-=-:'-------If--7o.015O 2.711E+14 
"'A"'m"--:o247.2::m"___ ,:4"'.54,,2::?5o:EO'-"'07=----____o7="0:o2."'686~-------'-',.,,,40~50','=c377::;.~~~~--=0"'.0;:oO=E-'-+OO~----.:3-;:,19E-D4 6.38E-04 0.0250 5.841E+13 
-;A"'m:;--;c243= -f=1::;.4"'92~1;;E==-;;:OB:c___-~-____o7;;;0~2.:o:686-.s;-----,;1-".4O~5::;:;.3.77 O.OOE+OO 1.05E_{)3 2.10E-03 0.0375 5.380E+13 
C-14 5.7244E-09 702.686 1.405.377 O.OOE+OO 4.02E_{)6 8.04E-OB 0.0575 5.300E+13 
-';C"_I--"36~~------__=l"'.3,,12=4"'EO'-~32=_-_-____o7="0:o2"'.686~--_--.:1"'.4O"":5",,.377. 0.00:'::E,,+OO~---""9.22E-30 1.84E-29 0.0850 3.379E+13 
-;;cC:m=c-;:243~--------~2.';:;36oo7~6~EO'-~07=----__o7;;::0::::2';:;.686~---~1"_.4O;;;;:5.:;.3,.::77~--__;0::.OO:::~EO'+OO'=_--~1..6BE-04 3.33E-04 0.1250 2.926E+13 
-';C"'m":-"'244-c-:-- "'5."'2c=04:::2;;:EO'-05~----_o7="0c=2."'686~--_-'1"'.4;;0::::5".377 0.OO~E~+OO~-_--'3".66:E-02 7.31E-02 0.2250 2.864E+13 
.,C"o---;60~--------__"'3.:o:82~08~EO'-{);;:5o-------____o7;;;0~2.:o:686-.s;--_--,;1-".4;oO:;::5::;:;.3T7--O:-00E+OO 2.68E-02 5.37E_{)2 0.3750 1.386E+13 
-;C"'S__:-1;-;34;;'-----------;;4."'86';-93~EO'-{)~1;;__--__o7;;::0c=2.~686~--_~1-'-.405;;;;:.:;.3,.::77;:.- O.OOE+OO 3.42E+02 6.84E+02 0.5750 1.904E+14 
Cs-135 3.4477E-OB 702.686 1,405.377 0.OO~E+OO_'_"''-------'2~.42E-03 4.85E_{)3 0.8500 2.666E+13 
Cs-137 2.8731E+OO 702.686 1.405.377 0.OOEO'+OO.~---~2.02E+03 4.04E+03 1.2500 4.961E+12 

-oE:=u'-:-1;.:54:-=- ~8.2053E-02 702.686 1.405.377 O.OOE+OO 5.77E+Ol 1.15E+02 1.7500 2.081E+11 
Eu-155 3.9134E-02 702.686 1.405.377 O.OOE+OO 275E+Ol 5.50E+Ol 2.2500 4.364E+11 
Fe-55 6.7429E-03 702.686 1.405.377 0.OooOE""+OO'-;::;;,----4"":·74E+OO 9.48E+OO 2.7500 2.510E+09 
7H:c~=- ~1".05~99~E~-~02':;----~7;;0:;;2.:;.686~_---:1".4O~5::;.3~77i;------:0~.;c00"'E;:+OO~'--_77.45E+OO 1.49E+Ol 3.5000 2.785E+08 
-;;1-::'12';;9:;:- .__.....;;:7.:o:5~300~E==-{)~7c-----_~7;;;0;c2.:o:686~-__-,;1.,:.4O~~5.377 O.OOE+OO 5.29E-04 1.OBE-03 5.ססOO 8.327E+02 
-:-K'C:r-.::85~c___-----_~2.~85:;,95~EO'-{)"'1=----____o7,0~~2."'686~----'1.!...4;;0'=5",.3.77 O.OOE+OO 2.01 E+02 4.02E+02 7.ססOO 9.284E+01 
-=N"'P--o:2~37'------_---9"'.-;;,54;;;7"'9"'E__;-{)6:_:::_-----c;7"'02"'.-;;,686;;;c----__:lc=_.405;;;;:,;;.377 O.OOE+OO 6.71E-03 1.34E_{)2 11.ססOO 1.046E+01 
-;P"'a:..;-2"'3~1-------=8.'=92=:9~7"'Ec,-1;.:0'-------_o7="0~2.'=686~----1:.!.,4",0:~5.",.377 O.OOE+OO 6.27E_{)7 1.25E_{)6 
"'P"'-b--=2""0:=- ;;-3."'7_;;60"'9"'E':--1""2<----,,7"'Ooo2."'686;;;;-------,1'".4O~5C;.3;~77~--_;;0';;.OO~E+OO'-;::;;c---~2.84E-{)9 5.29E_{)9
-;;PC'm-'-;;1"'4;;-7 ---;2"".54~5"'2E~+OO'=-----=70;;:2::.686~c------------cl.!...405:=-.~377 O.OOE+OO 1.79E+03 3.58E+03 
-;P"'U:..;-2"'38::-- ...-=:2.'=05"'5~0::::E:-'-{)"'2'-:.--.---_o7="02~.7686~----1'-'.4O~5.377 O.OOE+OO 1.44E+Ol 2.89E+Ol 
-;P;:'u:..;-2"'3;;-9 ;;-4.';'2838~"'E__;-04;_;_-----c;7;;::02=.=686;;;c------,1c=_.4O~5,:;:.377 O.OOE+OO 3.01 E_{)l 6.02E_{)1 
-;P"'u:..;-2;-:4O.:;:--- 2~.'=440~1~E:-'-04"=----____o7C'02::?-==686~-----'1'_':;.405.377 O.OOE+OO 1.71 E_{)l 3.43E_{)1 
"P;U=:..;-2;-;;4-;;1 600.=87;;;84~E__;-{)"'2,------_'=7"'02=.-;;,686;;;c----__o' .•'-;4O;;:5='.3:::77:""--__;0"'.OO~E'-:+OO~------::4;'_;.83~E+O-'-;;-;1-----;9;-:.66~E+O-'-;;-;1'-:.--.___I1 
Pu-242 3.8329E_{)7 702.686 1.405.377 O.OOE+OO 2.55E-04 5.11 E-D4 
Ra-226 3.8045E-ll 702.686 1.405.377 O.OOE+OO 2.67E-08 5.35E-{)8 
Ra-228 2.9902E-15 702.686 1.405.377 O.OOE+OO 2.10E-12 4.20E-12 
Ru-1OB 1.9055E_{)1 702.686 1.405.377 O.OOE+OO 1.34E+02 2.68E+02 
8..79 1.2936E-05 702.686 1.405.377 O.OOE+OO 9.09E-D3 1.82E-02 

-;:SC'n--=';::26=--- ----,~1."'15'=7"'4E~-05~------=7C'02='.686~'--------"1."'405~.377 O.OOE+OO 8.13E-03 1.83E-02 
Sr-90 2.7505E+OO 702.686 1.405.377 O.OOE+OO 1.93E+03 3.87E+03 
~T~C---;99:=--------4"'22~3"'9=E--'-D4:-=----___=7=02::?686~c------_---'1"-.405"":"'.377 O.OOE+OO 2.97E_{)1 5.94E_{)1
Th-229 1.8848E-12 702.686 1.405.377 O.OOE+OO 1.32E_{)9 2.65E-D9 
~Th,,--;:2:;;30;;----------___=:1._;;_704~2:;:E:-'-{)8c::___-----c;7=02:::'.686~c------------c'c=_.4O;;;;:5~.377 O.OOE+OO 1.20E-05 2.4OE_{)5
Th-2"-'3"'2'_:.__. ..;7-=:.8~1"'32;;:EO'-~15o----~7~0:=2"'.686~----"1.~4O5.377 O.OOE+OO 5.49E-12 1.10E-ll 

11-208 4.4063E-{)8 702.686 1.405.377 O.OOE+OO 3.10E-05 6.19E_{)5 
U-232 1.3151E_{)7 702.686 1.405.377 O.OOE+OO 9.24E-Q5 1.85E-D4 Thermal Power 
-cU"'-2=:33~------_ __='."'9584~"EO'-{)~9:_---__o7;;::0c=2."'686~-_--'1.!...405;;;;:.:;.3:=77~-_:-'0"_.OO=E='+OO'=_-_~1"'.3;::7-oE:..;-OB;c:_-_-~2.';;7"'5E~-{)6~----IINominal Heat Bounding
U-234 1.8371 E-04 702.686 1.405.377 O.OOE+OO 1.29E_{)1 2.58E_{)1 Output Heat Output 
U-235 -2.7235E_{)6 702.686 0.000 __~1.13E~-{);;:2;;---_;_9:;;.36;<iE~-~03;;-----;1;';.1"'3~E-{)~2-+_~IWatts~=-) 1Watts~~i_ 
U-236 1.5493E-Q5 702.686 1.405.377 O.OOE+OO 1.09E_{)2 2.18E-D2 3.56E+Ol 7.13E+01
 
U-238 -4.2851 E_{)9 702.686 0.000 1.29E-D4 1.26E-04 1.29E-D4 Total Total
 
Y-90 2.7505E+OO 702.686 1.405.377 O.OOE+OO 1.93E+03 3.87E+03
 
Other Radionuclides 3.61 E+03 7.23E+03 
W. Tt!JlIDIate Sek!etioo s-rv, 8unuJ andCbed<s 
Template Selection Summary
 

From SFO Used Basis for Parameter Differences:
 
Reactor Moderator:I--__.:U:::G=HT~W--'A--'T-"EA"----+--=UG=HT~Wc::A--'T:=E--'A----t 

BOL H::'=~:t-----,~:-cl=:~~~:,;----+- __,-,A'7l~:"M"____--1 
BOLEnrichment%: 93.15 6010100

Bumup Summary (MWd)' Basis for bumup used in estimate:
 
FromSFO Estimated
 

Nomin.I:1 I 702.689 Nominal bumup calculaled lrom th9 heavy metal mass destroyed.
 
Bounding:/ I 1.405.3n Bounding bumup assumsd to be twice nominal bumup.
 

Checks 
Estimated Bumupl 

Bumup NhlI1lp/1er Given Bumup Estimated EOL HMlGlven EOL HM
 
Nominal: 0.40
 I 1.011
 

Bounding: 0.80
 ,
Reactor shutdown, core removal. storage, shlppmg or other date confirming that Irradiation ceased for fuel. 

zrolal bumup for all fuel associated with this worksheet must be divided by BOL heavy metal mess to get specific bumup values (MWd'MT). 
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Template lnlormatiOll Estimated 

Fuel Name: FRR ASTRA (AUSTRIA) 1Fuel decay start date: 2010 Canister usage: 
SNFID#: 654 Estimates as of: 2010 18"xl0' 

Fuel Units & Oeser: 2 - MTR TYPE Template: ATA (Ughl Water, Alum., 60 to 100%. U) O.OB 
Heavy Metal Mass: BOl=.14k9 ; EOL=.12k9 'Template Bumup(MWd): 367.2 
ROD Storage Site: SRS Template BOL Heavy Metal Mass (MT): 0.00116689 

Template Decay Time" 5 years 
U. Estimates m x" x. b y" y. Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Bumup (MWd)' Burnup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ae-227 1.4545E-l0 lB.940 37.881 O.ooE-tOO 2.75E-09 5.51E-09 Avg. MeV 
Am-241 1.1190E-03 lB.940 37.881 O.ooE+oo 2.12E-02 4.24E-02 0.0150 7.308E+12 
Am-242m 4.5425E-07 18.940 37.881 O.OOE-tOO 8.60E-OO 1.72E-05 0.0250 1.574E+12 
Am-243 1.4921E-06 18.940 37.881 O.ooE-tOO 2.83E-05 5.65E-05 0.0375 1.453E+12 
C-14 5.7244E-09 18.940 37.881 O.OOE-tOO 1.OBE-07 2.17E-07 0.0575 1.429E+12 
CI-36 1.3124E-32 18.940 37.881 O.ooE-tOO 2.49E-31 4.97E-31 0.0850 9.107E+l1 
Cm-243 2.3676E-07 18.940 37.881 O.ooE-tOO 4.48E-OO 8.97E-06 0.1250 7.887E+l1 
Cm-244 5.2042E-05 18.940 37.881 O.ooE-tOO 9.86E-04 1.97E-03 0.2250 7.719E+11 
Co-60 3.82OBE-05 18.940 37.881 O.ooE-tOO 7.24E-04 1.45E-03 0.3750 3.736E+11 
Cs-l34 4.8693E-Ol 18.940 37.881 O.ooE-tOO 9.22E-tOO 1.84E+Ol 0.5750 5.132E+12 
Cs-135 3.4477E-06 18.940 37.881 O.ooE-tOO 6.53E-05 1.31E-04 0.8500 7.187E+11 
Cs-137 2.8731 E-tOO 18.940 37.881 O.ooE-tOO 5.44E+Ol 1.09E+02 1.2500 1.337E+l1 
Eu-l54 8.2053E-02 18.940 37.881 O.OOE-tOO 1.55E-tOO 3.11 E-tOO 1.7500 5.608E+09 
Eu-155 3.9134E-02 18.940 37.881 O.ooE-tOO 7.41E-Ol 1.48E-tOO 2.2500 1.176E+l0 
Fe-55 6.7429E-Q3 18.940 37.881 O.OOE-tOO 1.28E-Ol 2.55E-Ql 2.7500 6.767E+07 
H-3 1.0599E-02 18.940 37.881 O.ooE-tOO 2.01E-Ol 4.02E-Ol 3.5000 7.507E+06 
1-129 7.5300E-07 18.940 37.881 O.ooE-tOO 1.43E-05 2.85E-05 5.ססOO 2.244E+Ol 
Kr-SS 2.8595E-Ol 18.940 37.881 O.ooE-tOO 5.42E-tOO 1.OBE+01 7.ססOO 2.502E+OO 
Np-237 9.5479E-OO 18.940 37.881 O.OOE-tOO 1.81E-04 3.62E-04 11.ססOO 2.820E-Ol 
Pa-231 8.9297E-l0 18.940 37.881 O.ooE-tOO 1.69E-oB 3.38E-OB 
Pb-210 3.7609E-12 18.940 37.881 O.ooE-tOO 7.12E-ll 1.42E-l0 
Pm-147 2.5452E-tOO 18.940 37.881 O.OOE-tOO 4.82E+Ol 9.84E+Ol 
Pu-238 2.0550E-02 18.940 37.881 O.ooE-tOO 3.89E-Ql 7.78E-Ol 
Pu-239 4.2838E-04 18.940 37.881 O.ooE-tOO 8.11E-03 1.62E-02 
Pu-240 2.4401E-04 18.940 37.881 O.ooE-tOO 4.62E-03 9.24E-03 
Pu-241 6.8764E-02 18.940 37.881 O.ooE-tOO 1.30E+00 2.60E-tOO 
Pu-242 3.6329E-07 18.940 37.881 O.ooE-tOO 6.88E-06 1.38E-05 
Ra-226 3.8045E-l1 18.940 37.881 O.ooE-tOO 7.21E-l0 1.44E-09 
Ra-228 2.9902E-15 18.940 37.881 O_ooE-tOO 5.86E-14 1.13E-13 
Ru-lOO 1.9055E-Ql 18.940 37.881 O.OOE-tOO 3.61E-tOO 7.22E-tOO 
8e-79 1.2936E-05 18.940 37.881 O.ooE-tOO 2.45E-04 4.90E-04 
8n-126 1.1574E-Q5 18.940 37.881 O.ooE+OO 2.19E-04 4.38E-04 
8r-90 2.7505E+OO 18.940 37.881 O.ooE-tOO 5.21E+Ol 1.04E+02 
Tc-99 4.2239E-04 18.940 37.881 O.ooE-tOO 8.ooE-Q3 1.60E-02 
Th-229 1.8848E-12 18.940 37.881 O.ooE-tOO 3.57E-ll 7.14E-ll 
Th-230 1.7042E-oB 18.940 37.881 O.ooE-tOO 3.23E-07 6.48E-Q7 
Th-232 7.8132E-15 18.940 37.881 O.ooE-tOO 1.48E-13 2.96E-13 
TI-2OB 4.4063E-OB 18.940 37.881 O.ooE-tOO 8.35E-Q7 1.67E-06 
U-232 1.3151E-Q7 18.940 37.881 O.ooE-tOO 2.49E-OO 4.98E-06 Thermal Power 
U-233 1.9564E-09 18.940 37.881 O.ooE-tOO 3.71E-OB 7.41E-oB Nominal Heat Bounding 
U-234 1.8371E-04 18.940 37.881 O.ooE-tOO 3.48E-Q3 6.96E-Q3 Output Heat Output 
U-235 -2.7235E-06 18.940 0.000 2.82E-04 2_30E-04 2.82E-04 (Watts) (Watts) 
U-236 1.5493E-Q5 18.940 37.881 O.ooE-tOO 2.93E-04 5.87E-04 9.60E~1 1.92E+OO 
U-238 -4.2851E-09 18.940 0.000 3.22E-06 3.14E-06 3.22E-06 Total Total 
V-90 2.7505E-tOO 18.940 37.881 O.ooE-tOO 5.21E+Ol 1.04E+02 
Other Radionuelides 9.74E+Ol 1.95E+02 
W. TempIa~~s.....-ry,BllnlU .ndC~ 
Template Selection Summary 

FromSFD Used Basis for Parameter Differences: 
Reactor Moderator: UGHTWATEA UGHTWATER 

Fuel Cladding: ALUM ALUM 
BOL HM Constituents: U-AU< U 

SOL Enrichment %: 93.15 60 to 100 

Bumup Summary (MWd) Basis for bumup used in estimate: 
FromSFD Estimated

Nominal: 18.940 Nominal bumup calculated from the heavy metal mass destroyed. 
Boundlng:(I--------i1------c'37:::.=Ss·"t ~undingbumup assumed to be twice nominal bumup. 

Checks 

Estimated Bumupl 
Bumup Multlp/.... Given Bumup Estimated EOL HMiGiven EOL HM 

Nominal: 0.43 I 1.011 
Bounding:1 0.86 ,

Reaetor shutdovvn, core removal, storage. shipping or other date confmnlng that Irradiation ceased for fuel.
 

210lal bumup for all fuel associated with this worKsheet must be divided by BOl heavy metal mass to get specific bumup values (MWdlMT).
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Fuel Radionuclide Inventory Worksheet 
I. Fuel a.... T~le hlf_tion Estimated 

Fuel Narne: FRR ASTRA (AUSTRIA) 1FueI decay start date: 2010 Canister usage: 
SNFID#: 515 Estimates as of: 2010 18"x10' 

Fuel Units & Oeser: 49 • MTR TYPE Template: ATR (UghtWaler, Alum.. 6010 100%, U) 2.04 
Heavy Me1a1 M...: BO~78.4Ok9 ; EO~74.60k9 'Template Bumup(MWd): 367.2 
ROD Storage Site; SRS Template BOL _vy Me1a1 Ma.a (MT): 0.00116689 

Template Decay Time' 5 years 
n. Estimates m x" Xb b y" Yb Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Burnup (MWd)2 Bumup (MWd)2 (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 1.4545E-l0 3,596.306 7,192.612 O.ooE+OO 5.23E.Q7 1.05E-06 Avg. MeV 
Am-241 1.1190E.Q3 3,596.306 7,192.612 O.ooE+OO 4.02E+OO 8.05E+OO 0.0150 1.388E+15 
Am-242m 4.5425E-07 3,596.306 7,192.612 O.ooE+OO 1.63E-03 327E-03 0.0250 2.989E+14 
Am-243 1.4921E-06 3,596.306 7.192.612 O.ooE+OO 5.37E-03 1.07E.Q2 0.0375 2.759E+14 
C-14 5.7244E-09 3,596.306 7,192.612 O.ooE+OO 2.06E-05 4.12E-05 0.0575 2.713E+14 
CI-36 1.3124E-32 3,596.306 7,192.612 O.ooE+OO 4.72E-29 9.44E-29 0.0850 1.729E+14 
Cm-243 2.3676E-07 3,596.306 7,192.612 O.ooE+OO 8.51E-04 1.70E-03 0.1250 1.498E+14 
Cm-244 5.2042E-05 3,596.306 7,192.612 O.ooE+OO 1.87E-Ol 3.74E-Ol 0.2250 1.466E+14 
Co-6O 3.8208E-05 3,596.306 7,192.612 O.ooE+OO 1.37E-Ol 2.75E-Ol 0.3750 7.095E+13 
Cs-l34 4.8693E-Ol 3,596.306 7,192.612 O.ooE+OO 1.75E+03 3.50E+03 0.5750 9.745E+14 
Cs-135 3.4477E-06 3,596.306 7,192.612 O.ooE+OO 1.24E-02 2.48E-02 0.8500 1.365E+14 
Cs-137 2.8731E+OO 3,596.306 7,192.612 O.ooE+OO 1.03E+04 2.07E+04 1.2500 2.539E+13 
Eu-l54 8.2053E-02 3,596.306 7,192.612 O.ooE+OO 2.95E+02 5.90E+02 1.7500 1.065E+12 
Eu-155 3.9134E-02 3,596.306 7,192.612 O.ooE+OO 1.41E+02 2.81E+02 2.2500 2.233E+12 
Fe-55 6.7429E-03 3,596.306 7,192.612 O.ooE+OO 2.42E+Ol 4.85E+Ol 2.7500 1.285E+l0 
H-3 1.0599E-02 3,596.306 7,192.612 O.ooE+OO 3.81E+Ol 7.62E+Ol 3.5000 1.425E+09 
1-129 7.5300E.Q7 3,596.306 7,192.612 O.ooE+OO 2.71E-03 5.42E-03 5.ססOO 4.315E+03 
Kr-85 2.8595E-Ol 3,596.306 7,192.612 O.ooE+OO 1.03E+03 2.06E+03 7.ססOO 4.813E+02 
Np-237 9.5479E-06 3,596.306 7,192.612 O.ooE+OO 3.43E-02 6.87E-02 11.ססOO 5.426E+Ol 
Pa-231 8.9297E-l0 3,596.306 7,192.612 O.ooE+OO 3.21E-06 6.42E-06 
Pb-21 0 3.7609E-12 3,596.306 7,192.612 O.ooE+OO 1.35E.Q8 2.71E.Q8 
Pm-147 2.5452E+OO 3,596.306 7,192.612 O.ooE+OO 9.15E+03 1.83E+04 
Pu-238 2.0550E-02 3,596.306 7,192.612 O.ooE+OO 7.39E+Ol 1.48E+02 
Pu-239 4.2838E.Q4 3,596.306 7,192.612 O.ooE+OO 1.54E+OO 3.08E+OO 
Pu-240 2.4401E-04 3,596.306 7,192.612 O.ooE+OO 8.78E-Ol 1.76E+OO 
Pu-241 6.8764E-02 3,596.306 7,192.612 O.ooE+OO 2.47E+02 4.95E+02 
Pu-242 3.6329E.Q7 3,596.306 7,192.612 O.ooE+OO 1.31E.Q3 2.61E-03 
Ra-226 3.8045E-ll 3,596.306 7,192.612 O.ooE+OO 1.37E.Q7 2.74E-07 
Ra-228 2.9902E-15 3,596.306 7,192.612 O.ooE+OO 1.08E-ll 2.15E-ll 
Ru-l06 1.9055E.Ql 3,596.306 7,192.612 O.ooE+OO 6.85E+02 1.37E+03 
8e-79 1.2936E-05 3,596.306 7,192.612 O.ooE+OO 4.65E.Q2 9.30E.Q2 
8n-126 1.1574E.Q5 3,596.306 7,192.612 O.OOE+OO 4.16E-Q2 8.32E.Q2 
8r-90 2.7505E+OO 3,596.306 7,192.612 O.ooE+OO 9.89E+03 1.98E+04 
Tc-99 4.2239E.Q4 3,596.306 7,192.612 O.ooE+OO 1.52E+OO 3.04E+OO 
Th-229 1.8848E-12 3,596.306 7,192.612 O.ooE+OO 6.78E-09 l.36E-08 
Th-230 1.7042E-08 3,596.306 7,192.612 O.ooE+OO 6.13E-05 1.23E.Q4 
Th-232 7.8132E-15 3,596.306 7,192.612 O.ooE+OO 2.81E-ll 5.62E-ll 
TI-208 4.4063E.Q8 3,596.306 7,192.612 O.ooE+OO 1.58E.Q4 3.17E.Q4 
U-232 1.3151E.Q7 3,596.306 7,192.612 O.ooE+OO 4.73E-04 9.46E-04 Thermal Power 
U-233 1.9564E.Q9 3,596.306 7,192.612 O.ooE+OO 7.04E.Q8 1.41E-05 Nominal Heat Bounding 
U-234 1.8371E-04 3,596.306 7,192.612 O.ooE+OO 6.61E-Ol 1.32E+OO Output Heal Output 
U-235 -2.7235E-06 3,596.306 0.000 1.43E.Q2 4.50E.Q3 1.43E.Q2 /Wattsl /Watts! 
U-236 1.5493E-05 3,596.306 7,192.612 O.ooE+OO 5.57E.Q2 1.11E-Ol 1.82E+02 3_65E+02 
U-238 -4.2851 E.Q9 3,596.306 0.000 2.41E.Q2 2.41E-02 2.41E-02 Total Total 
Y-90 2.7505E+OO 3,596.306 7,192.612 O.ooE+OO 9.89E+03 l.98E+04 
Other Radionuclides l.85E+04 3.70E+04 
'ID. TellQ)lale $dedi<m ~0'.'8!Jl'QlJ ...... Cltecll5 
Template Selection Summary 

From SFD ~ Basis for Parameter Differences: 
Reactor Moderator: UGHTWATER LIGHT WATER This Template was used for the following reasons: 

Fuel Cladding: ALUM ALUM This tuet matches on all parameters except enrichment. 
BOL HM Conalltuents: U3S12 U 

BOL Enrichment -Yo: 8.4375 60 to 100 

Bumup Summary (MWd) Basis for bumup used in estimate: 
From SFD Estimated 

Nomlna.:1 3,596.306 Nominal bumup calculated from the heavy metal mass destroyed. 
Bounding:1 I 7.192.612 Bounding bumup assumed to be twice nominal bumup. 

Checks 

Estimated Bumupl
Bumup Multiplier Given Bumup Eatimated EOL HMlGlven EOL HM 

Nominal: 0.15 I 1.001 
Bounding: 0.29 ,

Reaetor shutdown, core removal, storage, shlppmg or other date conflnnmg that Irradiation ceased for fuel.
 

2Total bumup for all fuel associated with this worksheet must be divided by BOl heavy metal mass to get specific bumup values (MWdIMT).
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Fuel Radionuclide Inventory Worksheet 
1. Fuel and Template W .........twn Estimated 

Fuel Name: FRR FMRB (GERMANY) 1 Fuel decay start date: 1994 Canister usage: 
SNF ID #: 1066 Estimates as of: 2010 18"x10' 

Fuel Units & Oeser: 18 - MTR TYPE Template: ATR (Ught Water, Alum., 60 to 100C}o, U) 0.75
 
Heavy Me1a1 Mass: BO~2.57k9 : EO~2.28k9 'Template Bumup(MWd): 367.2
 
ROD Storage Site: SRS Template BOl Heavy Malal Mass (MT): 0.00116689
 

Template Decay Time' 15 years
 
D.Estimateli m x" x. b y, y. Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radianuelide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ae-227 4.586"'1"'E'c-l=:0: --::2=72::,.=74.;:2:c 5:4.;::5:~.48.;:: 3 O.OOE+OO 1.25E-07 2.50E_Q7 AV9 MaV
Am-241 ----U832E-03 272.742 545.483-- -O:OOE:.c+OO=---47.:"8"'6E~-~0-=-1----;9"'.""73:::E~_Q=1--jf-_"':':::0~.~::15O:----;;6-;:.5O:::7:;;E;-+""C13:-
Am-242m 4.3410E-07 272.742 545.483 O.OOE+OO 1.18E-04 2.37E-Q4 0.0250 1.357E+13 
Am-243 1.4907E-OB 272.742 545.483 O.OOE+OO 4.07E-Q4 8.13E-Q4 0.0375 1.185E+13 
C-14 5.7162E-09 272.742 545.483 O.OOE+OO 1.56E-OB 3.12E-OB 0.0575 1.264E+13 
CI-36 1.3124E-32 272.742 545.483 O.OOhOO 3.58E-30 7.16E-30 0.0850 7.654E+12 
Cm-243 1.8568E-07 272.742 545.483 O.OOE+OO 5.OBE-05 1.01E-04 0.1250 5.247E+12 
Cm-244 3.5512E-OS 272.742 545.483 O.oohOO 9.69E_Q3 1.94E-02 0.2250 6.594E+12 
Co-GO 1.0261E-Q5 272.742 545.483 O.OOE+OO 2.80E-Q3 5.GOE-Q3 0.3750 2.888E+12 
Cs-l34 1.6931E-02 272.742 545.483 O.ooE+OO 4.62E+OO 9.24E+OO 0.575O?O 4"'.-;:68;c9:;:Ec:+1::;c3 
Cs-l35 3.4477E_Q6 272.742 545.483 O.ooE+OO 9.40E-Q4 1.88E-03 0.8500 1.114E+12 
Cs-137 2.2800E+OO 272.742 545.483 O.OOE+OO 6.22E+02 1.24E+03 1.2500 5.626E+l1 
Eu-l54 3.6856E-02 272.742 545.483 O.oOE+oo 1.OOE+01 2.OOE+Ol 1.7500 2.358E+l0 
Eu-1SS 9.6841E-Q3 272.742 545.483 O.OOE+OO 2.64E+OO 5.28E+OO 2.2500 2.949E+07 
Fe-55 4.6977E-04 272.742 545.483 O.OOE+OO 1.28E_Q1 2_56E_Ql 2.7500 1.772E+06 
H-3 6.0485E_Q3 272.742 545.483 O.OOE+OO 1.65E+OO 3.30E+OO 3.5000 1.127E+OS 
1-129 7.5300E_Q7 272.742 545.483 O.OOE+OO 2.05E-04 4.11E-04 5.0000 2.607E+02 
Kr-85 1.4989E_Ql 272.742 545.483 O.oOE+OO 4.09E+Ol 8.18E+Ol 7.0000 2.888E+Ol 
Np-237 9.5534E_Q6 272.742 545.483 O.OOE+OO 2.61E-03 5.21E_Q3 11.0000 3.242E+OO 
Pa-231 1.6550E_Q9 272.742 545.483 0.OQE~+OO~--~4~.51E-07 9.03E_Q7 
Pl>-21O 2.6831E-ll 272.742 545.483 O.OOE+OO 7.26E-09 1.45E_Q8 
Pm-147 1.8156E-Ol 272.742 545.4B3---O:-ooE+oo 4.95E+Ol 9.90E+Ol 
Pu-238 1.8990E-02 272.742 545.483 O.OOE+OO 5.18E+OO 1.04E+Ol 
Pu-239 4.2838E-Q4 272.742 545.483 0.00"'E:'+OO=----.olCC·l"'7"'E-o-0"'1---...:.2"'.34::=;E-o-0"'1--11 
Pu-240 2.4379E-Q4 272.742 545.483 O.OOE+OO 6.65E_Q2 1.33E_Ql 
Pu-241 4.2511E-02 272.742 545.483 0.OOE'"+OO=__-;,1:..;.1"'6E~+O~1---.:;2"'.3;:;;2~E+O~1--j1 
Pu-242 3.6329E-07 272.742 545.483 0.00,,:E;o:+OO~---'9;:.9~1~Eo_:-Q5~--_,1i!-.~98"'E~-Q4~--11 
Ra-226 1.4725E-l0 272.742 545.483 0.ooE~+OO~--_,4"".0~:2"'E~-Q6~---87.~03"'E~-Q6~-~1 
Ra-228 8.97GOE-15 272.742 545.483 O.oOE+OO 2.45E-12 4.90E-12 
Ru-1OB 1.9752E-Q4 272.742 545.483 O.OOE+OO 5.39E_Q2 l.08E_Ql 
Se-79 12933E-Q5 272.742 545.483 O.OOE+OO 3.53E_Q3 7.OSE_Q3 
Sn·126 1.1574E-Q5 272.742 545.483 O.ooE+OO 3.16E_Q3 6.31E-Q3 
Sr-90 2.1680E+OO 272.742 545.483 O.ooE+OO 5.91E+02 1.18E+03 
Te-99 4.2239E-Q4 272.742 545.483 O.OOE+OO 1.15E_Ql 2.30E_Q1 
Th-229 3.9270E-12 272.742 545.483 O.OOE+OO 1.07E-09 2.14E_Q9 
Th-230 3.3578E-oB 272.742 545.483 O.OOE+OO 9.16E-OB l.83E-Q5 
Th-232 1.5452E-14 272.742 545.483 O.OOE+OO 4.21E-12 8.43E-12 
T1-208 4.67OSE-oB 272.742 545.483 O.OOE+OO 1.27E·OS 2.55E-Q5 
U-232 1.3045E_Q7 272.742 545.483 O.OOE+OO 3.56E-Q5 7.12E-Q5 Thennal Power 
U-233 2.3739E-Q9 272.742 545.483 O.ooE+OO 6.47E_Q7 1.29E_Q6 Nominal Heal Bounding 
U-234 1.8423E-Q4 272.742 545.483 0.OOE~+OOo:;:---____:;5.:;.0"'2~E-Q~2---_il.:;.00~E~-Q:;;1--j1 Output Heat Output 
U-235 -2.7235E_Q6 272.742 0.000 5.07E-03 4.33E-Q3 5.07E-Q3 /Wattsl /Wattsi 
U-236 1.5493E_Q5 272.742 545.483 O.OOE+OO 4.23E-Q3 8.45E-Q3 7.38E+OO 1.48E+01 
U-238 -4.2851E_Q9 272.742 0.000 7.55E-OS 7.44E-Q5 7.55E-Q5 Total Total 
Y-90 2.1688E+OO 272.742 545.483 O.OOE+OO 5.91E+02 1.18E+03 
Other Radianuelides 5.93E+02 1.19E+03 
m. Template SeJecllon Sunullary, Ikmw andCbedis 
TemDlate Selection Summary 

From SFD Used Basis for Parameter Differences:
Reactor Moderator:f-_-'u::G:::HT.::...:.W"'A"'T~E"R_-+_....:.:U=G"HT'cW:.::cAT"E::.R'-__1 

SOL .::.=~:f--__u-"Al':~';'~::---+-__-'-A=;Lu::;.U"'M_---j 
SOL enrichment %: 91.25787542 60 to 100 

Bumup Swmmary (MWd)' Basis for bumup used in estimate: 
From SFD Estimated 

Nomln.I:1 I 272.742 Nominal bumup calculated from the heavy metat mass destroyed. 
Boundlng:1 I 545.483 Bounding bumup assumed to be twice nominal bumup. 

Checks 
Estimated Burnupl 

Bumup Multlplier Given Bumup Estlmltled EOl HMlGlven EOl HM
 
Nomln3l: 0.34
 I 1.011
 

Bounding: 0.67
 ,
Reactor shutdown. core removal. storage, shippIng or other date conflrmmg that Irradiation ceased for fuel. 

2Tolal bumup for all fuel associated with this worksheet must be divided by BOl heavy metal mass to get specific bumup values (MWdlMT). 
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Fuel Radionuclide Inventory Worksheet 
I. Fuel .00 Tempblte fur_don Estimated 

Fuel Name: FRR MTR (ARGENTINA) 'Fuel decay start date: 2010 Canister usage: 
SNFID#: 547 Estimates as of: 2010 18"xl0' 

Fuel Units & Doser: 30 - ASSEMBLY Template: ATA (Ught Water, Alum., 60 to 100%, U) 1.25 
_vy Metal Mass: BOl.=18.75kg : EOl.=18.71kg >ramp/ate Bumup(MWd): 367.2 
ROO Storage Site: SRS Tamp/ate BOL Heavy Metal Masa (MT): 0.00116689 

Tamplate Decay Time' 5 years 
n.F$limates m x" x, b y" y, Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Burnup (MWd)' Burnup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 1.454sE-l0 34.093 68.186 O.ooE+OO 4.96E-09 9.92E-09 Avg. MeV 
Am-241 1.1190E-03 34.093 68.186 O.OOE+OO 3.82E-02 7.63E-02 0.0150 1.316E+13 
Am-242m 4.s42sE-07 34.093 68.186 O.ooE+OO 1.ssE-OS 3.10E-OS 0.0250 2.834E+12 
Am·243 1.4921E-OS 34.093 68.186 O.ooE+OO s.09E-Os 1.02E-D4 0.0375 2.615E+12 
C-14 s.7244E-09 34.093 68.186 O.ooE+OO 1.9sE-07 3.90E-07 0.0575 2.572E+12 
CI-36 1.3124E-32 34.093 68.186 O.ooE+OO 4.47E-31 8.95E-31 0.0850 1.639E+12 
Cm-243 2.3676E-07 34.093 68.186 O.OOE+OO 8.07E-OS 1.61E-Os 0.1250 1.42OE+12 
Cm-244 s.2042E-os 34.093 68.186 O.ooE+OO 1.77E-03 3.ssE-03 0.2250 1.390E+12 
Co-60 3.82OSE-OS 34.093 68.186 O.ooE+OO 1.30E-03 2.61E-03 0.3750 6.726E+l1 
Cs-l34 4.8693E-Ol 34.093 68.186 O.ooE+OO 1.66E+Ol 3.32E+Ol 0.5750 9.238E+12 
Cs-l35 3.4477E-D6 34.093 68.186 O.ooE+OO 1.18E-04 2.3sE-04 0.8500 1.294E+12 
Cs-137 2.8731E+OO 34.093 68.186 O.ooE+OO 9.80E+Ol 1.96E+02 1.2500 2.407E+l1 
EU-l54 8.2053E-02 34.093 68.186 O.ooE+OO 2.80E+OO s.s9E+OO 1.7500 1.009E+10 
Eu-lss 3.9134E-02 34.093 68.186 O.ooE+OO 1.33E+OO 2.67E+OO 2.2500 2.117E+l0 
Fe-55 6.7429E-03 34.093 68.186 O.ooE+OO 2.30E-Ol 4.60E-Ol 2.7500 1.218E+08 
H-3 1.0s99E-02 34.093 68.186 O.ooE+OO 3.61E-Ol 7.23E-Ol 3.5000 1.351E+07 
1-129 7.s300E-07 34.093 68.186 O.ooE+OO 2.s7E-OS s.13E-OS 5.0000 5.203E+Ol 
Kr-8s 2.8s9sE-Ol 34.093 68.186 O.ooE+OO 9.7sE+OO 1.9sE+Ol 7.0000 5.844E+00 
Np-237 9.s479E-OS 34.093 68.186 O.ooE+OO 3.26E-04 6.s1E-D4 11.0000 6.617E-Ol 
Pa-231 8.9297E-l0 34.093 68.186 O.ooE+OO 3.04E-OS 6.09E-OS 
Pb-21 0 3.7609E-12 34.093 68.186 O.ooE+OO 1.28E-l0 2.s6E-l0 
Pm-147 2.54s2E+OO 34.093 68.186 O.ooE+OO 8.68E+Ol 1.74E+02 
Pu-238 2.OSSOE-02 34.093 68.186 O.ooE+OO 7.01E-Ol 1.40E+OO 
Pu-239 4.2838E-04 34.093 68.186 O.ooE+OO 1.46E-02 2.92E-02 
Pu-240 2.4401E-D4 34.093 68.186 O.ooE+OO 8.32E-03 1.66E-02 
Pu-241 6.8764E-02 34.093 68.186 O.ooE+OO 2.34E+OO 4.69E+OO 
Pu-242 3.6329E-07 34.093 68.186 O.OOE+OO 1.24E-OS 2.48E-OS 
Ra-226 3.804sE-ll 34.093 68.186 O.ooE+OO 1.30E-09 2.s9E-09 
Ra-228 2.9902E-ls 34.093 68.186 O.ooE+OO 1.02E-13 2.04E-13 
Ru-1OS 1.90ssE-ol 34.093 68.186 O.OOE+OO 6.s0E+OO 1.30E+Ol 
8e-79 1.2936E-Os 34.093 68.186 O.ooE+OO 4:41E-D4 8.82E-D4 
8n-126 1.ls74E-OS 34.093 68.186 O.ooE+OO 3.95E-04 7.89E-D4 
8r-90 2.7s0sE+OO 34.093 68.186 O.ooE+OO 9.38E+Ol 1.88E+02 
Tc·99 4.2239E-D4 34.093 68.186 O.ooE+OO 1.44E-02 2.88E-02 
Th-229 1.8848E-12 34.093 68.186 O.ooE+OO 6.43E-ll 1.29E-l0 
Th-230 1.7042E-OS 34.093 68.186 O.OOE+OO s.81E-07 1.16E-OS 
Th-232 7.8132E-ls 34.093 68.186 O.ooE+OO 2.66E-13 s.33E-13 
T~2OS 4.4063E-oB 34.093 68.186 O.ooE+OO 1.s0E-OS 3.ooE-D6 
U-232 1.31s1E-07 34.093 68.186 O.OOE+OO 4.48E-OS 8.97E-OS Thermal Power 
U-233 1.9564E-09 34.093 68.186 O.ooE+OO 6.67E-oB 1.33E-07 Nominal Heat Bounding 
U-234 1.8371E-D4 34.093 68.186 O.ooE+OO 6.26E-03 1.2sE-02 Output Heat Output 
U-235 -2.7235E-OS 34.093 0.000 8.10E-03 8.01E-03 8.10E-03 (Watts) (Wattsi 
U-236 1.5493E-OS 34.093 68.186 O.ooE+OO s.28E-04 1.OSE-03 1.73E+OO 3.46E+OO 
U-238 -4.2851 E-D9 34.093 0.000 s.04E-D3 s.04E-03 s.04E-03 Total Total 
V-90 2.7SOsE+OO 34.093 68.188 O.ooE+OO 9.38E+Ol 1.88E+02 
Other Radionuclides 1.7sE+02 3.51E+02 
m.1!"'-~ SeIectioo SunlDllU'V.~" Somman,lllld Ched<s 
TemDlale Selection Summarv 

From SFD Usad Basis for Parameter Differences:
 
Reactor_: UGHTWATER UGHTWATER This Template was used for the following reasons:
 

Fuel Cladding: ALUM ALUM This fuel matches ATR Tomplale on all but one parameter (enricllmenll_ng ATR are_

SOL HM Constituents: U-ALX U match.
 

BOl Enrichment %: 20 60 to 100 

Bumup Summary (MWdj" Basis for bumup used in estimate: 
FromSFD Estimated 

Nomlnal:1 I 34.093 Nominal bumup calculated from the heavy metal mass destroyed. 
Bounding: I 68.186 Bounding bumup assumed to be twice nominal bumup. 

Checks 

Estimated Bumupt 
BumuD Mu1tiD11er Given BumUD Estimated EOL HMlGlven EOL HM 

Nomlnal;f 0.01 I 1.001 
Bounding: 0.01 , 

Reactor shutdoYm, core removal, storage, shiPping or other date conflnmng that Irradiation ceased for fuel.
 

2Total bumup for all fuel associated with this wori<sheet must be divided by BOL heavy metal mass to get specific bumup values (MWd'MT).
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and TempJate lafOl'llllllion Estimated 

Fuel Nan:e: FAA MTR (AUSTRALIA) 'Fuel decay start date: 2010 Canister usage: 
SNFID#: 649 Estimates as of: 2010 18"x10' 

Fuel Units & Oeser: 12 . ASSEMBLY Temptate: ATR (Ught Water, Alum., 60 to 100'l", U) 0.50 
Heavy Metal Ma••: BOI.=3.32kg ; E01.=3.32kg 'Template Bumup(MWd): 367.2 
ROD Stor_ Site: SRS Template BOl Heavy Metal Mas. (MT): 0.00116689 

Temptate Oeeay Time' 5 yealS 
ll. Estimatos m Xb b Y. Yb Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuelide Template Fuel Bumup (MWd)' Bumup (MWd)2 (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
AC-227 1.4545E-l0 3.409 6.819 O.OOE-KlO 4.96E-l0 9.92E-l0 AV9,MeV 
Am:24Co-I----------71.7110-;90~E--;_{);;:;3-------;;3'-;,40-;;;9;:;-------6"',"'8i-O,9- ----6.00E-KlO'""'------c3"'.8'2E_{)3 7.63E_{)3 00.. 002'505Oc--__-:::'.'=:3':""'6~E+'_Cl::c2 
Am-242m 4.5425E_{)7 3.409 6.819 O.OOE-KlO 1,55E-{)6 3,10E-OO 2.834E+l1 
Am-243 1.4921E-{)6 3.409 6,819 O.ooE-KlO 5.09E-{)6 1.02E_{)5 0.0375 2.615E+ll 
C-14 5,7244E-09 3.409 6,819 O.OOE-KlO 1.95E_{)8 3.90E-OS 0.0575 2.572E+l1 
CI-36 1.3124E-32 3.409 6.819 O,OOE-KlO 4.47E-32 8.95E-32 0.0850 1.640E+11 
Cm-243 2.3676E_{)7 3.409 6,819 0.00~;E~-KlO~ -:;:8~.:0"7~E~-0,",7c-__~I:.6:,,,1~E~-{)607-_i/--:o::.l:,:2,5O:-:---__-:'':::.420E+11 
Cm-244 5.2042E_{)5 3.409 6.819 O.OOE-KlO 1,77E-04 3,55E-04 0.2250 1.391E+11 
Co-50 3.82OSE-{)5 3.409 6.819 O,OOE-KlO 1,30E-04 2.61E-04 0.3750 6.726E+l0 
Cs-134 4.8693E_{)1 3.409 6,819 O.OOE-KlO 1.86E-KlO 3.32E-KlO 0.5750 9.238E+11 
Cs-135 3.4477E-{)6 3.409 6.819 O.OOE-KlO 1.18E-OS 2.35E-{)5 0.8500 1.294E+11 
Cs-137 2.8731E-KlO 3.409 6.819 O.OOE-KlO 9,80E+OO 1.96E-Kll 1.2500 2.407E+l0 
Eu-l54 8.2OS3E_{)2 3.409 6.819 O.ooE-KlO 2.80E-01 5.59E_{)1 1.7500 1.009E+09 
Eu·155 3.9134E_{)2 3.409 6.819 O.60E-KlO 1.33E-01 2.67E_{)1 2.2500 2.117E+09 
Fe-55 6.7429E_{)3 3.409 6.819 ---O-.ooE-KlO 2.30E-02 4.5OE-02 2.7500 1.218E+07 
H-3 I.OS99E_{)2 3.409 6.819 O.ooE+OO 3.61E·02 7.23E-02 3.5000 1.351E+06 
1-129 7.5300E-07 3.409 6.819 O.ooE-KlO 2.57E-OO 5.13E-OO 5.0000 4.381E+00 
Kr-85 2,8595E_{)1 3.409 6.819 O.ooE-KlO 9.75E-Ol 1.95E+OO 7.0000 4.891E-Ol 
Np-237 9.5479E-{)6 3.409 6.819 O.ooE+OO 3,26E-05 6.51E-OS 11.0000 5.518E-02 
Pa-231 8.9297E-10 3.409 6.819 O.ooE-KlO 3.04E-09 6.09E-09 
Pb-210 3.7509E-12 3.409 6.819 O.ooE-KlO 1.28E.-c-''''I;---__-:2C'.5:;:6;;:E:..-';,-';-----i1 
Pm-147 2.5452E+OO 3.409 6.819 O.ooE+OO 8.68E-KlO 1.74E-Kll 
Pu-236 2.OS50E_{)2 3.409 6.819 O.O(lE-KlO 7.01E-02 1.40E-Ol 
Pu-239 4.2838E-04 3.409 6.819 O.OOE-KlO 1.46E_{)3 2.92E_{)3 
Pu-240 2.4401E-04 3.409 6.819 O.OOE+OO 8.32E-04 1.66E-03 
Pu-241 6.8764E_{)2 3.409 6.819 O.OOE+OO 2.34E_{)1 4.69E-Ol 
Pu-242 3.6329E_{)7 3.409 6,819 0.OO~E;'-KlO~-----;'c::.2~;4"'E:-c-{)6~-----;2~.46;::;;;:E:.:-oo;;c___l1 
Ra-226 3.8045E-ll 3.409 6,819 O.OOE+OO 1.30E-l0 2.59E-l0 
Ra-228 2.9902E-15 3.409 6.819 O,OOE-KlO 1.02E-14 2.04E-14 
Ru-lOO 1.9055E-Ol 3,409 6,819 O.OOE-KlO 6.50E_{)1 1.30E-KlO 
5e-79 1.2936E-{)S 3.409 6.8-'9--- O,oOE+OO 4.41 E:.:-{)S~---8"'.':"82~E='-{)5~--j1 
5n-126 1.1574E-05 3.409 6,819 O.ooE+OO 3.95E-{)s 7.89E_{)5 
5r-90 2.7505E-KlO 3.409 6,819 O.OOE+OO 9.36E-KlO 1.88E-Kll 
Tc-99 4.2239E-04 3.409 6.819 0.OOE-KlO-:-------',"'.44:7.:E"-:_{)~3;----c2:::.::c88"'E:.:_{)3=--~1 
Th-229 1.8846E-12 3.409 6.819 O.OOE-KlO 6.43E-12 1.29E-ll 
Th-230 1.7042E_{)8 3,409 6,819 O.OOE-KlO 5.81E_{)8 1.16E_{)7 
Th-232 7.8132E-15 3.409 6.819 0,OOc;E;'-KlO~------;2;:O.66~E:-c-1"'4'---·5::,33;,;;;E:.:-l;-;4.---j1 
TI-208 4.4063E_{)8 3.409 6.819 O.OOE-KlO 1.50E_{)7 3,OOE_{)7 
U-232 1.3151E_{)7 3.409 6.819 O.ooE-KlO 4.48E_{)7 8,97E_{)7 Thermal Power 
'U-233 1.9564E_{)9 3.409 6.819 0.OO"'E='-KlO~_---;:6::;.6~7~E'_;-0,,9e-------;'_;,33~E'_;-{)8;;;__-i1Nom;nalHeat Bounding 
U-234 1.8371 E-04 3.409 6.819 O.OOE-KlO 6.26E-04 1.25E_{)3 Output Heat Output 
U-235 -2.7235E-{)6 3.409 0.000 6,46E_{)3 6.45E_{)3 6,46E_{)3 /Watts) /Watts) 
U-236 1.5493E_{)5 3.409 6.819 O.OOE-KlO 5.28E-{)s I.OOE-04 1.73E-el 3.46E-el 
U-238 -4,2851E_{)9 3.409 0.000 1,12E-04 1.12E-04 1.12E-04 Total Total 
Y-90 2.7505E-KlO 3.409 6.819 O.OOE-KlO 9.38E-KlO 1.88E-Kll 
Other Radianuelides 1.75E-Kll 3.51E-Kl1 
ID. Temolate Selodiou. Summa...., 
Tempiate Selection Summary 

From SFD Used Basis for Parameter Differences: 
Reactor Moderator: UGHT WATER UGHT WATER
 

Fuel C1adding:I---'='Accl"'U"M-::=:.:..-t--="A':-- :-::-=--'--1
LU:C:M

BO;,~M==."';:I--:::89:c.~::.:::A~l.X~15:--t-----::60c:7t~:..,C;;00::------I 

Bumup Summary (MWd)< Basis for bumup used in estimate: 
FromSFD Estimated 

Nomln3l:1 I 3,409 Noodnal bumup calculaled from the heavy metal mass destroyed. 
Bounding:1 I 6.819 Bounding bumup assumed to be tv.ice nominal bumup. 

Checks 
Estimated Bumupl 

BumupMultillller Given Bumup Estimated EOl HMiGiven EOl HM
Nomln31: 0.00 I 1.001 

Bounding: 0.01 ,
Reactor shutdown, core removal. storage. shippmg or other date conftnmng that IrradiatiOn ceased for fuel.
 

2Total bumup for all fuel associated with this 'NOrksheel must be divided by BOl heavy metal mass to get specific bumup ~alues (MWd'MT).
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Fuel Radionuclide Inventory Worksheet 
J. Fuel ami Template hlfOftlllld!'B Estimated 

Fuel Name: FRR MTR (CANADA) 'Fuel decay start date: 2010 Canister usage: 
SNFIO#: 294 Estimates as of: 2010 1B"x10' 

Fuel Units & Oeser: 14 - MULTI-PIN CLUSTER Template: ATR (Ughl Water, Alum., 60 to 100~o, U) 0.58 
Heavy Metal Ma••: BOl=2,20k9 ; EOl=2,19k9 'Templa.. Bumup(MWd): 367,2 
ROD Stor_ Site: SRS Templa" BOL Heavy Motal Ma•• (MT): 0,00116689 

Templata Decay Time' 5 years 
n. Estimates m x. x. b Y. Y. Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 1.4545E-l0 10.607 21.213 O.OOE+OO 1.54E-09 3.09E-Q9 AV9·MeV 
Am-241 1.1190E-Q3 10.607 21.213 O.OOE+OO 1.19E-02 2.37E-02 0.0150 4.093E+12 
Am-242m 4.5425E-Q7 10.607 21.213 O.OOE+OO 4.82E-Q6 9.64E-oo 0.0250 8.817E+l1 
Am-243 1.4921E-oo 10.607 21.213 O.OOE+OO 1.58E-05 3.17E-Q5 0.0375 8.136E+l1 
C-14 5.7244E-09 10.607 21.213 O.OOE+OO 6.07E-08 1.21E-07 0.0575 8.000E+11 
CI-36 1.3124E-32 10.607 21.213 O.OOE+OO 1.39E-31 2.7BE-31 0.0850 5.100E+11 
Cm-243 2.3676E-Q7 10.607 21.213 O.OOE+OO 2.51E-oo 5.02E-oo 0.1250 4.417E+11 
Cm-244 1 5.2042E-05 10.607 21.213 O.OOE+OO 5.52E-Q4 1.10E-03 0.2250 4.324E+11 
Co-60 3.8208E-05 10.607 21.213 O.OOE+OO 4.05E-04 8.11E-04 0.3750 2.092E+11 
Cs-l34 4.8693E-Ol 10.607 21.213 O.OOE+OO 5.16E+OO 1.03E+Ol 0.5750 2.874E+12 
Cs-135 3.4477E-Q6 10.607 21.213 O.OOE+OO 3.66E-Q5 7.31E-OS 0.8500 4.025E+11 
Cs-137 2.8731E+OO 10.607 21.213 O.OOE+OO 3.05E+Ol 6.09E+Ol 1.2500 7.489E+l0 
Eu-154 8.2053E-02 10.607 21.213 O.OOE+OO 8.70E-Ol 1.74E+OO 1.7500 3.141E+09 
Eu-155 3.9134E-02 10.607 21.213 O.OOE+OO 4.15E-Ol 8.30E-Ol 2.2500 6.587E+09 
Fe-55 6.7429E-Q3 10.607 21.213 O.OOE+OO 7.15E-02 1.43E-Ol 2.7500 3.789E+07 
H-3 1.0599E-02 10.607 21.213 O.OOE+OO 1.12E-Ol 2.25E-Ql 3.5000 4.204E+06 
1-129 7.5300E-07 10.607 21.213 O.OOE+OO 7.99E-oo I.60E-Q5 5.0000 1.274E+Ol 
Kr-85 2.8595E-Ol 10.607 21.213 O.OOE+OO 3.03E+OO 6.07E+OO 7.0000 1.421E+OO 
Np-237 9.5479E-Q6 10.607 21.213 O.OOE+OO 1.01E-04 2.03E-04 11.0000 1.601E-Ol 
Pa-231 8.9297E-l0 10.607 21.213 O.OOE+OO 9.47E-09 1.89E-Q8 
PI>-21 0 3.7609E-12 10.607 21.213 O.OOE+OO 3.99E-ll 7.98E-ll 
Pm-147 2.5452E+OO 10.607 21.213 O.OOE+OO 2.70E+Ol 5.40E+Ol 
Pu-238 2.0550E-Q2 10.607 21.213 O.OOE+OO 2.18E-Ol 4.36E-Ol 
PU-239 4.2838E-Q4 10.607 21.213 O.OOE+OO 4.54E-Q3 9.09E-03 
Pu-240 2.4401E-04 10.607 21.213 O.OOE+OO 2.59E-Q3 5.18E-Q3 
Pu-241 6.8764E-02 10.607 21.213 O.OOE+OO 7.29E-Ol 1.46E+OO 
Pu-242 3.6329E-Q7 10.607 21.213 O.OOE+OO 3.85E-oo 7.71E-oo 
Ra-226 3.8045E-ll 10.607 21.213 O.OOE+OO 4.04E-l0 8.07E-l0 
Ra-228 I 2.9902E-15 10.607 21.213 O.OOE+OO 3.17E-14 6.34E-14 ,Ru-loo , 1.9055E-Ol 10.607 21.213 O.OOE+OO 2.02E+OO 4.04E+OO 
8e-79 1.2936E-Q5 10.607 21.213 O.OOE+OO 1.37E-04 2.74E-04 
8n-126 I 1.1574E-OS 10.607 21.213 O.OOE+OO 1.23E-Q4 2.46E-04 
8r-90 2.7505E+OO 10.607 21.213 O.OOE+OO 2.92E+Ol 5.83E+Ol 
Tc-99 4.2239E-Q4 10.607 21.213 O.OOE+OO 4.48E-03 8.96E-Q3 
Th-229 1.8848E-12 10.607 21.213 O.OOE+OO 2.00E-ll 4.00E-ll 
Th-230 1.7042E-oB 10.607 21.213 O.OOE+OO 1.81E-Q7 3.62E-07 

, Th-232 7.8132E-15 10.607 21.213 O.OOE+OO 8.29E-14 1.66E-13 
TI-208 4.4083E-08 10.607 21.213 O.OOE+OO 4.67E-07 9.35E-07 
U-232 1.3151E-Q7 10.607 21.213 O.OOE+OO 1.39E-oo 2.79E-oo Thermal Power 
U-233 1.9564E-Q9 10.607 21.213 O.OOE+OO 2.08E-oB 4.15E-Q6 Nominal Heat Bounding 
U-234 1.8371E-04 10.607 21.213 O.OOE+OO 1.95E-Q3 3.90E-03 Output Heat Output 
U-235 -2.7235E-oo 10.607 0.000 4.43E-03 4.40E-Q3 4.43E-Q3 /Wattsl /Wattsi 
U-236 1.5493E-Q5 10.607 21.213 O.OOE+OO 1.64E-04 3.29E-04 5.38E-Ol 1.OSE.GO 
U-238 -4.2851E-Q9 10.607 0.000 5.11E-Q5 5.11E-OS 5.11E-OS Total Total 
V-90 2.7505E+OO 10.607 21.213 O.OOE+OO 2.92E+Ol 5.83E+Ol 
Other Radionuclides 5.46E+Ol 1.09E+02 
10.TeJtIIlIate ~'Suntmall'Y,B , amICItedao 
Template Selection Summary 

FromSFD Used Basis for Parameter Differences: 
Reactor Moderator: UGHTWATER LIGHT WATER 

Fuel Cladding: ALUM ALUM 
BOL HM Constituents: U-ALX U 

SOL Enrich....t 0/.: 93.09999644 6010100 

Bumup Summary (MWd) Basis for bumuD used in estimate: 
FromSFD EsU..

Nomlnal:\ I 10.60 Nominal bumup cala.llated from the heavy metal mass destroyed. 
Boundlng:1 I 21.213 Bounding bumup assumed to be twice nominal bumup. 

Checks 

Estfmated Bumupf
Bumup Multiplier Given Sumup Estimated EOL HMlGlven EOL HM 

Nominal: 0.02 I 1.001 
Bounding:1 0.03 ,

Reactor shutdown, core removal, storage, shipping or other date conflnmng that Irradiation ceased for fuel.
 

~otal bumup for all fuel associated with this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWdlMT).
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Template Infonuation Estimated 

Fuel Nama: FRR MTR (JAPAN) 1Fucl decay start date: 2010 Canister usage: 
SNFID#: 551 Estimates as of: 2010 18"xl0' 

Fuel Units & Oeser: 27 - ASSEMBLY Template: AlR (Ught Water, Alum., 60 to 100%, U) 1.13 
Heavy Metal Mass: BOl=17.48k9 ; EOl=17.47k9 'Temptate BumuplMWd): 367.2 
ROD St.,.._ Site: SRS Template BOl Heavy Metal Mas. (MT): 0.00116689 

Tempi"'" Decay Time' 5 years 
n. Estimates m x. x. b Y. Yb Gamma Sources 

Photon Total 
CilMWd From Nominal Sounding Fuel Initial Activity Nominal Fuel Sounding Fuel Energy Photonslsec
 

Radionuelide Template Fuel Sumup (MWd)' Burnup (MWd)' (Ci) Inventories(Ci) Inventories(Ci)
 Group (bounding)

Ac-227 1.4545E-l0 12.785 25.570 O.ooE+OO 

._--~~

1.86E-09 
-

3.72E-Q9
 Avg. MeV

Am-241 1.1190E-03 12.785 25.570 O.OOE+OO 1.43E-Q2 2.86E-02
 0.0150 4.933E+12

Am-242m 4.5425E-07 12.785 25.5i6----0-.ooE+oo 5.81E-Q6 1.16E-OS
 0.0250 1.063E+12

11"':243 1.4921E-Q6 12.785 25.570 O.OOE+OO 1.91E-Q5 3.82E-Q5
 0.0375 9.807E+11
 
C-14 5.7244E-09 12.785 25.570 O.OOE+OO 7.32E-08 1.46E-Q7
 0.0575 9.643E+11
 
CI-36 1.3124E-32 12.785 25.5io-- o.OOE+OO 1.6aE-31 3.36E-31
 0.0850 6.148E+11
 
Cm-243 2.3676E-07 12.785 25.5io---o.oOE+oo 3.03E-OB 6.05E-OB
 0.1250 5.324E+11
 
Cm-244 5.2042E-05 12.785 25.570 O.oOE+oo 6.65E-04 l.33E-Q3
 0.2250 5.212E+11
 
Co-6O 3.8208E-05 12.785 25.570 --O.OoE+OO 4.88E-Q4 9.77E-Q4
 0.3750 2.522E+ll

Cs-l34 4.8693E-Ol 12.785 25.570 O'OOE+OO 6.23E+OO 1.25E+Ol
 0.5750 3.464E+12
 
Cs-l35 3.4477E-Q6 12.785 25.570 O.OOE+OO 4.41E-05 8.82E-Q5
 0.8500 4.8S1E+11
 
Cs-137 2.8731E+OO 12.785 25.570 O-:OOE+OO 3.67E+Ol 7.35E+Ol
 1.2500 9.026E+l0

Eu-l54 8.2053E-Q2 12.785 25.570 O.OOE+OO l.OSE+OO 2.10E+OO
 1.7500 3.785E+09

Eu-155 3.9134E-02 12.785 25.570 O.OOE+OO 5.00E-Ql 1.ooE+OO
 2.2500 7.940E+09

Fe-55 6.7429E-Q3 12.785 25.570 O.OOE+OO 8.62E-Q2 1.72E-Ql
 2.7500 4.568E+07

H-3 1.OS99E-Q2 12.785 25.570 O.OOE+OO 1.36E-Ol 2.71E-Ql
 3.5000 5.067E+06
 
1-129 7.5300E-07 12.785 25.570 O.OOE+OO 9.63E-OB 1.93E-OS
 5.0000 2.601E+01
 
Kr-85 2.8595E-Ql 12.785 25.570 O.OOE+OO 3.86E+OO 7.31E+OO
 7.0000 2.939E+OO

Np-237 9.5479E-Q6 12.785 25.570 O.ooE+OO l.22E-04 2.44E-Q4
 11.0000 3.341E-ol

Pa-231 8.9297E-l0 12.785 25.570 --O-.ooE+oo 1.14E-08 2.28E-Q6

Pb-210 3.7609E-12 12.785 25.570 O.ooE+OO 4.81E-ll 9.62E-ll

Pm-147 2.5452E+OO 12.785 25.570 O.ooE+OO 3.25E+Ol 6.51E+Ol

Pu-236 2.OS50E-Q2 12.785 25.570 O.OOE+OO 2.63E-Ol 5.25E-Ql

Pu-239 4.2838E-Q4 12.785 25.570 O'OOE+OO 5.46E-Q3 1.10E-02

Pu-240 2.4401E-04 12.785 25.570 O.ooE+OO 3.12E-03 6.24E-03

Pu-241 6.8764E-Q2 12.785 25.570 O.ooE+OO 8.79E-Ql 1.76E+OO

Pu-242 3.6329E-Q7 12.785 25.570 O.ooE+OO 4.64E-Q6 9.29E-Q6

Ra-226 3.8045E-ll 12.785 25.570 O.ooE+OO 4.86E-l0 9.73E-l0

Ra-228 2.9902E-15 12.785 25.570 O.ooE+OO 3.82E-14 7.65E-14

Ru-1OB 1.9055E-Ql 12.785 25.570 O.ooE+OO 2.44E+OO 4.87E+OO

5e-79 1.2936E-Q5 12.785 25.570 O.ooE+OO l'65E-04 3.31E-Q4

5n-126 1.1574E-Q5 12.785 25.570 O.OOE+OO 1.48E-Q4 2.96E-Q4

5r-90 2.75OSE+OO 12.785 25.570 O.ooE+OO 3.52E+Ol 7.03E+Ol

Te-99 4.2239E-Q4 12.785 25.570 O.ooE+OO 5.40E-Q3 1.08E-Q2

Th-229 1.8848E-12 12.785 25.570 O.ooE+OO 2.41E-ll 4.82E-ll

Th-230 1.7042E-oB 12.785 25.570 O.ooE+OO 2.18E-Q7 4.36E-Q7

Th-232 7.8132E-15 12.785 25.570 O.ooE+OO 9.99E-14 2.ooE-13

T1-208 4.4063E-08 12.785 25.570 O.OOE+OO 5.63E-07 1.13E-Q6

U-232 1.3151E-Q7 12.785 25.570 O.OOE+OO 1.88E-Q6 3.36E-Q6
 Thermal Power

U-233 1.9564E-Q9 12.785 25.570 O.ooE+OO 2.50E-oB 5.ooE-oB
 Nominal Heat Bounding

U-234 1.8371E-Q4 12.785 25.570 O.OOE+OO 2.35E-Q3 4.70E-Q3
 Output Heat Output

U-235 -2.7235E-Q6 12.785 0.000 7.56E-03 7.52E-Q3 7.56E-Q3
 /Watts\ /Watts)

U-236 1.5493E-Q5 12.785 25.570 O.ooE+OO l.98E-Q4 3.96E-Q4
 6.49E-G1 1.30E+OO

U-238 -4.2851 E-Q9 12.785 0.000 4.70E-Q3 4.70E-Q3 4.70E-Q3
 Total Total

V-90 2.75OSE+OO 12.785 25.570 O.ooE+OO 3.52E+01 7.03E+Ol

Other Radionuelides 6.58E+Ol 1.32E+02

W. TeJlIPIate SeleeIion Sunmtary.8_ 2lnd CIleda; 
Template selection Summary 

FromSFD Used Basis for Parameter Differences:
 
Reactor Moderat:lr: UGHTWATER UGHTWATER This TempJale was used tor the followfng reasons:
 

Fuel Cladding: ALUM ALUM This fuel matches on all parameters except enrichment.
 
BOl HM Constituents: U-ALX U 

SOL enrichment 'Yo: 20.00000092 6010100

Bumup Summary (MWd\' Basis for bumup used in estimate: 
FromSFD Estimated 

Nominal: 12.785 Nominal bumup caJcu~ed from the heavy metal mass destroyed. 
Bounding:1 I 25.570 Bounding Wnup assumed to be twice nominal bU1Jtt4). 

Checks 

Estimated Bumupl 
BumupMulU_ Given Bumup Estimated EOl HMlGlven EOl HM
 

Nominal: 0.00
 I 1.001
 
Boundlng:1 0.00
 ,

Reactor shutdown. core removal, storage, shipping or other date confirming that Irradiation ceased for fuel. 

~otal bumup for all fue: assodated with this worksheet must be divided by SOL heavy metal mass to get specific bumup values (MWd'MT). 
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Fuel Radionuclide Inventory Worksheet 
1. Fuel ami T~ W_tion Estimated 

Fuel Name: FAA MTR (JAPAN) 'Fuel decay start date: 2010 Canister usage: 
SNFID#: 605 Estimates 8S of: 2010 18"xl0' 

Fuel Unl'" & Doser: 81 - MTR TYPE Template: ATR (Ught Water, Atum., 60 to 100%, U) 3.38 
Heavy Metal Mass: BO~24.82k9 ; EO~24.79k9 'Template Bumup(MWd): 367.2 
ROD Storage Site: SAS Template BOl Heavy Metal Mass (MT): 0.00116689 

Template Decay Time' 5 years 

n. Estimates m x" x. b y" y. Gamma Sources 
Photon Total 

CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 
Radionuclide Template Fuel Burnup (MWd)' Burnup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ae-227 1.4545E-l0 30.684 61.367 O.ooE+OO 4.46E-09 8.93E-09 Avg.MeV 
Am-241 1.1190E-03 30.684 61.367 O.OOE+OO 3.43E-02 6.87E-02
 0.0150 1.184E+13 
Am-242m 4.5425E-07 30.684 61.367 O.ooE+OO 1.39E-05 2.79E-OS
 0.0250 2.551E+12 
Am-243 1.4921E-06 30.684 61.367 O.ooE+OO 4.58E-05 9.16E-D5
 0.0375 2.354E+12 
C-14 5.7244E-09 30.684 61.367 O.OOE+OO 1.76E-07 3.51E-07
 0.0575 2.314E+12 
CI-36 1.3124E-32 30.684 61.367 O.ooE+OO 4.03E-31 8.OSE-31 0.0850 1.476E+12 
Cm-243 2.3676E-07 30.684 61.367 O.ooE+OO 7.26E-06 1.45E-05 0.1250 1.278E+12 
Cm-244 5.2042E-05 30.684 61.367 O.ooE+OO 1.60E-D3 3.19E-03 0.2250 1.252E+12 
Co-6O 3.82OSE-D5 30.684 61.367 O.ooE+OO 1.17E-03 2.34E-03 0.3750 6.053E+11 
Cs-l34 4.8693E-Ol 30.684 61.367 O.ooE+OO 1.49E+Ol 2.99E+Ol 0.5750 8.315E+12 
Cs-135 3.4477E-06 30.684 61.367 O.ooE+OO 1.06E-04 2.12E-04 0.8500 1.164E+12 
Cs-137 2.8731E+OO 30.684 61.367 O.OOE+OO 8.82E+Ol 1.76E+02 1.2500 2.166E+l1 
Eu-l54 8.2OS3E-02 30.684 61.367 O.ooE+OO 2.52E+OO 5.04E+OO 1.7500 9.085E+09 
EU-155 3.9134E-02 30.684 61.367 O.ooE+OO 1.20E+OO 2.40E+OO
 2.2500 1.906E+10 
Fe-55 6.7429E-D3 30.684 61.367 O.ooE+OO 2.07E-Ol 4.14E-Ol
 2.7500 1.096E+08 
H-3 1.0599E-D2 30.684 61.367 O.ooE+OO 3.25E-Ol 6.50E-Ol
 3.5000 1.216E+07 
1-129 7.5300E-07 30.684 61.367 O.OOE+OO 2.31E-05 4.62E-05
 5.0000 3.836E+Ol 
Kr-85 2.8595E-Ol 30.684 61.367 O.ooE+OO 8.77E+OO 1.75E+Ol
 7.0000 4.279E+00 
Np-237 9.5479E-D6 30.684 61.367 O.ooE+OO 2.93E-D4 5.86E-04
 11.0000 4.825E-Dl 
Pa-231 8.9297E-l0 30.684 61.367 O.ooE+OO 2.74E-OS 5.48E-oB
 
Pb-210 3.7609E-12 30.684 61.367 O.ooE+OO 1.15E-l0 2.31E-l0
 
Pm-147 2.5452E+OO 30.684 61.387 O.ooE+OO 7.81E+Ol 1.56E+02
 
PU-238 2.OS50E-02 30.684 61.367 O.ooE+OO 6.31E-Dl 1.26E+OO
 
Pu-239 4.2838E-04 30.684 61.367 O.ooE+OO 1.31E-02 2.63E-02 
Pu-240 2.4401E-D4 30.684 61.367 O.OOE+OO 7.49E-D3 1.50E-02 
Pu-241 6.8764E-02 30.684 61.367 O.ooE+OO 2.11E+OO 4.22E+OO 
Pu-242 3.6329E-07 30.684 61.367 O.ooE+OO 1.11E-OS 2.23E-OS 
Ra-226 3.8045E-ll 30.684 61.367 O.ooE+OO 1.17E-D9 2.33E-09 
Ra-228 2.9902E-15 30.684 61.367 O.ooE+OO 9.18E-14 1.64E-13 
RU-l06 1.9055E-Ol 30.684 61.367 O.OOE+OO 5.85E+OO 1.17E+Ol 
Se-79 1.2936E-05 30.684 61.367 O.OOE+OO 3.97E-04 7.94E-D4 
Sn-126 1.1574E-OS 30.684 61.367 O.ooE+OO 3.55E.Q4 7.10E-04 
Sr-90 2.7505E+OO 30.684 61.367 O.ooE+OO 8.44E+Ol 1.69E+02 
Te-99 4.2239E-D4 30.684 61.367 O.ooE+OO 1.30E-02 2.59E-02 
Th-229 1.8B48E-12 30.684 61.367 O.ooE+OO 5.78E-ll 1.16E-l0
 
Th-230 1.7042E-OS 30.684 61.367 O.OOE+OO 5.23E-D7 1.OSE-D6
 
Th-232 7.8132E-15 30.684 61.367 O.ooE+OO 2.40E-13 4.79E-13
 
TI-2OS 4.4063E-oB 30.684 61.367 O.OOE+OO 1.35E-D6 2.70E-D6
 
U-232 1.3151E-07 30.684 61.367 O.OOE+OO 4.04E-06 8.07E-D6
 Thermal Power 
U-233 1.9564E-D9 30.684 61.367 O.ooE+OO 6.ooE-OS 1.20E-D7
 Nominal Heat Bounding 
U-234 1.8371E-D4 30.684 61.387 O.ooE+OO 5.64E-03 1.13E-Q2
 Output Heat Output 
U-235 -2.7235E-D6 30.684 0.000 4.99E-02 4.98E-D2 4.99E-02
 /Watts) /Watts) 
U-236 1.5493E-OS 30.684 61.367 O.ooE+OO 4.75E-D4 9.51E-D4
 1.56E+OO 3.11E+OO 
U-238 -4.2851 E-09 30.684 0.000 5.84E-04 5.84E-D4 5.84E-04
 Total Total 
V-90 2.7505E+OO 30.684 61.367 O.ooE+OO 8.44E+Ol 1.69E+02
 
Other Radianuelides 1.58E+02 3.16E+02 

Dl.TempIa~ Sdection· Son1mllrv, ......." 2lndC~
 
Template selection Summary
 

FromSFD
 lIMd Basis for Parameter Differences: 
Reactor_r: UGHTWATER UGHTWATER 

Fuel Cladding: ALUM ALUM
 
BOl HM Constl1uen"':
 U-AU< U
 

SOL Enrichment Ok:
 93.00000613 60 to 100

Bumup Summary (MWd) Basis for bumup used in estimate: 
FromSFD Estimated 

Nomlnal:1 I 30.684 Nominal bumup calculated from the heavy metal mass destroyed. 
Boundlng:1 I 61.367 Bounding bumup assumed to be twice nominal bumup. 

Checks 

Estimated Bumupf 
BumuD MultiDlIar Given Bumup Estimated EOl HMlGiven EOl HM 

Nomlnal:1 0.00 I 1.001 
Bounding: 0.01 

1 Reactor shutdown, core removal, storage, shipping or other date conflnTllng thai Irradiation ceased for fuel. 

2Total bumup for all fuel associated wilh this worksheel must be divided by BOl heavy metal mass 10 gel specific bumup values (MWd'MT). 
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Template b1fonnalion Estimated
 

Fuel Name: FRR MTR (JAPAN) 'Fuol decay start date: 2010 Canister usage:
 
SNFID#: 565 Estimates as of: 2010 18"xl0'
 

Fuel Units & Iles<:t": 3<l - MTR TYPE Template: ATR (Ught Water, Alum., 60 to tDm-o, U) 1.25 
Heavy Metsl Mus: BOl=21.54k9 ; EOL=21.52k9 'Template Bumup(MWd): 367.2 
ROD Storage Site: SRS Template BOl Heavy Metal Mass (MT): 0.00116689 

Template Decay Time· 5 y.ars 
m Xo Xb b Yo Yb Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuelide Template Fuel Burnup (MWd)' Bumup (MWd)' (Ci) lnventories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 1.4545E-l0 17.046 34.093 O.OOE+OO 2.48E-09 4.96E-09 AV9. MeV 
Am-241 1.1190E'c_Q:-:3;--------:1:-=7'''.O46~------=34-::.~093 ---O'-OOE~+OO=---=,~.91 E-02 3.82E-02 0.0150 6.578E+12 
Am-242m 4.5425E-07 17.046 34.093--- O.OOE+OO 7.74E-06 1.55E-05 0.0250 1.417E+12 
Am-243 1.4921 E-OB 17.046 34.093 O.OOE+OO 2.54E-Q5 5.09E-Q5 0.0375 1.308E+12 

g;_~ ~:~~~~:~; ~;:~ ::g:}---%.~~~:c::.,:\~=- -::::::_-::::::_--==;~;c:"O;~:"'~"":.;:~""'----:;-:~:;:;:~=-:.;:~7o-'-.+--:.;~"':~:;;~7 :o;~o-- ~::~:~~ 
Cm:243 2.3676E_Q7 17.046 34.093 O.OOE+OO 4.04E-OB 8.07E-06 0.1250 7.099E+l1 
Cm-244 5.2042E_Q5 17.046 34.093 O.OOE+OO 8.87E-Q4 1.77E-03 0.2250 6.951E+11 
Co-60 3.8208E_Q5 17.046 34.093 O.OoE+OO 6.51E-04 1.30E_Q3 0.3750 3.363E+11 
Cs-l34 4.8693E_Ql 17.046 34.093 O.OOE+OO 8.30E+OO 1.66E+Ol 0.5750 4.619E+12 
Cs-135 3.4477E-OB 17.046 34.093 O.OOE+OO 5.88E-OS 1.18E-04 0.8500 6.468E+11 
Cs-137 2.8731E+OO 17.046 34.093 O.OOE+OO 4.90E+Ol 9.80E+Ol 1.2500 1.204E+l1 
Eu-l54 8.2OS3E-02 17.046 34.093 O.OOE+OO 1.40E+OO 2.80E+OO 1.7500 5.047E+09 
EU-155 3.9134E_Q2 17.046 34.093 O.OOE+OO 6.67E_Ql 1.33E+OO 2.2500 '._05_9_E+_'_0 
Fe-55 6.7429E-03 17.046 34.093 O.OOE+OO 1.15E_Ql 2.30E-Ol 2.7500 6.090E+07 

t=t:3 1.OS99E_Q2 17.046 34.093 O.OOE+OO 1.81E_Ql 3.61E-Ol 3.5000 6.756E+06 
1-129 7.5300E_Q7 17.046 34.093 O.OOE+OO 1.28E-OS 2.57E-OS 5.0000 2.960E+Ol 
Kr-85 2.8595E-Ol 17.046 34.093 O.OOE+OO 4.87E+OO 9.75E+OO 7.0000 3.333E+00 
Np-237 9.5479E-OB 17.046 34.093 O:oo;oE,",+OO7.'---"'",.·63E-04 3.26E-04 11.0000 3.780E-Ol 
Pa-231 8.9297E-l0 17.046 34.093 0.00c:E,",+oo~__----;,;::.5;:;2",E:...;-08~__----;3;c.04~E'c-Q8;;;-__-f1 
Pb-21 0 3.7609E-12 17.046 34.093 O.OoE+OO 6.41E-ll 1.28E-l0 
Pm-147 2.5452E+OO 17.046 34.093 O.OOE+OO 4.34E+Ol 8.88E+Ol 
Pu-238 2.OS50E_Q2 17.046 34.093 O.OOE+OO 3.50E-Ol 7.01 E_Ql 
~P:=U_,;-2;:;3;:;-9----- __-4;:'72838~~E:...;-Q4:-i----___:';.,;7;,;.046~----:...;34~'0c.;9;;3 ;:;-0'C;;OO.",E=_+OO-';c.;--~7.30E-03 1.48E-02 
Pu-240 2.4401E-Q4 17.046 34.093 O.OOE+OO 4.16E-03 8.32E-Q3 
Pu-241 6.8764E_Q2 17.046 34.093 O.OOE+OO 1.17E+OO 2.34E+OO 
Pu-242 3.6329E-07 17.046 34.093 O.OOE+OO 6.19E-06 1.24E-Q5 
Ra-226 3.8045E-ll 17.046 34.093 O.OOE+OO 6.49E-l0 1.30E_Q9 
Ra-228 2.9902E-15 17.046 34.093 O.OOE+OO 5.10E-14 1.02E-13 
RU-1OB 1.9055E_Ql 17.046 34.093 O.OOE+OO 3.25E+OO 6.50E+OO 
5e-79 1.2936E-Q5 17.046 34.093 O.OOE+OO 2.21E-04 4.41E-Q4 
5n-126 1.1574E-OS 17.046 34.093 O.OOE+OO 1.97E-Q4 3.95E-Q4 
5r-90 2.75OSE+OO 17.046 34.093 O.OOE+OO 4.69E+Ol 9.38E+Ol 
Tc-99 4.2239E-Q4 17.046 34.093 O.OOE+OO 7.20E_Q3 1.44E_Q2 
Th-229 1.8848E-12 17.046 34.093 O.OOE+OO 3.21E-ll 6.43E-ll 
Th-230 1.7042E_Q8 17.046 34.093 O.OOE+OO 2.91E_Q7 5.81E_Q7 
Th-232 7.8132E-15 17.046 34.093 O.OOE+OO 1.33E-13 2.66E-13 
n·208 4.4063E_Q8 17.046 34.093 __---;7~.5~1~E-Q;;,.70.OOE~+OO~  .....==,.-_,.;.:.50'SE;.;-06~_II-_....",.,....
U-232 1.3151E_Q7 17.046 34.093 O.OOE+OO 2.24E-OB 4.48E_06 Thermal Power 
7U'"'-2::;33:::__--------'o-:.~95::;64~E_';-Q9:::__---___:''''7'''.04~6----_';34~.093~;;_--_0"'.';:;:OO"'E='+OO-=- Heat__---;3"".34~E'c-Q8~--___:6;;_.6;c.7"'E'"'-Q8~______jINOminal Bounding
U-234 1.6371E-Q4 17.046 34.093 O.OOE+OO 3.13E-Q3 6.26E-Q3 Output Heat Output 

7U'"'-2:;;:350:- ...:.2~.7;;2~35~E~-06;;;..---~':.;,7~.046~---____;;:0.~000;.";,_-----;2;::;.09~E~-Q2~--...;2~.0~9;;E--;-Q:;2---;:2.~09~E;--Q~2;__lI__!(W~.atts==="I!_-...,?_:(W'atts;;.:::"z,-I 
U-236 1.5493E-Q5 17.046 34.093 O.OOE+OO 2.64E-Q4 5.28E-Q4 8.65E-ol 1.73E+OO 
U-238 -4.2851E_Q9 17.046 0.000 3.98E-Q3 3.98E-03 3.98E_Q3 Total Total 
v-so 2.7505E+OO 17.046 34.093 O.OOE+OO 4.69E+Ol 9.38E+Ol 
Other Radionuelides 8.77E+Ol 1.75E+02 

TemDlate selection Summary 
From SFD Used Basis for Parameter Differences: 

Reactor Moderator: UGHT WATER UGHT WATER This Temptate was used for the following reasons: 
Fuel C1addlng:I--==A"l"U"M='"----+---=C:A'-'lU"'M='"-----1This fuel matches ATR Tomplale on all but ooe pammeter (entidlment) making ATR a raasonalJle 

BOl HM Constituents: lJ-ALX U matdl. 
BOl Enrichment %: 44.97911463 60 to 100 

Bumup Summary (MWCII)" Basis for burnup used in estimate: 
FromSFD Estimated 

Nominal:1 I 17.046 Nominal bumup ~"'Ialed from tha heavy metal mass destroyed. 
Bounding:1 I 34.093 Bounding bumup assumed to be twice nominal bumup. 

Checks 
Estimated Bumupl

Bumup Multiplier Given Bumup Estimated EOl HMlGlven EOl HM 
Nominal: 0.00 I 1.001 

Bounding: 0.01 ,
Reactor shutdown. core removal, storage, shipping or other date confnrmng that Irradiation ceased for fuel. 

2Total bumup for all fuel associated \Wh this worKsheet must be divided by BOL heavy metal mass to get specific bumup values (MWdlMT). 
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Fuel Radionuclide Inventory Worksheet 
I. Fuel andT~le Information Estimated 

Fuel Name: FRR MTR (JAPAN) 'Fuel decay start date: 2010 Canister usage: 
SNFID#: 603 Estimates as of: 2010 18"xl0' 

Fuel Units & Oeser: 12 - MTR TYPE Template: ATA (Ught Water, Alum., 60 to 100%, U) 0.40 
_vy Metal Mass: BOl.=3.55k9 ; EOL=3.55k9 'Template Bumup(MWd): 367.2 
ROD Stor_ Site: SRS Template BOL _vy Metal Mass (MT): 0.00116689 

Template oac:ay Time· 5 ya... 
n. Estimates m x. x. b y. y. Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Burnup (MWd)' Burnup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ae-227 1.4545E-l0 67.299 134.598 O.OOE+OO 9.79E-09 l.96E-OS Avg. MaV 
Am-241 1.1190E-03 67.299 134.598 O.OOE+OO 7.53E-02 1.51E-Ol 0.0150 2.597E+13 
Am-242m 4.5425E-07 67.299 134.598 O.OOE+OO 3.OSE-05 6.11E-05 0.0250 5.594E+12 
Am-243 1.4921E-OB 67.299 134.598 O.OOE+OO 1.00E-04 2.01E-04 0.0375 5.163E+12 
C-14 5.7244E-09 67.299 134.598 O.OOE+OO 3.85E-07 7.70E-07 0.0575 5.076E+12 
CI-36 1.3124E-32 67.299 134.598 O.OOE+OO 8.83E-31 l.77E-30 0.0850 3.236E+12 
Cm-243 2.3676E-07 67.299 134.598 O.OOE+OO 1.59E-05 3.19E-05 0.1250 2.802E+12 
Cm-244 5.2042E-05 67.299 134.598 O.OOE+OO 3.50E-03 7.00E-03 0.2250 2.743E+12 
Co-50 3.82OSE-Q5 67.299 134.598 O.OOE+OO 2.57E-03 5.14E-03 0.3750 1.328E+12 
Cs-l34 4.8693E-Ol 67.299 134.598 O.OOE+OO 3.28E+Ol 6.55E+Ol 0.5750 1.824E+13 
CS-l35 3.4477E-OB 67.299 134.598 O.OOE+OO 2.32E-04 4.64E-04 0.8500 2.554E+12 
Cs-137 2.8731E+OO 67.299 134.598 O.OOE+OO 1.93E+02 3.87E+02 1.2500 4.751E+l1 
Eu-l54 8.2053E-02 67.299 134.598 O.OOE+OO 5.52E+OO 1.10E+Ol 1.7500 1.993E+10 
EU-155 3.9134E-02 67.299 134.598 O.OOE+OO 2.83E+OO 5.27E+OO 2.2500 4.180E+l0 
Fe-55 6.7429E-03 67.299 134.598 O.OOE+OO 4.54E-Ol 9.08E-01 2.7500 2.404E+08 
H-3 1.0599E-02 67.299 134.598 O.OOE+OO 7.13E-Ol l.43E+OO 3.5000 2.667E+07 
1-129 7.5300E-07 67.299 134.598 O.OOE+OO 5.07E-05 1.01E-04 5.0000 8.008E+01 
Kr-85 2.8595E-Ol 67.299 134.598 O.OOE+OO 1.92E+Ol 3.85E+Ol 7.0000 8.929E+OO 
Np-237 9.5479E-Q6 67.299 134.598 O.OOE+OO 6.43E-04 1.29E-03 11.0000 1.006E+00 
Pa-231 8.9297E-l0 67.299 134.598 O.OOE+OO 6.01E-OS 1.20E-07 
Pb-21 0 3.7509E-12 67.299 134.598 O.OOE+OO 2.53E-l0 5.OBE-l0 
Pm-147 2.5452E+OO 67.299 134.598 O.OOE+OO 1.71E+02 3.43E+02 
Pu-236 2.0550E-02 67.299 134.598 O.OOE+OO l.38E+OO 2.77E+OO 
Pu-239 4.2838E-04 67.299 134.598 O.OOE+OO 2.88E-02 5.77E-02 
Pu-240 2.4401E-04 67.299 134.598 O.OOE+OO 1.64E-02 3.28E-02 
Pu-241 6.8764E-02 67.299 134.598 O.OOE+OO 4.83E+OO 9.26E+OO 
Pu-242 3.8329E-07 67.299 134.598 O.OOE+OO 2.44E-05 4.89E-05 
Ra-226 3.8045E-ll 67.299 134.598 O.OOE+OO 2.56E-09 5.12E-09 
Ra-228 2.9902E-15 67.299 134.598 O.OOE+OO 2.01E-13 4.02E-13 
Ru-1OB 1.9055E-Ol 67.299 134.598 O.OOE+OO 1.28E+Ol 2.56E+Ol 
8e-79 1.2936E-Q5 67.299 134.598 O.OOE+OO 8.71E-04 1.74E-03 
5n-126 1.1574E-Q5 67.299 134.598 O.OOE+OO 7.79E-04 1.56E-03 
5r-90 2.7505E+OO 67.299 134.598 O.OOE+OO 1.85E+02 3.70E+02 
Te-99 4.2239E-04 67.299 134.598 O.OOE+OO 2.84E-02 5.69E-02 
Th-229 1.8848E-12 67.299 134.598 O.OOE+OO 1.27E-l0 2.54E-l0 
Th-230 1.7042E-oB 67.299 134.598 O.OOE+OO 1.15E-Q6 2.29E-Q6 
Th-232 7.8132E-15 67.299 134.598 O.OOE+OO 5.26E-13 1.05E-12 
T1-208 4.4063E-oB 67.299 134_598 O.OOE+OO 2.97E-OB 5.93E-OB 
U-232 1.3151E-07 67.299 134.598 O.OOE+OO 8.85E-OB 1.77E-05 Thormal Power 
U-233 1.9564E-09 67.299 134.598 O.OOE+OO 1.32E-07 2.83E-07 Nominal Heal Bounding 
U-234 1.8371E-04 67.299 134.598 O.OOE+OO 1.24E-02 2.47E-02 Output HeatOulput 
U-235 -2.7235E-OB 67.299 0.000 6.90E-03 6.71E-03 6.90E-03 /Walls\ /Walls\ 
U-236 1.5493E-05 67.299 134.598 O.OOE+OO l.04E-03 2.09E-03 3.41E+OO 6.82E+OO 
U-238 -4.2851 E-09 67.299 0.000 1.22E-04 1.21E-04 1.22E-04 Total Total 
Y-90 2.7505E+OO 67.299 134.598 O.OOE+OO 1.85E+02 3.70E+02 
Other Radianuelides 3.46E+02 6.92E+02 
IQ,Template~s..-O\lluftua IlltdCOOdis 
Template Selection Summary 

FromSFD Uaed Basis for Parameter Differences: 
Reactor Moderator: LIGHT WATER LIGHT WATER 

Fuel Cladding: ALUM ALUM 
SOL HM Constituents: U-ALX U 

BOL Enrichment '0/0: 89.81998522 6010100 

Burnup Summary (MWd) Basis for burnup used in estimate: 
FromSFD Estimated 

Nominal: 67.299 Nominal bumup assumed 10 be 2% of SOL heavy metal mass. 
Boundlng:1 134.598 Bounding bumup assumed to be twice nominal bumup. 

Checka 

Estimated Bumupl
Bumup Muttlpller Given Bumup Eatimated EOL HMlGlven EOL HM 

Nominal: 0.06 I 0.981 
Boundlng:1 0.12 ,

Reador shutdown, core removal, storage, shipping or other dale confurmng thai IRadiation ceased for fuel.
 
210181 bumup for all fuel associaled with this worksheet must be divided by BOL heavy metm mass to get specific bumup values (MWdIMT).
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Template Information Estimated 

Fuel Nama: FRR MTR (NETHERLANDS) 'Fuel decay start date: 2010 Canister usage: 
SNFID#: 609 Estimates as of: 2010 18"xl0' 

Fuel Units & Des<:r: 14 - MTR TYPE Template: AlA (Ught Water, Alum.• 60 to 1~·o, U) 0.58
 
Heavy Metal Mass: BOL=3.191<g ; EOL=3.191<g 'Template Bumup(MWd): 367.2
 
ROD Storage Sib: SRS Template BOL Heavy Metal Mass (MT): 0.00116689
 

Template Decay Time' 5 years 
ll. Estimates m x" x. b y" y. Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuelide Template Fuel Bumup (MWd)2 Bumup (MWd)2 (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ae-227 1.4545E-l0 3.978 7.955 O.ooE+OO 5.79E-l0 116E_Q9 Avg MeV 
Am-241 1.1190E-03 3.978 7.955' O:OOE+OO 4.45:;:E:-;-o"'3,___--:-;8o:::90~E,-Q~~3~-=--=-t-=-~"'0~,~::':15O~~~~~=::'.IC;.~53;;; ~5;;E'::.+-:-;;1~2 
~A~m~-~24~2~m;;:::::::::::::::::::::::::::~4~.5~42~5~E~-~07;::::::::::::::::::~3~.9~7~8::::::::::::::::::::;7.~9~55~:::::::::::::10"':"OOE+OO----1.81E-Q6 3.61E_Q6 0.0250 3.306E+11 
Am-243 1.4921E_Q6 3.978 7.955 O.oOE+OO 5.93E-OB 1.19E_Q5 0.0375 3.051E+11 
C-14 5.7244E-09 3.978 7.955 O.OOE+OO 2.28E-08 4.55E-Q8 0.0575 3.000E+11 
.;C~I_-'.c36~-------~..:1"'.731"2""4:;E'---3"'2°-------=3":.9=787-------,7"'."'95"'5°------'O"".00E+oo 5.22E-32 1.04E-31 0.0850 1.913E+11 
.;C"m.-,-cc243~ ~ :=2'":36_=7:,;6",E=--,,07~----.;3::;.9:=7,,,8-----,,7."'9:=55;:---- O.OOE+OO 9.42E_Q7 l.88E_Q6 0.1250 1.657E+11 
Cm-244 5.2042E-05 3.978 .7.955 O.OOE+OO 2.07E-04 4.14E-Q4 0.2250 1.622E+11 
CCo-6O:';c;;~---- ------;c3."'82"'08~E;.;-0:;;5:-------';;3c;.9"'7O;-8----~7:;;.9~55~--- O])O'E+OO 1.52E-04 3.04E-04 0.3750 7.847E+l0 
Cs-l34 4.8693E-Ol 3.978 7.955 O.OOE+OO 1.94E+OO 3.87E+OO 0.5750 1.078E+12 
.;C"'S'--1:-;3;:::5---------73."'44"'77=E=-_Q6-==-----~3"'.9=7"=8'------77."'9'"55=----0"'.60:-E+OO 1.37E-05 2.74E-05 0.8500 1.509E+l1 
.;C;=s-::-1:-;:3"7------------;;2c;.8o;7"'"31::-;E=-+OO~-----::3"'.9"'7;;8;-----~7o.'9"'5"'5-'-- O-:-ooE+OO 1.14E+Ol 2.29E+Ol 1.2500 2.808E+l0 
Eu-l54 _.;;8"'.2c;:053~E;.;-0:;;2;__-------;3c;.9"'7"'8----~7c;.9~5~5---_o0~.ooE+OO 3.26E-Ol 6.53E-Ol 1.7500 1.178E+09 
""E=u·-:-l;-;5""5------ 3.9134E_Q2 3.978 7.955 O.ooE+OO l.56E-Ol 3.11E-Ol 2.2500 2.470E+09 
Fe-55 6.7429E_Q3 3.978 7.955 O.ooE+OO 2.68E-02 5.36E_Q2 2.7500 lA21E+07 
tH~-3~~::::::::::::::::::==--=-~~-=-~1~.05~~9~9;oE~-Q~"'2=:---------~-~---_-}3"'."'9"'7;8~=-=--=-=-=-=--=--=-~7;.~9;;:5~5'=--=--=--=--=--=--_o;C0"'.·"'00~~_;oE,,+oo~ __---'-'4::;.2c:2;oE_o-0:;;2---_o8":;.43~E-';-0:;;2--+-~3:;:.5000~---_:I:;:.5:::76:;E,,+06::;-
1-129 7.5300E_Q7 3.978 7.955 O.ooE+OO 3.ooE_Q6 5.99E_Q6 5.ססOO 4.970E+OO 
7.K,:r'-'=85=---------2"'.85~95~E"'-0'"'1----~3.":9~78=-----7~."'95'"5~~-- O.ooE+OO 1.14E+OO 2.27E+OO 7.ססOO 5.545E-Ol 
1iIP:237 _::9"'.=:54:C7==9:;:E'__-Q6:7-------=3."'9=78=_----""'7"'.95~50__--__;O~.OOE+OO 3.80E-Q5 7.80E-Q5 11.ססOO 6.252E-02 
-;,p"'a_o-2~3.;;1------.___c8;;:.:;:92;;9"'7;oE-::-l:;;0-------.;;3.:;;9:::78:;_----7~.,,95;;50-----~0.OOE+oo 3.55E_Q9 7.10E_Q9 
-;;P~b-,=2;:,1"'0,___-----.----:3:;;.7"'60;;::;;9~E-::-l"'2c__------=3."'9"78=_----7~.,,95"'5e--- __---=0"".ooE+oo 1.50E-ll 2.99E-ll 
Pm-147 2.5452E+OO 3.978 7.955 O.ooE+OO 1.01E+Ol 2.02E+Ol 
Pu-238 2.0550E:o'-';02"!----.....:3~.9~7=8:----.....:7::::.95=5'-----0~.00~E"'+OO~--.....:8"'.1"'7O=E"'-0~2:-----1"'.63=E"'_QOcl:----j1 

~P..U-.;2"'3:;.9-------4:::.2"'838~=E"'-Q4'-'-------_=3."'9~78=_----7'='.,,95'"50__-----=0.'?-ooE+OO 1.70E-03 3.41E-03 
Pu-240 2.4401E-Q4 3.978 7.955 O.ooE+OO 9.71E-Q4 1.94E-03 
-;P"'uc.;-2~4:O'l-------"'6."'87"'64~E;.;_Q~2;---------;;3';.9"'7"'8-------=7';;.9:Oc55~~----.;;0c;;.ooE+oo 2.74E-Ol 5A7E-Ol 
Pu-242 3.6329E_Q7 3.978 7.955 O.ooE+OO l.44E-OB 2.89E-OB 
Aa-226 3.8045E-l1 3.978 7.955 O.ooE+OO 1.51E-l0 3.03E-l0 

-i:Ra2-'-22;;;;:8'__ ~2."'990~2~EC;-1,,5:----___';;3c;.9"'7o;_8----~7:;;.9~55~--___;;0c;.oo:;;;E+OO 1.19E-14 2.36E-14 
Au-lOB 1.9055E_Ql 3.978 7.955 O.ooE+OO 7.58E-Ol 1.52E+OO 

-;S"e-,-70;'9~-__--_~_:_1":.2==9:=36~E~-Q5~----~3o::.9=7:::8;__----=7":.9:;:5,,5----O"",?-ooE+oo 5.15E-05 1.03E-Q4
Sn-126 1.1574E-05 3.978 7.955 O.ooE+OO 4.60E-05 9.21E_Q5
-;S;:.r-c-90~------,---2;;'."'75=0"'5'i'E'-'+OO~----:-;:3';.9"'78;;;-----"'7.';;95:Oc5=-------;;0c;;;.ooE+OO 1.09E+Ol 2.19E+Ol 
Te-99 4.2239E-Q4 3.978 7.955 O.ooE+OO 1.68E_Q3 3.36E-03 
""Th-~22~9--------~1."'8848~"'E;.;-1;;2:-------';;3::;.9"'78;;-----""7.:;;9~55~------';;Oc;.ooO:.E+oo 7.50E-12 1.50E-ll 
Th-230 1.7042E-Q8 3.978 7.955 O.ooE+OO 6.78E-Q8 1.36E_Q7 
-,;Th~-2"'3""2-------77.:o,81;;;32~EC;-1"'5;__---____;;3';;.9"'78;;;_----"'7.';;95~5~ ----;;0,;.00';CE+OO 3.11E-14 6.22E-14 
T1-208 4.4063E-08 3.978 7.955 O.OOE+OO 1.75E_Q7 3.51E-07 
U-232 1.3151E-07 3.978 7.955 O.ooE+OO 5.23E_Q7 l.05E_Q6 Thermal Power 
~U~-2~33~'=--=--=--=--=------------__- _-.-__- ,;:-i-'1.~95~64~~E~-Q9~C::::::::::::::::~3~.9g7o;_8~_-_-_-~-~-~-_-_-_-""""7:;;.:;;9~55~::::::::::::~0c;.00~E+OO~:---""7.:;;7"'8E~-.;;0:;_9---_;_1::;.56~E~-Q8~_--jINominal Heat Bounding
U-234 1.8371E-Q4 3.978 7.955 O.ooE+OO 7.31E-Q4 1.46E-03 Output Heat Output 
U-235 -2.7235E_Q6 3.978 0.000 6.42E-03 6.40E-03 6.42E-Q3 /Watts} /Watts)
u:236~-------~1."'54~9"'3"'E"'_Q5:O;'-----..,3;-;.9O::7"'"8----"'""""7c;:.955"'"---c;:0=.00E+OO 6.16~EC;_Q5~-----cl"'.2"'3;;:E;.;-04~--H-~2.~02E-0=~1--~4:::.04~E:;:_4~1!-

U-238 -42851E_Q9 3.978 0.000 7.51E-Q5 7.51E_Q5 7.51E_Q5 Total Total 
Y-90 2.7505E+OO 3.978 7.955 O.ooE+OO 1.09E+Ol 2.19E+Ol 
Other Radianuelides 2.05E+Ol 4.09E+Ol 
m. TenmIate Sdedioo Summarv, BUI'IlUP Summaty, and Cheeks 
Template Selection Summary 

FromSFD Used Basis for Parameter Differences: 
Reactor Moderator. UGHTWATER LIGHT WATER 

Fuel Claddlng:I--="'A,..;LU7.M-::-="'---t--=:..;A7L:..;U:..;M='------1 

BO~:M==:;I--""'92c=.c;~-;CA;;::LX:::c=-:---t-----;60=t~"-l::00=---1 

Bumup Summary (MWd) Basis for bumup used in estimate: 
FromSFD I Estimated 

Nomlna::1 I 3.978 Nominal bumup calculated from the heavy metal mass destroyed. 
Bounding:1 7.955 Bounding bumup assumed to be twice nominal bumup. 

Checks 
Estimated Bumupl 

BumuD MultlDlIer Given Bumup Estirnal<>d EOL HMlGlven EOL HM
Nomina!: 0.00 I 1.001 

Bounding: 0.01 
1Reactor shutdown, core removal. storage, stupptng or other date confirming that irradiation ceased for fuel.
 

2Total bumup for all fuel associated with this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWdIMT).
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Fuel Radionuclide Inventory Worksheet 
I. FudanclT~.Inf_1Wn Estimated 

Fuel Name: FRR MTR (TAIWAN) 'Fuel decay start date: 2010 Canister usage: 
SNFID#: 628 Estimates as of: 2010 18"x10' 

Fuel Units & Dascr: 35 - MTR TYPE Template: ATR (Ught Water, Alum.• 60 to 100%, U) 1.46 
_vy Metal Ma••: BOl=4.761<9 ; EOl=4.761<9 'Tampla.. Bumup(MWd): 367.2 
ROD Stor_ Site: SRS Templa" BOL _vy Metal Ms•• (MT): 0.00116689 

Templs" Decay Time' 5 yes", 
n. Estimates m x" x.. b Y" Yb Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Bumup (MWd)' Bumup(MWdj' (Ci) Invento,ies(Ci) Inventories(Ci) Group (bounding) 
Ac-227 1.4545E-10 3.315 6.629 O.OOE-tOO 4.82E-10 9.64E-10 AV9·MeV 
Am-241 1.1190E-03 3.315 6.629 O.OOE-tOO 3.71E-03 7.42E-03 0.0150 1.279E+12 
Am-242m 4.5425E-07 3.315 6.629 O.OOE-tOO 1.51E-06 3.01E-06 0.0250 2.755E+l1 
Am-243 1.4921E-06 3.315 6.629 O.OOE-tOO 4.95E-06 9.89E-06 0.0375 2.543E+11 
C-14 5.7244E-09 3.315 6.629 O.OOE-tOO 1.90E-08 3.79E-08 0.0575 2.500E+11 
CI-36 1.3124E-32 3.315 6.629 O.OOE-tOO 4.35E-32 8.70E-32 0.0850 1.594E+11 
Cm-243 2.3676E-07 3.315 6.629 O.OOE-tOO 7.85E-07 1.57E-06 0.1250 1.381E+11 
Cm-244 5.2042E-05 3.315 6.629 O.OOE-tOO 1.72E-04 3.45E-04 0.2250 1.353E+11 
Co-SO 3.8208E-05 3.315 6.629 O.OOE-tOO 1.27E-04 2.53E-04 0.3750 6.539E+10 
Cs-l34 4.8693E-01 3.315 6.629 O.OOE+OO 1.61E-tOO 3.23E-tOO 0.5750 8.982E+l1 
Cs-135 3.4477E-06 3.315 6.629 O.OOE-tOO 1.14E-05 2.29E-05 0.8500 1.258E+11 
Cs-137 2.8731 E-tOO 3.315 6.629 O.OOE-tOO 9.52E-tOO 1.90E+01 1.2500 2.340E+10 
EU-154 8.2053E-02 3.315 6.629 O.OOE-tOO 2.72E-01 5.44E-01 1.7500 9.814E+oa 
Eu-155 3.9134E-02 3.315 6.629 O.OOE-tOO 1.30E-01 2.59E-01 2.2500 2.059E+09 
Fe-55 6.7429E-03 3.315 6.629 O.OOE-tOO 2.24E-02 4.47E-02 2.7500 1. 184E+07 
H-3 l.OS99E-02 3.315 6.629 O.OOE-tOO 3.51E-02 7.03E-02 3.5000 1.314E+06 
1-129 7.5300E-07 3.315 6.629 O.OOE-tOO 2.50E-06 4.99E-06 5.ססOO 4.306E+OO 
Kr-85 2.8595E-01 3.315 6.629 O.OOE-tOO 9.48E-01 1.90E+OO 7.ססOO 4.805E-01 
Np-237 9.5479E-06 3.315 6.629 O.OOE-tOO 3.16E-05 6.33E-OS 11.ססOO 5.420E.Q2 
Pa-231 8.9297E-10 3.315 6.629 O.OOE-tOO 2.96E-09 5.92E-09 
Pb-210 3.7609E-12 3.315 6.629 O.OOE-tOO 1.25E-11 2.49E-11 
Pm-147 2.5452E-tOO 3.315 6.629 O.OOE-tOO 8.44E-tOO 1.69E+01 
Pu-238 2.OS50E-02 3.315 6.629 O.OOE-tOO 6.81E-02 1.36E-01 
Pu-239 4.2838E-04 3.315 6.629 O.OOE-tOO 1.42E-03 2.84E-03 
Pu-240 2.4401E-04 3.315 6.629 O.OOE-tOO 8.09E-04 1.62E-03 
Pu-241 6.8764E-02 3.315 6.629 O.OOE-tOO 2.28E-01 4.56E-01 
Pu-242 3.6329E-07 3.315 6.629 O.OOE-tOO 1.20E-06 2.41E-06 
Ra-226 3.8045E-11 3.315 6.629 O.OOE-tOO 1.26E-10 2.52E-10 
Ra-228 2.9902E-15 3.315 6.629 O.OOE-tOO 9.91E-15 1.98E-14 
RU-106 1.9055E-01 3.315 6.629 O.OOE-tOO 6.32E-01 1.26E-tOO 
5e-79 1.2936E-OS 3.315 6.629 O.OOE-tOO 4.29E-05 8.58E-05 
5n-126 1.1574E-OS 3.315 6.629 O.OOE-tOO 3.84E-QS 7.67E-OS 
5r-90 2.7505E-tOO 3.315 6.629 O.OOE-tOO 9.12E-tOO 1.82E+01 
Tc-99 4.2239E-04 3.315 6.629 O.OOE-tOO 1.40E-03 2.80E-03 
Th-229 1.8848E-12 3.315 6.629 O.OOE-tOO 6.25E·12 1.25E-11 
Th-230 1.7042E-oB 3.315 6.629 O.OOE-tOO 5.65E-oB 1.13E-07 
Th-232 7.8132E-15 3.315 6.629 O.OOE-tOO 2.59E-14 5.18E-14 
TI-208 4.4063E-oB 3.315 6.629 O.oqE-tOO 1.46E-07 2.92E-07 
U-232 1.3151E-07 3.315 6.629 O.OOE-tOO 4.36E-07 8.72E-07 Thermal Powe, 
U-233 1.9564E-09 3.315 6.629 O.OOE-tOO 6.48E-09 1.30E-oB Nominal Heal Bounding 
U-234 1.8371E-04 3.315 6.629 O.OOE-tOO 6.09E-04 1.22E-03 Outpul HeatOutpul 
U-235 -2.7235E-06 3.315 0.000 9.59E-03 9.58E-03 9.59E-03 (Wattsl (Watts) 
U-236 1.5493E-OS 3.315 6.629 O.OOE-tOO 5.14E-OS 1.03E-04 1.88E-Ol 3.36E-Ol 
U-238 -4.2851 E-09 3.315 0.000 1.09E-04 1.09E-04 1.09E-04 Total Total 
V-90 2.75OSE-tOO 3.315 6.629 O.OOE-tOO 9.12E-tOO 1.82E+01 
Other Radlonuclides 1.70E+01 3.41E+01 

Ul. TeDIJlla~~~\'Y.B llltllChecl<s 
TemDlale Selection SummarY 

FromSFD U8ed Basis 10' Parameler Differences: 
Reactor Moderator: UGHTWATER UGHTWATER 

Fuel Cladding: ALUM ALUM 
SOL HM Constituents: U-ALX U 

BOL Enrichment -J.: 93.19000561 60 to 100 

Bumup Summary (MWd) Basis for bumup used in estimate: 
FromSFD E.timatad 

Nominal: 3.315 Nominal bumup calculated from the heavy metal mass destroyed. 
Bounding:1 I 6.629 Bounding bumup assumed to be twice nominal bumup.

Checks 

Estimatad Bumupl 
BumuD MultiD11er Given BumuD Estimatad EOL HMIGiven EOL HM 

Nominal: 0.00 1 1.001 
Bounding: 0.00 ,

Reactor shutdown, core removal, storage, shipping or other date conflRmng thallrradiatloo ceased for fuel. 

2Total bumup for all fuel associated with this worKsheet must be divided by BOl heavy metal mass to get specific bumup values (MWd'Mn. 
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Fuel Radionuclide Inventory Worksheet 
I. Fuelllnd Template blf_uOll ESlimated
 

Fuel Nam9: FRR MTR (TAIWAN) lFuel decay start date: 2010 Canister usage:
 
SNFID#: 555 Estimates as of: 2010 1811 xl0'
 

Fuel Units & Oeser: 23 - ASSEMBLY Template: ATR (Ughl Water. Alum.. 60 10 1()()'\•. U) 0.96
 
Heavy Metal Ma.s: BOl=34.80kg ; EOl=34.80kg 'Template Bumup(MWd): 367.2
 
ROO Stor_ Sib: SRS Template BOl Heavy Metal Ma•• (MT): 0.00116689
 

Template Decay Time" 5 years
 
n. Estimates m b Yn Y. Gamma Sources

Photon TOlal 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
-':iA,::e-,;2~27c;- ~10'.4~54s;5~E-_;;1",0-----;;6~59",.063;;;;;c_--____;1-",3001.;:8'7,126 O.OOE+DO 9.59~E-Q~8 -o1~.9.=;2;=,E-<i.~ ~_fljeV"---- -=-==---,-,
-,;AA",mm,,-_-.;;:2244~21;;-mc----------:41"'.541,"10:9025::;EE;--Q-';;:00:37- --:6:::5c;9".OB~3---____:1"'.3"'1,,8"-.1,,2~6-.----00".OO~E+OO----7.37E-Ol 1.47E+DO 0.0150 2.543E+14 
:";::-;;~"- 7';~~~ -;6~5~9:-;.0?,:63;;-- -;1:-c,3:<:1~8:7..126 O.OOE+DO 2.99E-04 5.99E-Q4 0.0250 5.479E+13 
Am-243 1.4921E-OB 659.063 1,318.126---O:00E+DO 9.83E-04 1.97E_Q3 0.0375 5.0S6E+13 
"'Cc-:_l:"'4;:-=-----~- -~-_-.-_ -;-"5t.7~2~44~E~-~O~9::::::::::::::::::::::::~65~9~.06~~3:::::::::::::::::::::~I~,3tI8~.fI2Ej6t:::::::::~-"o~.~o6E+OO 3.77E-OB 7.55E-OB 0.0575 4.971E+13 
""Cc:I-:,36~~ --;;I,""3,,12~:4~E~-3;o2:;------;6:;:5;;9,",,063~-------;1-,,,3001-;;8'"'.1.;:2;;6 ~ O.OO'E+DO 8.65"E~-0:30:c-----'1c".7:::3~E'"'-2~9t::::::j::::::::::~0."'08:'"'50 3.169E+13 
"'CO"m::.-.;;:2-:-437----------=2.c:360:7:-:6:::E~-0::;7:___---~6::::50:9.c:063~---____;1-",3"'1"'8".1.::20:6---~O:'C.OOE+DO 1.56E-04 3.12E-04 0.12sO---2-.7-44-E-+1-3 
""C:::m:;-2:;;44""- -;5"'.2;;;04~2~E--;;05:;:_---____;;6~59"'.063;;;;;c_--____;I,,::o318.126 O.OOE+DO 3.43E_Q2 6.86E_Q2 0.2250 2.686E+13 
""CC;-::0S-:OO:I;;;34C;------------:::3.c:8~208~E~-0"'5;:------~66::::550:99·."'063060:3:c-----i1-",3"'I"'S".1.::20:6--------;O-c:::.OOE+DO 2.52E-02 65.'4042EE~22 0.3750 1.300E+13

4.6693E-Ol 1,318.126 O.OOE+oO 3.21E+D2 ~ 0.5750 1.786E+14 
CS-135 3.4477E-06 659.063 1,318.126 O.OOE+DO 2.27E-03 4.54E-03 0.8500 2.501E+13 
Cs-137 2.8731E+DO 659.063 1,318.126 O.OOE+DO 1.89E+D3 3.79E+D3 1.2500 4.6S3E+12 
-;:E"'u-;-I-;:54~----- __-8::o-.2053E:c-Q~2;___----;6529:;:.063~---__,I'"',3"'1;';8C:.1;0:2",6__ O.OOE+DO 5.41E+Dl 1.08E+D2 1.7500 1.951E+ll 
Eu-155 3.9134E-02 659.063 1,318.126 O.OOE+DO 2.58E+Dl 85 ..8169EE~::;nli;--1I--2"'.~25OO:::::--_---:4"'.093:;;:=E+-'-:I=-1 

-,",Fe-~55,,--- --,6.7429E-Q3 659.063 1,318.126 O.OOE+DO 4.44E+DO ~ 2.7500 2.355E+09 
H-3 1.0599E_Q2 659.063 1,318.126 O.OOE+DO 6.99E+DO 1.40E+Dl 3.5000 2.612E+08 
1-129 7.5300E-07 659.063 1.318.126 O.oOE+DO 4.96E-Q4 9.93E-04 5.ססOO 8.022E+02 
7K7-r-8,,:5~ 2~.8595E-Ol 659.063 1.318.126 0.001=+00 1.aSE+D2 3.77E+D2 7.ססOO 8.952E+Ol 
Np-237 9.5479E-OB 659.063 1,318.126 O.OOE+OO 6.29E_Q3 1.26E-02 11.ססOO 1.010E+Ol 
Pa-231 8.9297E-l0 659.063 1.318.126 O.OOE+OO 5.89E-07 1.18E-06 
Pb-21 0 3.7609E-12 659.063 1,318.126 O.OOE+OO 2.48E-09 4.96E-Q9 
Pm-147 2.5452E+OO 659.063 1,318.12S---0:00E+oo 1.68E+D3 3.35E+D3 
Pu-236 2.0550E-02 659.063 1,318.126 O.OOE+OO 1.35:;,.E~+D~I---~2,o.7~1E~+D~I-__j1 
Pu-239 4.2838E-Q4 659.063 1,318.126 O.OOE+OO 2.82E-Ol 5.65E_Ql 
Pu-240 2.4401E-04 659.063 1,318.126 O.OOE+OO 1.61E_Ql 3.22E_Ql 
Pu-241 6.8764E_Q2 659.063 1,318.126 O.OOE+OO 4.53,E~":+D~I;___----'9~.06:;;E~+D~I;_____j1 
Pu-242 3.6329E_Q7 659.063 1,318.126 O.OOE+OO 2.39E-Q4 4.79E-Q4 
Ra-226 3.8045E-ll 659.063 1,318.126 O.OOE+DO 2.51:c;E,",-08~----,5:".0~I~E,",-oB~--l1 
Ra-228 2.9902E-15 659.063 1,318.126 O.OOE+DO 1.97"'Ec--l;c.2i;----;3c-;.=::94~E'-c-l;c.2i;-__jf 
RU-l;::0B:::-. -"I.c:90='5"'5:;E'-'-Qo=l,------'-'6:;5:c9.c:063~---__,I"',3='1c::8=..126 O.OOE+OO 1.26E;-+D'=2 ~2."'5~1 c;:.:;;2_--11E",+D

5<>:79 1.2936E-05 659.063 1,318.126 O.OOE+OO 8.53E-03 1.71E_Q2 
Sn-126 1.1574E-05 659.063 1,318.126 O.OOE+DO 7.63E-03 1.53E_Q2 
Sr-90 2.7505E+OO 659.063 1,318.126 O.OOE+OO 1.81E+03 3.63E+03 
Te-99 4.2239E-Q4 659.063 1,318.126 O.OOE+DO 2.78E_Ql 5.57E_Ql 
Th-229 1.8848E-12 659.063 1,318.126 O.OOE+OO 1.24E-09 2.48E-Q9 
Th-230 1.7042E-oB 659.063 1,318.126 O.OOE+OO 1.12E-05 2.25E-05 
Th-232 7.8132E-15 659.063 1,318.126 O.OOE+DO 5.15E-12 1.03E-l1 
Tl-208 4.4063E-oB 659.063 1,318.126 O.OOE+OO 2.90E-05 5.81E-05 
U-232 1.3151E_Q7 659.063 1,318.126 O.OOE+OO 8.67~E:c-05:;;;_---_;;I,:;.7"'3~E~-Q4~-~f.;==T::h~e:::nna=:..1 p:.;o~w~e-=r~=_ 
U-233 1.9564E-09 659,063 1,318.126 O.OOE+OO 1.29E-06 2.58E-06 Nominal Heat Bounding 
U-234 1.8371E-Q4 659.063 1,318.126 O.OOE+OO 1.21E_Ql 2.42E_Ql Output Heat Output 
U-235 -2.7235E-06 659.063 0.000 1.49E_Q2 1.31 E_Q2 1.49E_Q2 /Wattsl /Waltsl 
U-236 1.5493E-05 659.063 1,318.126 O.OOE+OO 1.02E_Q2 2.04E_Q2 3,34E+o1 6.68E+Ol 
U-238 -4.2851E-Q9 659.063 0.000 9.38E-03 9.37E_Q3 9.38E-03 Total TOlal 
Y-90 2.7505E+OO 659.063 1,318.126 O.OOE+DO 1.81E+D3 3.63E+03 
Other Radionuelides 3.39E+D3 6.78E+03 

Template Selection SummarY 
From SFD Used Basis for Parameter Differences: 

Reactor Moderator. UGHT WATER UGHT WATER This Template was used for the following reasons: 
Fuel C1adding:t--''-'-AL=U-;;M-;-''--'-+----'-;Ac;lU:;;M~---tTh~ luel mateIIes ATR Templale on all but one peremeter (enrichmanl) mal<ing ATR e raasoneble 

BOL HM Consti1uenIn: lJ-ALJ( U match. 
SOL Enrichment~. 19.83000026 60 to 100 

Bumup Summary (MWd)< Basis for burnup used in estimate: 
FromSFD Estimated

NomlnaJ:I-I -+ 6::5:=9:=.063.=.::jNominai bumup assumed 10 be 2% of BOl heevy molal mass. 
Bounding:1 I 1.318.126 Bounding bumup assumed to be twice nominal bumup. 

Checks 
Estimated Bumupl 

BumuD MultiDlIer Given Bumup Estimated EOl HMlGlven EOL HM
Nominal: 0.06 I 0.981 

Boundlng:1 0.12 
1Reactor shutdown. core removal, storage, shipping or other date confirming that irradiation ceased for fuel.
 

~Total bumup for all fuel associated with this wor1«>heet must be divided by BOL heavy metal mass to get specific bumup values (MWd'MT).
 

DOElSNFIREP_Q78 December 2003 
Revision 1 Page C-I30 
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Fuel Radionuclide Inventory Worksheet 
I. F.-J snd Teq>Ia!e InfonnaliQll Estimated 

Fuel Name: FRR MTR (VENEZUELA) 'Fuel decay start date: 2010 Canister usage: 
SNF 10#: 559 Estimates as of: 2010 18"xl0' 

Fuel Units & Oeser: 64 - ASSEMBLY Template: ATR (Ught Water, Alum., 60 to 100~o, U) 2.67 
Heavy Metal Mass: BO~3.2Okg ; EOWo39.05kg 'Template Bumup(MWd): 367.2 
ROD Storage Site: SRS Temptate BOL Heavy Metal Mass (MT): 0.00116669 

T IteDecay TIme: empa 5 years 

n. Estimates m x" Xb b y" Yb Gamma Sources 
Photon Total 

CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 
Radionuclide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) lnventories(Ci) Inventories(Ci) Group (bounding) 
Ae-227 1,4545E-l0 3,933.540 7,867,080 O,ooE+oo 5.72E-07 1.14E-OO Avg, MeV 
Am-241 1.1190E-03 3,933.540 7,867.080 O.ooE+OO 4.40E+OO 8.80E+OO 0.0150 1.518E+1S 
Am-242m 4,5425E-07 3,933.540 7,867.080 O,ooE+oo 1.79E-03 3.57E-03 0.0250 3.270E+14 
Am-243 1,4921E-OO 3,933.540 7,867.080 O.ooE+OO 5.87E-03 1.17E-02 0.0375 3.017E+14 
C-14 5.7244E-09 3,933.540 7,867.080 O,ooE+oo 2.25E-05 4,50E-05 0.0575 2.967E+14 
CI-36 1.3124E-32 3,933.540 7,867.080 O.ooE+OO 5.16E-29 1.03E-28 0.0850 1.891E+14 
Cm-243 2.3676E-07 3,933,540 7,867.080 O.ooE+OO 9.31E-04 1.86E-03 0.1250 1.638E+14 
Cm-244 5,2042E-05 3,933.540 7,867.080 O,ooE+oo 2.05E-Ol 4,09E-Ol 0.2250 1.603E+14 
Co-60 3.8208E-05 3,933.540 7,867,080 O.ooE+OO l.50E-Ol 3.01E-Ol 0.3750 7.760E+13 
Cs-l34 4.8693E-Ql 3,933.540 7,867.080 O.ooE+OO 1.92E+03 3.83E+03 0.5750 1.066E+15 
Cs-l35 3.44nE-OO 3,933.540 7,867.080 O.ooE+OO 1.36E-02 2.71E-02 0.8500 1.493E+14 
Cs-137 2.8731E+OO 3,933.540 7,867.080 O.ooE+OO 1.13E+04 2.26E+04 1.2500 2.777E+13 
Eu-l54 8.2053E-02 3,933.540 7,867.080 O.ooE+OO 3.23E+02 6.46E+02 1.7500 1.165E+12 
Eu-155 3.9134E-02 3,933.540 7,867.080 O,ooE+oo 1.54E+02 3.08E+02 2.2500 2.443E+12 
Fe-55 6.7429E-03 3,933.540 7,867.080 O.ooE+OO 2.65E+Ol 5.30E+Ol 2.7500 1.405E+l0 
H-3 1.0599E-02 3,933.540 7,867.080 O,ooE+oo 4.17E+Ol 8.34E+Ol 3.5000 1.559E+09 
1-129 7,53OOE-07 3,933.540 7,867.080 O.ooE+OO 2.96E-03 5.92E-Q3 5.ססOO 4.686E+03 
Kr-85 2.8595E-Ol 3,933.540 7,867.080 O,ooE+oo 1.12E+03 2.25E+03 7.ססOO 5.225E+02 
Np-237 9,5479E-oo 3,933.540 7,867.080 O.ooE+OO 3.76E-02 7.51E-Q2 11.ססOO 5.890E+01 
Pa,231 8.9297E-l0 3,933.540 7,867.080 O.ooE+OO 3.51E-OO 7.03E-Q6 
Pb-210 3.7609E-12 3,933.540 7,867.080 O.ooE+OO 1.48E-08 2.96E-Q8 
Pm-147 2.5452E+OO 3,933.540 7,867.080 O.ooE+OO 1.ooE+04 2.ooE+04 
Pu-238 2.0550E-Q2 3,933.540 7,867.080 O.ooE+OO 8.08E+Ol 1.62E+02 
Pu-239 4,2838E-Q4 3,933.540 7,867.080 O.ooE+OO 1.69E+OO 3.37E+OO 
Pu-240 2.4401E-04 3,933.540 7,867.080 O.ooE+OO 9.60E-Ol 1.92E+OO 
Pu-241 6,8764E-02 3,933,540 7,867.080 O.ooE+OO 2,70E+02 5.41E+02 
Pu-242 3.6329E-07 3,933.540 7,867.080 O.ooE+OO 1.43E-Q3 2.86E-Q3 
Ra-226 3,8045E-ll 3,933.540 7,867.080 O.ooE+OO 1.50E-Q7 2.99E-Q7 
Aa-228 2.9902E-15 3,933,540 7,867.080 O.ooE+OO 1.18E-ll 2.35E-l1 
Au-lOO 1.9055E-Ql 3,933.540 7,867.080 O.ooE+OO 7.50E+02 1.50E+03 
5e-79 1.2936E-Q5 3,933.540 7,867.080 O.ooE+OO 5.09E-Q2 1.02E-Ql 
5n-126 1.1574E-05 3,933.540 7,867.080 O.ooE+OO 4.55E-02 9.11E-Q2 
5r-90 2.7505E+OO 3,933.540 7,867.080 O.ooE+OO l.08E+04 2,16E+04 
Te-99 4.2239E-Q4 3,933.540 7,867.080 O.ooE+OO l.66E+OO 3.32E+OO 
Th-229 1.8848E-12 3,933.540 7,867.080 O.ooE+OO 7.41E-09 1.48E-08 
Th-230 1.7042E-Q8 3,933.540 7,867.080 O.ooE+OO 6,70E-05 1.34E-04 
Th-232 7.8132E-15 3,933.540 7,867,080 O.ooE+OO 3.07E-ll 6.15E-l1 
TI-208 4.4063E-08 3,933.540 7,867.080 O,ooE+oo 1.73E-04 3.47E-04 
U-232 1.3151E-07 3,933.540 7,867.080 O,ooE+oo 5.17E-04 1.03E-Q3 Thenmal Power 
U-233 l.9564E-Q8 3,933.540 7,867.080 O,ooE+oo 7.70E-OO 1.54E-05 Nominal Heat Bounding 
U-234 1.8371E-Q4 3,933.540 7,867.080 O.ooE+OO 7.23E-Ol 1.45E+OO Heal Output oulp~: 
U-235 -2.7235E-OO 3,933.540 0.000 1.87E-Q2 7.96E-03 1.87E-Q2 rwatts rwattsi 
U-236 l.5493E-05 3,933.540 7,867.080 O.ooE+OO 6.09E-02 1.22E-Ol 1.99E+02 3.99E+02 
U-238 -4.2851 E-09 3,933.540 0.000 1.16E-Q2 1.16E-02 1.16E-Q2 Total Total 
Y-90 2.7505E+OO 3,933.540 7,867.080 O.ooE+OO l.08E+04 2.16E+04 
Other Aadionuelides 2.02E+04 4.05E+04 

Ill. TfIllllllste SeJectiollSuntnls..v,lluruu ,audCbedl5 
Template selection Summary 

From SFD Used Basis for Parameter Differences:
 
ReaetorModorator: LIGHT WATER UGHTWATEA This Template was used fortne following reasons:
 

Fuel Cladding: ALUM ALUM This fue! malches ATR Tomplato on all but ono parameter (onrimmenl) making ATR a rsasonable
 
BOL HM Constl1uenls: U-ALX U maim.
 

BOL Enrichment OJ.: 20 6010100 

Bumup Summary (MWd) Basis for bumup used in estimate: 
FromSFD I Estimated 

Nominal: 3,933.540 Nominal bumup cak:ulated from the heavy metal mass destroyed. 
Bounding:1 7,867.080 Bounding bumup assumed 10 be twice nominal bumup. 

Checks 

Estimated Bumupl 
Bumup Multiplier Given Bumup Estimated EOL HMlGlven EOL HM 

Nominal: 0.29 I 1.011 
Bounding: 0.58 ,

Reactor shutdown, core removal, storage, shlppmg or other date confurmng that "radiatIOn ceased for fuel.
 

2Total bumup for all fuel associated with this 1NOrksheet must be divided by BOl heavy metal mass to get specific bumup values (MWcVMT).
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Fuel Radionuclide Inventory Worksheet 

1. Fuel and Template Information Estimated 
Fuel Nall1G: FRR MTR-C (ARGENTINA) tFuel decay start date: 2010 Canister usage: 

SNFID<I: 635 Estimates as of: 2010 18"x10' 
Fuel Units & Oeser: 14 - MTR TYPE Template: ATR (Ught Water, Mum., 60 10100%, U) 0.58 
Heavy Metal Mas., BOl.=2.40k9 ; EOl=1.75k9 "Templ3le Bumup(MWd): 367.2 
ROD Storage Site: SRS Template BOlHcavy Mots. Mass (MT): 0.00116689 

Template Decay Time" 5 years 
n. Estimates m Xo Xb b Yo Yb Gamma Sources 

Photon Total 
CUMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuelide Template Fuel Burnup (MWd)' Burnup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 1.4545E-l0 612.532 1,225.064 0.ooE:-'.+OO~__---;8~.9:1E-08 1.78E-Q7 AV9. Me.-'-v__--,==.,..,..,

"A"'m'--2"'4;.,;1=- ___,I;';.lo-:l;:;;90"'E:=--Q~3----"'61;;2"'.5o;3"'2---~lc,~2",25"",064 O.ooE+oo 6.85E~-Q"'I,~---I"'.,o_37;cE~+OO~-1f--O"'.0::1~50:__--~'-20'.364=~E+:..:l_;;.4 
Am-242m 4.5425E-07 612.532 1,225.064--- o.ooE+OO 2.78E-04 5.56E_Q4 0.0250 5.092E+13 
Am-243 1.4921E-Q6 612.532 1,225.064 O.ooE+OO 9.14E_Q4 l.83E-Q3 00 .. 0053c;77,,55----,4;c.6:;:99::::E"'+:..:1:;':-3 
C-14 5.7244E-Q9 612.532 1,225.064 0.00~E+OO~:_--~3"".5c:l:=-E-~06,o_--~7"".0;;_I~E-Q6~-+-~=---_~4.620E+13 
CI-36 1.3124E-32 612.532 1,225.064 QOOE+OO 8.04E-3D 1.61E-29 0.0850 2.945E+13 
-;C"mc.-:;:2473:__-----~_..:2o:.:;:36;c7;;6;;:E"'-0::7o_---~6712"'.'=53;:;2:__- __-:-1"",22=5.",064 0.00~E+OO~:___-_,1;;:.c4,5;:;E=--Q4-=-_--_;2"'.90~E~-04;:.;;_-1I__-=0._:_12:::50:=_-----'20'.5:::5:1,,,,E+,-1~3 
.,C;:m";-:;244C"-- ,,5:;;.2,,04;;:2"'E~-,,05:__---_o6;;1;;2~.5o;32~---_;1_';,2~2~5"'.064;;;--.--QOOE+OO 3.19E-Q2 6.38E-Q2 0.2250 2.496E+13 
-oC;=o-6O~-;------~-__':3"'.8"'2;;;08;;;E:=--=05:__---~61;;2"'.5o;3"'2---~I,"'2;c25",.064;;-;: O.ooE+OO 2.34E-02 4.68E-Q2 0.3750 1.208E+13 
-;C"'S'-:-1;;34:=--~ -=4."'86"09~3?E~-~01:__---_:6;;_1:;:2.,o5~32:__---..:1-",22=-5.,064 0.ooE=-+OO~'-~-_;2:::.9"'8:.:::E"-+O='2:-- __---:5"".9C:7"'E"'+O,,2c_-U--00'.5:::7c::50,o_-_ ___'I:::.660"""E=-+:..:1_;;.4 
-oC;=S_--;1;;;35;- ---c3"".;;:44;;77~E,.;-06~---__;;6:;:12"'."'53"'2:_--_;I_';,2~2",5~.664---0:00E+OO 2.11E-03 4.22E-Q3 0.8500 2.324E+13 
-=C~s'-:-1;;3C:7-------...:2=-.B==7'=3=_I::;E='+OO~----_;6;;_1=_2,o.5=32:__---__:1-":2",2,,,5".064::0: O.ooE+OO 1.76E+03 3.52E+03 1.2500 4.325E+12 
""E:"u_-,1~54~-------_;;8::;.2"'0;c53;;E=--0"'2;_---__;6:o.;1:;;2::;.5:;;32;c_---;'I,;:c22:;;5~.064 O.ooE+OO 5.03E=-+O~I---_::_1.~0~1 E=-+O~2-+--;;I.~7500~----;;I."'81::-~4"'E-'c+l~1 
Eu-155 3.9134E-02 612.532 1,225.064---o.00E+OO,:";;o:__-~.:2".40~;E",+O~I_---o4;c.7,,,9;;:E,-,+O~1_1I-_:;c2.=2500=: ...:3"'.804="'E+"'1:-=-1
Fe-55 6.7429E-03 612.532 1,225.064 O.ooE+oo 4.13E+OO 8.26E+OO 2.7500 2. 188E+09 
-;-H~-3,=" -,1;;:.=05",99~E-;-Q",2-----;6,;;12;:,.5=3",2:_-------:1-",2;;;2=-50;;-;:.064 O.ooE+OO 6.49E+OO 1.30E+Ol 3.5000 2.428E+08 
1-129 7.5300E-Q7 612.532 1,225.064 O.ooE+OO 4.61E_Q4 9.22E-04 5.ססOO 7.257E+02 
Kr-85 2.8595E-Ql 612.532 1,225.064 O.ooE+OO 1.75E+02 3.50E+02 7.ססOO 8.091E+01 
Np-237 9.5479E_Q6 612.532 1,225.064 O.ooE+OO 5.85E;o-~0",3---_,1;-";017;;;E=--=02:__--III--,-II".0000==-- __..:::9..::120:::-=Ec.+OO= 
-;;-p"'a--;;2"'31"'-------__;8:;--.9~297E-10 612.532 1,225.064 O.ooE+oo 5.47E-Q7 1.09E_Q6 
Pb-210 3.7609E-12 612.532 1,225.064 O.ooE+OO 2.30E-Q9 4.61E-09 
Pm-147 2.5452E+OO 612.532 1,225.064 MOE+OO 1.56E+03 3.12E+03 
Pu-238 2.0550E-Q2 612.532 1,225.064 0.00E+OO 1.26E+Ol 2.52E+Ol 
""P,::.U_;-2:::3:;c9-------"'4.~28387.:::"'E--:-Q4o-:----_____:6;;_1=_2.:;:53;:;2:__--___,I;c,22~5",.064:0: O.ooE+OO 2.62E-Ol 5.25E-Ql
Pu-240 2.4401E_Q4 612.532 1,225.064 O.ooE+OO 1.49E-Ol 2.99E-Ql 
Pu-241 6.8764E-02 612.532 1,225.064 O.ooE+OO 4.21E+Ol 8.42E+Ol 
Pu-242 3.6329E-Q7 612.532 1,225-064 O.ooE+OO 2.23E_Q4 4.45E_Q4 
Ra-226 3.8045E-ll 612.532 1,225.064 O.ooE+OO 2.33E-Q8 4.86E-Q8 
Ra-228 2.9902E-15 612.532 1,225.064 O.ooE+OO 1.83E-12 3.86E-12 
-;;R':'u~-I~06"-------~_,I;-:905""5E-Q1 612.532 1,225.064 O.OOE+OO 1.17E='+O"'2:--__..:2:;.:.33~E"'+O.;;;2::--_11 
5e-79 1:2936E-Q5 612.532 1,225.064---0.ooE+oo 7.92E-Q3 1.58E-Q2 
5n-126 1.1574E-Q5 612.532 1,225.064 O.ooE+OO 7.09E-Q3 1.42E-Q2 
5r-90 2.7SOSE+OO 612.532 1,225.064 O.ooE+OO 1.68E+03 3.37E+03 
Tc-99 4.2239E_Q4 612.532 1,225.064 O.ooE+OO 2.59E-Ql 5.17E-Ql 
Th-229 1.6848E-12 612.532 1,225.064 O.ooE+OO 1.15E-Q9 2.31E-Q9 
Th-23D 1.7042E-Q8 612.532 1,225.064 0.ooE=-+OO-;;;; I",.~04;"E=--Q5:;;o-__...:..2=-.",090;;E=--Q:o:5:__-fl 
Th-232 7.8132E-15 612.532 1,225.064 O.ooE+OO 4.79E-12 9.57E-12 
TI-208 4.4063E-Q8 612.532 1,225.064 O.ooE+OO 2.70E-Q5 5.40E-Q5 
U-232 1.3151E-07 612.532 1,225.064 O.ooE+OO 8.06E-Q5 1.61E-04 Thermal Power 
"'U"-2s:33c;- .--,I;-:.9584~~E-Q9_;c;----"'6;;12,,.5"'3;;;2:_--__;I_S,22~5._;;064~--_,0"'.;;:00"'E"'+OO_;;;;_-----,I;-:.2~0;iE~-Q6~-------:2;;:.;;;40~E~-Q6~-~!Nominal Heat Bounding
U-234 1.8371E_Q4 612.532 1,225.064 O.ooE+OO 1.13E-Ql 2.25E-Ql Output Heat Output 
U-235 -2.7235E_Q6 612.532 0.000 4.86E-03 2.99E-Q3 4.66E-Q3 /Wattsl /Watts) 
U-236 1.5493E-Q5 612.532 1,225.064 O.ooE+OO 9.49E-Q3 1.90E-Q2 3.11E+Ol 6.21E+Ol 
U-238 -4.2851 E-Q9 612.532 0.000 8.05E-Q5 7.79E-Q5 8.05E-05 Total Total 
-;Y"'-90c:-e==--,= ..:2:::.7"'SOS==E+OO='- -=6,,12:::.=53:::2=--__...:..1.::,22=5"'.064c:.c~_ _=_O..::00=.E=_+OO=_____,I;;:-:;;68E"'+03-;;;;---3=-.=37;;;E=-+03-;;;;-_II
Other Radionuelides 3.15E+03 6.3DE+03 
m. Template Se1ediOn Summary,llUm" ,andCbecb 
Template Selection Summary
.,:.:~i:::::.:==::::.::..:::::.:::=:.l;;From==~S:::F:;D;--T"--~U;;:sed::::---1Basisfor Parameter Differences: 

Reactor Moderator: UGHTWATER UGHTWATER
 
Fuel C1addJng:I--~="'A;-;lU7.M?'-'---j--=:..;A';-LU;.:M~::.:..--f
 

BO;o~=;=~I------~90:-.00000;clJ-,cA=LX"I=74--,-+----;;60=---'t~::.1c;;OO--,--1 

BumupSummary(MWdf Basis for bumup used in estimate: 
FromSFD Estimated

Nomln.I:!I____~-----_--+__-----'6:.:1:;c2.=53~:2'1Nominaibumup calculated fromltle heavy matal mass destroyed. 
Boundlng:1 t 1,225.064 Bounding bumup assumed to be twice nominal bumup. 

Checks 
Estimated Bumupl 

Bumup Multiplier Given Bumup Estimatec:l EOL HMlGiven EOL HM
 
Nominal: 0.81
 I 1.021
 

Bounding:! 1.63
 ,
Reactor shutdown, core removat, storage, shiPPing or other date confumlng that Irradiation ceased for fuel. 

2TotaI bumup for atl fuel associated with this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWd'MT). 

I
I
~ 

i

,
I 
I
 
I
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Fuel Radionuclide Inventory Worksheet 
1. Fuel and Template Inf_tion Estimated 

Fuel Name: FRR MTR-C (CANADA) 1Fuel decay start date: 2010 Canister usage: 
SNF ID#: 512 EstImates as of: 2010 18"x10' 

Fuel Units & Oeser: 8 - ASSEMBLY Template: ATR (Ught Water. Alum.• 60 to 100%, U) 0.33 
Heavy Metal Ma••: BOl=6.52k9 ; EOl=5.87k9 'Template Bumup(MWd): 367.2 
ROD storage Site: SRS Template BOL Heavy Metal Ma•• (MT): 0.00116689 

Template Decay Time' 5 years 

n. Estimates m x" x, b y" y, Gamma Sources 
Photon Total 

CUMWdFrom Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 
Radianuclide Template Fuel Burnup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(ei) Group (bounding) 
Ae-227 1.4545E-10 617.456 1,234.913 O.ooE+OO 8.98E-08 1.80E-07 Avg. MeV 
Am-241 1.1190E-03 617.456 1,234.913 O.OOE+OO 6.91E-01 1.38E+OO 0.0150 2.383E+14 
Am-242m 4.5425E-07 617.456 1,234.913 O.ooE+OO 2.80E-04 5.61E-04 0.0250 5.133E+13 
Am-243 1.4921E-06 617.456 1,234.913 O.ooE+OO 9.21E-04 1.84E-03 0.0375 4.737E+13 
C-14 5.7244E-09 617.456 1,234.913 O.ooE+OO 3.53E-06 7.07E-06 0.0575 4.667E+13 
CI-36 1.3124E-32 617.456 1,234.913 O.OOE+OO 8.10E-30 1.62E-29 0.0850 2.969E+13 
Cm-243 2.3676E-07 617.456 1,234.913 O.ooE+OO 1.46E-04 2.92E-04 0.1250 2.571E+13 
Cm-244 5.2042E-05 617.456 1,234.913 O.ooE+OO 3.21E-02 6.43E-02 0.2250 2.516E+13 
Co-80 3.8208E-05 617.456 1,234.913 O.ooE+OO 2.36E-02 4.72E-02 0.3750 1.2181;+13 
Cs-l34 4.8693E-01 617.456 1,234.913 O.OOE+OO 3.01E+02 6.01E+02 0.5750 1.673E+14 
Cs-135 3.4477E-06 617.456 1,234.913 O.ooE+OO 2.13E-03 4.26E-03 0.8500 2.343E+13 
Cs-137 2.8731E+OO 617.456 1,234.913 O.OOE+OO 1.77E+03 3.55E+03 1.2500 4.359E+12 
Eu-l54 8.2053E-02 617.456 1,234.913 O.OOE+OO 5.07E+Ol 1.01E+02 1.7500 1.828E+l1 
Eu-155 3.9134E-02 617.456 1,234.913 O.ooE+OO 2.42E+Ol 4.83E+Ol 2.2500 3.835E+11 
Fe-55 6.7429E-03 617.456 1,234.913 O.OOE+OO 4.16E+OO 8.33E+OO 2.7500 2.206E+09 
H-3 1.0599E-02 617.456 1,234.913 O.ooE+OO 6.54E+OO 1.31E+Ol 3.5000 2.447E+08 
1-129 7.53OOE-07 617.456 1,234.913 O.ooE+OO 4.65E-04 9.30E-04 5.0000 7.353E+02 
Kr-85 2.8595E-01 617.456 1,234.913 O.ooE+OO 1.77E+02 3.53E+02 7.0000 8.200E+Ol 
Np-237 9.5479E-06 617.456 1,234.913 O.ooE+OO 5.90E-03 1.18E-02 11.0000 9.244E+00 
Pa-231 8.9297E-l0 617.456 1,234.913 O.OOE+OO 5.51E-07 1.10E-06 
Pb-210 3.7609E-12 617.456 1,234.913 O.ooE+OO 2.32E-09 4.84E-09 
Pm-147 2.5452E+OO 617.456 1,234.913 O.ooE+OO 1.57E+03 3.14E+03 
Pu-238 2.0550E-02 617.456 1,234.913 O.ooE+OO 1.27E+Ol 2.54E+Ol 
Pu-239 4.2838E-04 617.456 1,234.913 O.ooE+OO 2.65E-Ol 5.29E-Ol 
Pu-24O 2.4401E-04 617.456 1,234.913 O.OOE+OO 1.51E-ol 3.01E-ol 
Pu-241 6.8764E-02 617.456 1,234.913 O.OOE+OO 4.25E+Ol 8.49E+Ol 
Pu-242 3.6329E-07 617.456 1,234.913 O.ooE+OO 2.24E-04 4.49E-04 
Ra-226 3.8045E-l1 617.456 1,234.913 O.ooE+OO 2.35E-oB 4.70E-08 
Ra-228 2.9902E-15 617.456 1,234.913 O.ooE+OO 1.85E-12 3.69E-12 
Ru-l06 1.9055E-Ol 617.456 1,234.913 O.OOE+OO 1.18E+02 2.35E+02 
Se-79 1.2936E-05 617.456 1,234.913 O.ooE+OO 7.99E-03 1.60E-02 
Sn-126 1.1574E-05 617.456 1,234.913 O.ooE+OO 7.15E-03 1.43E-02 
Sr-90 2.7505E+OO 617.456 1,234.913 O.OOE+OO 1.70E+03 3.4OE+03 
Te-99 4.2239E-04 617.456 1,234.913 O.ooE+OO 2.61E-01 5.22E-Ol 
Th-229 1.8848E-12 617.456 1,234.913 O.ooE+OO 1.16E-09 2.33E-09 
Th-230 1.7042E-08 617.456 1,234_913 O.OOE+OO 1.05E-05 2.10E-05 
Th-232 7.8132E-15 617.456 1,234.913 O.ooE+OO 4.82E-12 9.65E-12 
T1-208 4.4063E-oB 617.456 1,234.913 O.OOE+OO 2.72E-05 5.44E-05 
U-232 1.3151E-07 617.456 1,234.913 O.OOE+OO 8.12E-05 1.62E-04 Thennal Power 
U-233 1.9564E-09 617.456 1,234.913 O.OOE+OO 1.21E-06 2.42E-06 Nominal Heat Bounding 
U-234 1.8371E-04 617.456 1,234.913 O.ooE+OO 1.13E-01 2.27E-01 Oulput Heat Output 
U-235 -2.7235E-06 617.456 0.000 2.82E-03 1.14E-03 2.82E-03 /Watts) /Watts) 
U-236 1.5493E-05 617.456 1,234.913 O.ooE+OO 9.57E-03 1.91E-02 3_13E+Ol 6.26E+Ol 
U-238 -42851E-09 617.456 0.000 1.75E-03 1.75E-03 1.75E-03 Total Total 
Y-90 2.7505E+OO 617.456 1,234.913 O_ooE+OO 1.70E+03 3.4OE+03 
Other Radionuelides 3.18E+03 6.35E+03 
m. Template ~~rv,~UO!l! ,ande.... 
Template SeIec1ion Summary 

FromSFD Used Basis for Parameter Differences: 
Reactor Moderator: UGHTWATER LIGHT WATER This Template was used for the following reasons: 

Fuel Cladding: ALUM ALUM This fuel matctles on all parameters except enrichment. 
BOL HM Constituents: U3S12 U 

BOl Enrichment 0/0: 20.00000037 60 to 100 

Bumup Summary (MWd) Basis for burnuD used in estimate: 
FromSFD Estimated 

Nominal: 617.456 NomInal bumup caJculated from the heavy metal mass destroyed. 
Boundlng:1 I 1.234.913 Bouncing bumup assumed to be twice nominal bumup. 

Checks 

Estimated Bumupl
Bumup MultiPlier Given Bumup Estimated EOL HMlGlven EOL HM 

Nominal: 0.30 I 1.011 
Boundlng:1 0.60 ,

Reactor shutdown, core removal, storage, shlppmg or other date confimung that Irradiation ceased for fuel.
 

2Total bumup for all fuel associated with this worksh&Qt must be divided by BOl heavy metal mass to get specific bumup values (MWG'MT).
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Fuel Radionuelide Inventory Worksheet 
I. Fuel and Template hlformalion Estimated 

Fuel Name: FAA MTA-C (CANADA) 'Fuel decay start date: 2010 Canister usage: 
SNFID#: 612 Estimates as of: 2010 18"x10' 

Fuel Units & Oeser: 23 - MTR TYPE Template: AlR (Ught Water, Alum., 60 to 100~o, U) 0.96 
HeavyMelaIMa••: BOl=2.72kg ; EOl=1.76kg 2TempJate Bumup(MWd): 367.2 
ROD SI~ Site: SRS Template SOL Heavy Metal Mass (MT): 0.00116689 

Template Decay Time' 5 years 
n. Estimates m x" b y" y. Gamma Sources 

Photon ·Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuelide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
.:;A,::C-:-,:2~27c,- --,l:-:.4:."54~5~E--,;1;;0----.;;97.10:;:.464~;;:;,---------::1",~820.929 O.OOE+OO 1.32;;:E~-0~7:c-__-c2:;::.65E-07 Avg.Me~ _ 
,-;;A;~m~-2",4;;1'=c- 17'.-:clc:l90~Ec--03= ~9",10",.,-,464~------,I-0,8",2",0",.9,::29 O.OOE+OO 1.02",EO'+oo~ -"2:-.04~~E"-+OO-;:;-_~f-_O,,,.,,-,01.5O 3.513E+14 
Am-242m 4.5425E-07 910.464 1,820.929---O:-00E+Oo---~14E-04 8.27E-04 0.0250 7.568E+13 

-';Ao:-m':--';-243= ._-:c1'=.4"'92:;.1"'E=_-06~----_:9"'1.;:0'_:.464~---_=I"',8:::20;0"".9.29 O.OOE+OO 1.36E-D3 2.72E-~03o_____jI___~0"'.Occ37",5'--- 6C'.C"984,~E'-+1"'3 
.;C,,--';14:=- ~5.~7.,244:;:';E=_-D':'9o_------'9~1';0'".464~----I'-',8"'2o,0"".929 O,OOE+oo 5,21E-06 1.04E-05 0.0575 6.867E+13 
,;::C=I-36~:;c--------____;Ii:'.3;;;1;=2"'4;=E--;:3~2----_;:9_;,10i:'.464_;::;_;c_--____:l"',8",,20.929--o.-00E+<J0 1.19E-29 2.39E-29 0.0850 4.378E+13 
.;C"m"--_::2437:--------=2.~36'=7:,:60;E=_-'=07~---___c9~1_::0'-:.464~----1'-',8"'20;0"'.9,,:2"'9'------'0:;::.':'OO=:E=-+OO""''-----':2:,O.1,,6~~Ec:-04~--_c4.31E-04 0.1250 3.791E+13 
"C"'m:c-"'244~----~ __~5."'2,,04~2~E=--~05~_--__;9~1;;0::;.464~---____:1"',8;;;2,;0c;.9~:2,~9:_----'0~.OOE+OO 4.74E-02 9:48E-02 0.2250 3.711E+13
-;C"'o-6O~c;------_--37."'82:::08~E_:-D"'5-----;:9"'10;o:."'464:;_:__---__:1"',8:::2"'0~.929 O.OOE+OO 3.48~""E-;-D;;;2:----:6".·96~E-;-0;;;2c---fI---::O'::.3:::75O:::----·----:1':::.7::096::E"-+-":13 
.;C?S:..,-I;::34O=- 74."'86009=3"'E=_-D':'I=----___c9~1':'0'".464~------'1'-',8"'2"'0"'.9~,2,9~-------'0~.00E+OO 4.43E+<J2 8.87E+<J2 0.5750 2.467E+14 
Cs-l35 3.4477E-08 910.464 1.820.929 O.OOE+OO 3.14E-03 6.28E-D3 0.8500 3.455E+13 

-;CSe:--:;-1:;:377 --=2='.8:::7"'3c:ol~E+OO~'-----~9"'10:;::.~464:;_:__---__:1'-'.8=2",0~.929 O.OOE+OO 2.62E+<J3 5.23E+<J3 1.2500 6.428E+12 
-;:E"'u'-:-I;o54:;o-- 8~."'2:;:05~3"E=--D"'2:o_---__;9~1;;0.::;464~---____:I'",8",2;0:0 ..929 O.OOE+OO 7.47E+<Jl 1.49E+<J2 1.7500 2.696E+11 
~E"'U-;-1::5=5--------3"'.'=9~134~E=--0:::2:o___---___c9col~0.'_:464~---___clC':,80;2",0"".929- ------O'OOE+oo 3.56E+<Jl 7.13E+<Jl 2.2500 5.654E+11 
7FO'e='-5"'5'-- 6-;-.~7=42=9"'Eo--0"'3o_---__.;9'_'1':'0."'464~------'1""8",2",0",,.929 O.oOE+OO 6.14E+OO 1.23E+<Jl 2.7500 3.253E+09 
7H'i-3~-------__:I;,:.0~5299~E-"'0"'2----.;:9_::10:;:.464~:_--__:I"',8~:2~0.929 O.OOE+OO 9.65E+OO 1.93E+<Jl 3.5000 3.609E+08 
1-129 7.5300E-D7 910.464 1,820.929---o.-00E+oO 6.a6E-04 1.37E-03 5.ססOO 1.079E+03 
Kr-85';c--------2~.'=85=:95~E-:-0"'1-----:9'-'1"'0.'-'464=:------I:-'.8:::2:"0"'.929- -- -6:60E+OO 2.60E+<J2 5.21 E+<J2 7.ססOO 1.203E+02 
Np-237 9.5479E-06 910.464 1,820:929--~o.OoE+OO 8.69E-D3 1.74E-D2 11.ססoo 1.355E+01 
Pa-231 8.9297E-l0 910.464 1,820.929 O.OOE+OO 8.13E-D7 l.63E-oo 
Pb-21 0 3.7609E-12 910.464 1,820.929 O.OoE+OO 3.42"'E:--D"'9:e--__--:6:'C.8::o5;;:E:--09:::;;-----J1 
·Pm-147 2.5452E+OO 910.464 1,820.929 O.OOE+OO 2.32E+<J3 4.63E+<J3 
Pu-238 2.OS50E-02 910.464 l,820.929--0mE+oo 1.87E+<Jl 3.74E+<J1 
PU-239 42 ..24408381EE~04 910.464 1,820:929 O.OOE+OO 3.90:'~E:_;-D"'I-----:7;::.80:;:o;:Ec:-D"'I---11 
Pu-240 910.464 1.820.929 O.OOE+OO 2.22E-Ol 4.44E-Dl 
Pu-241 6.8764E-D2 910.464 1,820.929 O.OOE+OO 6.26:C;Eo:+<J;o-;-I 10;'.2",5",Eo:+<Jic2~--j1 
PU-242 3.6329E-07 910.464 1.820.929 O.OOE+OO 3.31E-04 6.62E-04 
Ra-226 3.8045E-11 910.464 1,820.929 O.OOE+OO 3.46E-08 6.93E-06 
Ra-228 2.9902E-15 910.464 1,820.929 O.OOE+OO 2.72E-12 5.44E-12 
Ru-loo 1.9055E-Dl 910.464 1,820.929 O.OOE+OO 1.73E+<J2 3.47E+<J2 
8e-79 1.2936E-OS 910.464 1,820.929 O.OOE+OO 1.18E-D2 2.36E-D2 
8n-126 1.1574E-D5 910.464 1,820.929 O.OOE+OO 1.OSE-02 2.11E-02 
8r-90 2.7505E+OO 910.464 1,820.929 O.OOE+OO 2.50E+03 5.01E+<J3 
Tc-99 4.2239E-04 910.464 1,820.929 O.OOE+OO 3.85E-D1 7.69E-Dl 
Th-229 1.8848E-12 910.464 1,820.929 O.OOE+OO 1.72E-09 3.43E-D9 
Th-230 1.7042E-08 910.464 1,820.929 0.OOE+OO.:;~--__=I~.5o::5E=--D5~---.:::3'-'.I:;:OE~-D5~-__11 
Th-232 7.8132E-15 910.464 1,820.929 O.OOE+OO 7.11-;:E:,-1~2e----__-;l;c.4",2~E:,-I:;;I:---11 
TI-208 4.4063E-OB 910.464 1,820.929 O.OOE+OO 4.01 E-D5 8.02E-D5 
U-232 1.3151E-D7 910.464 1,820.929 O.OOE+OO 1.20E-04 2.39E-04 Thermal Power 
U-233 l.9564E-09 910.464 1,820.929 O.OOE+OO 1.78E-06 3.56E-06 Nominal Heat BoUnding 
U-234 1.8371E-04 910.464 1,820.929 O.OOE+OO 1.67E-Dl 3.35E-Dl Output Heat Output 
U-235 -2.7235E-06 910.464 0.000 5.47E-03 2.99E-D3 5.47E-D3 /Wattsl /Wattsl 
U-236 1.5493E-D5 910.464 1,820.929 O.OOE+OO 1.41E-02 2.82E-D2 4_62E+01 9.23E+01 
U-238 -4.2851E-D9 910.464 0.000 6.40E-D5 6.01E·05 6.40E-D5 Total Total 
Y-90 2.7505E+OO 910.464 1,820.929 O.OOE+OO 2.5cO:;=E+03.:-;:;e----__-:5::o.0"'lo::E'C+03~---II 
Other Radlonuclides 4.68E+03 9.37E+<J3 
m. Template Sek1dion Sunimarv, 1JunH! 
Template Selection Summary 

FromSFD UHd Basis for Parameter Differences: 
Reactor Moderator: UGHT WATER UGHT WATER 

Fuel Claddln9:1------'=A~l'"'U-:OM~"---+--=':A~lU:-:M::'-'c.:--i 
BOl HM eonslituenl1J: U-ALX U 

BOl Enrichment %:1----9;;;2"'.9999=;::7=633=--+---;:60:::-:"0'-=1:::oo::o----f 

Bumup Summary (MWd) Basis for bumup used in estimate: 
FromSFD I Estimated 

Nomlnal:1 I 910.484 Nomina! bumup calculated from the heavy metal mass destroyed. 
Bounding: 1.820.929 Bounding bumup assumed to be twice nominal bumup. 

Checks 
Estimaled Bumupl 

BumuD MulliDlIer Given Bumup EstImaIed EOl HMiGiven EOl HM 
Nomlnal:1 1.06 1 1.031 

Bounding: 2.13 ,
Reactor shutdown, core removal, storage. srnPPlng or other date confirming that Irradiation ceased for fuel.
 

2Total bumup for all fuel associated with this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWdIMT).
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Fuel Radionuclide Inventory Worksheet 
'I. Fuel and Template Informatim> Estimated 

Fuol Name: FRR MTR·C (GERMANY) 1Fuel decay start date: 2010 Canister usage: 
SNF 10#: 579 Estimates as of: 2010 18"xl0' 

Fuel Unlls & Doser: 33 • MTR TYPE Template: ATR (Ught Water, Alum.• 60 to 1~o, U) 1.38 
_vy Metal Ma.s: BOl:3.34k9 : EOl=2.06k9 "Templa.. Sumup(MWd): 367.2 
ROD Storage Site: SRS Template SOL Heavy Metal Mass (MT): 0.00116689 

Template Decay Time' 5 years 
.n.Eo1imates m x" Xb b y" Yb Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuelide Template Fuel Bumup (MWd)' Burnup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ae-227 1.4545E-l0 1,206.313 2.412.627 O.ooE+OO 1.75E-07 3.51E-07 Avg. MeV 
Am·241 1.1190E-03 1,206.313 2,412.627 O.ooE+OO 1.35E+OO 2.70E+OO 0.0150 4.655E+14 
Am-242m 4.5425E-07 1,206.313 2,412.627 O.ooE+OO 5.48E-04 1.10E-03 0.0250 1.003E+t4 
Am-243 1.4921E-06 1,206.313 2,412.627 O.ooE+OO 1.80E-03 3.80E-03 0.0375 9.254E+13 
C-14 5.7244E-09 1,206.313 2,412.627 O.ooE+OO 6.91E-06 1.38E-05 0.0575 9.099E+13 
CI-38 1.3124E-32 1,206.313 2,412.627 O.ooE+OO 1.58E-29 3.17E-29 0.0850 5.801E+13 
Cm-243 2.3676E-07 1,206.313 2,412.627 O.ooE+OO 2.86E-04 5.71E-04 0.1250 5.023E+13 
Cm-244 5.2042E-05 1,206.313 2,412.627 O.ooE+OO 6.28E-02 1.26E-Ol 0.2250 4.916E+13 
Co-60 3.8208E-05 1,206.313 2,412.627 O.ooE+OO 4.61E-Q2 9.22E-02 0.3750 2.380E+13 
Cs-l34 4.8693E-Ol 1,206.313 2,412.627 O.ooE+OO 5.87E+02 1.17E+03 0.5750 3.269E+14 
Cs-l35 3.4477E-Q6 1,206.313 2,412.627 O.ooE+OO 4.16E-03 8.32E-03 0.8500 4.5nE+13 
Cs-137 2.8731E+OO 1,206.313 2,412.627 O.ooE+OO 3.47E+03 6.93E+03 1.2500 8.517E+12 
Eu-l54 8.2OS3E-Q2 1,206.313 2,412.627 O.ooE+OO 9.90E+Ol 1.98E+02 1.7500 3.572E+11 
Eu-155 3.9134E-Q2 1,206.313 2,412.627 O.ooE+OO 4.72E+Ol 9.44E+Ol 2.2500 7.492E+ll 
Fe-55 6.7429E-03 1,206.313 2,412.627 O.ooE+OO 8.13E+OO 1.63E+Ol 2.7500 4.310E+09 
H-3 1.0599E-02 1,206.313 2,412.627 O.ooE+OO 1.28E+Ol 2.58E+Ol 3.5000 4.781E+08 
1-129 7.5300E-07 1,206.313 2,412.627 O.ooE+OO 9.08E-Q4 1.82E-03
 OO 1.429E+03סס.5 
Kr-85 2.8595E-Ol 1,206.313 2,412.627 O.ooE+OO 3.45E+02 6.90E+02
 OO 1.593E+02סס.7 
Np-237 9.5479E-Q6 1,206.313 2,412.627 O.ooE+OO 1.15E-02 2.30E-02
 OO 1.796E+Olסס.11 
Pa-231 8.9297E-l0 1,206.313 2,412.627 O.ooE+OO 1.08E-06 2.15E-Q6
 
Pl>-21 0 3.7809E-12 1,206.313 2,412.627 O.ooE+OO 4.54E-Q9 9.07E-09
 
Pm-147 2.5452E+OO 1,206.313 2,412.627 O.ooE+OO 3.07E+03 6.14E+03

Pu-238 2.0550E-02 1,206.313 2,412.627 O.ooE+OO 2.48E+Ol 4.96E+Ol
 
Pu-239 4.2838E-Q4 1,206.313 2,412.627 O.ooE+OO 5.17E-Ol 1.03E+OO
 
Pu-240 2.4401E-Q4 1,206.313 2,412.627 O.ooE+OO 2.94E-Ol 5.89E-Ql
 
Pu-241 6.8764E-02 1,206.313 2,412.627 O.ooE+OO 8.30E+Ol 1.66E+02
 
Pu-242 3.6329E-Q7 1,206.313 2,412.627 O.ooE+OO 4.38E-Q4 8.76E-Q4
 
Ra-226 3.8045E-l1 1,206.313 2,412.627 O.ooE+OO 4.59E-08 9.18E-Q8
 
Ra-228 2.9902E-15 1,206.313 2,412.627 O.ooE+OO 3.61E-12 7.21E-12
 
Ru-l06 1.90S5E-Ol 1,206.313 2,412.627 O.ooE+OO 2.30E+02 4.80E+02
 
58079 1.2936E-OS 1,206.313 2,412.627 O.ooE+OO 1.56E-02 3.12E-Q2
 
5n-126 1.1574E-QS 1,206.313 2,412.627 O.ooE+OO 1.40E-Q2 2.79E-02
 
5r-90 2.750SE+OO 1,206.313 2,412.627 O.ooE+OO 3.32E+03 6.64E+03
 
Te-99 4.2239E-Q4 1,206.313 2,412.627 O.ooE+OO 5.10E-Ql 1.02E+OO
 
Th-229 1.8648E-12 1,206.313 2,412.627 O.ooE+OO 2.27E-Q9 4.55E-Q9
 
Th-230 1.7042E-oB 1,206.313 2,412.627 O.ooE+OO 2.06E-QS 4.11E-OS
 
Th-232 7.8132E-15 1,206.313 2,412.627 O.ooE+OO 9.43E-12 1.89E-ll
 
TI-208 4.4063E-08 1,206.313 2,412.627 O.ooE+OO 5.32E-OS 1.06E-Q4
 
U-232 1.3151E-07 1,206.313 2,412.627 O.ooE+OO 1.59E-04 3.17E-04
 Thermal Power 
U-233 1.9564E-Q9 1,206.313 2,412.627 O.ooE+OO 2.36E-Q6 4.72E-Q6 Nominal Heat Bounding 
U-234 1.8371E-Q4 1,206.313 2,412.627 O.ooE+OO 2.22E-Ol 4.43E-Ql Output Heat Output 
U-235 -2.7235E-Q6 1,206.313 0.000 6.71E-Q3 3.42E-Q3 6.71E-Q3 (Watts) (Watts) 
U-236 1.5493E-QS 1,206.313 2,412.627 O.ooE+OO 1.87E-Q2 3.74E-Q2 6.12E+Ol 1.22E+02 
U-238 -4.2851 E-Q9 1,206.313 0.000 7.85E-OS 7.33E-OS 7.85E-QS Total Total 
Y-90 2.75OSE+OO 1,206.313 2,412.627 O.ooE+OO 3.32E+03 6.64E+03 
Other Radionuelides 6.20E+03 1.24E+04 
m.T_te·Sdedi<m·~1'V,._ andCbedilI 
Template Selection Summary 

FromSFD Used Basis for Parameter Differences: 
Rosctor_: UGHTWATER L1GHTWATEA 

Fuel Cladding: ALUM ALUM 
SOL HM eon_Is: U-ALX U 

BOL Enrichment %: 92.99997131 60 to 100 

Bumup Summary (MWd) Basis for bumup used in estimate: 
FromSFD I Esltmatad 

Nominal: 1.206.313 Nominal bumup calculated from the heavy metal mass destroyed. 
Bounding: 2.412.627 Bounding bumup assumed to be twice nominal bumup. 

Checks 

Estimated Bumupl 
Bumup Multipli. Given Bumup Estlmatad EOl HMlGlvon EOl HM 

Nominal: 1.15 I 1.041 
Bounding: 2.30 , 

Reactor shutdown, core removal, storage, shlppmg or other date conflrmmg that Irradiallon ceased for fuel.
 

2Total bumup for all fuel associated with this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWdlMT).
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Fuel Radionuclide Inventory Worksheet 

I. FlId andT~t.W_tion Estimated 
Fuel Name: FRR MTR-C (GERMANY) 'FueI-.y start da1s: 2010 Canister usage: 

SNFID#: 517 Estimates as of: 2010 18"xl0' 
Fuel Units & Daser: 26 - ASSEMBLY Template: TRIGA-AI (LWIU-Zrx, Alum., 10 to 2()'}o, U) 1.08 
Heavy Metal Mass: BOl=30.94kg ; EOl=26.11 kg "Templa1s Bumup(MWd): 6.65 
ROD Slorage Site: SRS Templa1s BOl Heavy Metal Mas. (MT): 0.00018 

T6mplate Decay Time" 5 years 
D. Estimlltes m x. x. b Y. y. Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Bumup (MWd)2 Bumup(MWdj' (Ci) Invenlories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 8.0632E-l0 4,606.125 9,212.251 O.OOE-tOO 3.71E-06 7.43E-OO Avg. MeV 
Am-241 2.2586E-03 4,606.125 9,212.251 O.OOE-tOO 1.04E+Ol 2.08E+Ol 0.0150 1.559E+15 
Am-242m 1.9925E-OO 4,606.125 9,212.251 O.OOE-tOO 9.18E-03 1.84E-Q2 0.0250 3.384E+14 
Am-243 2.3323E-Q7 4,606.125 9,212.251 O.OOE-tOO 1.07E-03 2.15E-03 0.0375 4.215E+14 
C-14 4.3308E-05 4,606.125 9,212.251 O.OOE-tOO 1.99E-Ol 3.99E-Ol 0.0575 3.232E+14 
C~36 4.3023E-08 4,606.125 9,212.251 O.OOE-tOO 1.98E-04 3.96E-04 0.0850 2.262E+14 
Cm-243 2.7429E-07 4,606.125 9,212.251 O.OOE-tOO 1.26E-03 2.53E-03 0.1250 3.383E+14 
Cm-244 3.1504E-OO 4,606.125 9,212.251 O.OOE-tOO 1.45E-02 2.90E-02 0.2250 1.888E+14 
Co-60 3.1008E-Q2 4,606.125 9,212.251 O.OOE-tOO 1,43E+02 2.86E+02 0.3750 8.404E+13 
Cs-l34 1.0367E-Ol 4,606.125 9,212.251 O.OOE-tOO 4.78E+02 9.55E+02 0.5750 1.066E+15 
Cs-135 3.1549E-05 4,606.125 9,212.251 O.OOE-tOO 1,45E-Ol 2.91E-Ol 0.8500 2.623E+14 
Cs-137 2.7564E-tOO 4,606.125 9,212.251 O.OOE-tOO 1.27E+04 2.54E+04 1.2500 2.719E+14 
Eu-l54 1.3490E-tOO 4,606.125 9,212.251 O.OOE-tOO 6.21E+03 1.24E+04 1.7500 7.781E+12 
Eu-155 4.3680E-Ql 4,606.125 9,212.251 O.OOE-tOO 2.02E+03 4.04E+03 2.2500 9.459E+l1 
Fe-55 8.6782E-03 4,606.125 9,212.251 O.OOE-tOO 4.00E+Ol 7.99E+Ol 2.7500 7.682E+09 
H-3 1.0805E-02 4,606.125 9,212.251 O.OOE-tOO 4.98E+Ol 9.95E+Ol 3.5000 8.982E+08 
1-129 7.3805E-07 4,606.125 9,212.251 O.OOE-tOO 3.40E-03 6.80E-03 5.0000 5274E+03 
K'-85 2.5218E-Ql 4,606.125 9,212.251 O.OOE-tOO 1.16E+03 2.32E+03 7.0000 5.968E+02 
Np-237 1.4463E-OO 4,606.125 9,212.251 O.OOE-tOO 6.86E-Q3 1.33E-02 11.0000 6.798E+Ol 
Pa-231 3.5970E-09 4,606.125 9,212.251 O.OOE-tOO 1.66E-05 3.31E-Q5 
Pb-21 0 8.2511E-15 4,606.125 9,212.251 O.OOE-tOO 3.80E-ll 7.80E-ll 
Pm-147 2.0767E-tOO 4,606.125 9,212.251 O.OOE-tOO 9.57E+03 1.91E+04 
Pu-238 1.3514E-Q3 4,606.125 9,212251 O.OOE-tOO 6.22E-tOO 124E+Ol 
Pu-239 5.6947E-Q3 4,606.125 9,212.251 O.OOE-tOO 2.62E+Ol 5.25E+Ol 
PU-240 2.2647E-03 4,606.125 9,212.251 O.OOE-tOO 1.04E+Ol 2.09E+Ol 
Pu-241 1.2574E-Ql 4,606.125 9,212.251 O.OOE-tOO 5.79E+02 1.16E+03 
Pu-242 3.0802E-Q7 4,606.125 9,212.251 O.OOE-tOO 1,41E-03 2.82E-Q3 
Ra-226 5.7353E-14 4,606.125 9,212.251 O.OOE-tOO 2.64E-l0 5.28E-l0 
Ra-228 1.8150E-l0 4,606.125 9,212.251 O.OOE-tOO 8.36E-Q7 1.67E-06 
RU-lOO 9.3744E-02 4,606.125 9,212.251 O.OOE-tOO 4.32E+02 8.64E+02 
S..79 1.2938E-Q5 4,606.125 9,212.251 O.OOE-tOO 5,96E-02 1.19E-Ol 
Sn-126 1.2239E-Q5 4,606.125 9,212.251 O.OOE-tOO 5.64E-02 1.13E-Ol 
S,-90 2.6000E-tOO 4,606.125 9,212.251 O.OOE-tOO 1.20E+04 2.40E+04 
Tc-99 4,4120E-04 4,606.125 9,212.251 O.OOE-tOO 2.03E+OO 4.06E+OO 
Th-229 1.4749E-l0 4,606.125 9,212.251 O.OOE-tOO 6.79E-07 1.36E-06 
Th-230 1.9549E-ll 4,606.125 9,212.251 O.OOE-tOO 9.00E-08 1.80E-07 
Th-232 2.3744E-l0 4,606.125 9,212.251 O.OOE-tOO 1.09E-OO 2.19E-06 
TI-208 1.9459E-08 4,606.125 9,212.251 O.OOE-tOO 8.96E-Q5 1.79E-Q4 
U-232 5.6015E-Q8 4,606.125 9,212.251 O.OOE-tOO 2.58E-Q4 5.16E-04 Thermal Power 
U-233 1.3132E-07 4,606.125 9,212.251 O.OOE-tOO 6.05E-04 121E-03 Nominal Heat Bounding 
U-234 1.7323E-Q7 4,606.125 9,212.251 O.OOE-tOO 7.98E-Q4 1.60E-03 Output Heal Output 
U-235 -2.6159E-06 4,606.125 0.000 1.34E-Q2 1.32E-Q3 1.34E-Q2 /Watts\ /Watts\ 
U-236 1.2717E-Q5 4,606.125 9,212.251 O.OOE-tOO 5.86E-Q2 1.17E-Ql 2.31E+02 4.63E+02 
U-238 -3.8857E-Q8 4,606.125 0.000 8.32E-Q3 8.14E-Q3 8.32E-Q3 Total Total 
Y-90 2.6015E-tOO 4,606.125 9,212.251 O.OOE-tOO 1.20E+04 2.40E+04 
Other Radionudides 1.75E+04 3.50E+04 

Dl. 'l'~"te$delltion~rY,._ ••Il!l(J~ .
Template Selection Summary 

From SFD Used Basis for Parameter Differences: 
ReactorModorator: LW AND U ZIRC HYDRIDE LW AND U ZIRC HYDRIDE 

Fuel Cladding: ALUM ALUM 
SOL HM Constituents: U3S12 U 

BOL Enrichment eye: 19.9999995 10t02O 

Burnup Summary (MWd) Basis for bumuD used in estimate: 
FromSFD Estimated 

Nomlnal:1 4.606.125 Nominal bumup caIcu1ated from the heavy metal mass destroyed.
Boundlng:1 I 9.212.251 Bounding bumup assumed to be twice nominal bumup. 

CheckS 

Estimated Bumupl 
BumuD Mullioller Given Bumup Estimated EOl HMtGlven EOl HM 

Nominal: 4.03 I 1.001 
Bounding: 8.06 , 

Reactor shutdown, core removal, storage, shlpptng or other date confnrmng that Ifradiatlon ceased for fuel. 

~otal bumup for all fuel associated with this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWdlMT). 
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Fuel Radionuclide Inventory Worksheet 
J. FueJand Template Information Estimated 

Fuel Name: FRR MTR-C (GREECE) 'Fuel deeay start date: 2010 Canister usage: 
SNFID#: 531 Estimates as of: 2010 18"xl0' 

Fuel Units & Doser: 18 - ASSEMBLY Template: AlR (Ughl Water, Alum., 60 to 100%., U) 1 0.75 1 
_vy Metal Mass: BOl=11.07k9 ; EOl=10.29k9 'Template Bumup(MWd): 367.2 
ROD Storage Silo: SRS Templata BOl _vy Motal Mass (MT): 0.00116689
 

Template Decay Time: 5 years
 

n. Estimates m Xo x. b Yo y. Gamma Sources 
Photon Total 

CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Pholonslsec 
Radionuctide Template Fuel Burnup (MWd)' Burnup (MWd)' (Ci) Invenlories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 1.4545E-10 734.698 1,469.3e7 O.OOE+OO 1.07E-07 2.14E-07 Avg.MeV 
Am-241 1.1190E-03 734.698 1,469.397 O.OOE+OO 8.22E-Ol l.64E+OO 0.0150 2.835E+14 
Am-242m 4.5425E-07 734.698 1,469.397 O.OOE+OO 3.34E-04 6.67E-Q4 0.0250 6.107E+13 
Am-243 1,4921E-06 734.698 1,469.397 O.OOE+OO 1.10E-Q3 2.19E-03 0.0375 5.636E+13 
C-14 5.7244E-09 734.698 1,469.397 O.OOE+OO 4.21E-06 8,41E-06 0.0575 5.542E+13 
CI-36 1.3124E-32 734.698 1,469.397 O.OOE+OO 9.64E-30 1.93E-29 0.0850 3.533E+13 
Cm-243 2.3676E-07 734.698 1,469.397 O.OOE+OO 1.74E-Q4 3.48E-04 0.1250 3.059E+13 
Cm-244 52042E-05 734.698 1,469.397 O.OOE+OO 3.82E-02 7.65E-02 0.2250 2.994E+13 
Co-GO 3.8208E-05 734.698 1,469.397 O.OOE+OO 2.81E-02 5.61E-Q2 0.3750 1.449E+13 
Cs-l34 4.8693E-Ol 734.698 1,469.397 O.OOE+OO 3.58E+02 7.15E+02 0.5750 1.991E+14 
Cs-l35 3.4477E-06 734.698 1,469.397 O.OOE+OO 2.53E-03 5.07E-03 0.8500 2.788E+13 
Cs-137 2.8731E+OO 734.698 1,469.397 O.OOE+OO 2.11E+03 4.22E+03 1.2500 5.187E+12 
EU-154 8.2053E-02 734.698 1,469.397 O.OOE+OO 6.03E+Ol 1.21E+02 1.7500 2.175E+l1 
Eu-155 3.9134E-02 734.698 1,469.397 O.OOE+OO 2.86E+Ol 5.75E+Ol 2.2500 4.563E+11 
Fe-55 6.7429E-03 734.698 1,469.397 O.OOE+OO 4.95E+OO 9.91E+OO 2.7500 2.625E+09 
H-3 1.0599E-02 734.698 1,469.397 O.OOE+OO 7.79E+OO 1.56E+Ol 3.5000 2.912E+08 
1-129 7.5300E-07 734.698 1,469.397 O.OOE+OO 5.53E-04 1.11 E-03 5.0000 8.770E+02 
Kr-85 2.8595E-Ol 734.698 1,469.397 O.OOE+OO 2.10E+02 420E+02 7.0000 9.781E+Ol 
Np-237 9.5479E-06 734.698 1,469.397 O.OOE+OO 7.01E-03 1.40E-02 11.0000 1.103E+01 
Pa-231 8.9297E-10 734.698 1,469.397 O.OOE+OO 6.56E-07 1.31E-06 
Pb-21 0 3.7G09E-12 734.698 1,469.397 O.OOE+OO 2.76E-09 5.53E-Q9 
Pm-147 2.5452E+OO 734.698 1,469.397 O.OOE+OO 1.87E+03 3.74E+03 
Pu-238 2.0550E-Q2 734.698 1,469.397 O.OOE+OO 1.51E+Ol 3.02E+Ol 
Pu-239 4.2838E-04 734.698 1,469.397 O.OOE+OO 3.15E-Ol 6.29E-Ql 
Pu-240 2.4401E-04 734.698 1,469.397 O.OOE+OO 1.79E-Ql 3.59E-Ol 
Pu-241 6.8764E-02 734.698 1,469.397 O.OOE+OO 5.05E+Ol 1.01E+02 
PU-242 3.6329E-Q7 734.698 1,469.397 O.OOE+OO 2.67E-Q4 5.34E-04 
Ra-226 3.8045E-ll 734.698 1,469.397 O.OOE+OO 2.80E-08 5.59E-Q8 
Ra-228 2.9902E-15 734.698 1,469.397 O.OOE+OO 2.20E-12 4.39E-12 
RU-l06 1.9055E-Ol 734.698 1,469.397 O.OOE+OO 1.40E+02 2.80E+02 
Se-79 1.2936E-Q5 734.698 1,469.397 O.OOE+OO 9.50E-03 1.90E-Q2 
Sn-l26 1.1574E-05 734.698 1,469.397 O.OOE+OO 8.50E-Q3 1.70E-02 
Sr-90 2.7505E+OO 734.698 1,469.397 O.OOE+OO 2.02E+03 4.04E+03 
Tc~99 4.2239E-Q4 734.698 1,469.397 O.OOE+OO 3.10E-01 6.21E-Ql 
Th-229 1.8848E-12 734.698 1,469.397 O.OOE+OO 1.38E-09 2.nE-Q9 
Th-230 1.7042E-Q8 734.698 1,469.397 O.OOE+OO 1.25E-Q5 2.50E-05 
Th-232 7.8132E-15 734.698 1,469.397 O.OOE+OO 5.74E-12 1.15E-11 
TI-208 4.4063E-08 734.698 1,469.397 O.OOE+OO 3.24E-05 6.47E-Q5 
U-232 1.3151E-Q7 734.698 1,469.397 O.OOE+OO 9.66E-Q5 1.93E-04 Thermal Power 
U-233 1.9564E-Q9 734.698 1,469.397 O.OOE+OO l.44E-06 2.87E-06 Nominal Heat Bounding 
U-234 1.8371E-Q4 734.698 1,469.397 O.OOE+OO 1.35E-Q1 2.70E-Q1 Ompul HeaIOulpul 
U-235 -2.7235E-06 734.698 0.000 4.78E-Q3 2.78E-Q3 4.78E-03 lWattsl lWattsl 
U-236 1.5493E-05 734.698 1,469.397 O.OOE+OO 1.14E-Q2 2.28E-02 3.73E+Ol 7.45E+Ol 
U-238 -4.2851 E-Q9 734.698 0.000 2.98E-Q3 2.97E-03 2.98E-03 Total Total 
Y-90 2.7505E+OO 734.698 1,469.397 O.OOE+OO 2.02E+03 4.04E+03 
Other Radionuctides 3.78E+03 7.56E+03 

W. '('emnla'" SelectiOOSuntma • and Checks 
Template Selection Summary 

FromSFD Used Basis lor Parameter Differences: 
RoactorModorator: UGHTWATER LIGHT WATER This Template was used for the following reasons: 

Fuel Cladding: ALUM ALUM This fuel matches on an parameters except enrichment. 
BOl HM Con_Is: U3S12 U 

BOl Enrichment %: 20.00000024 60 to 100 

Burnup Summary (MWd) Basis for bumup used in estimate: 
FromSFD Estimatod 

Nominal:1 734.698 Nominal bumup cslaJlaled lrom lh& heavy metal mess destroyed. 
Bounding: 1.469.397 Bounding bumup assumed to be twice nominal bumup. 

Checks 

Estimated Bumupl 
BumuD MultiDl'" Given Bumup Estimatod EOl HMiGiven EOl HM 

Nomina':1 0.21 I 1.001 
Bounding: 0.42 

1Reactor shutdown. core removal, storage, shipping or other date confirming that irradiation ceased for foet 

2Total bumup for all fuel associated with this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MW<i'MT). 
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Template Information Estimated 

Fuel Nama: FRR MTR-C (JAPAN) Fuel decay start date: 2010 Canister usage:
 
SNFID#: 552 Estimates as of: 2010 1811 xl0'
 

Fuel Units & Oeser: 99 - ASSEMBLY Template: HFBR (Heavy Water. Alum., 10 to 20%. U) 4.13
 
Heavy Metal Moss: BOl=94.05k9 ; EOl=84.64k9 'Template Bumup(MWd): 15
 
ROD Storage Site: SRS Template BOL Heavy Metal Mass (MT): 0.00034251
 

Template Dec::ay Time" 5 years 

ll. Estimates m x. b y. y, Gamma Sources 
Photon Total 

CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 
Radionuclide Template Fuel Burnup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ae-227 1.7533E-l0 8,939.124 17,878.248 O.OOE+OO 1.57E-Q6 3.13E-06 Avg. MeV 

--:7..",m'_.;-2",4_'c1 1~.~27"'80~E_.;-0:;2-------'8:",9"'3~9"'.1:;2~4----'17~,878.248------O:OOE+oo 1.14E_Kl2 2.28E_Kl2 0.0150:"----=3-=.244=E-+l::05 
Am-242m 9.5487E-Q6 8,939.124 17,878.248' O.ooE+OO 8.53E-02 1.71E-Ql 0.0250 6.989E+14 

"'Ao-m"--"'243= _=6"'.4'=1~00"'E=_-_=060,___----8"',c:;93='9"'.-::12:o_4;......-----'1",7,,,,8=78=".248 O.ooE+OO 5.73E-02 1.15E-Ql 0.0375 6.369E+14 
C-14 2.9673E-Q8 8,939.124 17,878.248 O.OOE+OO 2.65E_Q4 5.31E-04 0.0575 6.358E+14 
~C';I-"'36;,---------5~.c;o95O:1;-;3"'E-;-35~----c8::',9~3~9C:.l;.c;2:i4---~1""7,S;8~78.248-- 0.00E'-'+OO=-__--o50,:.3~2"'E_;-3o;l;__--~I~.06~E_;-30=__-11_____""00.. 081255O0 4.004E+14
Cm-243 3.1807E-Q6 8,939.124 17,878.248 --------O:-oo"'Eo+OO,_;;;;.__----;2~.84:;;!iE':--Q~2;;_--__;5~.;;69CiE=--0~2;;_-n-_7:~;_--__:3"'.344~E;:,+:.;1::-4 
'Cm-244 l.9540E_Q4 8,939.124 17,878.248 O.ooE+OO 1.75E+OO 3.49E+OO 0.2250 3.415E+14 
~C?o-6O'7.:-:-----------=I"'.1=75='3"'E=_-Q47'_---.....:8"',~93::c9"'._"12:o_4;......-----"7""",8=78::c.':.:248~ O.ooE+oo 1.05E+OO 2.10E+OO 0.3750 1.656E+14 
Cs-l34 3.3060E-Ql 8,939.124 17,878.248 O.ooE+OO 2.96E_Kl3 5.91E+03 0.5750 2.287E+15 
Cs-135 4.8807E-06 8,939.124 17,878.248 O.ooE+OO 4.35E-Q2 8.69E-Q2 0.8500 2.425E+14 
Cs-137 2.8807E+OO 8,939.124 17,878.248 O.ooE_KlO 2.56E+04 5.11E+04 1.25OO=--- 5;;'.360:c-:-o~E+_c':::-3 
Eu-l54 6.9933E-02 8,939.124 17,878.248 O.Q(}E+OO 6.25E_Kl2 1.25E_Kl3 1.7500 2.551E+12 
Eu-155 3.3253E-Q2 8,939.124 17,878.248 'o.-OOE+OO 2.97E_Kl2 5.95E_Kl2 2.2500 4.438E+12 
Fe-55 7.7267E-Q2 8,939.124 17,878.248 G.OoE+OO 6.91E_Kl2 l.38E+03 2.7500 4.014E+l0 
H-3 1.0827E-02 8,939.124 17,878.248 O.OOE+OO 9.68E_Kll 1.94E_Kl2 3.5000 4.756E+09 
~;_~ 7.1600E-07 8,939.124 17,878.248 O.ooE+OO 6.40E-03 1.28E-02 5.0000:::- :;:-:6:::::::3:=:~-'-::::::-7
;N~P-~2~3~7::::::::::::::::::::::::=::::::::::::j;~:7~~~2~;~~~~~':::::::::::::::::::::~:~::~; ~:~:~~~~:::::::::::::::::::~~7t7:~:;~:~:~: ~:~~~ ;:~~~~: ~::~~: 1;=:0 6057E+02 
Pa-231 1.1267E-Q9 8,939.124 17,878.248 ,~O.ooE:+OO__----,I;.:.0",I:;;E=_-00':5;-----,2;;:'0;o-'",E=_-Q0':5;--l1 
Pb-21 0 1.9773E-15 8,939.124 17,878.248 0.06:::E,-,+OO~__~I-".77_=-=E__,-1::-:1c-----__..o30.:54,=E__,-1::-:1c-------i1 
Pm-147 2.4367E+OO 8,939.124 17,878.248 0.00~E=-+OO~--___;20'.1",8~E=-+04~---4;:-.36~EO'+04_;::::_-;1 
",P=-U-:=:238~ ,______,6",22~1~3E=--Q3=------o8~,9c=3,=9.",1;,c24;.----~17=,'8=o7~8.248 O.ooE+OO 5.56E_Kll 1.11 E_Kl2 
-;;P:"U--;-2c;3~9 ----,'''''7.03220~E--;-Q:;;2 ----o80':,93~9:::.':;;274---",,17~,,,,87~8~.248 O.ooE+OO 9.23E_Kll 1.85E_Kl2 
Pu-240 5.4280E-Q3 8,939.124 17,878.248 0.OO:;:=-E+OO.:.;c.::'______4iC.:o85o:;E=_-Kl~I---79.'=70=:E=_-Kl~'-_{f 

-=P,~u-_.;2C'4_'c' 7='.7~333~:=:E-"-Q'=I-------'8:",9"'3~9"'.1'"=2~4----"7~,878.248 O.ooE+OO 6.91 E+03 l.38E+04 
Pu-242 3.0713E-Q6 8,939.124 17,878.248 0.ooE:,+oo~__-,2;.:.7;;o5~Eo---Q~2;---_c5",.4iC9",E=--Q~2;--l1 

-=R:=ac.:-22=6 _____'2;;:.2=:0o;2"'7:=:E---;-1-=4-------'8~,9"'3~9"'.1'"=274-- _ _"7~,;::87='8"'.=248 6.ooE+OO 1.97E-l0 3.94E-l0 
~R:~a'-'-22s:8.....:-----_-2~.~6333~~E=--""5;-_--__:8"',9;;:3:29".1;;2"'4c_____------oc17~,"'87~8~.2;;::48 0.00"E+OO-;;;;-__-o2~.3;;;5~E=---;;II;;--------;4C';.7"'I"'E~-I,,';;___j1 
Ru-l06 2.5580E-Ql 8,939.124 17,878.248--O:00E=_+OO:~------'27'.2'?9;;;E='+03.;:.;:.---4-=-.'='577.E='+03.;:.;:.-;1 
~S=e--=7"'9;;_-_---.-__,I;.:.2?540~;oE-OS~-------o80,:,9::;3;::;9:::.1C;;274---""'7~,,,,87~8,,.:248 O.ooE+OO 1.12E-Ol 2.24E-Ql 
~S"'n"'-1';;2:-::6-------"'1.:::13"'93'=E:.:-OS=__-----'8==,"'93"'9"'.lc=2:_:4---,,1'"7,,,,8,,,7,,,8.248 O.OOE+OO 1.02E-Ol 2.04E-Ql 
5r-90 2.6293E+OO 8,939.124 17,878.248 0.ooE=-+OO~--___;2:;_.3~5~EO'+04_;::::_------,4"'.7"'0~EO'+04_;::::_-;1 
"T"'e-;-99~----__--4.;:_.:;;3540="'E_;-Q4~-----'8"',~93::;9"'.1~2:i4---~1""7,S;8""78,,,.:248 O.ooE+OO 3.89E+OO 7.78E+OO 
-=T"'h_.;-2c::2~9--------::1.c:;38=o53~E-'--1"'3'-----------'8'","'93"'9"--.1"'2::o4--_--,1-=7,,,,8=78,,,.248 O.ooE+OO 1.22E-Q9 2.44E-09 
Th-230 1.2807E-ll 8,939.124 17,878.248 0.00=:E=_+OO~----=-1.""'3~E=--Q_o_7~----o-2.~2~5E=_-_o_07;;____;1 

"T"'h;;;-2;;;3"'2 6='.~7400=:o:E...,-1~5--------'8==,9::c3o;9"'.1"'2:_:4---"1",7,,,,8=78,,,.248 O.ooE+OO 6.02E-ll 1.20E-l0 
TI-208 7.4667E-Q9 8,939.124 17,878.248 O.OOE+OO 6.67E-05 1.33E_Q4 
-;:U;-;,2"'3~2e___-------2~.i:I92~7""E"'-OS:;;_---__:8"',93~9;:;.1:;;2;4---~'~7,,,,87~8.248 O.OOE+OO 1.96E·04 3.92E_Q4 Thermal Power 
7U"'-2=33~--_--_-____=I==.99c;2=:0"'E=_•.;;,I0:o-_----'8==,'=93::c9='._"'2:o_4;......--____=17""",8""78,,,:248 O.ooE+OO 1.78E-Q6 3.56E-06 Nomtnal Heat Bounding
U-234 2.2487E-Q7 8,939.124 17,878.248 O.ooE+OO 2.01E-Q3 4.02E-Q3 Output HeatOulput 
U-235 -2.5341 E-Q6 8,939.124 0.000 4.06~E-Q""'2------c;I"'.80~E_;;-Q;;'2---4i·"'06~E~-Q:;:;2'------jf---:IW_=.'a~tts::!.I:_-_:IW_:::::'atlS;;:;?,si:--

7~,,:~"':=----------,:~·':;~=20=7;;:~=-':=:-----c::-'::=:C:::;.c;~~:----".:...7'=-g7,==~48 ~::~: ~:~:~~~ ~:~~~~ 4.~";,.~ 8'~0~02
Y-90 2.6300E+OO 8,939.124 "'.".OO,"'E"'+OO-=----4 35E17,878.2480 72.·22.E+04+04 4..70E+04+04 
Other Radionuelides 8 44E 
ffi. TemoIate~Summary.B 
Template Selection Summary 

From SFD used Basis for Parameter Differences:
Reactor _1-___'H"'EA:.:VY:,.:...W""'AT:.:E:.:R.....:-+_ __'Hc:-EA=V.:..y:.:.W:.:.A_::TE::R'--1 

BOL H::.~=~;I----l).:-:Al"'~"'~::----_+---_-'-A"'l~~M"'--_--f 
BOL Enrichment Ofo: 20 10 to 20 

Bumup Summary (MWd)' Basis for bumup used in estimate: 
FromSFD Estimated 

Nomlnal:1 I 8,939.124 Nominal bumup ca~culated from the heavy metal mass destroyed. 
Boundlng:1 I 17,878.248 Bounding bumup assumed to be twice nominal bumup. 

Checks 
Estimated Bumupl 

Bumup Multiplier Given Bumup Estimated EOL HMlGlven EOL HM
 
NomJr.al: 2.17
 I 1.031
 

Bounding: 4.34
 ,
Reactor shutdown, core removal. storage, shipping or other date conflnnlng that IlTadiation ceased for fuel.
 

2Total bumup for all fuel associated with this 'oYOrksheet must be divided by BOl heavy metal mass to get specific bumup values (MWdIMT).
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Fuel Radionuclide Inventory Worksheet 
I. Flldand Template Jnformation Estimated 

Fuol Name: FRR MTR-C (JAPAN) 1Fuel decay start date: 2010 Canister usage: 
SNFID#: 600 Estimates as of: 2010 1S"x10' 

Fuel Units & Oeser: 54 - MTR TYPE Template: ATR (Ught Water, Alum., 60 10 100%, U) 2.25 
_vy Metal Mass: BOl=5.23kg ; EOl=4.16kg 'Template Bumup(MWd): 367.2 
ROD Storage Site: SRS Template BOL _vy Metal Mass (MT): 0.00116689 

Template Decay Time' 5 ysalS 
n. Estimates m x. Xb b Y. Yb Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuelide Template Fuel Burnup (MWd)2 Burnup (MWd)2 (Ci) Inventories(Ci) Inventories(Ci) Group (boUnding) 
Ae-227 1.4545E-l0 1,012.553 2,025.107 O.OOE+OO 1.47E-07 2.95E-07 Avg. MeV 
Am-241 1.1190E-Q3 1,012.553 2,025.107 O.OOE+OO 1.13E+OO 2.27E+OO 0.0150 3.907E+14 
Am-242m 4.5425E-Q7 1,012.553 2,025.107 O.OOE+OO 4.60E-04 9.20E-04 0.0250 8.417E+13 
Am-243 1.4921E-06 1,012.553 2,025.107 O.OOE+OO 1.51E-03 3.02E-03 0.0375 7.767E+13 
C-14 5.7244E-09 1,012.553 2,025.107 O.OOE+OO 5.80E-06 1.16E-OS 0.0575 7.637E+13 
CI-36 1.3124E-32 1,012.553 2,025.107 O.OOE+OO 1.33E-29 2.66E-29 0.0850 4.869E+13 
Cm-243 2.3676E-07 1,012.553 2,025.107 O.OOE+OO 2.40E-04 4.79E-04 0.1250 4.216E+13 
Cm-244 5.2042E-Q5 1,012.553 2,025.107 O.OOE+OO 5.27E-02 1.05E-Ol 0.2250 4.127E+13 
Co-60 3.8208E-05 1,012.553 2,025.107 O.OOE+OO 3.87E-02 7.74E-02 0.3750 1.997E+13 
Cs-l34 4.6693E-Ol 1,012.553 2,025.107 O.OOE+OO 4.93E+02 9.66E+02 0.5750 2.744E+14 
Cs-135 3.4477E-06 1,012.553 2,025.107 O.OOE+OO 3.49E-03 6.98E-03 0.8500 3.842E+13 
Cs-137 2.8731E+OO 1,012.553 2,025.107 O.OOE+OO 2.91E+03 5.82E+03 1.2500 7.149E+12 
EU-154 8.2053E-02 1,012.553 2,025.107 O.OOE+OO 8.31E+Ol 1.66E+02 1.7500 2.998E+11 
Eu-155 3.9134E-02 1,012.553 2,025.107 O.OOE+OO 3.96E+Ol 7.93E+Ol 2.2500 6.288E+11 
Fe-55 6.7429E-03 1,012.553 2,025.107 O.OOE+OO 6.83E+OO 1.37E+Ol 2.7500 3.617E+09 
H-3 l.OS99E-02 1,012.553 2,025.107 O.OOE+OO 1.07E+Ol 2.15E+Ol 3.5000 4.013E+08 
1-129 7.5300E-07 1,012.553 2,025.107 O.OOE+OO 7.62E-04 1.52E-03 5.ססOO 1.200E+03 
Kr-85 2.8595E-Ol 1,012.553 2,025.107 O.OOE+OO 2.90E+02 5.79E+02 7.ססOO 1.338E+02 
No-237 9.5479E-06 1,012.553 2,025.107 O.OOE+OO 9.67E-03 1.93E-02 11.ססoo 1.508E+01 
Pa-231 8.9297E-l0 1,012.553 2,025.107 O.OOE+OO 9.04E-07 1.81E-D6 
Pb-21 0 3.7609E-12 1,012.553 2,025.107 O.OOE+OO 3.81E-Q9 7.62E-09 
Pm-147 2.5452E+OO 1,012.553 2,025.107 O.OOE+OO 2.58E+03 5.15E+03 
Pu-236 2.OS50E-Q2 1,012.553 2,025.107 O.OOE+OO 2.08E+Ol 4.16E+Ol 
Pu-239 4.2838E-D4 1,012.553 2,025.107 O.OOE+OO 4.34E-Ol 8.66E-Ol 
Pu-240 2.4401E-D4 1,012.553 2,025.107 O.OOE+OO 2.47E-Ol 4.94E-Q1 
Pu-241 6.8764E-02 1,012.553 2,025.107 O.OOE+OO 6.96E+Ol 1.39E+02 
Pu-242 3.8329E-07 1,012.553 2,025.107 O.OOE+OO 3.66E-D4 7.36E-04 
Ra-226 3.8045E-11 1,012.553 2,025.107 O.OOE+OO 3.85E-Q8 7.70E-08 
Ra-228 2.9902E-15 1,012.553 2,025.107 O.OOE+OO 3.03E-12 6.06E-12 
Ru-l06 1.9055E-Ql 1,012.553 2,025.107 O.OOE+OO 1.93E+02 3.86E+02 
5e-79 1.2936E-Q5 1,012.553 2,025.107 O.OOE+OO 1.31E-02 2.62E-Q2 
5n-126 1.1574E-OS 1,012.553 2,025.107 O.OOE+OO 1.17E-Q2 2.34E-Q2 
5r-90 2.7505E+OO 1,012.553 2,025.107 O.ooE+OO 2.79E+03 5.57E+03 
Tc-99 4.2239E-<l4 1,012.553 2,025.107 O.OOE+OO 4.28E-Ol 8.55E-Ol 
Th-229 1.8848E-12 1,012.553 2,025.107 O.OOE+OO 1.91E-09 3.82E-09 
lh-230 1.7042E-Q8 1,012.553 2,025.107 O.OOE+OO 1.73E-OS 3.45E-DS 
lh-232 7.8132E-15 1,012.553 2,025.107 O.OOE+OO 7.91E-12 l.58E-ll 
T~208 4.4083E-Q8 1,012.553 2,025.107 O.OOE+OO 4.46E-05 8.92E-DS 
U-232 1.3151E-Q7 1,012.553 2,025.107 O.OOE+OO l.33E-04 2.66E-04 Thennal Power 
U-233 1.9564E-Q9 1,012.553 2,025.107 O.OOE+OO 1.98E-06 3.96E-06 Nominal Heat Bounding 
U-234 1.8371E-D4 1,012.553 2,025.107 O.OOE+OO 1.86E-Ql 3.72E-01 OUlput Heat Output 
U-235 -2.7235E-D6 1,012.553 0.000 1.05E-02 7.75E-03 l.OSE-Q2 <Watts) <Watts) 
U-236 1.5493E-OS 1,012.553 2,025.107 O.OOE+OO 1.57E-02 3.14E-Q2 5.13E+01 1.03E+02 
U-238 -4.2851 E-D9 1,012.553 0.000 1.23E-D4 1.19E-D4 1.23E-04 Total Total 
Y-90 2.7505E+OO 1,012.553 2,025.107 O.OOE+OO 2.79E+03 5.57E+03 
OUler Radianuelides 521E+03 1.04E+04 
,m.1'emQlate~s.n-arv. U...... ;"nd CIlIldcJ 
Template Selection Summary 

FromSFD ~ Basis for Parameter Differences: 
Reactor Modend:or: LIGHT WATER LIGHT WATER 

Fuel Cladding: ALUM ALUM 
BOL HM Constituents: U-ALX U 

BOL Enrichnwnt %: 92.99999931 60 to 100 

Burnup Summary (MWd) Basis for burnup used in estimate: 
From SFD Estimated 

Nomlnal:1 I 1,012.553 Nominm bumup calculated from the heavy metal mass destroyed. 
Boundlng:1 I 2,025.107 Bouncing bumup assumecl to be twice nominal bumup. 

Checks 

Estimated Bumupl
Bumup Multiplier Glvsn Bumup Estimated EOL HMlGlvsn EOL HM 

Nominal: 0.62 I 1.021 
Bounding:1 1.23 ,

Reactor shutdown, core removal, storage, stllpplng or other date confmnlng that Irradiation ceased for fuel. 

ZTotal bumup for all fuel associated with this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWdlMT). 
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Templat< lnf1ltUl8tion Estimated 

Fuel Name: FRR MTR-C (JAPAN) 'Fuel decay start date: 2010 Canister usage: 
SNF 10#: 289 Estimates as of: 2010 18"'10' 

Fuel Units & Oeser: 17 - ASSEMBLY Template: ATR (Ught Water. Alum., 60 to 100%, U) 0.71 
Heavy Metal M..."": BOl=8.92k9 ; EOl=8.60k9 "Template Bumup(MWd): 367.2 
ROD Storage Sile: SRS Template BOl ~)eavy Metal Mass (MT): 0.00116689 

T....p1ate Decay Time' 5 years 
n. Estimates m x" b y" Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec
 

Radionuclide Template Fuel Burnup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding)
 
Ae-227 1.4545E-l0 307.497 614.993 O.OOE+OO 4.47E-08 8.95E-08 Avg.Me'y_~ _ 
",A.,.m"-:2=4",1,""~_-_-_-_-_-_-_--: ---'cl.~1~190~~E=_-",03=----_o30~7",.4",97~_-_-"6-,,14::::.,,,993 0.oriE;O-+oo~:-----o3'·.44~E=-_Q;;:1;---~6.8aE-Ol 0.0150 1.187E+14
 
Am-242m 4.5425E_Q7 307.497 614.993----o-.OOE=-+OO-:=---~1-.4cOE-04 2.79E-04 0.0250 2.556E+13
 
"A"'m'--;:;243~"----------"'"1"'.4~92;cl;-;E=--;;'ooOc------;30~7:";.4;;'9"7----';:6 714"'."'993 O.OOE+OO 4.59E-04 9.18E-04 0.0375 2.359E+13
 
(;-14 5.7244E_Q9 307.497 614.993 O.OOE+OO 1.76E-Q6 3.52E-Q6 0.0575 2.319E+13
 
.,C"I-""36;;----------';-1.=;;3~12"'4;;E=--3~2:<-------;30~7".4;;97,;-----"6O'14::".99-3--- O:OOE+OO 4.04E-30 8.07E-30 0.0850 1.479E+13
 
.:::C:.::m"--=2473=- ._-'2o::.36~7"'6=E""'-Q"'7-----30=7;c.4~9~7,__--_-,6,-,,=14.993 0.OO"'Ec:.+OO~---C;'7.28E-05 1.46E_Q4 0.1250 1.280E+13
 
Cm-244 5.2042E_Q5 307.497 614.993---0-:-00E+oo 1.60E-02 3.20E_Q2 0.2250 1.253E+13
 
C·'::o-6O~"------------;;3c;.8-;;208~~-;:E=-_Q;;-;5:-------;30~7:";.4-;;97Oc-----;6;-Ol"'"4.''''993 O.OOE+OO 1.17E-02 2.35E_Q2 0.3750 6.066E+12
 
.,C;:S'-:-1;;34;;- ~4."'86"'93~E=--Q~1;;_---__;30~7".4~97,;_---_"6O'14.993 O.OOE+OO 1.50E+02 2.99E+02 0.5750 8.332E+13
 
Cs-l35 3.4477E-oo 307.497 614:993 0.00;:E+OO.::~--__;1i'i.06E-03 2.12E-03 0.8500 1.167E+13
 
-=C"'S--'1"'377--------'2='.8"'7"'3"'1E=+OO~'----~30~7~".4::::9~7,__---"'6-"14~.993 O.OOE+OO 8.63E+02 1.77E+03 1.2500 2.171E+12
 
Eu-l54 8.2053E-02 307.497 614.993 O.OOE+OO 2.52E+Ol 5.05E+Ol 1.7500 9.105E+l0
 
..,E:=u-O-l"5"'5---------;03.o;;9~134~E=--0;;:2~-----;30~7.:..;4-;;970c-----6 ":C014.993 O.OOE+OO 1.20E+Ol 2.41 E+Ol 2.2500 1.910E+l1
 
-i-Fi':e-::=5"'5_. -'6"'."'74;;;2;;;9~E.,-03:;c_---__;;30~7~.4~9~7;_---.;;60'14;-,.9:<-;<93- O.OOE+OO 2.07E+OO 4.15E+OO 2.75OO----1."099E+09
 
7H';'-3~-----.--_cl'='.;c05:::9;;;9~E_cO-0~2-----c030;;,7~"._:c49~7,__---.;:6c1_4:,.993 O.OOE+OO 3.26E+OO 6.52E+OO 3.5000 1.219E+08
 
7.1-,'-1'=29=- -77.'=5~300~E=_-Q=_7;_.---_o30~7~.4"'97~---_':614.993---' 0.OOE-"+O='0=-__~2~.='32o==Eo--~04-'-----'-4".63~E:..:-Q4=_-+-=_5.~0000 3.697E+02 
Kr-85 2.8595E-Ol 307.497 6i"4.993----0-.00E+oo 8.79E+Ol 1.76E+02 7.0000 4.124E+Ol 
7N;':p-';_2"'3O;7c-·--------;09.';:5"'47;;-;9"E=--06;;;;------;:30~7.'-i4;;,97Oc-----6~14.g9:J---0~.OOE+OO 2.94E-03 5.87E_Q3 11.ססOO 4.65OE+OO 
Pa-231 8.9297E-l0 307.497 614.993---0-.00E+oo 2.75E_Q7 5.49E_Q7
-;;P·~b-""2";;10~----------c3:;c.7"'60~9Ee--~12:;-----~30~7~.4:;;9~7,----------c:6:-:14~.993--~O-:-OO:~E"'+OO~--~1e-;.1;;:6~E_Q~9------c2"'.3~1~Ec.;_Q"'9,-------j1 
~p".:.m:,-1'=4"-7-------___.:;;2.""54'-'5~2~Eo,;+OO~------;30~7".4~97~---.,6;.;-1~4.:;;:993 O.OOE+OO 7.63E+02 1.57E+03 
Pu-238 2.0550E-02 307.497 614.993 O.OOE+OO 6.32E+OO 1.26E+Ol 
-;P"'u-;-2;;;3-;;9-------74.o;;2836;c;;-;"'E'-;-04~-----;3;;;0=7.-;:49"'7;------;:6"'"14-:~.993 0.OO·~·E;:-+OO.:.;;,;:---~1.o;;32"'E;O--~01~---;c2.-;;63;;;EO'_Q~lo--j1 

-;;PC':U--;:2~40;;- ~2';;.440~1;;:E'__;-04:;;;_---__;3;;;00;-7.:..;4=-97;__----c06;_o14"'".,,,9~93 O.OOE+OO 7.50E_Q2 1.50E_Ql 
Pu-241 6.8764E_Q2 307.497 614.993 O.OOE+OO 2.11E+Ol 4.23E+Ol 
~P:=-U--;:2-;:420:--------'3:=-:.63=2:::9~E--cOO=7-----;:30~7='.47.9~7;----~61"-4;o.:993----0-.00;:-E+oo.:.;;,;::----71."'1~2E~-c;:04-'------;c2.'=2"'3E~-c;:04-'-----11 
Ra-226 3.8045E-ll 307.497 614.993 O.OOE+OO 1.17E-08 2.34E-08 

C:Ra"'-'-2"'2'=8 =:2.~990=2=E'_;-1"'5'----""'30'=7=.c:49=7o___---~6~14~.993 O.OOE+OO 9.19E-13 1.84E-12 
Ru-loo 1.9055E_Ql 307.497 614.993 O.OOE+OO 5.86E+Ol 1.17E+02 
-;Si'e-'"'7;~9:-=----------;1".2;;;9;;:36:::E=-_Q"'5°-----'-;30~7,:.;.4c::9"7----;60::14:993----0-.00·=-E;:-+OO.:.;;,;:---;;:3.""98;;;EO'-~030:----;c7.-;;96"'E"'_Q3~--1I 

-;:S"'n--;Cl;c-26=- --,"'1.=15"'7"'"4E:=--OS-;;;,- _;30~7._:c49~7;_--_;60::1_:_4.~993 O.OOE+OO 3.56E-03 7.12E-Q3 
Sr-90 2.7505E+OO 307.497 614.993 0.OO;:-E+OO'-7.:'___8"'.~46"'E~+O~2----==1.'=69"'E='+O.;"'-3-_11 
Tc-99 4.2239E_Q4 307.497 614.993 0.OO.;:,E:=-+OO.:.;;,;: ""'1."'30:::E=_-Q~10:_----72.~60;;_;E=--Q"'10:__jJ 
Th-229 1.8648E-12 307.497 614.993 O.OOE+OO 5.80E-l0 1.16E_Q9 
Th-230 1.7042E-Q6 307.497 614.993 O.OOE+OO 5.24E-Q6 1.05E_OS
~Th-~2"'32~--------7~."'81:c;3;;;2:i=E""'-1c;:5'----~30"'7'"'.~49~7;-----;;6""140:;.993 O.OOE+OO 2.40E-12 4.81 E-12 
~T"'I-2;C08~-------47.c:;-4063~=E-;-Q6;;;------;30-;;7=."'"49=7:-----;:6714"'.9;;-:93 0.OOE:-'+OO~---;1;:;.35~E'--;-Q5~-----;2;.c.7;;;l..,E'-;_os~-J1 

U-232 1.3151E-Q7 307.497 614.993 O.OOE+OO 4.04E-Q5 8.09E_OS Thermal Power 
U:233 1.9564E-09 307.497 614.993 O.OOE+OO 6.02E-07 1.20E-06 Nominal Heat Bounding 
U-234 1.6371 E_Q4 307.497 614.993 __0""'.OO-:."-"E="+OO=-__-"'5.'=65"'Eo--Q2~--__;l:'-i.l"'3E;:_-Q.;10:_--II Output Heat Output
U-235 -2.7235E-Q6 307.497 0.000 3.86E_Q3 3.02E-03 3.86E_Q3 /Wattsl /Wattsl 
U-236 1.5493E-Q5 307.497 614.993 O.OOE+OO 4.76E-03 9.53E_Q3 1.561:+01 3.12E+Ol 
U-238 -4.2851E-Q9 307.497 0.000 2.40E-03 2.40E-03 2.40E-03 Total Total 
Y-90 2.7505E+OO 307.497 614.993 O.OOE+OO 8.46E+02 1.69E+03 
Other Radianuelides 1.58E+03 3.16E+03 

Template Selection Summary 
From SFO lIMd BasIs for Parameter Differences: 

Reactor Moderator:I---_U:oG=HT-';';-;W-::A-:'T-=E-'A_-j-_-=L1-=G-;HTc-W~AT:..:E::.A:----IThiSTemplate was used for the following reasons: 
Fuel Cladding: ALUM ALUM This fuel matches on all parameters except enrichment. 

BOL HM Constituents: U3S12 U 
BOL Enrichment %: 20.00000028 60 10 100 

Bumup Summary (MWd) Basis for burnup used in estimate:
 
FromSFD I EstImated
 

NomIr.al:1 I 307.497 Nominal bumup caJculated from tha heavy metal mass destroyed.
 
Sounding:1 I 614.993 BoUnding bumup assumed to be twice nominal bumup.


Checks 
Estimated Bumupl 

BumUD Multi"'ier Given Bumup Estimated EOL HMlGlven EOL HM
Nomir:aI: 0.11 I 1.001 

Bounding: 0.22 ,
Reactor shutdown, cora removal, storage, shiPPing or other date confimung that Irradiation ceased for fuel. 

2Total bumup for all fue: associated with this worksheet must be divided by BOL heavy metal mass ~o get specific bumup values (MWd'MT). 
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Fuel Radionuclide Inventory Worksheet 
J, Flid and Template blforn>ation 

Fuel Name: FRR MTR-C (NETHERLANDS)	 'Fuel decay start date: 2010 
SNFID#: 509	 Estimates as of: 2010 

Fuel Units & Oeser: 7 - ASSEMBLY	 Template: ATR (Light Water, Alum., 60 to 100'}o, U) 

Estimated 
Canister usage: 

18"xl0' 
I 0_29 I 

_vy Metal Mass: BOl=5.53k9 : EOl=4.87k9	 ~emplate Bumup(MWd): 367.2 
ROD Storage Site: SRS	 Template BOL _vy Metal Mass (MT): 0.00116689 

Template Decay Time: 5 years 

n.Estimates m x" x. b y" y. 

CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel 
Radionuciide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Invenlories(Ci) Inventories(Ci) 
Ac-227 1.4545E-l0 628_442 1,256.884 O_ooE-+OO 9.14E-08 1.83E-07 
Am-241 1.1190E-03 628.442 1,256.884 O.ooE-+OO 7.03E-Ol 1.41E-+OO 
Am-242m 4.5425E-07 628.442 1,256.884 O.ooE-+OO 2.85E-Q4 5.71E-04 
Am-243 1.4921E-06 628.442 1,256.884 O.ooE-+OO 9.38E-04 1.88E-03 
C-14 5.7244E-09 628.442 1,256.884 O.ooE-+OO 3.GOE-06 7.19E-06 
CI-36 1.3124E-32 628.442 1,256.884 O.ooE-+OO 8.25E-30 1.65E-29 
Cm-243 2.3676E-07 628.442 1,256.884 O.ooE-+OO 1.49E-04 2.98E-Q4 
Cm-244 5.2042E-05 628.442 1,256.884 O.ooE-+OO 3.27E-02 6.54E-02 
Co-GO 3.8208E-05 628.442 1,256.884 O.ooE-+OO 2.40E-02 4.80E-02 
Cs-l34 4.8693E-Ol 628.442 1,256.884 O.ooE-+OO 3.06E+02 6.12E+02 
Cs-135 3.4477E-06 628.442 1,256.884 O.ooE-+OO 2.17E-03 4.33E-03 
Cs-137 2.8731 E-+OO 628.442 1,256.884 O.ooE-+OO 1.81E+03 3.61E+03 
EU-154 8.2053E-02 628.442 1,256.884 O.ooE-+OO 5.16E+Ol 1.03E+02 
Eu-155 3.9134E-02 628.442 1,256.884 O.ooE-+OO 2.46E+Ol 4.92E+Ol 
Fe-55 6.7429E-03 628.442 1,256.884 O.ooE-+OO 4.24E-+OO 8.46E-+OO 
H-3 1.0599E-Q2 628.442 1,256.884 O.ooE-+OO 6.86E-+OO 1.33E+Ol 
1-129 7.5300E-07 628.442 1,256.884 O.ooE-+OO 4.73E-04 9.46E-04 
Kr-85 2.8595E-Ol 628.442 1,256.884 O.ooE-+OO 1.80E+02 3.59E+02 
Np-237 9.5479E-06 628.442 1,256.884 O.ooE-+OO 6.ooE-03 1.20E-Q2 
Pa-231 8.9297E-l0 628.442 1,256.884 O.ooE-+OO 5.61E-Q7 1.12E-06 
Pb-21 0 3.7609E-12 628.442 1,256.884 O.ooE-+OO 2.36E-09 4.73E-09  Pm-147 2.5452E-+OO 628.442 1,256.884 O.ooE-+OO l.GOE+03 3.20E+03 
Pu-238 2.0550E-Q2 628.442 1,256.884 O.ooE-+OO 1.29E+Ol 2.58E+Ol 
PU-239 4.2838E-Q4 628.442 1,256.884 O.ooE-+OO 2.69E-Ol 5.38E-Ol 
Pu-240
 2.4401E-04 628.442 1,256.884 O.ooE-+OO 1.53E-Ol 3.07E-Ol 
Pu-241
 6.8764E-02 628.442 1,256.884 O.ooE-+OO 4.32E+Ol 8.64E+Ol 
PU-242
 3.6329E-Q7 628.442 1,256.884 O.ooE-+OO 2.28E-Q4 4.57E-Q4 
Ra-226
 3.8045E-ll 628.442 1,256.884 O.ooE-+OO 2.39E-oB 4.78E-08 
Ra-228 2.9902E-15 628.442 1,256.884 O.ooE-+OO 1.88E-12 3.76E-12 
Ru-l06 1.9055E-Ql 628.442 1,256.884 O.ooE-+OO 1.20E+02 2.39E+02 
Se-79 1.2938E-Q5 628.442 1,256.884 O.ooE-+OO 8.13E-Q3 1.63E-Q2 
Sn-126 1.1574E-05 628,442 1,256.884 O.ooE-+OO 7.27E·03 1.45E·02 
Sr-90 2.7505E-+OO 628.442 1,256.884 O,ooE-+OO 1.73E+03 3.46E+03 
Tc-99 4.2239E-Q4 628.442 1,256.884 O.ooE-+OO 2.65E-Ql 5.31E-Ql 
Th-229 1.8848E-12 628.442 1,256.884 O.ooE-+OO 1.18E-09 2.37E-Q9 
Th-230 1.7042E-oB 628.442 1,256.884 O.ooE-+OO 1.07E-Q5 2.14E-05 
Th-232 7.8132E-15 628.442 1,256.884 O.ooE-+OO 4.91E-12 9.82E-12 
TI-208 4.4063E-oB 628.442 1,256.884 O.ooE-+OO 2.77E-Q5 5.54E-Q5 
U-232 1.3151E-07 628.442 1,256.884 O.ooE-+OO 8.26E-Q5 1.65E-Q4 
U-233 l.9564E-09 628.442 1,256.884 O.ooE-+OO 1.23E-06 2.46E-06 
U-234 1.8371E-04 628.442 1,256.884 O.ooE-+OO 1.15E-Ql 2.31E-Ql 
U-235 -2.7235E-06 628.442 0.000 2.39E-Q3 6.78E-Q4 2.39E-Q3 
U-236 1.5493E-05 628.442 1,256.884 O.ooE-+OO 9.74E-Q3 1.95E-Q2 
U-238 -4.2851E-09 628.442 0.000 1.49E-Q3 1.48E-03 1.49E-03 
Y-90 2.7505E-+OO 628.442 1,256.884 O.ooE-+OO 1.73E+03 3.46E+03 
Other Radionuclides 3.23E+03 6.46E+03 
In. TenlPlllle ~SIlJnmaty,$1Il'DlJ , and (:h«b 
Template Selection Summary 

FromSFD Used Basis for Parameter Differences: 
Reactor_, UGHTWATER UGHTWATER This Ternplate was used for the tollowing reasons: 

Fuel Cladding: ALUM ALUM This fuel matches on all panunellllS excep! enrichment. 
BOl HM Constituents: U3S12 U 

SOL enrichment 0/.: 20.00000038 60 to 100 

Bumup Summary (MWd) Basis for bumUD used in estimate: 
FromSFD Estimated 

Nominal: 628.442 Nominal bumup calculated from the heavy metal mass destroyed. 
Bounding: 1.256.884 Bouncing bumup assumed to be twice nominal bumup. 

Checks 

Estimated Bumupl 
Bumup Multiplier Given Bumup Estimated EOl HMlGlven EOl HM 

Nominal: 0.36 I 1.011 
Boundlng:1 0.72 , 

Reactor shutdown, core removal, storage, shipping or other date conflnnlng that lnudiaMn ceased for fuel. 

2Total bumup for all fuel associated with this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWdtMT). 

Gamma Sources 
Photon Total 
Energy Photons/sec 
Group (bounding) 

Avg_MeV 
0_0150 2.425E+14 
0.0250 5.224E+13 
0.0375 4.821E+13 
0.0575 4.740E+13 
0.0850 3.022E+13 
0.1250 2.617E+13 
0.2250 2.561E+13 
0.3750 1.240E+13 
0.5750 1.703E+14 
0.8500 2.385E+13 
1.2500 4.437E+12 
1.7500 1.861E+11 
2.2500 3.903E+l1 
2.7500 2.245E+09 
3.5000 2.491E+08 
 OO 7.4nE+02סס.5
 OO 8.338E+01סס.7
 OO 9.399E+OOסס.11

Thennal Power 
Nominal Heat Bounding 

OUlpul HeatOUlpul 
(Wattsl (Watts) 
3.19E+Ol 6.37E+Ol 

Total Total 
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Fuel Radionuclide Inventory Worksheet 
1. Fuel and Template lDformation Estimated 

Fuel Nama: FRR MTR-C (PERU) Fuel decay start date: 2010 Canister usage:
 
SNFID#: 503 Estimates as of: 2010 18"x10'
 

Fuel Units & 0aac1': 6 - ASSEMBLY Template: ATR (Ught Water, Alum., 60 to 100%, U) 0.25 
_vy Metal Ma••: BO[;,6.00kg ; EO[;'5.67kg 'Template Bumup(MWd): 367.2 
ROD Storage Sits: SRS Template BOl Heavy Metal Ma•• (MT): 0.00116689 

Template Decay Time" 5 years 
U. Estimates m b y" y. Gamma Sources

Photon Total 
CilMWd From NOminal Bounding Fuet Initial Activity Nominal Fuel Bounding Fuel Energy Photonslsec 

Radionuclide Template Fuel Burnup (MWd)2 Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 1.4545E-l0 312.516 625.033 O.ooE+OO 4.55E-08 9.09E-08 Avg MeV 
"A"'m-=_2"'4"'1---------c1-'C.1c;1""'90=OE'""-Q:::3°------c3;::1:::2=:.5cc16=-----c6"'2"'5"'.033 - - - --OlJOE+OO~---;3i':.5:"OE-.;;0:;-1---.;;6:.9~"'9E~--;;071-+--"?0.'::'~I5Oc:--· --;-I.""206=E+"C1:74
"A:;:m.:._-"'24i;2"m:.:.-.. 74.::;54""'2:::5~E'""-0:::7;;--- _ ___;;3::-1:::2."=5.;-16~-----::o62~~5"'.O"'33 O.ooE+OO 1.42E-04 2.84E-04 0.025O--~8E+13 
Am-243 1.4921E-Q6 312.516 625.033---0-.00E+oo 4.66E-04 9.33E-04 0.0375 2.397E+13 
.:,C"'-1.:.-4;:..::'-------·--~5.~7=244=7.E'""-0=9°--------;;3ccI72."=5-'16°-----~62='5==.0"33 - - -OlJOE+oo 1.79E-08 3.58E-OO 0.0575 2.357E+13 
CI:36;;;;----------:;-1..;;.31;:;2;-;4""Ec..;-3;;:;2-----;;3~1· 2"'.5=1'"'6;------.;;6;;;25"'.0;;;:33 O.OOE+OO 4.10E-30 8.20E-30 0.085O---1-.s03-E-+1-3 
Cm-243 2.3676E-07 312.516 625.033--- o.oOE+OO 7.40E-05 1.48E-04 0.1250---1:3<i1&1"3 
Cm-244 5.2042E-05 312.516 625.033 O.ooE+OO 1.63E-Q2 3.25E-Q2 0.2250 1.274E+13 
Co-50 3.8208E-QS 312.516 625.033 0.001:+00 1.19E-02 2.39E-Q2 0.3750 6.165E+12 
Cs-134 4.8693E-Ol 312.516 625.033 O.OOE+OO 1.52E+02 3.04E+02 0.5750 8.468E+13 
'Cs-135 3.4477E-OO 312.516 625.033 O.ooE+OO 1.08E-Q3 2.15E-03 0.8500 1.I86E+13 
Cs-137 2.8731 E+OO 312.516 625.033 O.ooE+OO 8.98E+02 l.80E+03 1.2500 2.206E+12 
Eu-154 8.2053E-02 312.516 625.033 O.ooE+OO 2.56E+01 5.13E+Ol 1.7500 9.253E+l0 
Eu-155 3.9134E-Q2 312.516 625.033 O.OOE+OO 1.22E+01 2.45E+01 2.2500 1.941E+ll 
Fe-55 6.7429E-Q3 312.516 625.033 O.OoE+OO 2.11E+OO 4.21E+OO 2.7500 1.116E+09 
H-3 1.0599E-Q2 312.516 625.033 O.ooE+OO 3.31E+OO 6.62E+OO 3.5000 1.239E+08 
1-129 7.5300E-Q7 312.516 625.033 O.OOE+OO 2.35E-04 4.71E-Q4 5.0000 3.739E+02 
Kr-85 2.8595E-Q1 312.516 625.033 O.ooE+OO 8.94E+01 1.79E+02 7.0000 4.170E+Ol 
Np-237 9.5479E-Q6 312.516 625.033 O.ooE+OO 2.98E-03 5.97E-Q3 11.0000 4.701E+00 
Pa-231 8.9297E-10 312.516 625.033 O.OOE+OO 2.79E-07 5.58E-Q7 
Pb-21 0 3.7509E-12 312.516 625.033 O.ooE+OO 1.18E-Q9 2.35E-09 
Pm-147 2.5452E+OO 312.516 625.033 O.ooE+OO 7.95E+02 1.59E+03 
Pu-238 2.0550E-Q2 312.516 625.033 O.ooE+OO 6.42E+OO 1.28E+01 
Pu-239 4.2838E-Q4 312.516 625.033 O.ooE+OO 1.34E-Q1 2.68E-Ql 
Pu-240 2.4401E-Q4 312.516 625.033 O.OOE+OO 7.63E-02 1.53E-01 
Pu-241 6.8784E-Q2 312.516 625.033 O.ooE+OO 2.15E+01 4.30E+01 
Pu-242 3.6329E-Q7 312.516 625.033 O.OOE+OO 1.14E-Q4 2.27E-Q4 
Ra-226 3.8045E-ll 312.516 625.033 O.ooE+OO 1.19E-Q8 2.38E-08 
Ra-228 2.9902E-15 312.516 625.033 O.ooE+OO 9.34E-13 1.87E-12 
Ru-1OO 1.9055E-Q1 312.516 625.033 O.OOE+OO 5.96E+O;c-1 .;;:1.",190::E:=,+O~2_-l1 
5e-79 1.2936E-QS 312.516 625.033 O.ooE+OO 4.04E-03 8.09E-Q3 
5n-126 1.1574E-Q5 312.516 625.033 O.ooE+OO 3.62E-03 7.23E-Q3 
5r-90 2.7505E+OO 312.516 625.033 O.OOE+OO 8.5OE+02 1.72E+03 
Tc-99 4.2239E-Q4 312.516 625.033 0.ooE='+OO-==------=1"'.3=O:2"=E="-0"'1~---,2"".84~E""-Q;;1----11 

·Th-229 1.6848E-12 312.516 625.033 O.OOE+OO 5.89E-10 1.18E-Q9 
Th-230 1.7042E-Q6 312.516 625.033 O.OOE+OO 5.33E-Q6 1.07E-QS 
Th-232 7.8132E-15 312.516 625.033 O.ooE+OO 2.44E-12 4.68E-12 
TI-208 4.4063E-Q8 312.516 625.033 O.OOE+OO 1.36E-QS 2.75E-QS 
U-232 1.3151E-Q7 312.516 625.033 O.OOE+OO 4.11E-QS 8.22E-OS Thermal Power 
U-233 1.9564E-Q9 312.516 625.033 0::'u=nd:::'l:in::'g:-·-O:-06EC:;+OO~---"6".1'1~Ej-O~7,-----71.:;;2~2~E_06~--;~No~m=r.in::a:i'I;iHeat=F-"B1:
U-234 1.8371E-Q4 312.516 625.033 O.ooE+OO 5.74E-Q2 1.15E-Q1 Output Heat Output 
U-235 -2.7235E-Q6 312.516 0.000 2.59E-Q3 1.74E-Q3 2.59E-Q3 (Walts) (Watts) 
U-236 1.5493E-QS 312.516 625.033 O.ooE+OO 4.84E-03 9.68E-Q3 1.58E+01 3.17E+01 
U-238 -4.2851E-Q9 312.516 0.000 1.61E-Q3 1.61E-Q3 1.61E-Q3 Total Total 
Y-90 2.7505E+OO 312.516 625.033 O.OOE+OO 8.5OE+02 1.72E+03 
Other Radionuclides 1.61 E+03 3.21 E+03 

Template selection Summary 
From SFD Used Basis for Pammeter Differences: 

Reactor Moderator:I-_=UG=HT~Wc.:A.c.:T:.::E::.:R--!----=U:.::G::.:HT.:.-W:.::::AT:..:E::.R'----1ThisTemplate was used for the following reasons: 
Fuel Cladding: ALUM ALUM This fuel matches ATR Template on aU but one parameter (enrichment) making AIR a reasonable 

SOL HM ConstItuents: U308 U maid!. 
BOL Enrichment 0/0: 20 60 to 100 

Bumup Summary (MWd) Basis for bumup used in estimate: 
FromSFD Estimated 

NomInal:1 I 312.516 Nominal bumup calculatod from the heavy metal mass destroyed. 
Bounding:1 I 625.033 Bounding bumup assumed to be twice nominal bumup. 

Checks 
Estimated Bumupl 

Bumup Multiplier Given Bumup Estimated EOL HMlGiven EOL HM 
Nominal: 0.17 I 1.001 

Bounding: 0.33 ,
Reactor shutdown, core removal. storage, shiPPing or other date conflnmng that Inadiatloo ceased for fuel.
 

2Total bumup for all fuel associated with this vvorksheet must be divided by BOL heavy metal mass to get specific bumup values (MWd'MT).
 

DOEl5NF/REP-078 December 2003 
Revision 1 PageC-142 



I 
I 
I 
I 
I 

I 

•
I 

I 
•I 
I 
I , 
I 

I 
I
 

I 

Fuel Radionuclide Inventory Worksheet 
I. Fuel and Template Information Estimated 

Fuel Name: FRR MTR-C (PORTUGAL) 1Fuel decay start date: 2010 Canister usage: 
SNFID#: 540 Estimates 89 of: 2010 18"x10' 

Fuel Units & Oeser: 9 - ASSEMBLY Template: ATR (Light Water, Alum.. 60 10100%, U) 0.38 
Heavy Metal Mass: BOL=4.05k9 ; EOl=3.91k9 "Template Bumup(MWd): 367.2 
ROD Storage Site: SRS Template BOL Heavy Metal Mass (MT): 0.001 t6689
 

Template DecaV Time' 5 vears
 
II. Estimates m x" Xb b Vo Vb Gamma Sources 

Photon Total 
eiIMWd From Nominal Bounding Fuel Initial ActiVity Nominal Fuel Bounding Fuel Energv Photons/sec 

Radionuclide Template Fuel Bumup (MWd)' Burnup (MWd)' (ei) Inventories(ei) Inventories(Ci) Group (bounding)
Ac-227 1.4545E-10 130.405 260.809 O.OOE+OO 1.90E-08 3.79E-08 Avg. MeV
Am-241 1.1190E-03 130.405 260.809 O.OOE+OO t.46E-01 2.92E-01 0.0150 5.032E+13
Am-242m 4.5425E-{)7 130.405 260.809 O.OOE+OO 5.92E-05 1.18E-04 0.0250 1.084E+13 
Am-243 1.4921 E-{)6 130.405 260.809 O.OOE+OO 1.95E-04 3.89E-04 0.0375 1.000E+13
C-14 5.7244E-09 130.405 260.809 O.OOE+OO 7.46E-07 1.49E-06 0.0575 9.836E+12 
CI-38 1.3124E-32 130.405 260.809 O.OOE+OO t.71E-30 3.42E-30 0.0850 6.270E+12 
Cm-243 2.3876E-07 130.405 260.809 O.OOE+OO 3.09E-05 6.18E-{)5 0.1250 5.430E+12
Cm-244 5.2042E-05 130.405 260.809 O.OOE+OO 6.79E-03 1.36E-{)2 0.2250 5.315E+12
Co-6O 3.8208E-05 130.405 260.809 O.OOE+OO 4.98E-03 9.97E-{)3 0.3750 2.573E+12
Cs-l34 4.8693E-01 130.405 260.809 O.OOE+OO 6.35E+01 1.27E+02 0.5750 3.534E+13
Cs-l35 3.4477E-06 130.405 260.809 O.OOE+OO 4.50E-04 8.99E-04 0.8500 4.948E+12 
Cs-137 2.8731E+OO 130.405 260.809 O.OOE+OO 3.75E+02 7.49E+02 1.2500 9.207E+ll
Eu-l54 8.2053E-{)2 130.405 260.809 O.OOE+OO 1.07E+01 2.14E+01 1.7500 3.861E+l0
Eu-155 3.9134E-02 130.405 260.809 O.OOE+OO 5.10E+OO t.02E+01 2.2500 8.099E+10
Fe-55 6.7429E-03 130.405 260.809 O.OOE+OO 8.79E-01 1.76E+OO 2.7500 4.659E+08
H-3 1.0599E-02 130.405 260.809 O.OOE+OO 1.36E+OO 2.76E+OO 3.5000 5.169E+07
1-129 7.5300E-07 130.405 260.809 O.OOE+OO 9.82E-05 t.96E-{)4 5.0000 1.570E+02
Kr-85 2.8595E-01 130.405 260.809 O.OOE+OO 3.73E+01 7.46E+01 7.0000 1.751E+01
Np-237 9.5479E-06 130.405 260.809 O.OOE+OO 1.25E-03 2.49E-03 11.0000 1.974E+OO
Pa-231 8.9297E-10 130.405 260.809 O.OOE+OO 1.16E-07 2.33E-07 
Pb-21 0 3.7609E-12 130.405 260.809 O.OOE+OO 4.90E-10 9.81E-10 
Pm-147 2.5452E+OO 130.405 260.809 O.OOE+OO 3.32E+02 6.64E+02 
Pu-238 2.0550E-{)2 130.405 260.809 O.OOE+OO 2.68E+OO 5.36E+OO 
Pu-239 4.2836E-04 130.405 260.809 O.OOE+OO 5.59E-02 1.12E-01 
Pu-240 2.4401E-04 130.405 260.809 O.OOE+OO 3.18E-{)2 6.36E-02 
Pu-241 6.8764E-02 130.405 260.809 O.OOE+OO 8.97E+OO 1.79E+01 
Pu-242 3.6329E-07 130.405 260.809 O.OOE+OO 4.74E-05 9.47E-{)5 
Ra-226 3.8045E-11 130.405 260.809 O.OOE+OO 4.96E-09 9.92E-{)9 
Ra-228 2.9902E-15 130.405 260.809 O.OOE+OO 3.90E-13 7.80E-13 
RU-106 1.9055E-01 130.405 260.809 O.OOE+OO 2.48E+01 4.97E+01 
5e-79 1.2936E-{)5 130.405 260.809 O.OOE+OO t.69E-03 3.37E-03 
5n-126 1.1574E-{)5 130.405 260.809 O.OOE+OO 1.51E-{)3 3.02E-03 
5r-90 2.7505E+OO 130.405 260.809 O.OOE+OO 3.59E+02 7.17E+02 
Tc-99 4.2239E-Q4 130.405 260.809 O.OOE+OO 5.51E-Q2 1.10E-01 
Th-229 1.8848E-12 130.405 260.809 O.OOE+OO 2.46E-10 4.92E-10 
Th-230 1.7042E-08 130.405 260.809 O.OOE+OO 2.22E-06 4.44E-{)6 
Th-232 7.8132E-15 130.405 260.809 O.OOE+OO 1.02E-12 2.04E-12 
Tl-208 4.4063E-08 130.405 260.809 O.OOE+OO 5.75E-{)6 1.15E-{)5 
U-232 1.3151E-{)7 130.405 260.809 O.OOE+OO t.71E-{)5 3.43E-{)5 Thermal Power
U-233 1.9564E-{)9 130.405 260.809 O.OOE+OO 2.55E-07 5.10E-{)7 Nominal Heat Bounding
U-234 1.8371 E-{)4 130.405 260.809 O.OOE+OO 2.40E-02 4.79E-{)2 Oulput HeatOulput
U-235 -2.7235E-06 130.405 0.000 t.75E-{)3 1.40E-03 1.75E-{)3 (Wattsl (Wattsl
U-236 1.5493E-{)5 130.405 260.809 O.OOE+OO 2.02E-{)3 4.04E-{)3 6.61E+OO 1.32E+01
U-238 -4.2851 E-{)9 130.405 0.000 1.09E-{)3 1.09E-{)3 1.09E-03 Total Total
V-90 2.7505E+OO 130.405 260.809 O.OOE+OO 3.59E+02 7.17E+02 
Other Radionuclides 6.71E+02 t.34E+03 
m. Template SeIedioIl ~J'Y,1ltll:!I1! 'lUIdCbecb 
Template Selection Summary 

FromSFD Used Basis for Parameter Differences: 
Reactor Moderator: LIGHT WATER UGHTWATER This Tell1>late was used for the foUowing reasons: 

Fuel Cladding: ALUM ALUM This fuel matches on all parameters except enrichment. 
BOL HM Constituente: U-ALX U 

BOL Enrichment %: 20.00000132 6010100 

Bumup Summary (MWd) Basis for bumup used in estimate: 
FromSFD Estimated 

Nominal: 130.405 Nominal bumup calculated from the heavy metal mass destroyed. 
Bounding:1 I 260.809 Bounding bumup assumed to be twice nominal bumup. 

Checks 

Estimated Bumupl 
Sumup Multipli. Given Bumup Estimated EOL HMlGlven EOL HM 

Nominal: 0.10 I 1.001 
Bounding: 0.20 , 

Reactor shutdown. core removal. storage. shiPping or other dale confirming that Irradiation ceased for fuel.
 

2Total bumup for all fuel associated with this worksheet must be divided by BOl heavy metal mass to get specific bumup values (MWdlMT).
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Template Infonnation Eslimated 

Fuel Name: FRR MTR-C (PORTUGAL) 1FueI decay start date: 2010 Canister usage: 
SNFID#: 631 Estimates as 01: 2010 18"xl0' 

Fuel Units & Oeser: 9 - MTR TYPE Template: ATR (Ught Water, Alum., 60 10 100'}o, U) 0.38 
Heavy Metal Ma..: BOL=1.42kg ; EOl=.S9kg 'Template Bumup(MWd): 367.2 
ROD Storage Site: SAS Template BOl Heavy Melal Ma•• (MT): 0.00116689 

Template Decay Time' 5 yea", 
n. Estimates m x" b y" Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bOUnding) 
AC-227 _'_--o:1.~454~5:;::E:_;-1;;;0:____~~~_;5~Oo1c .'O-163~ -,1;..:.00~2"".3;25 O.OOE+OO 7.29E-08 1.46E-07 Avg. Me"'V'---__==-=-=

-,;;A=m,--",24.;.;1~ ~~-:1,-,.1~1:c;90,"E",-Q~3----_:5=;0",1,-.1~6",3- 1""c;oo;c2,-C.325---0-.ooEcc+Ooc;-"'-----------"'5-."'6.,,1E"'-..,0-:1 17-.1"'2=;E~+OO~~__If_-.=:0.=:.0,::150=----71.:::934=E'-+1'_'.4 
-:..A-=m:--2~4,;;2"'m"----_----~4.,,54~2"'5"'E::--0;c7;;_----;5~0::;.1:;;.1~63~~~~--:1",00~2.325·~~O'OOE"'+OO~---~2~.2;;:8:;::E_;-04;:;_---~4.~5"'5E;o-Q4~_.+-_;0::;.02~50:-----_--.;o4:;;.1,?66"E,,+:::13:c 
'rA:"m;-:-2c-43=- .__--,1"'.4"'9:c;2:-:1~E_::-Q6:;c__~~~____;5c;01;.:.-;,16;;;3;_------:1:-'-,00=2::;::.3,25 O.ooE+OO 7.48:;;E::_-04~~~-"'1.='50:;;E::_-Q~3;-_U-_:0o::.O:::3:::75;_~-_:3:=:.844=E~+-:1=-3 
-;Co--1"'4::---- ~___'5....7~2~44~E_::-0~9~~~-_=5c;01.:.:.,::16;;;3:------~1'-'.0;;;0"'2~.3:~2oc5~~___;'0.~00E:-'+OO~~~___;:2;:;.8,7,"'E_;-08~~-----;5:.:;.7"'4:;::E_;_Q6~~If--~0.~05;;;7~5~---;;3";.7o:;80;;E-'+~13 

~~38c.;-2;-;43-;c----~-·----;;~,,:;,;;;1~~:,;:~"':..,~~~-----:;,,~"'~-'::~;-;~"';-~--~"':~:;:;;; ~:~~:: ~:~~:~ ~:;~~: ~:~~ ;:~~~::; 
Cm-244 5.2042E-OS 501.163 1.002.325 0.ooE,,+O:;:,,0 -o,2.:;.6~1.;::E_;-Q;;2:----__;o5.:;;2,,2E;o-Q~2_.+_.:;0c;.22~:c50:;--_---;o2~.04:;:2"E,,+:::13:c 

'Co-GO 3.8208E-Q5 501.163 1.oo2.325---o.-ooE+oo 1.91E-02 3.83E-02 0.3750 9.887E+12 
Cs-l34 4.8693E-01 501.163 1.002.325 O.ooE+OO 2.44E+02 4.88E+02 0.5750 1.358E+14 
Cs-135 3.4477E_Q6 501.163 1.002.325 O.ooE+OO 1.73E_Q3 3.48E-Q3 0.8500 1.902E+13 
Cs-137 2.8731E+OO
 501.163 1.002.325 O.ooE+OO 1.44E+03 2.88E+03 1.2500 3.538E+12 
Eu-154 8.2OS3E-02
 501.163 1.002.325 O.ooE+OO 4.11E+01 8.22E+01 1.7500 1.484E+11 
Eu-155 3.9134E-02 501.163 1.002.325 --------O'-ooE+OO~_-----;1;::.96~E"+O~1_--.;:3,,.9;;:2"'E"_+O;c1ic____lI--2~.~25OO~-_-...:3:':.1;;1~2E~+:.;1::::-1 
Fe-55 6.7429E_Q3 501.163 1.oo2.325~~0~.OoE+OO 3.38E+OO 6.76E+OO 23 .. 750005OO;-~~-c1,::.790=E.:..:+09:::-
H-3 1.OS99E-02 501.163 1.002.325 O.ooE+OO 5.31E+OO 1.06E+01 1.986E+08 
1-129 7.5300E-07 501.163 1.002.325 O.ooE+OO 3.77E-Q4 7.55E-04 50000 5.937E+02 
Kr-85 2.8595E_Q1 501.163 1.002.325 ~- '0.0010+00 1.43E+02 2.87E+02 7:oooo=--~~-6;c.6;c1c;;9=E+':0:::-1 
Np-237 9.5479E-06 501.163 1.002.325 0.OOE,,+OO~.---4.;:.~79"'E~-Q3~-----;9"'.5"'7~E::--;o03:;___4f---1...,1"'.OOO=0"----7".4",6",1.=E",+00"" 
Pa-231 8.9297E-10 501.163 1,002.325 ~~_0_.OOE:-'+OO=~_ ____:4c::.48~Ec:-0~7,----_:8:=:.95=.:Ec:-0=;7,--__j1 
Pb-21 0 3.7609E-12 501.163 1,002.325 O.oOE+OO 1.88E-09 3.77E-09 
Pm-147 2.5452E+OO 501.163 1,002.325 O.ooE+OO 1.28E+03 2.55E+03 
Pu-238 2.055OE-02 501.163 1,002.325 O.ooE+OO 1.03E+Ol 2.06E+01 
Pu-239 4.2838E-04 501.163 1,002.325 O.ooE+OO 2.15E-01 4.29E_Q1 
Pu-240 2.4401 E-Q4 501.163 1,002.325 O.ooE+OO 1.22E-Ol 2.45E_Q1 
Pu-241 6.8764E_Q2 501.163 1.002.325 O.ooE+OO 3.45E+Ol 6.89E+01 
Pu-242 3.6329E_Q7 501.163 1.002.325 O.ooE+OO l.82E-Q4 3.64E-Q4 
Ra-226 3.8045E-l1 501.163 1.002.325 O.ooE+OO 1.91E-Q8 3.81E-Q8 
Ra-228 2.9902E-15 501.163 1.002.325 O.ooE+OO 1.5OE-12 3.ooE-12 
RU-l08 1.9055E_Q1 501.163 1,602.325 O.ooE+OO 9.55E+01 1.91E+02 
5e-79 1.2938E-Q5 501.163 1.002.325 O.ooE+OO 6.48E_Q3 1.30E_Q2 
51>-126 1.1574E-Q5 501.163 1.002.325 O.ooE+OO 5.80E-Q3 1.16E_Q2 
5r-90 2.7505E+OO 501.163 1.002.325 O.ooE+OO 1.38E+03 2.76E+03 
Tc-99 4.2239E-Q4 501.163 1.002.325 O.ooE+OO 2.12E_Q1 4.23E_Q1 
Th-229 1.8848E-12 501.163 1,002_325 O.ooE+OO 9.45E-10 1.89E_Q9
 
Th-230 1.7042E-Q8 501.163 1.002.325 O.ooE+OO 8.54E_Q6 1.71 E-Q5
 
Th-232 7.8132E-15 501.163 1.002.325 O.ooE+OO 3.92E-12 7.83E-12 
n-208 4.4063E-Q8 501.163 1.002.325 O.ooE+OO 2.21E-Q5 4.42E-Q5 
U-232 1.3151 E_Q7 501.163 1.002.325 0.ooE-'+OO~~~___;:6c;.5c~9,;::E~-Qc.;5,--~--;1,:;.3:;;2:;:E~-04c;_-I~==T::ih~e~nna=;.;1p:.;o;:w::::e:::r=~ 
U-233 l.9564E-09 501.163 1,002.325 O.OOE+OO 9.80E-07 1.96E_Q6 NominalHeat Bounding 
U-234 1.8371E-04 501.163 1,002.325 O.ooE+OO 9.21E-Q2 1.84E_Q1 Output Heat Output 
U-235 -2.7235E_Q6 501.163 0.000 2.86E-03 1.49E-Q3 2.86E_Q3 /Watts) /Watts) 
U-238 l.5493E-Q5 501.163 1,002.325 O.ooE+OO 7.76E-Q3 1.55E_Q2 2.54E+01 5_08E+01 
U-238 -4.2851E_Q9 501.163 0.000 3.35E-OS 3.13E-Q5 3.35E-Q5 Total Total 
Y-90 2.7505E+OO 501.163 1.002.325 O.ooE+OO 1.38E+03 2.76E+03 
Other Radionuclides 2.58E+03 5.16E+03 
W. Template ~ SUmnlary. s..mu ,andCbed<s 
Template Selection Summarv 

From SFD Used Basis for Parameter Differences: 

Reactor Moderatcr:f--_u=G=HT~Wc;A",Tc:E:::R_-+_--=L1:::G:';":C'L';-0~ 
BOl'::'=~;r---O:~":~7~~~-+----"':u:=;-"''------j 

BOL Enrichment %: 93.00000971 60 to 100 

Bumup Summary (MWd) Basis for bumup used in estimate: 
From SFD Estimated

Nomin..:If- -+ -;;-50~1'::.1~633NOminaibumup calculated from the heevy metal mass destroyed. 
Boundlng:1 1.002.325 Bounding bumup assumed to be twice nominal bumup. 

Checks 
Estimated Bumupl 

BumuD MuIUDlIer Given Bumup Estimated EOl HMlGlven EOl HM 
Nomlnd:1 1.12 I 1.031 

Boundlng:1 2.24 ,
Reactor shutdown, core removal, storage, shipping or other date confmnlng that Irradiation ceased for fuel.
 

2TotaJ bumup for all fuel associated with this worksheet must be divided by SOL heavy metal mass to get specific bumup values (MWdIMT).
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Fuel Radionuclide Inventory Worksheet 
1. Fuel and T~ Wormatlon Estimated 

Fuel Name: FRR MTR-C (SWEDEN) 1Fuel decay start date: 2010 Canister usage: 
SNFID#: 523 Estimates as of: 2010 18"x10' 

Fuel Units & Desc:r: 480 - ASSEMBLY Template: AlR (Ughl Water, Alum., 60 to lOMo, U) 20.00 
Heavy Metal Mass: BOl=960.ook9 ; EOl=789.89k9 'rempla.. Bumup(MWd): 367.2 
ROD Storage Site: SRS Templa" BOl Heavy Metal Mass (MT): 0.00116689 

Template Decay Time· 5 years 
n. Estimates m x" x. b y" Y. Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Bumup (MWdj' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ae-227 1.4545E-10 161,099.364 322,198.728 O.ooE+OO 2.34E-05 4.69E-05 Avg. MeV 
Am-241 1.1190E-Q3 161,099.364 322,198.728 O.ooE+OO 1.80E+02 3.61E+02 0.0150 6.216E+16 
Am-242m 4.5425E-07 161,099.364 322,198.728 O.ooE+OO 7.32E-Q2 1.46E-01 0.0250 1.339E+16 
Am-243 1.4921E-06 161,099.364 322,198.728 O.ooE+OO 2.40E-Q1 4.81E-01 0.0375 1.236E+16 
C-14 5.7244E-09 161,099.364 322,198.728 O.ooE+OO 9.22E-04 1.84E-03 0.0575 1.215E+16 
CI-36 1.3124E-32 161,099.364 322,198.728 O.ooE+OO 2.11E-27 4.23E-27 0.0850 7.746E+15 
Cm-243 2.3676E-07 161,099.364 322,198.728 O.ooE+OO 3.81E-02 7.63E-Q2 0.1250 6.708E+15 
Cm-244 5.2042E-05 161,099.364 322,198.728 O.ooE+OO 8.38E+OO 1.68E+01 0.2250 6.566E+15 
Co-80 3.8208E-05 161,099.364 322,198.728 O.ooE+OO 6.16E+OO 1.23E+01 0.3750 3.178E+15 
Cs-134 4.8693E-Q1 161,099.364 322,198.728 O.ooE+OO 7.84E+04 1.57E+05 0.5750 4.365E+16 
Cs-l35 3.4477E-06 161,099.364 322,198.728 O.ooE+OO 5.55E-01 1.11E+OO 0.8500 6.113E+15 
Cs-137 2.8731E+OO 161,099.364 322,198.728 O.ooE+OO 4.63E+05 9.26E+05 1.2500 1.137E+15 
Eu-l54 8.2053E-02 161,099.364 322,198.728 O.ooE+OO 1.32E+04 2.64E+04 1.7500 4.nOE+13 
Eu-155 3.9134E-02 161,099.364 322,198.728 O.ooE+OO 6.30E+03 1.26E+04 2.2500 1.oo1E+14 
Fe-55 6.7429E-03 161,099.364 322,198.728 O.ooE+OO 1.09E+03 2.17E+03 2.7500 5.755E+l1 
H-3 1.0599E-02 161,099.364 322,198.728 O.ooE+OO 1.71E+03 3.42E+03 3.5000 6.385E+10 
1-129 7.5300E-07 161,099.364 322,198.728 O.ooE+OO 1.21E-01 2.43E-01 5.0000 1.914E+05 
Kr-85 2.8595E-01 161,099.364 322,198.728 O.ooE+OO 4.61E+04 9.21E+04 7.0000 2.134E+04 
Np-237 9.5479E-06 161,099.364 322,198.728 O.ooE+OO 1.54E+OO 3.08E+OO 11.0000 2.406E+03 
Pa-231 8.9297E-10 161,099.364 322,198.728 O.ooE+OO 1.44E-04 2.88E-04 
Pb-210 3.7809E-12 161,099.364 322,198.728 O.ooE+OO 6.06E-07 1.21E-06 
Pm-147 2.5452E+OO 161,099.364 322,198.728 O.ooE+OO 4.10E+05 8.20E+05 
Pu-238 2.0550E-02 161,099.364 322,198.728 O.ooE+OO 3.31E+03 6.62E+03 
Pu-239 4.2838E-Q4 161,099.364 322,198.728 O.ooE+OO 6.90E+01 1.38E+02 
Pu-240 2.4401E-04 161,099.364 322,198.728 O.ooE+OO 3.93E+01 7.88E+01 
Pu-241 6.8764E-Q2 161,099.364 322,198.728 O.ooE+OO l.l1E+04 2.22E+04 
Pu-242 3.6329E-07 161,099.364 322,198.728 O.ooE+OO 5.85E-02 1.17E-01 
Ra-226 3.8045E-11 161,099.364 322,198.728 O.ooE+OO 6.13E-06 1.23E-05 
Ra-228 2.9902E-15 161,099.364 322,198.728 O.ooE+OO 4.82E-10 9.63E-10 
Ru-106 1.9055E-Q1 161,099.364 322,198.728 O.ooE+OO 3.07E+04 6.14E+04 
Se-79 1.2936E-Q5 161,099.364 322,198.728 O.ooE+OO 2.08E+OO 4.17E+OO 
Sn-126 1.1574E-05 161,099.364 322,198.728 O.ooE+OO 1.88E+OO 3.73E+OO 
Sr-90 2.7505E+OO 161,099.364 322,198.728 O.ooE+OO 4.43E+05 8.88E+05 
Te-99 4.2239E-Q4 161,099.364 322,198.728 O.ooE+OO 6.80E+01 1.36E+02 
Th-229 1.8846E-12 161,099.364 322,198.728 O.ooE+OO 3.04E-07 6.07E-07 
Th-230 1.7042E-Q8 161,099.364 322,198.728 O.ooE+OO 2.75E-Q3 5.49E-Q3 
Th-232 7.8132E-15 161,099.364 322,198.728 O.ooE+OO 1.26E-Q9 2.52E-Q9 
TI-208 4.4063E-Q8 161,099.364 322,198.728 O.ooE+OO 7. 1OE-Q3 1.42E-02 
U-232 1.3151E-Q7 161,099.364 322,198.728 O.ooE+OO 2.12E-02 4.24E-02 Thermal Power 
U-233 1.9564E-Q9 161,099.364 322,198.728 O.ooE+OO 3.15E-04 6.30E-04 Nominal Heat Bounding 
U-234 1.8371E-Q4 161,099.364 322,198.728 O.ooE+OO 2.96E+01 5.92E+01 Output Heat Output 
U-235 -2.7235E-06 161,099.364 0.000 4.15E-Q1 O.ooE+OO 4.15E-Q1 /Wattsl /Wattsl 
U-236 1.5493E-05 161,099.364 322,198.728 O.ooE+OO 2.50E+OO 4.99E+OO 8.17E+03 1.63E+04 
U-238 -4.2851 E-Q9 161,099.364 0.000 2.58E-01 2.57E-Q1 2.58E-Q1 Total Total 
Y-90 2.7505E+OO 161,099.364 322,198.728 O.ooE+OO 4.43E+05 8.86E+05 
Other Radionuelldes 8.29E+05 l.86E+06 
'm. TetllllIat<l SeIedion Summary, Bumu andCbecks 
Template selection Summary 

From SFD Used Basis for Parameter Differences:
 
Reactor Moderator: UGHTWATER UGHTWATER This Template W~ used for the following reasons:
 

Fuel Cladding: ALUM ALUM Th~ fuel matchas ATR TerJ'lllate on ail but one parameter (enrichment) mal<ing ATR. reasonable
 
BOL HM eonatituenls: U-ALX U matcll.
 

BOL Enrichment 'Yo: 20 60 to 100 

Bumup Summary (MWd) Basis for burnup used in estimate: 
From SFD Estimated 

Nominal: 161,099.364 Nominal bumup cak:ulaled from the heavy metal mass destroyed. 
Bounding:1 I =,198.728 Bounding bumup assumed to be twice nominal bumup. 

Checks 

Estimated Bumupl 
Bumup Multiplier Given Bumup Estimated EOl HMlGlven EOL HM 

Nominal: 0.53 I 1.031 
Boundlng:1 1.07 , 

Reactor shutdown, core removal, storage, shipping or other date conflnnlng that irradiation ceased for fuel.
 

2Total bumup for all fuel associated with this worksheet must be divided by SOL heavy metal mass to get specific bumup values (MWd'MT).
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Fuel Radionuclide Inventory Worksheet 
1. Fuel and TemplatelJlffonnation Estimated
 

Fuel Name: FRR MTR-C (TURKEY) 'Fueldecaystartdate: 2010 Canister usage:
 
SNFID#: 643 Estimates as of: 2010 ,8".,0'
 

Fuel Units & _cr: 8 - MTR TYPE Template: ATR (Ught Water, Alum., 60 to 1000,., U) 0.33
 
_vy Metal Ma.s: BOl=I.78kg ; EOl=.95kg "Template Bumup(MWd): 367.2
 
ROD Storage Site: SRS Template BOl Heavy Metal Mass (MT): 0.00116689
 

Template Decay Time' 5 years
 
XL Estimates m b Yo y.
 Gamma Sources '" " Photon Total 

CilMWd From Nominal BOUnding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec
 
Radionuclide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci)
 Group (bounding) 
A=C:-,2"'2;-.;7 "'1.-c45"'4:,,5"'E...,-1'''o-----o7"'84.;:.""'132c------ol,o,5c:68"",,2,84 0.00E~+OO~--____:c'.14E-07 2.28E-07 Avg. MeV 
-:.A.,=m:..;-2"'4;;;1~--- -I;.:.~II;;90~Ecc-o:?-3;--_-~7:c84~..;:13:;;2<__ ~I.:;,5,;:68.2s4--0-:-00E+OO 8.77E-Ol 1.75E+OO 0:OI5O"'------;;3"".026=E""+"""14"" 
';A':m:--2;;,4~2"'m"---_--_---4"'.5:;,4:::2:::5:_.::E:_c-0~7~-_--=784~.7132~---~1.:;,5"'68"'-:::.2:~84~- _ _'::0:".00:~E;'-+OO,,:---37.56E-04 7.12E-04 0.0250 6.518E+13 
~A"'m:--:o243=--_--_-,cl.'=4c;92=-I~E""-,,06::_--_~7"'84::.'-'1::;32::------"~.5.68.264 O.ooE+OO 1.17E-03 2.34E-03 0.0375 6.015E+13 
->C,,--;;14;;- ._-75.';:;70'244~E""-O;o9<__-----=7;;:84-c.:.;I"'32;;_---...,I:.::,568~::::.264 O.ooE+OO 4.49E_06 8.98E-06 0.OS7cS S",.9=I.o:4E:;.+..lc-3 
Cml-~243 1.3124E-32 784.132 1,568.264 0.00E~+OO~--._"'1.,,03"'E=-,,2"'9_----'2~·c;06,cE""-':29'O..-iJ__--"0:=.08S;;-0 -:3;';.77:;;;:;OE"'+-:1-;;-3C 2.3676E-07 784.132 1,568.264 O.ooE+OO I.86E-04 3.71E.o4 0.12S.':-0 -:3c:.26=:SE:;.+CC1c-3 

"'Cc=mc..;-2"'44..... -__..-_-_-_';c"'5~.2~04~2~E~-0~5~:.::.::.::.::.::.::.:~7~84;~.1~32~:.::.::.::.::.::.::.:~I,~568~~.2~o64;-;-----;;Oco.00~E+OO'-;;;;----;c4.OaE_o2 8.16E-02 0.225O"----__-'3--:..,::I96"=E+'-'1"'3 
-;oCc.:o-607.i.- --'3;:.8;;;2,,08~E--;0:O,5----~7;;:84~.::-;13S2;_--____;'~,5:68.264 0.00,,;E""+OO-;;;:__--;3"'.ooE-02 5.99E-02 0:cc.3:=7;~5O:----=-I.54=7~E+'_:1:-:-3 
CS-I34 4.8693E_ol 784.132 1,568264---0-.ooE+oo 3.82E_HJ2 7.64E_HJ2 0.S75O,':--__--:2--:..1,,2"'S=E+...1::;.4 
-;;C:=-S--:-1=35:_--------'=-3.~44=77~E:-:-06:o=_-------cC7~84::.'-'1=32:_---',::,=568~.264 O.ooE+OO 2.70E-03 5.41E-03 0.8500 2.97SE+13 
-;oCC'S--;1';c37:- ~.__...::2"'.8;;;7"'3"'IE~+OO~--_-""784~.1~3"'2;_-------::lc;,5~68;;:::::264; 0.00E=-+OO~-------::2:;'.,25E+03 4.51E_HJ3 1.2500 S.S36E+12 
EU-I54 8.2053E-02 784.132 1,568.264'-- O.ooE+OO 6.43E_HJl 1.29E+02 1.7500 2.322E+ll 
Eu-155 3.9134E-02 784.132 1,568.264 --0~ooE+OO_::o;_--_;3C;.07E-HJl 6. 14E_HJl 2.2500 4.870E+ll 

-;F7'e-;C5=5'- .:;;6"'.7-:-4::_29~E""-"'03;;_--_~7~84~.1_;;3::_2------:1",,568~~.264 0.001'0+00 5.29E+OO I.06E_HJl 2.7500 2.801E+09· 
H-3 1.0599E_o2 784.132 1,568.264 O.ooE+OO 8.31E+OO 1.68E+Ol 3.5000 3.108E+08 
1-129 7.53OOE_o7 784.132 1,568.264 O.ooE+OO 5.90E-04 1.18E-03 S.OOOO 9.288E+02 
Kr-8;;;5=- --'2"'.8=5:=9?:5"'E-;-o:-=I -o7,,84,::."'13~2'-------:I:-:::-,568:.264 O.OOE+OO 2.24E+02 4.48E+02~_+-.'.7."'0000"'._--.':I."'036""'=E._"e= 
Np-237 9.5479E_06 784.132 1,568.264 O.ooE+OO 7.49E_o3 1.5OE_o2 11.0000 1.167E+Ol 
Pa-231 8.9297E-l0 784.132 1,568.264 O.OOE+OO 7.ooE-07 1.40E_06 
pb-21 0 3.7609E-12 784.132 1,568.264 O.ooE+OO 2.95E-09 5.90E-09 
Pm-147 2.5452E+OO 784.132 1,568.264 O.ooE+OO 2.ooE+03 3.99E+03 
Pu-236 2.055OE_o2 784.132 1,568.264 O.ooE+OO 1.61E+Ol 3.22E+Ol 
Pu-239 4.2838E.o4 784.132 1,568.264 O.ooE+OO 3.36E-Ol 6.72E_ol 
Pu-240 2.4401E.o4 784.132 1,568264 0.00;;:E:c-+OO~--~,c-;.9~I-;=E-;_o~I----;3~.83~~E-;_o~I----lI 
Pu-241 6.8764E_o2 784.132 1,568.264 0.ooE"'+OO:o=_----:;;:5."'3"'9E=+O-;:'-'I----o'''::.08o.:=E+O''=''2'--11 
Pu-242 3.6329E_o7 784.132 1,568.264 0.0010+00 2.85E-04 5.70E.o4 
Ra-226 3.8045E-l1 784.132 1,568264 O_ooE+OO 2.98E-08 5.97E-08 
Ra-228 2.9902E-15 784.132 1,568.264 O.ooE+OO 2.34E-12 4.69E-12 

"'R"'U-.;-1;;:;06"'- . I"'.;o905~5~E-o~I----""7"'84"'.;;:I32=----_,;I:.::,5~68~.264: O.ooE+OO 1.49E+02 2.99E+02 
Se-79 1.2936E_{)S 784.132 1,568.264 O.ooE+OO 1.01E_o2 2.03E_o2 
-;oS:::n_-~'~26"-------_,;I~.;;;15~7,;;4;oE-';-0~5---:---~7;;:84~ ..;:13~2;_--____;1"',568~:_o.2c::647_--"'0.:;ooo;;;E='+OO~----;9~.08E-03 1.82E_o2 
Sr-90 2.7505E+OO 784.132 1,568.264 O.ooE+OO 2.16E_HJ3 4.31E+03 
TC-99 4.2239E.o4 784.132 1,568.264 O.ooE+OO 3.31E-Ol 6.62E-Ol 
Th-229 1.8648E-12 784.132 1,568.264 O.ooE+OO I.48E-09 2.96E-09 
Th-230 1.7042E-08 784.132 1,568.264 O.ooE+OO 1.34E_{)s 2.67E-05 
Th-232 7.8132E-15 784.132 1,568.264 O.ooE+OO 6.13E-12 1.23~ 

T1-208 4.4063E-08 784.132 1,568.264 0.ooE;.:+OO~------:3c:,.48"":;:E~-05~---:6"'.9~I"'E~-05~-~I---===".,,=---
U-232 1.3151E_o7 784.132 1,568.264 O.ooE+OO 1.03E.o4 2.06E.o4 Thermal Power 
7U;c-2~33~-------_:1;_:.9=564,=:"'E:-;-09~---_-=784~.;;:13~2;----_o_'.:;,568~.:o;2-;;64~--_'::0co.00~E"-+OO~---"'I..:;;53~E=-_'::06.:::-_--'3:;'.,,07;oE""-06~--lINominal Heat Bounding
U-234 1.8371E.o4 784.132 1,568.264 O.ooE+OO I.44E_ol 2.86E_ol Output HeatOulput 
U-235 -2.7235E_06 784.132 0.000 3.58E_o3 1.44E-03 3.58E_o3 (Watts) (Watts)
-i-U"'-2~36;;;--------IO::.54~93=E_{)S~-----=7=-847'..;:13"'2:--------;,"',568=~.2"'64-c---0=-.=-00=E=-+OO"""---I""'.21E~_o~2~-----;;2::;.43-;,E~_o~2--It--:3.-::98::E;:+O::1;--"'7;-.95::::::E;:;+O=I:--
U-238 -4.2851E_o9 784.132 0.000 4.19E_{)s 3.85E-05 4.19E_{)s Total Total 
Y-90 2.7505E+OO 784.132 1,568.264 O.ooE+OO 2.16E_HJ3 4.31E_HJ3 
Other Radionuclides 4.03E+03 8.07E+03 
m. Template Selection Sulllll)llry, 8ur'mI ,and Cheeks 
Template Selection Summary 

From SFD Used Basis for Parameter Differences: 
Reactor Moderator:I---_L::IG=HT-",'W"'A"'Tc::E:..:R_--+_-=UG=HT:..W:.:::AT:..:E::.R:-----J

BOl H::'=':;I---;-;~=:L~7~::----+-~_-,-A=:LU7UM=-----1 
BOL Enrichment %: 93.00002122 60 to 100

Bumup Summary (MWd) Basis for bumup used in estimate: 
FromSFD Estimated 

Nominal:1 I 784.132 Nominal bumup caJcuialod from the heavy metal mass destmyod. 
Bounding:1 I 1.568.264 Bounding bumup assllmed to be twice nominal bumup. 

Checks 
Estimated Bumupl

BumuD MuItiDlier Given Bumup Estimated EOl HMlGlven EOl HM 
Nominal: 1.40 I l.osl 

Bounding: 2.80 ,
Reactor shutdown, core removal. storage, shiPping or other date confirming that Irradiation ceased for fuel. 

2Total bumup for all fuel associated with this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWdlMT). 
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Template JJlformalion Estimated
 

Fuol Name: FRR MTR-Cl (SWITZERLAND) 1Fuel decay start date: 2010 Canister usage:
 
SNF 10#: 656 Estimates as 01: 2010 18"x10' 

Fuel Units & Oeser: 7 - MTR TYPE Template: ATR (Ught Water. Alum., 60 to 100~o, U) 0.29 
Heavy Metal Ma••: BOl=1.28k9 ; EOl=.52k9 'Template Bumup(MWd): 387.2 
ROD Storage Site: SRS Template BOl Heavy Metal Ma•• (MT): 0.00116689 

Template Decay Time' 5 years 
n. Estimates m x" x. b y" y. Gamma Sources 

Photon Total 
CilMWd From Nominal BOUnding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photonslsec 

Radionuclide Template Fuel Bumup (MWd)' Burnup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 1.4545E-l0 721.250 1,211.806 O.OOE+OO 1.05E-07 1.76E-07 AV9. MeV 
Am-241 1.1190E-03 721.250 1,211.806 O.OOE+OO 8.07E-Ol 1.36E+OO 0.0150 2.338E+14 
Am-242m 4.5425E-<l7 721.250 1,211.806 O.OOE+OO 3.28E-04 5.50E-<l4 0.0250 5.037E+13 
Am-243 1.4921 E-<l6 721.250 1,211.806 O.OOE+OO 1.08E-03 1.81E-03 0.0375 4.648E+13 
C-14 5.7244E-09 721.250 1.211.806 O.OOE+OO 4.13E-06 6.94E-<l6 0.0575 4.570E+13 
CI-36 1.3124E-32 721.250 1,211.806 O.OOE+OO 9.47E-30 1.59E-29 0.0850 2.913E+13 
Cm-243 2.3676E-07 721.250 1,211.806 O.OOE+OO 1.71E-04 2.87E-04 0.1250 2.523E+13 
Cm-244 5.2042E-05 721.250 1,211.806 O.OOE+OO 3.75E-02 6.31E-02 0.2250 2.469E+13 
Co-6O 3.8208E-05 721.250 1,211.806 O.OOE+OO 2.76E-02 4.63E-<l2 0.3750 1.195E+13 
Cs-l34 4.8693E-Ol 721.250 1,211.806 O.OOE+OO 3.51E+02 5.90E+02 0.5750 1.642E+14 
Cs-135 3.4477E-06 721.250 1.211.806 O.OOE+OO 2.49E-03 4.18E-03 0.8500 2.299E+13 
Cs-137 2.8731E+OO 721.250 1,211.806 O.OOE+OO 2.07E+03 3.48E+03 1.2500 4.278E+12 
Eu-l54 8.2053E-02 721.250 1,211.806 O.OOE+OO 5.92E+Ol 9.94E+Ol 1.7500 1.794E+11 
Eu-155 3.9134E-02 721.250 1,211.806 O.OOE+OO 2.82E+Ol 4.74E+Ol 2.2500 3.763E+l1 
Fe-55 6.7429E-03 721.250 1,211.806 O.OOE+OO 4.86E+OO 8.17E+OO 2.7500 2.165E+09 
H-3 1.0599E-02 721.250 1,211.806 O.OOE+OO 7.64E+OO 1.28E+Ol 3.5000 2.401E+08 
1-129 7.5300E-07 721.250 1,211.806 O.OOE+OO 5.43E-04 9.12E-04 5.0000 7.177E+02 
Kr-85 2.8595E-Ol 721.250 1,211.806 O.OOE+OO 2.06E+02 3.47E+02 7.0000 8.002E+01 
Np-237 9.5479E-06 721.250 1,211.806 O.OOE+OO 6.89E-03 1.16E-<l2 11.0000 9.019E+00 
Pa-231 8.9297E-l0 721.250 1,211.806 O.OOE+OO 6.44E-07 1.08E-06 
Pb-210 3.7609E-12 721.250 1,211.806 O.OOE+OO 2.71E-09 4.56E-09 
Pm-147 2.5452E+OO 721.250 1,211.806 O.OOE+OO 1.64E+03 3.08E+03 
Pu-238 2.0550E-<l2 721.250 1,211.806 O.OOE+OO 1.48E+Ol 2.49E+Ol 
Pu-239 4.2838E-<l4 721.250 1,211.806 O.OOE+OO 3.09E-Ol 5.19E-<l1 
Pu-240 2.4401E-04 721.250 1,211.806 O.OOE+OO 1.76E-<l1 2.96E-<l1 
PU-241 6.8764E-<l2 721.250 1,211.806 O.OOE+OO 4.96E+Ol 8.33E+Ol 
Pu-242 3.6329E-07 721.250 1,211.806 O.OOE+OO 2.62E-<l4 4.40E-<l4 
Ra-226 3.8045E-11 721.250 1,211.806 O.OOE+OO 2.74E-<l8 4.61E-<l8 
Ra-228 2.9902E-15 721.250 1,211.806 O.OOE+OO 2.16E-12 3.62E-12 
Ru-l06 1.9055E-Ol 721.250 1,211.806 O.OOE+OO 1.37E+02 2.31E+02 
5e-79 1.2936E-05 721.250 1,211.806 O.OOE+OO 9'.33E-03 1.57E-02 
5n-126 1.1574E-05 721.250 1,211.806 O.OOE+OO 8.35E-<l3 1.40E-02 
5r-90 2.7505E+OO 721.250 1,211.806 O.OOE+OO 1.98E+03 3.33E+03 
Tc-99 4.2239E-04 721.250 1,211.806 O.OOE+OO 3.05E-<l1 5.12E-Ol 
Th-229 1.8648E-12 721.250 1,211.806 O.OOE+OO 1.36E-09 228E-09 
Th-230 1.7042E-<l8 721.250 1,211.806 O.OOE+OO 1.23E-<l5 2.07E-05 
Th-232 7.8132E-15 721.250 1,211.806 O.OOE+OO 5.64E-12 9.47E-12 
TI-208 4.4063E-<l8 721.250 1,211.806 O.OOE+OO 3.18E-05 5.34E-<l5 
U-232 1.3151E-<l7 721.250 1,211.806 O.OOE+OO 9.49E-05 1.59E-04 Thermal Power 
U-233 1.9564E-09 721.250 1,211.806 O.OOE+OO 1.41 E-<l6 2.37E-06 Nominal Heat Bounding 
U-234 1.8371 E-<l4 721.250 1,211.806 O.OOE+OO 1.33E-Ol 2.23E-<l1 Output Heat Output 
U-235 -2.7235E-<l6 721.250 0.000 2.57E-<l3 6.07E-04 2.57E-<l3 /Watts) /Watts) 
U-236 1.5493E-<l5 721.250 1,211.806 O.OOE+OO 1.12E-02 1.88E-<l2 3.66E+Ol 6.14E+01 
U-238 -4.2851E-<l9 721.250 0.000 3.01E-<l5 2.70E-<l5 3.01E-<l5 Total Total 
V-90 2.7505E+OO 721.250 1,211.806 O.OOE+OO 1.98E+03 3.33E+03 
Other Radionuclides 3.71E+03 6.23E+03 
·W. Temolate Seleclion· ~n',B_ anl\C~ 
Template Selection Summary 

FromSFD Used Basis for Parameter Differences: 
Reactor Moderator: UGHTWATER LIGHT WATER 

Fuel Cladding: ALUM ALUM 
BOL HM Constituents: U-ALX U 

BOL Enrichment Ofo: 92.9999987 60 to 100 

Bumup Summary (MWd) Basis for burnup used in estimate: 
From SFD Estimated 

Nomlnal:1 I 721.250 Nominal bumup calculated from the heavy metal mass destroyed. 
Bounding: 1.211.806 BoUnding bumup calculated assuming all SOL heavy metal burned. 

Checks 

EstI~Bumupl 

BUmUD Mu1tiD11er Given Bumup Estimated EOl HMlGlven EOl HM 
Nominal: 1.79 I 1.091 

Bounding: 3.01 , 
Reactor shutdown. core removal. storage. shiPping or other date confmmng that IlT8diation caased for fuel.
 

2Total bumup for all fuel associated vmh this worksheet must be civided by BOL heavy metal mass to get specific bumup values (MWdlMT).
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Templat. Wormation Estimated 

Fuel Name: FRR MTR·C2 (SWITZERLAND) 1Fuel decay start date: 2010 Canister usage: 
SNF 10 #: 657 Estimates as of: 2010 18"x10' 

Fuel Units & Oeser: 11 . MTR TYPE Template: ATR (U9ht Water. Alum.. 60 to 100%. U) 0.46 
Heavy Mebl Mll£S: 80l=2.461<9 ; EOl=1.00k9 'Template Bumup(MWd): 367.2 
ROD Storage 51:.>: SRS Template BOL ~leavy Metal Mass (MT): 0.00116689 

Template Decay Time' 5 years 

ll. Estimates m x" b y" Gamma Sources 
Photon Total 

CilMWd From Nominal Bounding Fuel Initial Activi1y Nominal Fuel Bounding Fuel Energy Photons/sec 
Radionuelide Template Fuel Bumup (MWd)' Burnup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 1.4545E-10 1,387.573 2,330.331 O.OOE+OO 2.02E·07 3.39E-07 AV9. MeV 

"'A"-m"-.-=24"'1=- 1;--.ic11"go~E:_;.Q3~---____:1;.:..38~7"'.5~7~3:_--___;;2:s,33O~.331 O.OOE+OO 1.55E+OO 2.61 E+OO 0.0150--- ----;uooE.:i4 
-';AC=mc--,,247.2"'m"-- -o4.c;.54~25o;E"'-"'0""7----_:_1 :;:,38"'7;;."'57~3~--:_22'~33O;:;c.331-- - o.OOE+OO 6.3OE·04 1.06E_{)3 0.0250-- 9.686E+13 

-';~"'~:;-1~0'243=---------;~c'c:~,,;~~c;-1~~:OO-;0:;;9-----;:"'::;;;;;~~:~0;~~;-----;c;:';;:a"o"':~:;;::;----;;~';::~:~~-c::~-----:~;-:o~~;;~o-:,,::~------;~C';:~~~C.::s5"------J1f---:c~:~:.;~ ::~~:~::~ 
-oC"I-"'36~:;-------~1~.3:_=1=24::;E"'-~32=__---____:_1,::.;38'=7'=.'=57=:3~------:2"',33O:;::;::, •.33;:,1------O'OOE+oo 1.82E-29 3.06E-29 0.0850 5.603E+13 
-;Ccm:-.2~43;o;-------~2._;;36"'7;;6"'E:_;-{)"'7c----0'1._;;38'"7;=:.5~7~3'------__c2""",330.331 O.OOE+OO 3.29E·04 5.52E_04 0.1250 4.852E+13 
-;C"m":."'244-e-'- ._,,5~.2"'04_ii2;:;Eo_-"'05~---____:_1,::.;38"'7;;."'57~~3~--:_2"",33O-:-331---0-.00E+OO 7.22E_{)2 1.21E·01 0.2250 4.749E+13 

.;g:O~:..:.1"'34'-:----------~~~:~"'2~:;:;~o-:~1-----'-:::O:::"';=::'=~~=:;"--------:;0,:;so~3;:;0"':;~,3:---~-:~~;~~~-;:;;---;E~.~·;o~6~~+O~-{),,;;----- 1;c8."f~"'~~~..;0;;;2,----j~--c~:c.~~;~ ;:~~~::~ 

.;C"'Se..,.1~3=5c_~-----~3==.44=77;;:-;Eo_-_'::06==__---.....::1,:o::38"'7'=."'57=:3:_------:20',3",30.331 O.OoE+OO 4.78E_{)3 8.03E_{)3 0.8500 4.421E+13 
Cs-137 2.8731E+OO 1,387.573 2,330.331 O.OOE+OO 3.99E+03 6.70E+03 1.2500 8.226E+12
 
-;:E"'ue..,.1~54';C__~------.-"'8';;2~0;::53"'Eo_-{)"'2==__---____:_1 ,::.;38"'7'=.,,57=:3~--:_2"',33O:;::;::"'.33;:=-:1---0;c.~OO:.E"'+OO:..;:::'-----_=1.:..1.4E+02 1.91 E+02 1.7500 3.450E+11
 
EU-155 3.9134E·02 1.387.573 2,330.331 O.OOE+OO 5.43E+01 9.12E+01 2.2500 7.236E+l1 
Fe-55 6.7429E·Q3 1,387.573 2,330.331 O.OOE+OO 9.36E+OO 1.57E+01 2.7500 ~63E+09 

-:-H':'.3::::- ._"'1."'05'=9~9"'Eo_.~02=___---.....::1,:o::38"'7==."'57=:3:_-----:20',330:;::;::",=.3.31 O.OOE+OO 1.47E+01 2.47E+01 3.5000 4.618E+08 
-i;1.""12';;9".... ~7.::;:5~300~E==-{)"7o__---__;:1,_;;38':S7<'.~57~3:_--____;2,,.33O~2.331 O.OOE+OO 1.04E-03 1.75E·03 5.0000 1.380E+03 
7Kccr-85,=O=- ~2~.85",9=5:oEo__-0~1;__----'-1:o::,38"'7'=."'57=3;__--~2'::.;3",30.331 O.OOE+OO 3.97E+02 6.66E+02 7.0000 1.539E+02 
~N"'p-_;2;;;3c;-7--------9"'."'54;;;7"'9"'E_c.06~----10',;::38~7"'.5~7~3-- _ _:2",33O~:=;.33;;:__;_1--____;;0';:.OO;cEi='+OO:;;;;'------.;.o1.32E-{)2 2.22E·02 11.0000 1.734E+01 
Pa-231 8.9297E-10 1,387.573 2,330.331 O.OOE+OO 1.24E-06 2.08E·06 
P"'b-'-'2"'17.0=- ""3"=.7-760~9"'Eo_-~12=___---...:1~,38"'=7.'=57=:3"___--___'=2"0,3",30=".331 O.OOE+OO 5.22E_{)9 8.76E_{)9 
Pm-147 2.5452E+OO 1.387.573 2,330.331 "'0';:.OO,:-;oE+OO~;__--3~.53E+03 5.93E+03 
Pu-238 2.0550E_{)2 1,387.573 2,330.331 O.OOE+OO 2.85E+01 4.79E+01 
-;;PC'U-~2~39:<_------_4"'.72838~~E_c-04~----10',;::38~7"'.5~7"'3---_:2",33O~:=;;:.331 O.OOE+OO 5.94E·01 9.98E_{)1
 
-;;P:"U.~2~40:--------'2;c ..440"'~1""E_:-04:=_----1'"'.~38:=7"'.5"'7=3---_:2'".3;:;3:o0::-.~331 O.OOE+OO 3.39E-01 5.69E_{)1

Pu-241 6.8764E-02 1,387.573 2,330.331 0.OOE+OO:;;-___'9~.54;:7.E~+O~1---1;;:.60'2E~+O;c2~___J1 
~Pc:U_:.2;;4=2-------;;-3.';:63;c2~9"'EC'-{);.,;7----_:_1,"'38:.7:c:.5;:,:7;;:3,___---'2;c,~33O~-;;.:;.33;:;:_;_1 O.OOE+OO 5.04E·04 8.47E_04 
~R'"'a'C.22~6-------~3.::.;8045~=Ec-.1:.,:1c_----'c'1,"'38:.7:c:.5:=7~3'-------'2:O":;::;::330.331 O.OOE+OO 5.28E-08 8.87E-08 
Ra-228 2.9902E-15 1,387.573 2,330.331 O.OOE+OO 4.15E-12 6.97E-12 
~R"'U'-:.1::;;06:=-------____:_1."'905:;::;::5"'EC'-0:_:1c_---_:_1,"'38"'7:c:.5;:,:7;;:3:__---2;:,,330.331 O.OOE+OO 2.64E+02 4.44E+02 
5e-79 1.2936E-{)5 1,387.573 2,330.331 O.OOE+OO 1.79E_{)2 3.01E·02 
5n-126 1.1574E-{)5 1,387.573 2,330.331 O.OOE+OO 1.61E_{)2 2.70E_{)2 
.;S::.r._'::90::---------'27·7"'505=E;.+OO~------"1,"'38:.7"'.5=7=3---_'=2"o,33O~.331 0.OO=E+OO~'-----'3~.8~2'=E'-'+O"'3'-----6~.~41""E~+03~_____l1 
Te-99 4.2239E_04 1,387.573 2,330.331 O.OOE+OO 5.86E_{)1 9.114E_{)1 
Th-229 1.8ll48E-12 1,387.573 2.330.331 O.OOE+OO 2.62E_{)9 4.39E-og 
Th-23O 1.7042E-08 1,387.573 2,330.331 O.OOE+OO 2.36E-{)5 3.97E-{)5 
Th-232 7.8132E-15 1,387.573 2,330.331 O.OOE+OO 1.08E-11 1.82E-11 
T1-208 4.4063E-08 1,387.573 2,330.331 O.OOE+OO 6.11E-{)5 1.03E_04 
U-232 1.3151E_{)7 1,387.573 2,330.331 O.OOE+OO 1.112E·04 3.06E·04 Thermal Power 
U-233 1.9564E·og 1,387.573 2,330.331 ;;Oc.OO;~E-'-+OO~--:_2"'.7""1::;Eo_-{)6-:::;-_---4;c.5=6:;Eo_-{)6::':'_--llNominal Heat Bounding
U-234 1.8371E_04 1,387.573 2,330.331 O.OOE+OO 2.55E_{)1 4.28E_{)1 Output Heat Output 

7U;-;.2ii35;;,- .-i-2.;:72i::35~E-=-{)6~---71,"'38"'7"'.5"=7"'3---~0.OOO 4.95E·03 1.17E·Q3 4.95E-03 (Wattsl /Watts)
U-236 1.5493E-{)5 1,387.573 2,330.331 O.OOE+OO 2.15E-02 3.61E_{)2 7.04E+01 1.18E+02 

-i'U;-:.2=38:=- c_-4='=.2"'85:::1~E:..:-{)9=:'__---_71,"'38:=7"'.5=7=3---__=_;c,0:=..OOO 5.79E""-{)5~--____c5;:c.~19=Eo_-{)5===----5;:c·779"'Eo_-{)'=5=____11 Total Total 
y.go 2.7505E+OO 1,387.573 2,330.331 O.OOE+OO 3.82E+03 6.41E+03 
O1her Radianuelides 7.14E+03 1.20E+04 
W. Temolate Sdecticm Summary,lJ_ sndCbed<s 
Template Selection Summary 

From SFD Used Basis for Parameter Differences: 
Reactor Moderator:i--_U::G"-HT.::-:W"'A_'c'Tc::E...:R_-+_---=L1c::G...:HT...:W""'AT...:E::.R'--1 

BOL .::.~=~~ ~~'O~c.~".C:---t---'-'A=:L~~cM"-----1 
BOL enrichment %: 93.00001006 60 to 100 

Bumup Summary (MWdj" Basis for bumup used in estimate: 
FromSFD EstImated 

Nomlnal:1 I 1.387.573 Nominal bumup calculated from the heavy metat mass destroyed. 
Boundlng:1 I 2.330.331 Bounding bumup calculated assuming all BOl heavy metal bumed. 

Checks 
EstImated Bumupl 

Bumup Multiplier Given Bumup Estimated EOL HMiGiven EOL HM
 
Nominal: 1.79
 I 1.091 

Bounding: I 3.01 ,
Reactor shutdown. core removal, stomge, shlppmg or other date conflnmng that Irradiation ceased for fuel.
 

2Total bumup for all fuel a&SOciated with this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWcL'MT).
 

DOEl5NF/REP_{)78 December 2003 
Revision 1 PageC-148 
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Fuel Radionuclide Inventory Worksheet 
I. F~ aud Template Infonnation Estimated 

Fuel Name: FRR MTR-C2 (TURKEY) 'Fuel-.y start date:
 2010 Canister usage: 
SNFID#: 527 Estimates as of:
 2010 18"x10' 

Fuel Units & Deser: 9 - ASSEMBLY Template:
 ATR (Ught Water, Alum.. 60 10100%, U) 0.38 
_vy Metal Mass: BO[;'13.95kg ; EO[;'12.28kg 'Template Bumup(MWd):
 367.2 
ROD Storage Site: SRS Template BOl _vy Metal Mass (MT):
 0.00116689
 

Template Decay Time 5 years
 
n. Estimates m x. x, b y. y, Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Burnup (MWd)' Burnup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 1.4545E-10 1,585.311 3,170.621 O.ooE-tOO 2.31E-07 4.61E-07 Avg.MeV 
Am-241 l.l100E-03 1,585.311 3,170_621 O.ooE-tOO l.77E-tOO 3.55E-tOO 0.0150 6.117E+14 
Am-242m 4_5425E-07 1,585.311 3,170_621 O.ooE-tOO 720E-04 1_44E-03 0.0250 1.318E+14 
Am-243 1.4921E-OG 1,585_311 3,170.621 O.ooE-tOO 2_37E-03 4_73E-03 0.0375 1.216E+14 
C-14 5.7244E-09 1,585.311 3,170.621 O.ooE-tOO 9.07E-OG 1.81E-OS 0.0575 1.196E+14 
CI-36 1.3124E-32 1,585.311 3,170.621 O.ooE-tOO 2.08E-29 4.16E-29 0.0850 7.623E+13 
Cm-243 2.3676E-07 1,585.311 3,170.621 O.ooE-tOO 3.75E-04 7.51E-04 0.1250 6.601E+13 
Cm-244 5.2042E-05 1,585.311 3,170.621 O.ooE-tOO 8.25E-02 l.85E-Ol 0.2250 6.461E+13 
Co-GO 3.8208E-05 1,585.311 3,170.621 O.ooE-tOO 6.OGE-02 1.21E-Ol 0.3750 3.127E+13 
Cs-l34 4.8693E-ol 1,585.311 3,170.621 O.ooE-tOO 7.72E+02 1.54E+03 0.5750 4.296E+14 
Cs-l35 3.4477E-OG 1,585.311 3,170.621 O.ooE-tOO 5.47E-03 1.09E-02 0.8500 6.015E+13 
Cs-137 2.8731 E-tOO 1,585.311 3,170.621 O.ooE-tOO 4.55E+03 9.11E+03 1.2500 1.119E+13 
Eu-l54 8.2053E-02 1,585.311 3,170.621 O.ooE-tOO 1.30E+02 2.GOE+02 1.7500 4.694E+11 
Eu-155 3.9134E-02 1,585.311 3,170.621 O.ooE-tOO 6.20E+Ol 1.24E+02 2.2500 9.846E+11 
Fe-55 6.7429E-03 1,585.311 3,170.621 O.ooE-tOO 1.07E+Ol 2.14E+Ol 2.7500 5.664E+09 
H-3 l.OS99E-02 1,585.311 3,170.621 O.ooE-tOO l.68E+Ol 3.36E+Ol 3.5000 6.283E+08 
1-129 7.5300E-07 1,585.311 3,170.621 O.ooE-tOO 1.19E-03 2.39E-03 5.ססOO 1.886E+03 
Kr-85 2.8595E-Ol 1,585.311 3,170.621 O.ooE-tOO 4.53E+02 9.07E+02 7.ססOO 2.103E+02 
Np-237 9.5479E-OG 1,585.311 3,170.621 O.ooE-tOO 1.51E-02 3.03E-02 11.ססOO 2.371E+01 
Pa-231 8.9297E-l0 1,585.311 3,170.621 O.ooE-tOO 1.42E-OG 2.83E-OG 
Pb-21 0 3.7G09E-12 1,585.311 3,170.621 O.ooE-tOO 5.96E-09 1.19E-08 
Pm-147 2.5452E-tOO 1,585.311 3,170.621 O.ooE-tOO 4.03E+03 8.07E+03 
Pu-238 2.OS50E-02 1,585.311 3,170.621 O.ooE-tOO 3.26E+Ol 6.52E+Ol 
Pu-239 4.2838E-04 1,585.311 3,170.621 O.ooE-tOO 6.79E-Ol 1.36E-tOO 
Pu-240 2.4401E-04 1,585.311 3,170.621 O.ooE-tOO 3.87E-Ol 7.74E-ol 
Pu-241 6.8764E-02 1,585.311 3,170.621 O.ooE-tOO 1.09E+02 2.18E+02 
Pu-242 3.6329E-07 1,585.311 3,170.621 O.ooE-tOO 5.76E-04 1.15E-03 
Ra-226 3.8045E-ll 1,585.311 3,170.621 O.ooE-tOO 6.03E-oB 1.21 E-07 
Ra-228 2.9002E-15 1,585.311 3,170.621 O.OOE-tOO 4.74E-12 9.48E-12 
Ru-1OG 1.9055E-01 1,585.311 3,170.621 O.ooE-tOO 3.02E+02 6.04E+02 
5e-79 1.2936E-Q5 1,585.311 3,170.621 O.ooE-tOO 2.05E-02 4.10E-02 
5n-126 1.1574E-05 1,585.311 3,170.621 O.ooE-tOO 1.83E-02 3.67E-02 
5r-00 2.75OSE-tOO 1,585.311 3,170.621 O.ooE-tOO 4.36E+03 8.72E+03 
Tc-99 4.2239E-04 1,585.311 3,170.621 O.ooE-tOO 6.70E-01 1.34E-tOO 
Th-229 1.8648E-12 1,585.311 3,170.621 O.ooE-tOO 2.99E-09 5.98E-09 
Th-230 1.7042E-08 1,585.311 3,170.621 O.ooE-tOO 2.70E-OS 5.40E-05 
Th-232 7.8132E-15 1,585.311 3,170.621 O.ooE-tOO 1.24E-ll 2.48E-ll 
TI-208 4.4063E-oB 1,585.311 3,170.621 O.ooE-tOO 6.99E-05 1.40E-04 
U-232 1.3151E-07 1,585.311 3,170.621 O.ooE-tOO 2.08E-04 4.17E-04 Thermal Power 
U-233 1.9584E-09 1,585.311 3,170.621 O.ooE-tOO 3.10E-06 6.20E-06 Nominal Heat Bounding 
U-234 1.8371E-04 1,585.311 3,170.621 O.ooE-tOO 2.91E-01 5.82E-01 Output Heat Output 
U-235 -2.7235E-OG 1,585.311 0.000 6.03E-03 1.71E-03 6.03E-03 !Wattsl !Wattsl 
U-236 1.5493E-Q5 1,585.311 3,170.621 O.ooE-tOO 2.46E-02 4.91E-02 8.04E+01 1.61E+02 
U-238 -4.2851 E-09 1,585.311 0.000 3.75E-03 3.74E-03 3.75E-03 Total Total 
Y-OO 2.7505E-tOO 1,585.311 3,170.621 O.ooE-tOO 4.36E+03 8.72E+03 
Other Radionuclides 8.15E+03 1.63E+04 
m.Template.~Summary, $...... ,aud~ 
Template Selection 5ummary 

FromSFD IJMd Basis for Parameter Differences: 
Reactor Moderator: LIGHT WATER UGHTWATER This Template was used for th& following reasons: 

Fuel Cladding: ALUM ALUM This fuel matches on all parameters except enrichment. 
BOl HM Constituents: U3S12 U 

BOL Enrichment %: 2O.000000n 60 to 100 

Bumup Summary (MWd) Basis for bumuD used in estimate: 
FromSFD Estimated 

Nominal: 1.585.311 Nominal bumup cakulated from the heavy metal mass destroyed. 
Bounding:1 I 3.170.621 Bounding bumup assumed to be twice nominal bumup. 

Checks 

Estimated Bumupl
Bumup Multiplier Given Bumup Estimated EOl HMlGlven EOl HM 

Nominal: 0.36 I 1.011 
Bounding: 0.72 ,

Reactor shutdown. core removal. storage, shipping or other date conflnmng that Irradiation ceased for fuel.
 

2Total bumup for all fuel associated with this 'NOl1<sheet must be divided by BOl heavy melal mass to get specific bumup values (MWd'MT).
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Fuel Radionuclide Inventory Worksheet 
1. Fuelaml TempIa~' InfOl'JDlltioa Estimated
 

Fuel Name: FRR MTR-O (PORTUGAL) 1Fuel decay start date: 2010 Canister usage:
 
SNF 10 #: 541 Estimates as of: 2010 18"xl0'
 

Fuel Units & Descr: 3· ASSEMBLY Template: AlR (Ught Water, Alum., 60 to 100%, U) 0.13
 
_vy Metal M83S: BOl=1.35k9 ; EOl=1.35k9 ~emplate Bumup(MWd): 367.2
 
ROD Siorage SIte: SRS Template BOL Heavy Metal Mass (MT): 0.00116689
 

Template Decay Time· 5 years 
n. Estimates m x" b y" Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec
 

Ftadionuclide Template Fuel Bumup (MWd)' Burnup (MWd)' (Ci) Inventories(Ci) Inventories(Ci)
 Group (bounding) 
Ac-227 1.4545E-10 25.570 127.848 O.OOE+OO 3.72E-09 l.86E-08 AV9. MeV 
·A=.m:-=-2"'4;';1c---------71.~1-;,190~Eo--0;;;3;;-------2;;;5'"'.5"'7;;0;------712::c.7'~.848;;-~-----O'OOE+OO~--c-2"'.-;;86;;;E=--""02;;---------:1"'.43~Eo--O;ol;--It--.:c:0·.":0"'150'::-'------:2:c.4'67-E-+1-3 

:,Ac:m:-.;c24:;;2m~ ~4:.;.54~25;;E=_-"07~_-_-;c25",,.;;57~0~---....,;o127.s4s O.OOE+OO 1.16E-05 5.81E-05 00 .. 0023750:;'5----c5c;.3,~1:;:4E~+'-;1';::2 
Am-243 1.4921E-08 25.570 127.848 O.ooE+OO 3.82E_Q5 1.91E-Q4 4.904E+12 
"CC'-::-14::-:''-----------;c5''.7"'244':7. E=--"''09;;-------''25=-.''57'''0;;----------=1°;27=".848----O'OO;;;E:c+oo7.:'-----:1c::.4°;6;;:Eo--0;;;7;;---------=7:=:.3:::2"'E:-:-0~7;---j1--0=-.0:::5::::7:=-5----c4~.8=22::::E=-+'-'1-=-2 
CI-36 1.3124E-32 25.570 127.848 O.OOE+OO 3.36E-31 1.68E-30 0.0850 3.074E+12 
~Ccm:'-""247.3;;-------·--;2c.36~7:::6,;=E-;_Q"'7;--------=2;;:5:=:.5"'7"'0-----cl'"'2=7:=:.848----0-.00E=-+OO~---~6:=:.0;-;:5,;=E-;-Q6~---~3.·-;:0"'3;=E-os~--1I--:0:".1=250:=-=-----=2'-:.66:::2=E:-'+-:-12=-

Cm-244 5.2042E-05 25.570 127.848 O.OOE+OO 1.33E_Q3 6.65E-03 0.2250 2.605E+12 
Co-6O 3.8208E-05 25.570 127.848 O.OOE+OO 9.77E-04 4.88E-03 0.3750 1.261E+12 
~C"'S:..:-1::;34;-;----------':04~.86~93"'E=--""0=-1------::c25=-.o;57"'0;--------=1°;27==.-=-s4s----0--:OOE"-+OO:=-=----1=-.';;:25:CE=-+O~1-----:6"'.2=:3"'E=-+O~1-·+--:0~.5=750~--~--:'1.-=-73=2':Ec-+-":-13 
Cs-135 3.4477E-Q6 25.570 127.848 O.OOE+OO 8.82E_Q5 4.41E-04 0.8500 2.426E+12 
Cs-137 2.8731 E+OO 25.570 127.848 0.OO:c:oE"-+OO~-----,7='.735~Eo_+O~1_-_-'3".6~7"E=-+O~2_+--'lc.~2o:500""---__4..,.:=-51~3=Ec.:.+l.:..:.1 
~E:cuu--:-l"'54:;'__-----_~-,,8.:;;2"'OS"'3;;E=--~02:c-----_2~5c:.~57~0~--_---ol;c27~•.,,848 O.OOE+OO 2.10E+OO l.OSE+Ol 1.7500 1.893E+10
Eu-155 3.9134E-02 25.570 127.848 __-'::5::;.00~E"'+OO;:::--+_0;c.c;:OO~E:O+OO7.:-_-..,;1"'.oo=oE"'+OO;:::-- __......2?_.2=500c?:_----:3~.9,,7~.::OE~,+",1:=-0 
.;.F;.e-~5"'5'--------_--'6".7=-:4"'2,o9"E-:-0"'3'-----......;2,o5"'.5::::7,,0---_-1~2~7~.848 O.OOE+OO 1.72E_Ql 8.62E_Ql 2.7500 2.284E+08 
H-3 1.05GGE_Q2 25.570 127.848 O.OOE+OO 2.71E-Ol 1.36E+OO 3.5000 2.534E+07 
1-129 7.5300E-07 25.570 127.848 0.O()=-E+OO:.;;;;----'1c:.9"'3;;;E=--OS~----;90':.63=OE~-OS~-+-:;:5.70000=-----:7:'.6"'5:=5~E+o'7:-1 
~KC."r--=85=---------~2~.85-=-95~-O;Eo-~O=l;----~25;c."'57"'0;------:1"'2'="7.848---Too:=Ec.:.+OO~-----=7-==.3""1~E+OO~c-----=3"'.86=E+O~1--+--==7."'OOOO"-:.::---·~8~.5=38=Ec.:.+OO':7 
Np-237 9.5479E-Q6 25.570 127.848 O.OOE+OO 2.44E-Q4 1.22E-03 11.ססOO 9.625E-Q1 

.;;P"'a--=2"'3=-1 8"'.==92"'9::::7"E--:-lc:O ...:2"'5"'.5"'7"'0 -'1=27===::.848 O.OOE+OO 2.28E-Q8 1.14E-07 
Pb-21 0 3.7609E-12 25.570 127.848 O.OOE+OO 9.62E-ll 4.81E-l0 
->P;"m::'-0'14~7;--------2"'.;o54O-;5"'2"'E':c+OO;;;;-----=250'.5"'7;;;0;------:1""27°;.-=-s4s O.OOE+OO 6.51E+Ol 3.25E+02 
Pu-238 2.0550E_Q2 25.570 127.848 O.OOE+OO 5.25E·Ol 2.63E+OO 
Pu-239 4.2838E-Q4 25.570 127.848 O.OOE+OO 1.10E-02 5.48E-02 
Pu-240 2.4401 E-Q4 25.570 127.848 O.OOE+OO 6.24E_Q3 3.12E~02 

Pu-241 6.8764E-02 25.570 127.848 O.OOE+OO 1.76E+OO 8.79E+OO 
""P"'U-'-2'"'4-=2 _=_3.=63:::2~9"'EC'-Q'"'7----__::::25=-.5~7==0;_---_:1-==27==._=_848 O.OOE+OO 9.29E-Q6 4.64E-OS 
Ra-226 3.8045E-ll 25.570 127.848 O.OOE+OO 9.73E-l0 4.86E-09 
Ra-228 2.9902E~15 25.570 127.848 O.OOE+OO 7.65E-14 3.82E~13 

Ru-1OB 1.9055E-Ol 25.570 127.848 O.OOE+OO 4.87E+OO 2.44E+Ol 
Se-79 1.2936E_Q5 25.570 127.848 0.OOE:'+OO~------c3"'.3~1;';E~-04~-------1;:..;::65'"E~-03~--j1 
Sn-126 1.1574E-05 25.570 127.848 O.OOE+OO 2.96E-Q4 1.48E-Q3 
~S"-r-~90:'::_------.......:2"'._o:7505~;;oE"'+OOc=__----2;;;5:c.5;o7;;;0-----;1-=27==._=_848 O.OOE+OO 7.03E+Ol 3.52E+02 
Tc-GG 4.2239E-Q4 25.570 127.848 O.OOE+OO 1.08E_Q2 5.40E_Q2 
Th-229 1.8848E-12 25.570 127.848 O.OOE+OO 4.82E-ll 2.41E-l0 
.;T"'h-=-2:=30~----.--___=l.=704~2:=EC'-Q8c=------2=5:c.5:::;7==0----_:1_=27==._=848::-:- O.OOE+OO 4.36E_Q7 2.18E-Q6
Th-232 7.8132E~15 25.570 127.848 O.OOE+OO 2.ooE-13 9.99E-13 
TI-208 4.4083E-08 25.570 127.848 0.OO:;;;;E+OO~c_--""1"'.l;;3E;;-Q6~---~5:;:.63:;;;;E-Q6~-+-....,=====-_ 
U-232 1.3151E_Q7 25.570 127.848 0.OO:;;--~E+OO~c---_;:3:;;.36~E~-""06;,:---------i:l:;.68~E-""OS,;__lrn:=:::T:ih=;:e;::rma:::;:l-'p_E0~w:::e=r==-
U-233 1.9564E_Q9 25.570 127.848 O.OOE+OO 5.ooE-Q8 2.50E-Q7 Nominal Heal Bounding 
U~234 1.8371E-Q4 25.570 127.848 0.OOE~+OO~---4i'.=70~E=--_=_03:;____-_--;o2.=35=E=--Q-=2:;_____fI Output Heat Output
U-235 -2.7235E-Q6 25.570 0.000 5.83E-Q4 5.14E-Q4 5.83E-Q4 /Wattsl /Wattsi
TU;--2~:36:;;c--------~1:;:.54~93;;;E~-osi:i-------O;25~.~57~0~-----.1;;27:;:.'848~ O.OOE+OO 3.96E-Q4 1.98E_Q3 1.30E+OO 6.48E+OO 
U·238 -4.2851E-Q9 25.570 0.000 3.63E-Q4 3.63E-Q4 3.63E-Q4 Total Total 
Y-90 2.7505E+OO 25.570 127.848 O.OOE+OO 7.03E+Ol 3.52E+02 
Other Radionuclides 1.32E+02 6.SSE+02 

Template Selection Summary 
From SFD Used Basis for Parameter Differences: 

Reactor Moderatw: UGHT WATER UGHT WATER This Template was used for the following reasons: 
Fuel C1add1ng:t--=7AL:CU""M':="'----t--=--:A7L"UM;:'-'=-"'This lu~ matches en all pammelers except enrichment. 

BO;:~=;=~I-----;;:20;::-.OOOOO;;;U-"'A""LX?:1;;;32;;--+----60_~t~:c1;-;OO;;;----1 

Bumup Summary (MWd) Basis lor bumuD used in estimate: 
FromSFD Estimated 

Nomlnal:1 25.570 Nominal bumup assumed to be 2% of BOL heavy metal mass. 
Boundlng:1 127.8481 51.139 BoUnding bumup taken directly from SFD (converted 10 MWd). 

Checks
 
Estimated Bumupl
 

BumuD MulUDl1er Given BumUJ) Estima1ed EOL HMlGiven EOL HM 
Nomlnal:1 0.06 I 0.981 

Bounding: 0.30 0.40 ,
Reactor shutdown, core removal, storage, shlppmg or other date confmnlOg that Irradiation ceased for fuel. 

2Total bumup for all fuel associated with this worksheet must be divided by BOL heavy metal mass to gat specific bumup values (MWdlMT). 
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Template Inf(}~(}n Estimated 

Fuel Name: FRR MTR-O (TURKEY) lFuei decay start date: 2010 Canister usage: 
SNFID#: 642 Estimates as of: 2010 18"x10' 

Fuel Units & Oeser: 2· MTR TYPE Template: ATR (Ught Water. Alum., 60 to 100~o, U) 0.08 
Heavy Metal Mass: BOl=.37k9 ; EOl=.20k9 'Template Bumup(MWd): 367.2 
ROD Sto,_ Site: SRS Template BOl Heavy Metal Mass (MT): 0.00116689 

T mplate Deco e T"meY I : 5 yealS 

n.&timates m x" Xb b Yb Gamma Sources Y" 
Photon Total 

CUMWdF,om Nominal
 Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Bumup (MWd)'
 Bu,nup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 

Ae-227 1.4545E-10 160.993
 321.987 O.ooE+OO 2.34E-08 4.68E-OB Avg. MeV 
Am-241 1.1190E-03 160.993 321.987 O.ooE+OO 1.80E-01 3.60E-Q1 0.0150 6.212E+13 
Am-242m 4.5425E-07 180.993 321.987 O.ooE+OO 7.31E-OS 1.46E-04 0.0250 1.338E+13 
Am-243 1.4921E-Q6 160.993 321.987 O.ooE+OO 2.40E-04 4.80E-04 0.0375 1.235E+13 
C-14 5.7244E-09 160.993 321.987 O.ooE+OO 9.22E-07 1.84E-06 0.0575 1.214E+13 
CI-36 1.3124E-32 160.993 321.987 O.ooE+OO 2.11E-30 4.23E-30 0.0850 7.741E+12 
Cm-243 2.3676E-07 160.993 321.987 O.ooE+OO 3.81E-OS 7.62E-05 0.1250 6.704E+12 
Cm-244 5.2042E-05 160.993 321.987 O.ooE+OO 8.38E-03 1.68E-02 0.2250 6.561E+12 

Co-GO 3.82OBE-05 160.993 321.987 O.ooE+OO 6.15E-03 1.23E-02 0.3750 3.176E+12 
Cs-l34 4.8693E-01 160.993 321.987 O.ooE+OO 7.84E+Ol 1.57E+02 0.5750 4.363E+13 
Cs-l35 3.4477E-06 160.993 321.987 O.ooE+OO 5.55E-Q4 l.l1E-03 0.8500 6.109E+12 
Cs-137 2.8731E+00 160.993 321.987 O.ooE+OO 4.63E+02 9.25E+02 1.2500 1.137E+12 
Eu-l54 8.2053E-02 160.993 321.987 O.ooE+OO 1.32E+Ol 2.64E+01 1.7500 4.767E+l0 
Eu-155 3.9134E-02 180.993 321.987 O.ooE+OO 6.30E+OO 1.26E+Ol 2.2500 9.999E+10 
Fe-55 6.7429E-03 160.993 321.987 O.ooE+OO 1.09E+OO 2.17E+OO 2.7500 5.752E+08 
H-3 1.OS99E-02 160.993 321.987 O.ooE+OO 1.71E+OO 3.41E+OO 3.5000 6.381E+07 
1-129 7.5300E-Q7 160.993 321.987 O.ooE+OO 1.21E-04 2.42E-04 5.ססOO 1.907E+02 
Kr-85 2.8595E-Ol 160.993 321.987 O.ooE+OO 4.60E+Ol 9.21E+Ol 7.ססOO 2. 126E+Ol 
Np-237 9.5479E-Q6 160.993 321.987 O.ooE+OO 1.54E-03 3.07E-03 11.ססoo 2.397E+00 
Pa-231 8.9297E-10 160.993 321.987 O.ooE+OO 1.44E-Q7 2.88E-07 
Pb-210 3.7609E-12 160.993 321.987 O.ooE+OO 6.OSE-l0 1.21E-Q9 
Prn-147 2.5452E+OO 160.993 321.987 O.ooE+OO 4.10E+02 8.20E+02 
Pu-238 2.OS50E-02 160.993 321.987 O.ooE+OO 3.31E+OO 6.62E+OO 
Pu-239 4.2838E-04 160.993 321.987 O.ooE+OO 6.90E-02 1.38E-Ql 
Pu-240 2.4401E-Q4 160.993 321.987 O.ooE+OO 3.93E-02 7.86E-02 
Pu-241 6.8764E-02 160.993 321.987 O.ooE+OO 1.11E+Ol 2.21E+Ol 
Pu-242 3.6329E-Q7 160.993 321.987 O.ooE+OO 5.85E-05 1.17E-Q4 
Ra-226 3.8045E-ll 180.993 321.987 O.ooE+OO 6.12E-Q9 1.22E-08 
Ra-228 2.9902E-15 160.993 321.987 O.ooE+OO 4.81E-13 9.63E-13 
Ru-l06 1.9055E-Q1 160.993 321.987 O.ooE+OO 3.07E+Ol 6.14E+Ol 
5e-79 1.2938E-OS 160.993 321.987 O.ooE+OO 2.OBE-03 4.17E-03 
5n-126 1.1574E-Q5 160.993 321.987 O.ooE+OO 1.86E-Q3 3.73E-03 
5,-90 2.75OSE+OO 160.993 321.987 O.ooE+OO 4.43E+02 8.86E+02 
Te-99 4.2239E-Q4 160.993 321.987 O.ooE+OO 6.80E-02 1.38E-Ql 
Th-229 1.8848E-12 160.993 321.987 O.ooE+OO 3.03E-l0 6.07E-l0 
Th-230 1.7042E-Q6 160.993 321.987 O.ooE+OO 2.74E-06 5.49E-Q6 
Th-232 7.8132E-15 160.993 321.987 O.ooE+OO 1.26E-12 2.52E-12 
TI-2OB 4.4063E-Q8 160.993 321.987 O.ooE+OO 7.09E-06 1.42E-Q5 
U-232 1.3151E-Q7 160.993 321.987 O.ooE+OO 2.12E-05 4.23E-05 Thermal Power 
U-233 1.9564E-Q9 160.993 321.987 O.ooE+OO 3.15E-Q7 6.30E-07 Nominal Heat Bounding 
U-234 1.6371E-Q4 160.993 321.987 O.ooE+OO 2.96E-Q2 5.92E-Q2 Output Heat Output 
U-235 -2.7235E-Q6 160.993 0.000 7.35E-Q4 2.96E-Q4 7.35E-Q4 lWatts' /Wattsl 
U-238 1.5493E-Q5 160.993 321.987 O.ooE+OO 2.49E-03 4.99E-Q3 8.16E+OO 1.63E+01 
U-238 -4.2851 E-09 160.993 0.000 8.60E-06 7.91E-06 8.60E-Q6 Total Tolal 
Y-90 2.75OSE+OO 160.993 321.987 O.ooE+OO 4.43E+02 8.86E+02 
Other Radianuelides 8.28E+02 1.68E+03 

m. TtmtPlate SeIe<:tion s.m.naJ'V,P andChecb 
Template selection Summary 

FromSFD Used Basis for Parameter Differences: 
_Moderator: LIGHT WATER UGHTWATER 

Fuel C1addlng: ALUM ALUM 
BOl HM Constituents: U-ALX U 

BOl Enrichment %: 92.9999987 6010100 

BumupSummary(MWd) Basis for bumup used in estimate: 
From SFD Estimated 

Nomlnal:1 160.993 Nominal bumup calculated from lhe heavy metal mass destroyed. 
Boundlng:1 I 321.987 Bounding bumup assumed to be twice nominal bumup. 

Checks 

Estimated Bumup! 
Bumup Multiplier Given Bumup Estimated EOl HNVGlven EOl HM 

Nominal: 1.40 I 1.051 
Bounding: 2.80 ,

Reactor shutdown, core removal. storage, shiPping or other date conflmlmg that irradiation ceased for fuel.
 

"otal bumup for all fuel associated with this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWdIMT).
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Templato, Information Estimated 

Fuel Name: FRR MTR·S (CANADA) 'Fuel deeay start date: 2010 Canister usage: 
SNFID#: 513 Estimates as of: 2010 18"xl0' 

Fuel Units & Des...: 35 - ASSEMBLY Template: ATR (Ught Water. Alum.• 60 to 100%, U) 1.46 
Heavy Metal MaGS: BOl=50.75kg ; EOL=45.68kg 'Tomplate Bumup(MWd): 367.2 
ROD Storage SlIe: SRS Template BOL ~leavy Metal Mass (MT): 0.00116689 

Template Decay Time' 5 years 
n. Estimates m x" x. b y" y. Gamma Sources 

Photon Total
 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photonslsec
 

Radionuclide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Cil Group (bounding)
 
Ac-227 1.4545E-10 4,806.123 9,612.247 O.OOE+OO 6.99E-07 1.40E-06 Avg. Me~ ____
 
Am-=241 1.1190E-03 4,806.123 9,612.247--O.OOE+OO 5.38E+OO l.08E+Ol 0.0150 1.855E+15
 
Am·242m 4.5425E-07 4,806.123 9,612.247 O.OOE+OO 2.1IlE-03 4.37E·03 0.0250 3.995E+14
 
Am-243 1.4921E-06 4,808.123 9,612.247--- 'O~OOE+OO 7.17E-03 1.43E-02 0.0375 3.687E+14
 
C-14 5.7244E-09 4,806.123 9,612.247 O.OOE+OO 2.75E-05 5.50E-05 0.0575 3.625E+14
 
CI-36 1.3124E-32 4,806.123 9,612.247 O.OOE+OO 6.31E-29 1.26E-28 0.0850 2.311E+14
 
Cm·243 --- 2.3676E-07 4,806.123 9,612.247 O.OOE+oo 1.14E-03 2.28E-03
 0.1250 2.001E+14
 
Cm-244 5.2042E-05 4,806.123 9,612.247 O.OOE+OO 2.50E-ol 5.00E-Ol
 0.2250 1.959E+14
 
Co-6O 3.8208E-05 4,806.123 9,612.247 -- O.oOE+OO 1.84E-ol 3.67E-Ol
 0.3750 9.481E+13
 
CS·l34 4.8693E-Ol 4,806.123 9,612.247 O.OOE+OO 2.34E+03 4.68E+03 0.5750 1.302E+15
 
Cs-l35 3.4477E-08 4,806.123 9,612.247-- O.OOE+OO 1.66E-02 3.31E-02 0.8500 1.824E+14
 
Cs-137 2.8731E+OO 4,806.123 9,612247 --O:OOE+QO 1.38E+04 2.76E+04 1.2500 3.393E+13 
Eu-l54 8.2053E-02 4,806.123 9,612.247--0~OOE+oo 3.94E+02 7.89E+02 1.7500 1.423E+12 
Eu-155 3.9134E-02 4,806.123 9,612.247 -6:00E+OO 1.88E+02 3.76E+02 2.2500 2.985E+12 

-Fe-55 6.7429E-03 4,806.123 9,612247 ---O-.OOE+oo 3.24E+01 6.48E+01 2.7500 1.717E+l0 
1+3 1.0599E-02 4,806.123 9,612.247 O.OOE+OO 5.09E+Ol 1.02E+02 3.5000 1.905E+09 
1-129 7.5300E-07 4,806.123 9,612.247 O.OOE+OO 3.62E-03 7.24E-03 5.ססOO 5.724E+03 
Kr-85 2.8595E-ol 4,806.123 9,612.247---O:OOE+oo 1.37E+03 2.75E+03 7.ססOO 6.383E+02
 
NP-237 9.5479E-08 4,806.123 9,612.247 O.OOE+OO 4.59E-02 9.18E-02 11.ססOO 7.195E+Ol
 
Pa-231 8.9297E-l0 4,806.123 9,612.247 O.OOE+OO 4.29E-06 8.58E-06 
Pb-21 0 3.7609E-12 4,806.123 9,612.247 O.OOE+OO 1.81E-08 3.62E-08 
Prn-147 2.5452E+OO 4,806.123 9,612.247 O.OOE+OO 1.22E+04 2.45E+04 
Pu-238 2.055OE-02 4,806.123 9,612.247 O.OOE+OO 9.88E+Ol 1.98E+02 
Pu-239 4.2838E-04 4,806.123 9,612.247 O.ooE+oo 2.06E+OO 4.12E+OO 
Pu-24O 2.4401E-04 4,806.123 9,612.247 O.ooE+OO 1.17E+OO 2.35E+OO 
Pu-241 6.8784E-02 4,806.123 9,612.247 O.ooE+OO 3.3OE+02 6.61E+02 
Pu-242 3.6329E-07 4,806.123 9,612.247 O.OOE+OO 1.75E-03 3.49E-03 
Ra-226 3.8045E-ll 4,806.123 9,612.247 O.ooE+OO 1.s3E-07 3.66E-07 
Ra-228 2.9902E-15 4,806.123 9,612.247 O.ooE+OO 1.44E-l1 2.87E-ll 
Ru-l06 1.9055E-Ol 4,806.123 9,612.247 O.ooE+OO 9.16E+02 l.83E+03 
'5e-79 1.2936E-05 4,806.123 9,612.24T--0-.O()E+OO 6.22E-02 1.24E-ol 
5n-126 1.1574E-05 4,806.123 9,612.247 O.ooE+OO 5.56E-02 l.l1E-ol 
5r-90 2.7505E+OO 4,806.123 9,612.247 O.ooE+OO 1.32E+04 2.64E+04 
Tc-99 4.2239E-04 4,806.123 9,612.247 O.ooE+OO 2.03E+OO 4.06E+OO 
Th-229 1.8648E-12 4,806.123 9,612.247 O.OOE+OO 9.06E-09 1.81E-08 
Th-23O 1.7042E-08 4,806.123 9,612.247 O.ooE+OO 8.19E-05 1.64E-04 
Th-232 7.8132E-15 4,806.123 9,612.247 O.ooE+OO 3.76E-ll 7.51E-ll 
TI-208 4.4063E-08 4,806.123 9,612247 O.ooE+OO 2.12E-04 424E-04 
U-232 1.3151E-07 4,806.123 9,612.247 O.ooE+OO 6.32E-04 1.26E-03 Thermal Power 
U-233 1.9564E-09 4,806.123 9,612.247 O.OOE+OO 9.4OE-06 1.88E-05 Nominal Heat Bounding 
U-234 1.8371E-04 4,806.123 9,612.247 O.ooE+OO 8.83E-ol 1.77E+OO Oulput Heat Output 
U-235 -2.7235E-06 4,806.123 0.000 2.19E-02 8.84E-03 2.19E-02 /Wattsl /Wattsl
 
U-236 1.5493E-05 4,806.123 9,612.247 O.ooE+OO 7.45E-02 1.49E-ol 2.44E+02 4.87E+02
 
U-238 -4.2851 E-Q9 4,806.123 0.000 1.36E-02 1.36E-02 1.36E-02 Total Total
 
Y-90 2.7505E+OO 4,806.123 9,612.247 O.ooE+OO 1.32E+04 2.64E+04 
Other Radionuclides 2.47E+04 4.94E+04 
m. Template SeIedlon Summary. p_ ,lInde... 
Template Selection Summary 

FromSFD Used Basis for Parameter Differences:
 
Reacto,Moderatov: UGHTWATER LIGHT WATER This Template was used for the following reasons:
 

Fuel C1addln9: ALUM ALUM This fuel matches ATR Template on all but one parameter (enricflment) making ATR a reasonable
 
BOL HM Constiluen"': U3S12 U match. 

BOL Enrichment 0;0: 20 6010100 

Bumup Summary (MWd)" Basis for burnup used in estimate: 
FromSFD Estimated 

NomIna::1 4,806.123 Norronal bumup calculated from lha heavy metal mass destroyed. 
Boundin£:1 9.612.247 Bounding bumup ass:.Jmed to be twice nominal bumup. 

Checks 
Estimated Bumupl 

Bumup Multiplier Given Bumup Estimated EOl HMlGiven EOl HM 
Nominal:) 0.30 I 1.011
 

Bounding: 0.60
 ,
Reador shutdown. core removat. storage, shipping or other date confmmng that lnadiatlon ceased for fuel. 

Zrotal bumup for all fuel associated with this worKsheet must be divided by BOL heavy metal mass to get specific bumup values (MWd'MT). 

DOEl5NFIREP-078 December 2003 
Revision 1 PageC-152 
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Template lnfOJ'l\1lllion Estimated 

Fuel Name: FRR MTR-S (CANADA) 'Fuel decay start date: 2010 Canister usage: 
SNFID#: 720 Estimates as of: 2010 18"x10' 

Fuel Units & Oeser: 21 - MTR TYPE Template: AlR (Light Water, Alum., 60 to 100%, U) 0.88 
Heavy Metal Mass: BOl=4.43k9 ; EOL=2.86k9 'Template Bumup(MWd): 367.2 
ROD Storage Site: SRS Template BOl Heavy Metal Mass (MT): 0.00116689 

Template Decay Time" 5 years 
n. Estimates m x. x. b Y. Y. Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photonslsec 

Radionuclide Template Fuel Burnup (MWd)' Burnup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 1.4545E-10 1,481.612 2,963.224 O.ooE+OO 2.16E-07 4.31E-07 Avg.MaV 
Am-241 1.1190E-03 1,481.612 2,963.224 O.ooE+OO 1.66E+OO 3.32E+OO 0.0150 5.717E+14 
Am-242m 4.5425E-07 1,481.612 2,963.224 O.ooE+OO 6.73E-04 1.35E-03 0.0250 1.232E+14 
Am-243 1,4921E-06 1,481.612 2,963.224 O.ooE+OO 2.21E-Q3 4.42E-03 0.0375 1.137E+14 
C-14 5.7244E-Q9 1,481.612 2,963.224 O.ooE+OO 8.48E-06 1.70E-05 0.0575 1.118E+14 
CI-36 1.3124E-32 1,481.612 2,963.224 O.ooE+OO 1.94E-29 3.89E-29 0.0850 7.124E+13 
Cm-243 2.3676E-Q7 1,481.612 2,963.224 O.ooE+OO 3.51E-04 7.02E-04 0.1250 6.170E+13 
Cm-244 5.2042E-05 1,481.612 2,963.224 O.ooE+OO 7.71E-02 1.54E-Ql 0.2250 6.038E+13 
Co-SO 3.82OBE-05 1,481.612 2,963.224 O.ooE+OO 5.66E-02 1.13E-Ol 0.3750 2.923E+13 
Cs-l34 4.8693E-Ol 1,481.612 2,963.224 O.ooE+OO 7.21E+02 1.44E+03 0.5750 4.015E+14 
Cs-135 3.4477E-06 1,481.612 2,963.224 O.ooE+OO 5.11E-Q3 1.02E-02 0.8500 5.622E+13 
Cs-137 2.8731E+OO 1,481.612 2,963.224 O.ooE+OO 4.26E+03 8.51E+03 1.2500 1.046E+13 
Eu-l54 8.2053E-02 1,481.612 2,963.224 O.ooE+OO 1.22E+02 2.43E+02 1.7500 4.387E+l1 
EU-155 3.9134E-02 1,481.612 2,963.224 O.ooE+OO 5.80E+Ol 1.16E+02 2.2500 9.202E+l1 
Fe-55 6.7429E-Q3 1,481.612 2,963.224 O.ooE+OO 9.99E+OO 2.OOE+Ol 2.7500 5.293E+09 
H-3 1.0599E-Q2 1,481.612 2,963.224 O.ooE+OO 1.57E+Ol 3.14E+Ol 3.5000 5.872E+08 
1-129 7.5300E-07 1,481.612 2,963.224 O.ooE+OO 1.12E-Q3 2.23E-03 5.ססOO 1.755E+03 
Kr-85 2.8595E-Ol 1,481.612 2,963.224 O.ooE+OO 4.24E+02 8.47E+02 7.ססOO 1.957E+02 
Np-237 9.5479E-06 1,481.612 2,963.224 O.ooE+OO 1,41E-02 2.83E-Q2 11.ססOO 2.206E+01 
Pa-231 8.9297E-l0 1,481.612 2,963.224 O.ooE+OO 1.32E-Q6 2.85E-06 
Pb-210 3.7S09E-12 1,481.612 2,963.224 O.ooE+OO 5.57E-09 1.11E-Q8 
Pm-147 2.5452E+OO 1,481.612 2,963.224 O.ooE+OO 3.77E+03 7.54E+03 
Pu-238 2.0550E-02 1,481.612 2,963.224 O.ooE+OO 3.04E+01 6.09E+Ol 
Pu-239 4.2838E-Q4 1,481.612 2,963.224 O.ooE+OO 6.35E-Ql 1.27E+OO 
Pu-240 2.4401E-Q4 1.481.612 2,963.224 O.ooE+OO 3.62E-Ol 7.23E-Ql 
Pu-241 6.8764E-02 1,481.612 2,963.224 O.ooE+OO 1.02E+02 2.04E+02 
Pu-242 3.6329E-07 1,481.612 2,963.224 O.ooE+OO 5.38E-04 1.OBE-03 
Ra-226 3.8045E-ll 1,481.612 2,963.224 O.ooE+OO 5.64E-Q6 1.13E-Q7 
Ra-228 2.9902E-15 1,481.612 2,963.224 O.ooE+OO 4.43E-12 8.86E-12 
RU-l06 1.9055E-Ol 1,481.612 2,963.224 O.ooE+OO 2.82E+02 5.65E+02 
8e-79 1.2936E-05 1,481.612 2,963.224 O.ooE+OO 1.92E-Q2 3.83E-Q2 
8n-126 1.1574E-Q5 1,481.612 2,963.224 O.ooE+OO 1.71E-02 3.43E-Q2 
8r-90 2.7505E+OO 1,481.612 2,963.224 O.ooE+OO 4.OBE+03 8.15E+03 
Tc-99 4.2239E-Q4 1,481.612 2,963.224 O.ooE+OO 6.26E-Ql 1.25E+OO 
Th-229 1.8848E-12 1,481.612 2,963.224 O.ooE+OO 2.79E-09 5.59E-Q9 
Th-230 1.7042E-OB 1,481.612 2,963.224 O.ooE+OO 2.53E-QS 5.05E-Q5 
Th-232 7.8132E-15 1,481.612 2,963.224 O.ooE+OO 1.16E-11 2.32E-ll 
T1-2OB 4.4063E-Q6 1,481.612 2,963.224 O_ooE+OO 6.53E-05 1.31E-Q4 
U-232 1.3151E-Q7 1,481.612 2,963.224 O.ooE+OO 1.95E-Q4 3.90E-Q4 Thermal Power 
U-233 1.9564E-Q9 1,481.612 2,963.224 O.ooE+OO 2.90E-06 5.80E-06 Nominal Heat Bounding 
U-234 1.8371E-04 1,481.612 2,963.224 O.ooE+OO 2.72E-Ql 5.44E-Q1 Output Heat Output 
U-235 -2.7235E-Q6 1,481.612 0.000 8.90E-Q3 4.86E-Q3 8.90E-Q3 /Watts) /Watts) 
U-236 1.5493E-05 1,481.612 2,963.224 O.ooE+OO 2.30E-02 4.59E-Q2 7_51E+Ol 1.50E+02 
U-238 -4.2851 E-Q9 1,481.612 0.000 1.04E-04 9.78E-QS 1.04E-04 Total Total 
Y-90 2.7505E+OO 1,481.612 2,963.224 O.ooE+OO 4.OBE+03 8.15E+03 
Other Radionuclides 7.62E+03 1.52E+04 
m. 'fentPll!tt SeIedioll· SumllllUY,lIurm.JoSomlDlll'V,l!nd CII«k.9 
Template Selection Summary 

FromSFD Used Basis for Parameter Differences: 
Reactor Moderator: UGHTWATER UGHTWATER 

Fuel Cladding: ALUM ALUM 
BOl HM Cona_ts: lJ-ALX U 

BOL Enrichft*lt %: 92.99999478 60 to 100 

Bumup Summary (MWd)' Basis for bumup used in estimate: 
FromSFO Estimated 

Nominal: I 1.481.612 Nominal bumup calculated from 11\& heavy metal mass destroyed. 
Boundlng:1 I 2.963.224 Bounding bumup assumed to be twice nominal bumup. 

Checks 

Estimated Bumupl 
Bumup Multiplier Given Bumup Estimated EOl HMlGlven EOl HM 

Nominal: 1.06 I 1.031 
Bounding: 2.13 ,

Reactor shutdown, core removal, storage, shipping or other date confirming that Irradiation ceased for fuel. 

~olal bumup for all fuel associated with this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWd'MT). 

DOE/8NF/REP-Q78 December 2003 
Revision 1 PageC-153
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Template bll'onQlltion Estimated 

Fuel Name: FRR MTR·S (GERMANY) 'Fuel decay start date: 2010 Canister usage: 
SNF ID #: 1068 Estimates as of: 2010 18".10' 

Fuel Units & Doser: 28 . MTR TYPE Template: ATR (Ught Water. Alum., 60 to 100%, U) 1.17 
_vy Metal Mass: BOl=12.88kg ; EOl=9.17kg 'Template Bumup(MWd): 367.2 
ROD Storage SIte: SRS Template BOl Heavy Metal Mass (MT): 0.00116689 

Template Decay Time" 5 years 

n. Estimates m b Y" Yb Gamma Sources 
Photon Total 

CilMWd from Nominal Bounding fuel Initial Activity Nominal Fuel Bounding fuel Energy Photons/sec 
Radionuclide Template fuel Bumup (MWd)2 Burnup (MWd)' (CI) Inventories(Ci) Inventories(Ci) Group (bounding) 

-,;;A=C-:,:2~27;-;- __,I;_:.454:2;",5i=E--;-1;;;0---_____;3~,5~cl;;3:'c.44~2----,:7, "0,,,2~6.884 O.ooE+OO 5.11.;=E'C-0;;;7~--"",I" ..0:;2;;:E,-,-0;;;6:;-----j~----,-A,-:vg.:'c;:Me~V-----:c:o-o=-= 
.:,A::.:m:..:-2'"'4:-:1 -;I.::.I-;I_:c90"'E~-{)~3----_:c3c.~5_;_13"'.C;44_;_2:o- __-:7=',=02:;;6".884~;-o,·-~---_-_·_O"':~ooE+~-i93E+OO 7.86E+OO::=-__U__,?0.,,-01:-:50~ ---,I:,-.3:::56~E+,-1:.::.5 
-,;;A,::m,-;.2;;-;4c;;2,-m~ __,4;_:.54;;;;;2~5i=E---;:0",7---_____;3",,5~1;-;;3:'c.44~2--_-,:7;,;,0",2",,6.884 O.ooE+OO 1.60E-03 3.19E-03 0.0250 2.921E+14 
""A"'m::--2"'43.:.::... ='1."'4"'92,o-1;;E"-{)6=----___:3"',::-51;-:3,,.44-:-:;2:-------...;7;=:,0~20;6~.il84:~_;---'C0:-';.00E'-+OO=-------'5:::·c=24;-:E~-_;:0::-3---_1;_:.0'"5:;;E,,-_:c02:O----11-~0:::.03~.7=5----'-_-2='."-69:~5::cE'-+17:-4 
-'=C,O--1"'4~---~---...-;.5.'=7=-244~E~-0~9'-----_=3,'=5-;:1 3".44~2'-----7~,_=02::,,6"'.884 O.OOE+OO 2.01 E-05 4.02E-05 0.0575 2.650E+14 
C'-I-36,=-;;;- -:1"'.3;;;1"'2;;4;;::Ec;-30;2:------_;3;';,5~1;-;:3c-.44~2___:-----o;7,:;,0",2",,6.884 O.OOE+OO 4.61E-29 9.22E-29 0.0850 1.689E+14 
~C::.:m:..:-2'"'43:.::.-------.----'2~.36~7_;:6=E-':-{)'=7------:3?',5Oc1c=3::..:.44~2---_; 7;=:,0=:2",6:s.884:;o'-:-~--- --c::-o.oOE+oo 8.3~=2=E-;-04'-'--------o1"'.66==E-;-0"'3'---j~--"0--'.1=:250:.::.-------:1-'-:-,463E+14 
-;C<'m'--"'2oC-44-'-- --;;5';;.2:;;04"'2;;;E=--_;:05~------;c3,"'5,;_13;;'.-;44_;;2;;__------0;7,026.884 O.ooE+OO 1.83E_{)1 3.66E-01 02250 1.432E+14 
-;C"o-6O~:-:--~------.:;3:S.8::c2_:c08;o:E~-{)~5- __-"'3,'=5_;_13~.C;44_;;2;;__-_ ___:7::':O;o:2:;;6".884~;-:,;_-=-==-- O.oOE+OO 1.34E-01 2.68E-01 0:3750:.::.----·-6-;;.""93;;;1::cE'-+1~3 
-'C~S'--1"34:.::.__---~-----::4"'.86"=9=3'=E-{)~1----.:;3,,,5,,1_=3"'.44"""2----7~,'=0=:26:?_=884~--.-;:O--'.00E+OO 1.71E+03 3,42E+03 0.5750 9.521E+14 
-;C"'S'-:-1c=35:;;-- --=-3.;c44o;77:-::-;=E'C-{)6:.::.------c3~,::-51;;3".44~2C-----__c70_,,0;o:2~6.884 O.OOE+OO 1.21E-02 2.42E_{)2 0.8500 1.333E+14 
-;C~S..-1'_=3'-7----------:2".8"'7"'3,,1"'E~+OO:.::.-----..3=',=_51,,3"'.44~2---__c7="0;c:2,,,6",.884~-- O.OOE+OO 1.01E+04 2.02E+04 1.2500"---__....=:2.=48::..:1=-E+'-1"'3
-;E"'u'-'-1;;54:.::.-- _;:8';;.2~05;;-3~E,,-_;:02;;__-_----;c3,"'5,;_13;;'.-;44_;;2;;__-_----07::',0;0;;26.-.884 ---o.OOE+OO 2.88E+02 5.77E+02 1.7500 1.040E+12 
-;E"'U-;-1'_=5:--.5-------3=-.=917.34~E-;-{)?:2~------'3"',::-51,,3"'.44~2_--__c70 "O;o:2~6.884 O.OOE+OO 1.37=::E"'+O.;o=.2 2-=.:c757.EO'+O'-==2_+ 2"'.2=500::::- ::..:2.-;:18:o2=-E+:..:l""2 
Fe-55 6.7429E_{)3 3,513.442 7,026.884---6.00E+oo 2.37E+01 4.74E+01 32.. 7SOOO50.:::0:--------;11."'.32"-9355o;EE"++""0910'" 

7H'-::-3""" ~1.=_05:;;9"'9=E-;-{)?:2,------___c3"',5=_1;;3"'.44~2---'-:7::',O;o:2~6 ..•884 O.ooE+OO 3.72-=E=-+O,=1 ",,7:.:.4=5E,=+O,=-=1_+_~,~ -:'-7:~"= 
.-.1-,,1.:;29==-- --=7:::.5_=300~E,,-{)_:c7'-------3_=,'=5-;:13:?'::44"'2:o-------'7::',0;c:2",6",.s84--------O:ooE+oo 2.65E-03 5.29E_{)3 ~:=v"----.:::c:::~~:~ 

~~~~~~~3~7::::::::::::::::::::::::::::::::::::::::::~~:~~~;S~9~~j~~1::::::::::::::::::::::::;~:~;~~;~:::~~;:::::::::::::::::::::;~:g~;~~"'-c:=---g-:~~:: ~'.C;;~~; ~'.~~~~; 11.ססOO 5.237E+01 
-;p",ac;-2;:;3ic1 8"'.~92;;;9;-;;7~E-::-1:;:0 ----c3"',~51"'3?'.44S2-----c70',0"'2~6::;.884:;;:; O.ooE+OO 3.1 4E-{)6 6.27E-{)6 
"'Pc::b--"2,-'-1"'0,---- ___c3::'.='760~9=E'C-1;;:2,------_____;3"'.5=_1;;3;'-.44~2----,:7::"O;o:2~6.884 O.ooE+OO 1.3::;:2=E.:;-08:.::.-------';2=-=.64""=E--'-08~-1I 
:,P--'m'"'-1'=4==-7 ___:2='.54~5?:2"'E+OO---=='---- 3",5=_1:-:3"'.44'-7=2---..7::',0=2~6-".ss4---0-:-00E+OO 8.94E+03 1.79E+04 
"'P.=U_;-2;;;36;;------------27·;;:05;;;50~E_;-0"'2---___c3"',5=-1;;3c-.44~2---__c7::',0;;;2:;6~.884----O'OOE+oo 7.22E+01 1.44E+02 
""P,=u_;-2"'3_:c9---------,4"'.-=283B~i=E_;-{)4'-'-----'C3"',=_51;;3;'-.44~2----,:7::',0;0:20;6;:-.:884 O.ooE+OO 1.51 E+OO 3.01 E+OO0 
:,P,vU.:;-2"'40"-----------'2='.-==440~1_=E.:;-{)4:.::.-------'3~,5=_1"3::..:.44~2--- ..7:O,,0~2?:6::.:.884::o-:--..:0.ooE+OO 8.57E-01 1.71 E+OO 
",P,=u",-2:-;4-i::1 ___c6:::.=-87"'64~E_;-{)?:2,------_____;3~,5=_1;;3;'-.44~2-----'..;7,026.884 O:ooE+OO 2.42E+02 4.83E+02 
Pu-242 3.6329E_{)7 3,513.442 7,026.884 O.ooE+OO 1.28E-03 2.55E_{)3 
",R",a-;-2;;;2~6 ___c3~.;;;804;;;;;;5i=E-;-1-;1-----:3~,5~1;;3:'c.44~2-_--,:7;,;,0",2",6~.884:-;;-;-----;;Oc.:00:E+OO 1.34E_{)7 2.67E-07 
-oR"'a.:;-2c:2=8------ 2"'.=-990~2i=E--;-1c::5 _____;3~,5=_1;;3:'c.44~2-_--,:7;';,0=2,6~.884 O.ooE+OO 1.05=:E=---::1",1 .:;-2",.1",0;=.E-_;1",1--J1 
""R.'~u.-~1'_=06"--------.--1::..:._=905=5_=E.:;-{)~1------:3",5=-1,,3::..:.44""'2-----'7:O,,0~2?:6::.:.884"=-7-~~~~~7':0-.OOE+OO 6.69E+02 l.34E+03 
-;S",e---;7_;:9~--------1;_:.~2936~i=E_;-{)5o=-----'C3~,5~1;-;:3:'c.44~2-----,7;,;'0",20;6:,-::.884 O.OOE+OO 4.54E_{)2 9.09E-02 
~S:-n-~1",26"--- ~1;C.1=5~7~4E~-{)5~ ..:3~,=_51"3,,,,.44~2---~7,",02'0'6;:..:-884 O.OOE+OO 4.07E_{)2 8.13E-02 
~Sc:-r--,;;90;;---- ---,2",.7;;:505~Eo=+OO.::c-:; _____;3~,5=_1;-;:3:'c.44~2----,:7;,;,0=20;6;:-.:884:-;;-;--==~~~~0-.oOE+OO 9.66E+03 1.93E+04 
-=T'!-c--;o9-=-9o- -:-4:::.22'=37.90;:E~-{)4e-;c----___=3,'=5-;:13"'.44~2:---_7~',=02'0'6",.884 O.ooE+OO 1.48E+OO 2.97E+OO 
-=Th"'--';;22~9;:___------__,1;_:.8848~~E--;-1;;;2---_____;3~,5~1;;3:'c.44~2----,:7;';,0'"20;6:,-.884:~ O.ooE+OO 6.62E-09 1.32E-{)6
Th-230 1.7042E-{)8 3.513.442 7,026.884 O.ooE+OO 5.99E-{)5 1.20E-{)4 
-=Th~-,;.2~32=--------7~.87.1=3'=2=E_;-1.:;5------:3~,5=-1,,3::..:.44""'2---_;7:o',0~2?:";6.884 O.ooE+OO 2.75E-11 5.49E-l1 
T1-208 4.4063E-{)6 3,513.442 7,026.884 O.ooE+OO 1.55E-{)4 3.10E-04 

-;;U,:;-2"'32;c-- -c1;-::.3"'1"'5~1E:;--o~7:;----....:3"',5~1~3c-:.44:-:2;c-------=7,'"02:;;6",.884:-;:-:---c0""'OO:cE+oo 4.62E-{)4 9.24E-04 Thermal Power 
7U;..:-2:;;33O='- --71."'95~64=:-:E"-{)"'9::---_----'3"',=_51-;:3,,.44-:-:;2::----_----c:7!',O=:20;:6::.:.884 O'OOE+OO 6.87E-{)6 1.37E-Q5 Nominal Heat Bounding 
U-234 1.8371E-{)4 3,513.442 7,026.884 O.OOE+OO 6.45E_{)1 1.29E+OO Output Heat Output
U-235 -2.7235E-{)6 3,513.442 0.000 1.25E-02 2.98E-03 1.25E_{)2 /Wattsl /Wattsl 
U-236 1.5493E-{)5 3,513.442 7,026.884 O.ooE+OO 5.44E-02 1.09E_{)1 1.78E+02 3.56E+02 
U-238 -4.2SS1E_{)9 3,513.442 0.000 2.38E_{)3 2.36E-03 2.36E-03 Total Total 
Y-90 2.7505E+OO 3,513.442 7,026.884 O.ooE+OO 9.66E+03 1.93E+04 
Other Radionuclides 1.81 E+04 3.61 E+04 
lll. TenIPIlIt<> SeIedioo So!nm1ll and Checks 
Template Selection Summary 

From SFD Used Basis for Parameter Differences: 
Reactor Moderator: UGHT WATER LIGHT WATER This Template was used for the followfng reasons: 

Fuel C1adding:I--=--;-A;-:lU-:;M::"'-"---+--=-;A-;-l;-:U;:M=----'-jI..Th·'~-luoI matches ATR Template on all but one parameter (enrichment) making ATR a_Ie 
BOl HM Constituents: l/-ALX U match. 

BOl enrichment 0/0: 45.06986957 60 to 100 

Bumup Summary (MWd)' Basis for bumup used in estimate: 
FromSFD Estimated 

Nominal: 3,513.442 Nominal bumup caJculcted from the heavy metal mass destroyed. 
Bounding:1 I 7.026.884 Bounding bumup assumed to be twice nominal btJnup. 

Checks
 
Estimated Bumupl
 

BumupMul1l_
 Given Bumup
 Estimated EOl HMiGIven EOl HM 
Nomlr.al:1
 0.87
 I 1.021 

Bounding:
 1.73
 ,
Reactor shutdown. com removal, storage. shipping or other date confnrmng that lRadiatlon ceased for fuel. 

~alai bumup for all fuel associated Votith this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWdlMT). 

DOE/SNF/REP_{)78 December 2003 
ReviSion 1 PageC-154 
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Fuel Radionuclide Inventory Worksheet 
I. fuel and TeJl1llIate lof_tlon Estimated 

Fuel Name: FRR MfR-S (GERMANY) l Fuel decay start date: 2010 Canister usage: 
SNFID#: 519 Estimates as of: 2010 ,8".,0' 

Fuel Unlls & llescF: 97 - ASSEMBLY Template: TRIGA-AI (LW/U·Zrx, Alum., 10 to 2O~o. U) 4.04 
Heavy Metal Mass: BOl=155.20k9 : EOl=131.80k9 "Template Bumup(MWd): 6.65
 
ROO Storage Site: SRS Template BOL Heavy Metal Mass (MT): 0.00018
 

Template Decay Time· 5 years
 
D. Estimates m x. b y" y. Gamma Sources '" Photon Total 

CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 
Radionuclide Template Fuel Burnup (MWd)2 Buroup (MWdj' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ae-227 8.0632E-l0 22,332.297 44,664.593 O.OOE+OO I.BOE-05 3.BOE-OS Avg.MeV 
Am-241 2.2586E-03 22,332.297 44,664.593 O.OOE+OO 5.04E+Ol 1.01E+02 0.0150 7.557E+15 
Am-242m 1.9925E-OO 22,332.297 44,664.593 O.OOE+OO 4.45E-02 8.90E-02 0.0250 1.641E+15 
Am-243 2.3323E-07 22,332.297 44,664.593 O.OOE+OO 5.21E-03 1.04E-02 0.0375 2.044E+15 
C-14 4.3308E-05 22,332.297 44,664.593 O.OOE+OO 9.67E-Ol 1.93E+OO 0.0575 1.567E+15 
CI-36 4.3023E-OB 22,332.297 44,664.593 O.OOE+OO 9.61E-04 1.92E-03 0.0850 1.097E+15 
Cm-243 2.7429E-07 22,332.297 44,664.593 O.OOE+OO 6.13E-03 1.23E-02 0.1250 1.640E+15 
Cm-244 3.1504E-06 22,332.297 44,664.593 O.OOE+OO 7.04E-02 1.41E-Ol 0.2250 9.156E+14 
Co-50 3.1008E-Q2 22,332.297 44,664.593 O.OOE+OO 6.92E+02 1.38E+03 0.3750 4.075E+14 
Cs-l34 1.0367E-Ol 22,332.297 44,664.593 O.OOE+OO 2.32E+03 4.63E+03 0.5750 5.166E+15 
Cs-l35 3.1549E-05 22,332.297 44,664.593 O.OOE+OO 7.05E-Ol 1.41E+OO 0.8500 1.272E+15 
Cs-137 2.7564E+OO 22,332.297 44,664.593 O.OOE+OO 6.16E+04 1.23E+05 1.2500 1.318E+15 
Eu-l54 l.3490E+OO 22,332.297 44,664.593 O.OOE+OO 3.01E+04 6.03E+04 1.7500 3.773E+13 
EU-155 4.3880E-Ol 22,332.297 44,664.593 O.OOE+OO 9.BOE+03 1.96E+04 2.2500 4.586E+12 
Fe-55 8.6782E-03 22,332.297 44,664.593 O.OOE+OO 1.94E+02 3.88E+02 2.7500 3.724E+10 
H-3 1.0805E-02 22,332.297 44,664.593 O.OOE+OO 2.41E+02 4.83E+02 3.5000 4.355E+09 
1-129 7.3805E-Q7 22,332.297 44,664.593 O.OOE+OO 1.65E-02 3.30E-02 5.ססOO 2.557E+04 
Kr-85 2.5218E-Ol 22,332.297 44,664.593 O.OOE+OO 5.63E+03 1.13E+04 7.ססOO 2.894E+03 
Np-237 1.4463E-OO 22,332.297 44,664.593 O.OOE+OO 3.23E-02 6.46E-02 11.ססOO 3.296E+02 
Pa-231 3.5970E-09 22,332.297 44,664.593 O.OOE+OO 8.03E-05 1.61E-04 
Pb-21 0 8.2511E-15 22,332.297 44,664.593 O.OOE+OO 1.84E-l0 3.69E-l0 
Pm-147 2.0767E+OO 22,332.297 44,664.593 O.OOE+OO 4.64E+04 9.28E+04 
Pu-238 1.3514E-03 22,332.297 44,664.593 O.OOE+OO 3.02E+Ol 6.04E+Ol 
Pu-239 5.6947E-03 22,332.297 44,664.593 O.OOE+OO 1.27E+02 2.54E+02 
Pu-240 2.2647E-Q3 22,332.297 44,664.593 O.OOE+OO 5.OOE+Ol 1.01E+02 
Pu-241 1.2574E-Ql 22,332.297 44,664.593 O.OOE+OO 2.81E+03 5.62E+03 
Pu-242 3.0602E-Q7 22,332.297 44,664.593 O.OOE+OO 6.83E-03 1.37E-Q2 
Ra-226 5.7353E-14 22,332.297 44,664.593 O.OOE+OO 1.28E-Q9 2.56E-Q9 
Ra-228 1.8150E-1O 22,332.297 44,664.593 O.OOE+OO 4.OSE-OO 8.11E-OO 
RU-lOO 9.3744E-02 22,332.297 44,664.593 O.OOE+OO 2.09E+03 4.19E+03 
S8079 1.2938E-Q5 22,332.297 44,664.593 O.OOE+OO 2.89E-Ol 5.78E-Ql 
Sn-126 1.2239E-06 22,332.297 44,664.593 O.OOE+OO 2.73E-Ql 5.47E-Ql 
Sr-90 2.6000E+OO 22,332.297 44,664.593 O.OOE+OO 5.81E+04 1.16E+05 
Tc-99 4.4120E-04 22,332.297 44,664.593 O.OOE+OO 9.8SE+OO 1.97E+Ol 
Th-229 1.4749E-l0 22,332.297 44,664.593 O.OOE+OO 3.29E-06 6.59E-OO 
Th-230 1.9549E-ll 22,332.297 44,664.593 O.OOE+OO 4.37E-Q7 8.73E-Q7 
Th-232 2.3744E-l0 22,332.297 44,664.593 O.OOE+OO 5.30E-06 1.OOE-Q5 
T1-2OB 1.9459E-oB 22,332.297 44,664.593 O.OOE+OO 4.35E-04 8.69E-04 
U-232 5.5015E-oB 22,332.297 44,664.593 O.OOE+OO 1.25E-03 2.50E-Q3 Thermal Power 
U-233 1.3132E-Q7 22,332.297 44,664.593 O.OOE+OO 2.93E-03 5.87E-Q3 Nominal Heat Bounding 
U-234 1.7323E-Q7 22,332.297 44,664.593 O.OOE+OO 3.87E-Q3 7.74E-Q3 Output Heat Output 
U-235 -2.6159E-06 22,332.297 0.000 6.71E-Q2 8.66E-03 6.71E-Q2 /Wattsl /Wattsl 
U-238 1.2717E-05 22,332.297 44,664.593 O.OOE+OO 2.84E-Ol 5.68E-Ol l,12E+03 2.24E+03 
U-238 -3.88S7E-OB 22,332.297 0.000 4.17E-02 4.09E-02 4.17E-Q2 Total Total 
V-90 2.5015E+OO 22,332.297 44,664.593 O.OOE+OO 5.81E+04 1.16E+05 
Other Radianuelides 8.49E+04 1.70E+05 

m. T"""""te SdedioII s.m-rv.lltrrDo .....dCItl!Cl<ll 
TemDlate Selection Summary 

FromSFD Used Basis for Parameter Differences: 
Reactor -'Ior: LW AND U ZIRC HYDRIDE LW AND U ZIRC HYDRIDE 

Fuel Cladding: ALUM ALUM
 
BOL HM eonsUtuenls:
 U3S12 U

BOL Enrichment 0/.: 19.99999963 10t02O 

Buroup Summary (MWdt Basis for bumup used in estimate: 
FromSFD Estimated 

Nominal:1 I 22,332.29 Nominal bumup calculated from the heavy metal mass destroyed. 
Bounding:1 I 44,664.593 Bounding bumup assumed to be twice nominal bumup. 

Checks 

Estimated Bumupl 
Bumup MulUplier Given BumuD Estimated EOL HMlGlven EOL HM 

Nominal: 3.89 I 1.001 
Bounding:1 7.79 ,

Reactor shutdown, core removal. storage, shlppmg or other date confmmng that irradiation ceased for fuel.
 

2Total bumup for all fuel associated lIVith this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWdlMT).
 

DOElSNF/REP-078 December 2003 
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Fuel Radionuclide Inventory Worksheet 
1. Fuel and TeIJlPIat>, hlformation Estimated 

Fuel Nane: FRR MTR-S (GERMANY) 'Fuel decay start date: 2010 Canister usage: 
SNFID#: 588 Estimates as of: 2010 18"Xl0' 

Fuel Units & Oeser: 2 - MTR TYPE Template: ATR (Ught Water. Alum.• 60 to 1~o, U) 0.08 
Heavy Metal Mass: BOL=.40kg ; EOl.=.27kg 2Template Bumup(MWd): 367.2 
ROD Storage Site: SAS Template BOL Heavy Metal Mass (MT): 0.00116689 

Template Decay Time' 5 years 
n. Estimates m Xo b Yo Y. Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuelide Template Fuel Burnup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 1.4545E-l0 124.060 248.119 O.ooE+OO l.80E-06 3.61E-08 Avg. MeV 
Am-241 1.1190E-03 124.060 248.119----O:00E+oo=----cl.39E-Ol 2.78E-Ol 0.0150 4.787E+13 
"AC:m""-"24""2"'m=--------4".Oc54;;2"5"'ECc-0"'7;--------;1"24"."060;;;;--------;2;:-48;-;:~.1;-·lc9 O.ooE+OO 5.64E-05 1.13E_Q4 00.. 0203"'5075=-------:1;-;.03~1EO'+~1:;-3 
Am-243 1.4921E-06 124.060 248.119 O.oOE+OO 1.85E_Q4 3.70E_Q4 9.517E+12 
-;C""--;;14~----~--.-...:5:".:::72"'44:-;;:ECc-0:;;9;_-------;l;:o24.;:.,,060;;;;--_-----'2:c48;-;:~.119 O.ooE+OO 7.10E_o7 1.42E-06 0.0575 9.357E+12 
CI-36 1.3124E-32 124.060 248.119 0.ooE"-+OO~-----;;1 ..;6:'i3;=E-_;;30~------;3::;.2;:;6~E-;-30~-11_~0";·085OS,-------;5";.96:;o5;;E,",+~12 
Cm-243 2.3676E_o7 124.060 248.119 O.OoE+OO 2.94E-05 5.87E-05 0.1250 5.166E+12 
-;C"'m'---2;:-44;7---------c5"'.2;;;04~2~E-;-0"'5----~l;:024.;:.060~;----;:O-;-24:8:1'-9--~ --c0"'.0~cO:~E'"'+OO~-----;6;-·.'46;-;;-;:ECc-0"3;---------cl;-'.2~9.;:ECc-0~2;--if-""'0;';.22O:-;;;50;----c5:c.0;:::56:;-EO'+~1"2 

~C;-:o-__c60"""'---_-_-~3."'8;:o208~Eo--05~--- _ _,;1"'2_;_4."'060~- ;:o248~.0_1.1;-;9;-. O.OOE+OO 4.74E-03 9.48E-03 0.3750 2.447E+12 
Cs-l34 4.8693E_ol 124.060 248.119 O.ooE+OO 6.04E+Ol 1.21E+02 0.5750 3.362E+13 
-;C;::S...:-1;-;35;'O-----------=3.:::44.:::77:=;Eo--06~------;1"'2-c4~.060~----;:0248~.0-119 O.ooE+OO 4.28E-04 8.55E_Q4 0.8500 4.707E+12 
-;:CC'S-:-1,,3";7 ...:2;;:.-;:;87;;;3~1"'E,,+OO;;;:_- __-__;1"'2_c4."'060~_---;:o248.~.119 O.ooE+OO 3.56E+02 7.13E+02 1.2500 8.759E+ll 
-;:E"'u...:-l:.::5:-=4 8='.'=2"'05='3"Eo_-o=2=---------;1__:::2::4.~060=-----7248"",.1.:.19 O.ooE+OO 1.02E+Ol 2.04E+Ol 1.7500c:--:- -::3:::.6"-73=EO'+-'1~0 
Eu-155 3.9134E-02 124.060 248.119 O.ooE+OO 4.85E+OO 9.71E+OO 2.2500 7.705E+l0 
-;Fc:e--;5"'5~-------6".c;7:;-42;;;9"Eo--0;;:3;;---------:1"'2-;-4."'060~----;:0248~.10-~19 O.ooE+OO 8.37E-Ol 1.67E+OO 2.7500 4.432E+08 
H-3 1.0599E-02 124.060 248.119 O.ooE+OO 1.31 E+OO 2.63E+OO 3.5000 4.917E+07 
1-129 7.53OOE_o7 124.060 248.119 O.ooE+OO 9.34E_05 1.87E_Q4 5.ססOO 1.470E+02 
-;-;Kc:'r_oc85;O---------O;2;-;.85~95"'Eo--0~1;------cl;;2~4"'.060~------;2°48~.119 0.00'=E.:.+OO="_"-----"3."'5~5E~+O~1-----=7"'.09'?oE+O~1-+-_'_:7."'0000=,----...:1"'.639=E::,+:o..:.0l 
Np-237 9.5479E-06 124.060 248.119 O.oOE+OO 1.18E-03 2.37E-03 11.ססOO 1.847E+00 

.,P"'a""'-2"'3;O-l-------"8."'92;;;9"7"'Ecc-l"0,-------""'1"'2-;-4."'060;;;;--------;;2"""48"'.0-11;-;;-9 ---0-.00:~E:::+OO:sc---~1'-O.1';-lE""-.;;0~7---.;;2::;.2:;;2;=E_o~7-+-=='-----""== 
-=P:e,b-..::2"'10:=--- ...:3"'.7:-'60=9=-E-__;1"'2-----71724"'.060~'-----7248::o: ..~119 O.ooE+OO 4.67E-l0 9.33E-l0 
-;;PC'm';;-1"'4;;-7 ___;2"'.54~5_;:;2E""+OO~----_;_l;:o24i_'.060~:_---;:o248;;;__;_.1: 19 O.ooE+OO 3.16E+02 6.32E+02 
Pu-238 2.0550E-02 124.060 248.119 O.ooE+OO 2.55E+OO 5.10E+OO 
.,Pc:=Uc.;-2:;:3'=9--------47.~2838:c:?:'=E--;_Q4:=;--------;1--:::24.:.."060="-"------:::2c;:48='.':'11'"9 O.ooE+OO 5.31 E_o2 1.06E_Ol 
Pu-240 2.4401E_Q4 124.060 248.119 O.ooE+OO 3.03E_o2 6.05E_o2 

-;;P:e,U--,:2-74=-1 ---:::6"".8~764=Eo_-o=2=_----1'C2"'4"'.060"""------'2"'48"'.::.11:9 O.ooE+OO 8.53E+OO 1.71 E+Ol 
Pu-242 3.6329E-07 124.060 248.119 O.ooE+OO 4.51E_05 9.01E-05 
Ra-226 3.8045E-l1 124.060 248.119 O.ooE+OO 4.72E_o9 9.44E-09 
Ra-228 2.9902E-15 124.060 248.119 O.ooE+OO 3.71E-13 7.42E-13 
Ru-l06 1.9055E_ol 124.060 248.119 O.ooE+OO 2.36E+Ol 4.73E+Ol 
-;:S"'e-...:7--=9~------.....:.1.72936='=E--;-05::----_____;1__:::24::.o:060="_"------:::248~.119 O.ooE+OO 1.60E_o3 3.21 E-03 
Sn-126 1.1574E_05 124.060 248.119 O.ooE+OO 1.44E_o3 2.87E-03 
Sr-90 2.7505E+OO 124.060 248.119 O.ooE+OO 3.41E+02 6.82E+02 
""T~C-_;99~--------4i_'.~22~3;;:9~E__;-Q4;;;-----_____;1"'24.;:.,,060="_"------:::248~.119 O.ooE+OO 5.24E-02 l.05E_ol 
Th-229 1.8848E-12 124.060 248.119 O.ooE+OO 2.34E-l0 4.68E-l0 
Th-230 1.7042E-08 124.060 248.119 O.ooE+OO 2.11E-06 4.23E-06 
""Th"'--~2"'32;;----------"""7;'-;.8~1~32~E=---o-15=----~12'"'4"'.060~--------;2~48:.119 0.00:;E::.+OO="_"----=9"'.6c=9=-E-__;1--=3---...:1"'.94~E__;-1c::2C.--11 
T1-208 4.4063E-oB 124.060 248.119 O.ooE+OO 5.47E-06 1.09E_05 
U-232 1.3151E-07 124.060 248.119 O.ooE+OO 1.63E_05 3.26E-05 Thermal Power 
U-233 1.9564E-09 124.060 248.119 ;:;He:ai:it;;-;-iBr;o:::u~n:::dl:in::g:-0.06E:::::+OO~---2;,.~4'i;3E~_O~7----4:;-:.ii85~E~_o~7---jj;No;;;::m=in;:;a:i'1
7U;-:-2~34;7--------1i-'.83~7"'1~E-;_Q4:-;--------;l;:024.;:."060~----:::248~.1'":1;;:9----;--0"'."00;;;E=-+OO'=----=2.28E_o2 4.56E-02 Output Heat Output 
U-235 -2.7235E-06 124.060 0.000 7.87E_Q4 4.49E_Q4 7.87E_Q4 (Wattsl (Watts) 

,U..-2;;;36o;;;- --,1.--=54;:;93~E"-05~_---_,;1c:;2:-=4:::.060~_--_=248"_'__'_;;.119 O.ooE+OO 1.92E_o3 3.84E-03 6.29E+OO 1.26E+Ol 
U-238 -4.2851E-09 124.060 0.000 1.36E-05 1.31E-05 1.36E-05 Total Total 
V-90 2.7505E+OO 124.060 248.119 O.ooE+OO 3.41E+02 6.82E+02 
Other Radionuclides 6.36E+02 1.28E+03 
W. TeIllDIate SeIedion Suntmarv. B andCbedis 
Template Selection Summary 

From SFD Used Basis for Parameter Differences:
Reactor Modera!:or:f------'u=.G=:HT-:::--;W"'A:;.T.=E-'"_-+_-=L1.=GHT"C:-W:-::'A:T:..:E=."C.--1 

BOL .::.~=':~I-----c~~L~~~~c----f---."A""L~'CM"'----f 
BOL Enrichment Of.: 90.00000989 60 to 100 

Bumup Summary (MWd) Basis for bumup used in estimate: 
From SFD I EsUmated 

Nomlnal:1 I 124.060 Nominal bumup calculated from the heavy metal mass destroyed. 
Bounding: I 248.119 Bounding bumup assumed to be twice nominal bumup. 

Checks 
Estimated Bumupl 

BumUD MultiDlier Given Bumup Estimated EOL HMiGIven EOL HM 
Nominal: 0.97 I 1.031 

Bounding: 1.95 ,
Reactor shutdown, cora removal. storage, shipping or other date confmnlng that Irradiation ceased for fuel. 

1"olal bumup for all fuel associated with this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWdIMT). 

DOElSNF/REP_o78 December 2003 
Revision 1 PageC-l56 
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Fuel Radionuclide Inventory Worksheet 

I. Fuel and TeDlJllate Infonuation 
Fuel Name: FRR MTR-S (GERMANY) 1Fuel decay start date: 2010 

SNF ID #: 1067 Estimates as of: 2010 
Fuel Units & Oeser: 7 - ASSEMBLY Template: ATR (Ught Water, Alum.• 60 to 100%. U) 

Estimated 
Canister usage: 

18"x10' 
I 0.29 I 

Heavy Metal Ma••: BOL=14.70kg ; EOl=12.94kg ~emplate Bumup(MWd): 367.2
 
ROD Storage Site: SRS Templata BOL Heavy Metal Mass (MT): 0.00116689
 

Templata Decay Time: 5 years
 

n. Estimates m x.. x. b y.. y.
 

CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel
 
Radionuclide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories{Ci)
 
Ac-227 1.4545E-10 1,670.542 3,341.084 o.ooE+OO 2.43E-07 4.86E-07
 
Am-241 1.1190E-03 1,670.542 3,341.084 O.ooE+OO 1.87E+OO 3.74E+OO
 
Am-242m 4.5425E-07 1,670.542 3,341.084 O.ooE+OO 7.59E-04 1.52E-03
 
Am-243 1.4921E-06 1,670.542 3,341.084 O.ooE+OO 2.49E-03 4.99E-Q3
 
C-14 5.7244E-Q9 1,670.542 3,341.084 O.ooE+OO 9.56E-Q6 1.91E-05
 
CI-36 1.3124E-32 1,670.542 3,341.084 O.ooE+OO 2.19E-29 4.38E-29
 
Cm-243 2.3676E-07 1,670.542 3,341.084 O.ooE+OO 3.96E-04 7.91E-04
 
Cm-244 52042E-Q5 1.670.542 3,341.084 O.ooE+OO 8.69E-Q2 1.74E-01
 
Co-50 3.8208E-05 1.670.542 3,341.084 O.ooE+OO 6.38E-02 1.28E-01
 
Cs-l34 4.8693E-01 1,670.542 3,341.084 O.ooE+OO 8.13E+02 1.63E+03
 
Cs-135 3.4477E-06 1,670.542 3,341.084 O.ooE+OO 5.76E-03 1.15E-02
 
Cs-137 2.8731E+OO 1,670.542 3,341.084 O.ooE+OO 4.80E+03 9.5OE+03
 
Eu-154 8.2053E-02 1,670.542 3,341.084 o.ooE+OO 1.37E+02 2.74E+02
 
Eu-155 3.9134E-Q2 1,670.542 3,341.084 O.ooE+OO 6.54E+01 1.31E+02
 
Fe-55 6.7429E-03 1,670.542 3,341.084 O.ooE+OO 1.13E+01 2.25E+01
 
H-3 1.0599E-Q2 1,670.542 3,341.084 O.ooE+OO 1.77E+01 3.54E+01
 
1-129 7.5300E-07 1,670.542 3,341.084 O.ooE+OO 1.26E-03 2.52E-03
 
Kr-85 2.8595E-01 1,670.542 3,341.084 O.ooE+OO 4.78E+02 9.55E+02
 
Np-237 9.5479E-06 1,670.542 3,341.084 O.ooE+OO 1.5OE-02 3.19E-02
 
Pa-231 8.9297E-10 1,670.542 3,341.084 O.ooE+OO 1.49E-06 2.98E-06
 
Pt>-210 3.7509E-12 1,670.542 3,341.084 o.ooE+OO 6.28E-09 1.26E-08
 
Pm-147 2.5452E+OO 1,670.542 3,341.084 O.ooE+OO 4.25E+03 8.50E+03
 
Pu-238 2.0550E-Q2 1,670.542 3,341.084 O.ooE+OO 3.43E+01 6.87E+01
 
Pu-239 4.2838E-04 1,670.542 3,341.084 o.ooE+OO 7.16E-Q1 1.43E+OO
 
Pu-240 2.44Q1E-04 1,670.542 3,341.084 O.ooE+OO 4.08E-01 8.15E-Q1
 
Pu-241 6.8764E-02 1,670.542 3,341.084 O.ooE+OO 1.15E+02 2.30E+02
 
Pu-242 3.6329E-Q7 1,670.542 3,341.084 O.ooE+OO 6.07E-04 1.21E-03
 
Ra-226 3.8045E-11 1,670.542 3,341.084 O.ooE+OO 6.36E-08 1.27E-Q7
 
Ra-228 2.9902E-15 1,670.542 3,341.084 O.ooE+OO 5.ooE-12 9.99E-12
 
Ru-106 1.9055E-Q1 1,670.542 3,341.084 O.ooE+OO 3.18E+02 6.37E+02
 
5e-79 1.2936E-Q5 1,670.542 3,341.084 O.ooE+OO 2.16E-Q2 4.32E-Q2
 
5n-126 1.1574E-Q5 1,670.542 3,341.084 O.ooE+OO 1.93E-Q2 3.87E-Q2
 
5r-90 2.7505E+OO 1,670.542 3,341.084 O.ooE+OO 4.59E+03 9.19E+03
 
Tc-99 4.2239E-Q4 1,670.542 3,341.084 O.OOE+OO 7.06E-D1 1.41E+OO
 
Th-229 1.8848E-12 1,670.542 3,341.084 O.ooE+OO 3.15E-09 6.30E-Q9
 
Th-230 1.7042E-oB 1,670.542 3,341.084 O.ooE+OO 2.85E-05 5.69E-Q5
 
Th-232 7.8132E-15 1,670.542 3,341.084 O.ooE+OO 1.31E-11 2.61E-11
 
TI-208 4.4063E-oB 1,670.542 3,341.084 O.ooE+OO 7_36E-05 1.47E-04
 
U-232 1.3151E-Q7 1,670.542 3,341.084 O.ooE+OO 2.20E-04 4.39E-04
 
U-233 1.9564E-Q9 1,670.542 3,341.084 O.ooE+OO 3.27E-06 6.54E-Q6
 
U-234 1.8371E-04 1,670.542 3,341.084 O.ooE+OO 3.07E-01 6.14E-Q1
 
U-235 -2.7235E-Q6 1,670.542 0.000 6.35E-Q3 1.80E-Q3 6.35E-Q3
 
U-236 1.5493E-Q5 1,670.542 3,341.084 O.ooE+OO 2.59E-Q2 5.18E-Q2
 
U-238 -4.2851E-Q9 1,670.542 0.000 3.95E-Q3 3.95E-03 3.95E-Q3
 
Y-90 2.7505E+OO 1,670.542 3,341.084 O.ooE+OO 4.59E+03 9.19E+03
 
Other Radionuelides 8.59E+03 1.72E+04
 

Gamma Sources 
Photon Total 
Energy Photons/sec 
Group (bounding) 

Avg.MeV 
0.0150 6.446E+14 
0.0250 1.389E+14 
0.0375 1.281E+14 
0.0575 1.260E+14 
0.0850 8.033E+13 
0.1250 6.956E+13 
0.2250 6.808E+13 
0.3750 3.296E+13 
0.5750 4.527E+14 
0.8500 6.339E+13 
1.2500 1.179E+13 
1.7500 4.946E+l1 
2.2500 1.037E+12 
2.7500 5.968E+09 
3.5000 6.621E+09 
 OO 1.988E+03סס.5
 OO 2.216E+02סס.7
 OO 2.498E+Olסס.11

Thermal Power 
Nominal Heat Bounding 

Oulput HeatOulput 
/Wattsl (Watts) 
8.47E+01 1.69E+02 

Total Total 

m. Template SeIeetioIlSumol;lrv,& and 'Ched<lo 
Template selection Summary 

FromSFD Used Basis for Parameter Differences: 
UGHTWATEA LIGHT WATER This Tempfate was used for the following reasons:
 --: F.... Cladding: ALUM ALUM This fuel matches on all parameters except enrichment.
 

Bumup Summary (MWd) Basis lor bumup used in estimate: 
FromSFD Estimated 

Nominal: 1,670.542 Nominal bumtil' calculaled from the heavy metal mass destroyed. 
Boundlng:1 I 3,341.084 Bounding bumup assumed 10 be twice nominal bumup. 

Checks 

Estimated Bumupf 
Bumup Multiplier Given Bumup Estimated EOL HMlGlven EOL HM 

Nominal: 0.36 I 1.011 
Bounding:1 0.72 , 

Reactor shutdown, core removal, storage, shipping or other date confirming that IlTadlation ceased for fuel. 

~otal bumup for all fuel associated With this worKsheet must be divided by BOL heavy metal mass to get specific bumup vatues (MWdlMT). 

DOEl5NF/REP-078 December 2003 
RevisIOn 1 PageC-157 
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Templat. Information Estimated 

Fuel Name: FRR MTR·S (GERMANY) , Fuel decay start date: 2010 Canister usage: 
SNFID#: 582 Estimates as of: 2010 18"xl0' 

Fuel Units & Oeser: 1 • MTR TYPE Template: ATR (Ught Water, Alum.• 60 to 100~o, U) 0.04 
Heavy Metal Ma<s: BOl.=.18kg ; EOL=.13kg "Template Bumup(MWd); 367.2 
ROD Storage Site: SRS Template BOl Heavy Metal Mass (MT): 0.00116689 

Template Decay Time' 5 years 
ll. Estimates m x.. b Y.. Yb Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuelide Template Fuel Burnup (MWd)' Burnup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ae·227 1.4545E·l0 48.109 96.217 O.OOE+OO 7.00E-09 1.40E-08 Avg MeV 
·Ani=241---~--~E:--0;;:3;-~---48~.lO-;O"9O------~96.217---O:00E+OO 5.38E-02 1.08E-;-0"1:.....-1f:.....":0,·.0~~·1:::50:---1Jl56-E+-1-3 
Am-242m 4.5425E-07 48.109 96.217 0.OOE~--2.19-E:-:_Q~5=---.......;4.:;.3c.::7"'E-:-Q5;;,--jf----'0".0::2;;:5O:;----::3c.:999~E='+-:,:;;2
 
Am-243 1.4921E-06 48.109 96.217 O.OOE+OO 7.18E-05 I.44E-04 0.0375 3.690E+12 
C-14 5.7244E_Q9 48.109 96.217 O.OOE+OO 2.75E-07 5.51E-07 0.0575 3.629E+12 
CI-36 1.3124E-32 48.109 96.217 0.OOE+O~-~.31E-31 1.26E-30 0.0850 2.313E+12 
Cm-243 2.3676E-07 48.109 96.217-- -O:OOE+oo 1.14E-05 2.28E-Q5 0.1250 2.oo3E+12 
Cm-244 5.2042E_Q5 48.109 96.217 O.ooE+OO 2.50E-03 5.01E-03 0.2250 1.961E+12 
Co-GO 3.8208E-05 48.109 96.2i7---0-.00E~+OO~---"'1.::::84.:;;=E-~0"'3---"'::03.::::68-=E~--~03~-11---=0·~.3=7=-50o----:'9:.::.4=-91:cE"+-'1,=-
(;5-134 4.8693E-Ol 48.109 96.217 O:OOE+OO---2.34.c;Ec,+O-';;';-1---4:;-."'69~E~C+O-';;';-1-+""':0:'.5;:7;;'5O;;-----O"'.~304:~E+:':1:;;-3 
Cs·l35 3.4477E_Q6 48.109 96.217 O.OOE+OO 1.66E-04 3.32E-Q4 0.8500 1.825E+12 
CS-137 2.8731E+OO 48.109 96.217 O.OOE+OO 1.38E+02 2.76E+02 1.2500 3.397E+11 
Eu-154 8.2053E-02 48.109 96.217 O.ooE+OO 3.95E+OO 7.89E+OO 1.7500 1.424E+10 
Eu-155 3.9134E_Q2 48.109 96.217--- O.ooE+OO I.88E+OO 3.77E+OO 2.2500 2.988E+10 

1''':55 6.7429E-03 48.109 96.217----0-.00E+OO~---c3"'."'24;';E'-'-O;cl;O-----'f:6.'-;49;;;E:~_Q-i<l;O--j1--'2~.75OO 1.719E+08 
H-3 1.0599E-02 48.109 96.217 o.ooE+OO 5.10E-Ol 1.02E+OO 3.5000 1.907E+07 
1-129 7.5300E_Q7 48.109 96.217 O.OOE+OO 3.62E-05 7.25E-Q5 5.0000 S.699E+01 
Kr-85 2.8595E_Ql 48.109 96.217 O.ooE+OO 1.38E+Ol 2.75E+Ol 7.0000 6.354E+OO 
Np-237 9.5479E-Q6 48.109 96.217 O.oOE+OO 4.59E-04 9.19E-Q4 11.0000 7.162E_Q1 
Pa-231 8.9297E-l0 48.109 96.217 O.ooE+OO 4.30E-oB 8.59E-06 
Pb-21 0 3.7609E-12 48.109 96.217 O.ooE+OO 1.81E-l0 3.62E-l0 
Pm-147 2.5452E+OO 48.109 96.217 O.ooE+OO 1.22E+02 2.45E+02 
Pu-238 2.0550E_Q2 48.109 96.217 O.ooE+OO 9.89E_Ql 1.98E+OO 
Pu-239 4.2838E-Q4 48.109 96.217 O.OOE+OO 2.06E-02 4.12E-02 
Pu-240 2.4401E-Q4 48.109 96.217 O.ooE+OO 1.17E_Q2 2.35E_Q2 
Pu-241 6.8764E-Q2 48.109 96.217 O.OOE+OO 3.31E+OO 6.62E+OO 
Pu-242 3.6329E-07 48.109 96.217 O.ooE+OO 1.75E-Q5 3.50E_Q5 
Ra-226 3.8045E-ll 48.109 96.217 O.ooE+OO 1.63E-Q9 3.66E-Q9 
Ra-228 2.9902E-15 48.109 96.217 O.oOE+OO 1.44E-13 2.88E-13 
Ru-l06 1.9055E-Ql 48.109 96.217 O.ooE+OO 9:17E+OO 1.63E+Ol 
5e-79 1.2936E_Q5 48.109 96.217 O.ooE+OO 6.22E-Q4 1.24E-Q3 
50-126 1.1574E_Q5 48.109 96.217 O.ooE+OO 5.57E-Q4 1.11E-Q3 
5r-90 2.7505E+OO 48.109 96.217 O.ooE+OO 1.32E+02 2.65E+02 
Te-99 4.2239E-04 48.109 98.217 O.ooE+OO 2.03E-Q2 4.06E_Q2 
Th-229 1.8848E-12 48.109 96.217 O.ooE+OO 9.07E-l1 1.81E-l0 
Th-230 1.7042E-06 48.109 96.217 O.ooE+OO 8.20E_Q7 1.64E-Q6 
Th-232 7.8132E-15 48.109 96.217 O.OOE+OO 3.76E-13 7.52E-13 
11-208 4.4063E-oB 48.109 96.217 O.OoE+OO 2.12E-06 4.24E-Q6 
U-232 1.3151E_Q7 48.109 96.217 O.ooE+OO 6.33E-06 1.27E-Q5 Thermal Power 
-;:U;-:-2~33~--_--_--.:-I::::.9564=:-:;E=_-Q9~----_48~.-;-10~9;--_----c96===:.2:=-1.:-=7:- O=-.':=-00~E=_+OO~._--""9":.4o-:1:::E:..:-oa~---..:1.:o.88=E_;-Q"'7.__IINomin'"Heat Bounding
U-234 1.8371E-Q4 48.109 96.217 O.ooE+OO 8.84E-03 1.77E_Q2 Output Heat Output 
U-235 -2.7235E-06 48.109 0.000 3.54E-Q4 2.23E-Q4 3.54E-Q4 /Wattsl /Wattsl 
U-236 1.5493E-Q5 48.109 96217 O.ooE+OO 7.45E-Q4 1.49E-Q3 2.44E+OO 4.88E+OO 
U-238 -4.2851E_Q9 48.109 0.000 4.15E-06 3.94E-06 4.15E-06 Total Total 
Y-90 2.7505E+OO 48.109 96.217 O.ooE+OO 1.32E-Hl2 2.65E+02 
Other Radionuelides 2.47E+02 4.95E+02 
ID. Tl!IlIpIare SeIediotl· Summary, B ,andCheeb 
Temolate Selection Summary 

From SFD Used Basis for Paramerer Differences:
Reactor Moderator: UGHT WATER LIGHT WATER 

Fuel C1adding:I-----'=-:cAL'"'U.;.;M.;:--"--+---=:.::A';-LU'"'M~::..:..--1 

BO~~==:I--cc92,".~=A7'LX=3=---I---60c-c't~'-1'"'OOcc---l 

Burnup Summary (MWd)< Basis for bumup used in estimate: 
From SFD Estimated

Nomlna';II- -+ ...:48:=.:.:1:=09'-!NorrOnai bumup cal_ed fromlhe heavy metal mass destroyed. 
Boundl::tg:1 I 96.217 Bounding bumup assumed to b&twice nominal bumup. 

Checks 
Estimated Bumupl 

Bumup Multiplier Given Bumup Estimated EOL HMiGiven EOl HM
 
Nominal: 0.87
 I 1.021 

Bounding: 1.73 ,
Reactor shutdo",,", cora removal, storage, shIpping or other date confmnlng that Irradiation ceased for fuel.
 

2Total bumup for all fu€1 associated with this wol1<sheet must be divided by BOl heavy metal mass to get specific bumup values (MWd'MT).
 

DOEl5NF/REP_Q78 December 2003 
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Template IntomIatlOll Eslimated
 

Fuel Name: FRR MTR-S (GERMANY) 'Fuel decay start date: 2010 Canister usage:
 
SNFID#: 585 Estimates as of: 2010 18"x10' 

Fuel Unlls & Oeser: 50 - MTR TYPE Template: TRIGA-AI (LWIU-Zrx. Alum., 10 to 2O~o. U) 2.08 
_vy Metal Mass: BOl=9.68k9 ; E0l=4.64k9 'Tempi'" Bumup(MWd): 6.65
 
ROD Storage SIIe: SRS Template BOL _vy Melal Mass (MT): 0.00018
 

Template Decay Time" 5 years
 
U.Estimates m x" x. b y" Y. Gamma Sources 

Photon Total 
CUMWdFrom Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuelide Template Fuel Burnup (MWd)' Burnup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ae-227 8.0632E-10 4,810.774 9,234.967 O.OOE+OO 3.88E-OO 7.45E-OO AV9· MeV 
Am-241 2.2586E-03 4,810.774 9,234.967 O.OOE+OO 1.09E+Ol 2.09E+01 0.0150 1.563E+15 
Am-242m 1.9925E-Q6 4,810.774 9,234.967 O.OOE+OO 9.59E-03 1.84E-02 0.0250 3.392E+14 
Am-243 2.3323E-Q7 4,810.774 9,234.967 O.OOE+OO 1.12E-03 2.15E-03 0.0375 4.226E+14 
C-14 4.3308E-05 4,810.774 9,234.967 O.OOE+OO 2.08E-Ol 4.00E-Ql 0.0575 3.240E+14 
CI-36 4.3023E-08 4,810.774 9,234.967 O.OOE+OO 2.07E-Q4 3.97E-04 0.0850 2.267E+14 
Cm-243 2.7429E-07 4,810.774 9,234.967 O.OOE+OO 1.32E-03 2.53E-03 0.1250 3.392E+14 
Cm-244 3.1504E-Q6 4,810.774 9,234.967 O.OOE+OO 1.52E-02 2.91E-Q2 0.2250 1.893E+14 
Co-50 3.1008E-02 4,810.774 9,234.967 O.OOE+OO 1.49E+02 2.86E+02 0.3750 8.425E+13 
Cs-l34 1.0367E-Ol 4,810.774 9,234.967 O.OOE+OO 4.99E+02 9.57E+02 0.5750 1.068E+15 
Cs-135 3.1549E-05 4,810.774 9,234.967 O.OOE+OO 1.52E-Ol 2.91E-Ol 0.8500 2.629E+14 
Cs-137 2.7564E+OO 4,810.774 9,234.967 O.OOE+OO l.33E+04 2.55E+04 1.2500 2.726E+14 
Eu-l54 1.3490E+OO 4,810.774 9,234.967 O.OOE+OO 6.49E+03 1.25E+04 1.7500 7.800E+12 
Eu-155 4.3660E-Ol 4,810.774 9,234.967 O.OOE+OO 2.11E+03 4.05E+03 2.2500 9.482E+11 
Fe-55 8.6782E-Q3 4,810.774 9,234.967 O.OOE+OO 4.17E+Ol 8.01E+Ol 2.7500 7.701E+09 
H-3 1.0805E-02 4,810.774 9,234.967 O.OOE+OO 5.20E+Ol 9.98E+Ol 3.5000 9.004E+08 
1-129 7.3605E-Q7 4,810.774 9,234.967 O.OOE+OO 3.55E-03 6.82E-03 5.ססOO 5.268E+03 
Kr-85 2.5218E-01 4,810.774 9,234.967 O.OOE+OO 1.21E+03 2.33E+03 7.ססOO 5.961E+02 
Np-237 1.4463E-Q6 4,810.774 9,234.967 O.OOE+OO 6.96E-03 1.34E-Q2 11.ססOO 6.790E+Ol 
Pa-231 3.5970E-Q9 4,810.774 9,234.967 O.OOE+OO 1.73E-05 3.32E-05 
Pb-210 8.2511E-15 4,810.774 9,234.967 O.OOE+OO 3.97E-ll 7.62E-ll 
Pm-147 2.0767E+OO 4,810.774 9,234.967 O.OOE+OO 9.99E+03 1.92E+04 
Pu-236 1.3514E-Q3 4,810.774 9,234.967 O.OOE+OO 6.50E+OO 125E+Ol 
Pu-239 5.6947E-03 4,810.774 9,234.967 O.OOE+OO 2.74E+01 5.26E+Ol 
Pu-240 2.2847E-03 4,810.774 9,234.967 O.OOE+OO l.09E+Ol 2.09E+Ol 
Pu-241 1.2574E-01 4,810.774 9,234.967 O.OOE+OO 6.05E+02 1.16E+03 
Pu-242 3.0602E-Q7 4,810.774 9,234.967 O.OOE+OO 1.47E-03 2.83E-03 
Ra-226 5.7353E-14 4,810.774 9,234.967 O.OOE+OO 2.76E-10 5.30E-l0 
Ra-228 1.8150E-l0 4,810.774 9,234.967 O.OOE+OO 8.73E-Q7 1.68E-OO 
Ru-lOO 9.3744E-02 4,810.774 9,234.967 O.OOE+OO 4.51E+02 8.86E+02 
S6079 1.2938E-Q5 4,810.774 9,234.967 O.OOE+OO e.22E-02 1.19E-Q1 
Sn-126 1.2239E-Q5 4,810.774 9,234.967 O.OOE+OO 5.89E-02 1.13E-Q1 
Sr-90 2.6000E+OO 4.810.774 9,234.967 O.OOE+OO 1.25E+04 2.40E+04 
Te-99 4.4120E-04 4,810.774 9,234.967 O.OOE+OO 2.12E+OO 4.07E+OO 
Th-229 1.4749E-10 4,810.774 9,234.967 O.OOE+OO 7.10E-07 1.36E-OO 
Th-230 1.9549E-ll 4,810.774 9,234.967 O.OOE+OO 9.40E-08 1.81E-Q7 
Th-232 2.3744E-l0 4,810.774 9,234.967 O.OOE+OO 1.14E-Q6 2.19E-Q6 
TI-208 1.9459E-oB 4,810.774 9,234.967 O.OOE+OO 9.36E-Q5 1.5OE-04 
U-232 5.5015E-oB 4,810.774 9,234.967 O.OOE+OO 2.69E-Q4 5.17E-Q4 Thermal Power 
U-233 1.3132E-Q7 4,810.774 9,234.967 O.OOE+OO 6.32E-04 1.21E-Q3 Nominal Heat Bounding 
U-234 1.7323E-Q7 4,810.774 9,234.967 O.OOE+OO 8.33E-Q4 1.5OE-Q3 Output Heat Output 
U-235 -2.6159E-OO 4,810.774 0.000 1.94E-02 6.86E-03 1.94E-02 (Watts) twattsi 
U-236 1.2717E-Q5 4,810.774 9,234.967 O.OOE+OO 6.12E-Q2 1.17E-Ql 2.42E+02 4,64E+02 
U-238 -3.8857E-oB 4,810.774 0.000 2.28E-Q4 4.07E-05 2.28E-Q4 Total Total 
V-90 2.5015E+OO 4,810.774 9,234.967 O.OOE+OO 1.25E+04 2.40E+04 
Other Radionuelides 1.83E+04 3.51E+04 

m. Templale SdedJim· ~r.v, andCItecks 
Template selection Summary 

FromSFD Used Basis for Parameter Differences: 
Reactor Moderator: LW AND U ZIRC HYDRIDE LW AND U ZIRC HYDRIDE This Template was used for the following reasons: 

Fuel Cladding: ALUM ALUM This fuel matches on all parameters except enrichment. 
BOL HM Constltuenls: lJ-ALX U 

SOL Enrichment Ok: 92.9999938 10t02O 

Bumup Summary (MWd)' Basis for burnuD used in estimate: 
FromSFD Estimated 

Nominal: 4.810.n4 Nominal bumup calculated from the heavy metal mass destroyed. 
Boundlng:1 I 9.234.967 Bounding bumup calCtllated assuming all BOL heaVy metal burned. 

Checks 

Estimated Bumupl 
BumuD MultipJler Given Bumup Estimated EOL HMlGlven EOL HM 

Nominal: 13.46 I 1.021 
Bounding: I 25.84.Reactor shutdown, core removal. storage, shiPPing or olher dale conftrrmng thai Irradiation ceased for fuel.
 

2rolal bumup for all fuel associated with lhis worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWd'MT).
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and TempIat. Wunuation Estimated 

Fuel Name: FRR MTR-S (GERMANY) 'Fuel decay start date: 2010 Canister usage: 
SNFIO#: 584 Estimates as of: 2010 18"xl0' 

Fuel Units & Oeser: 44 - MTR TYPE Template: ATR (U9h1 Water. Alum.. 60 to 100%. U) 1.83 
Heavy Metal Ma.s: BOl=8.14k9 ; EOl=5.94k9 'Template Bumup(MWd): 367.2 
ROD Storage Site: SRS Template BOl Heavy Metal Mass (MT): 0.00116689 

Template Decay Time' 5 years 
n. Eotimates m b y" Gamma Sources 

Photon TDial 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuelide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
AC-227 1.4545E-l0 2,075.109 4,150,218 O.OOE+OO 3.02E-Q7 6,04E-07 AV9, MeV 
",A,m,;c-724::..-1~---_-_._--,I",.lo.:l",90"E~--"03=-_----,=2,,,,0~7,,5.,-,1"iJg'C'- _____'4"',-"15:,o?',20.1'-'8~ ~8-.00-7E-+-14-0~1J0E+Oo---2-.:l2"E?-+OO~---""4".64'~E;-+oo;,;;---it---'-'0::-'.015O-
';AC':m"--_;;24-:c2;:.:m"----------o4";.5c:4_;;25~E~-"07;;_----2,,.:;;0,,75:==.i_l0;;:9~--.......,4;'_,1,,5~0::;.2,,1"'8--_---0,OOE+OO----9.43E-04 1.89E-Q3 0.0250 1.725E+14 
"'A"m7-~24::..3"--_--- -=I'=,4=9=-217:E~-"ooo,_---_2",==0=75:." ..cl0~9o_-----'4:.:.,1,,5~0::;.2,c1,,8'___-701>oE+oo 3.10E-03 6.19E-Q3 0.037.5 1._592_E+_1_4 
C-14 5.7244E-09 2,075.109 4,150,218 O.OOE+OO 1.'9E-05 2.38E-Q5 0.0575 1.565E+14 
-;iC""I-"'36;,---------~I.-;;-31:;';2;,;4"'E""-3;;;2.......,-----;2"',O;07;;5:-':.1;-::0"'9----'4'c, 1;-;5~0.21 8----0-.00E+oo 2.72E-29 5.45E-29 0.0850 9.978E+13 
~c"m:--~2:;:43o- -;:2";,3;;6:;7~6E;o-Q~7 ~2,,,,0~7;;.5':.;1,,09:o-_____'4:;:,.;;15,;0"'.2~,18 --o.OOE+oo 4.91 E-04 9.83E-04 0.1250 8.641E+13 
Cm-244 5.2042E-Q5 2,075.109 4,150.218---0-.00E+oo 1.08E-Ol 2.16E-Ol 0.2250 8.457E+13 
-C"0:::-'-;;60'::'-'-------·-""3".8;;:2"08~E""-05~------';2:::,0:=7;;:5.::.1~0"9------:'4,"'1""50.2i8·---MOE+OO 7.93E-Q2 1.59E-Ql 0.3750 4.094E+13 
Cs-l34 4.8693E-Ol 2,075.109 4,150.218 O.OOE+oo 1.01E+03 2.02E+03 0.5750 5.623E+14 
C"''O-S-..,1''35;:---------;3''.44~77~E''''-oo;-;;--------';2:::,0:=7;;:5.::.1~09O;-----4',"'1"50"'.0: 2 ::-18", ---~O.OOE+OO 7.15E-03 1.43E-02 0.8500 7.874E+13 

""C",S...,-1,;:3~7------~28;;,·.8;;:270;;;35",13",EE+OO';-Oo.;2--_---;2""O;o7;;5:_':.1;_::0"'9----,4;'_, 1;_::5",0'0;.2:18 O.OOE+OO 5.96E+03 31'.4191EE+04+0 1.2500 1.465E+13 
Eu-I54'=- ~""~=c-_----'2=',,,07=:5:== ..;-10"'9o_--.......,4:.:.,,"'5:0~~.21S O.ooE+OO 1.70E+02 2 1.7500 6.144E+11 
EU-155 3.9134E-Q2 2,075.109 4,150.21S--o:iioE+oO 8.12E+Ol 1.62E+02 2.2500 1.289E+12 
Fe-55 6.7429E-Q3 2,075.109 4,150.218 ~-o.OOE+OO 1.40E+Ol 2.80E+Ol 2.7500 7.414E+09 
H-3 1.0599E-02 2,075.109 4,150.218 O.OOE+OO 2.20E+Ol 4.40E+Ol 3.5000 8.225E+08 
1-129 7.5300E-Q7 2,075.109 4,150.218 ---O:-oOE+oo 1.56E-Q3 3.13E-Q3 5.ססOO 2.458E+03 
Kr-85 2.8595E-Ql 2,075.109 4,150.2i8---0~OOE+OO 5.93E+02 1.19E+03 7.ססOO 2.741E+02 
Np-237 9.5479E_Q6 2,075.109 4,150.2'-8--- O-:-ooE+OO 1.96E-02 3.96E-02 11.ססOO 3.089E+Ol 
Pa-231 8.9297E-l0 2,075.109 4,150.218 0.001::+00 1.85E-Q6 3.71E-OO 
Pb-21 0 3.7609E-12 2,075.109 4,150.218 0.OOE+OO;--__Oc-7:;;.8"'0i=-E-:',;0"'9 -il-';;.5:i'6~E-Q6~-__l1 
Pm-147 2.5452E+OO 2,075.109 4,150.218---O:-ooE",+oo,,··;;-__..:;5~.2~8"'E-'c+O;;:3o_---;I;:;.oo~EC'+04~--l1 
Pu-238 2.0550E-02 2,075.109 4,150.218 O.OOE+OO 4.26E+Ol 8.53E+Ol 
Pu-239 4.2838E-04 2,075.109 4,150.218 O.OOE+OO 8.89E-Ol 1.78E+OO 
Pu-240 2.4401 E_Q4 2,075.109 4,150.218 0.ooE-'c+OO:==--__--"5~.oo~E-.:;-0;;:1,---'_;;I~.0:=I;cE+OO_=_='-_/, 
Pu-241 6.8764E-Q2 2,075.109 4,150.218 0.001::+00 1.43E+02 2.85E+02 
Pu-242 3.8329E-Q7 2,075.109 4,150.218 O.OOE+OO 7.54E_Q4 1.51E-Q3 
Ra-226 3.8045E-ll 2,075.109 4,150.218 O.ooE+OO 7.89E-oB 1.58E-Q7 
Ra-228 2.9902E-15 2,075.109 4,150.218 O.ooE+OO 6.20E-12 1.24E-ll 
Ru-lOO 1.9055E-Ql 2,075.109 4,150.218 O.OOE+OO 3.95E+02 7.91E+02 
5e-79 1.2936E-Q5 2,075.109 4,150.2-18 O.OOE+OO 2.68E-Q2 5.37E-Q2 
5n-126 1.1574E-Q6 2,075.109 4,150.218 O.ooE+OO 2.40E-Q2 4,80E-Q2 
5r-90 2.7505E+OO 2,075.109 4,150.218 O.OOE+OO 5.71E+03 1.14E+04 
Tc-99 4.2239E_Q4 2,075.109 4,150.218 O.OOE+OO 8.76E-Ql 1.75E+OO 
Th-229 1.8648E-12 2,075.109 4,150.218 O.OOE+OO 3.91E-Q9 7.82E-Q9 
Th-230 1.7042E-oB 2,075_109 4,150.218 O.OOE+OO 3.54E-Q5 7.07E-Q5 
Th-232 7.8132E-15 2,075.109 4,150.218 O.OOE+OO 1.62E-ll 3.24E-ll 
TI-208 4.4063E-08 2,075.109 4,150.218 O.OOE+OO 9.14E-Q6 1.83E_Q4 
U-232 1.3151 E-Q7 2,075_109 4.15O.218 0_.ooE.:<:OO;;-__-::2"'.7::;3~E:..;-Q4~--___;5~.46~E:..;-Q4~-Jm=",.,;Ti_ihe;;,rma~;;.I.;.,p~ow~er=,..,...._ 
-cU;--2"'33~------_----:'I"'.9564;;;:;:-;E~-Q"9-;-------2,,,"'0=75:==.i_l0;;:9o_--.......,4;'_,1"5:-:0::;.2::1"'8-----;O~.00="E~+OO~-_-'_;;4~.06~E""-oo;_;_---,,8.':1_;;2,,E-06~--nNominal Bounding
Heat 
U-234 1.8371E_Q4 2,075.109 4,150.218 O.ooE+OO 3.81E-Ol 7.62E-Q1 OUtput Heat Oulput 
U-235 -2.7235E-Q6 2,075.109 0.000 1.64E-02 1.07E-Q2 1.64E-Q2 (WaltS) (Watts) 
U-236 1.5493E-Q5 2,075.109 4,150218 O.ooE+OO 3_21E-Q2 6.43E-Q2 1.05E+02 2-10E+02 
U-238 -4.2851E-Q9 2,075.109 0.000 1.91E_Q4 1.83E_Q4 1.91E_Q4 Total Total 
Y-90 2.7505E+OO 2,075.109 4,150.218 O.OOE+OO 5.71E+03 1.14E+04 
Other Radionuclides 1.07E+04 2.13E+04 

Template Selection Summary 
From SFD lJsed Basis for Parameter Differences: 

ReaetorModerat:or: UGHTWATER LIGHT WATER 
Fuel Claddi.g:I----'=.;-Al:-:U-::M.;--="--+--=:::A'-lUc:M:-:-:.:=-~ 

BOL HM Constituents: V-ALX U 
BOl Enrichment 0/0:1--::93"'.ססOO=='1"'838=---+--"60-=710'-,,:::00:;:----1 

Bumup Summary (MWd) Basis for bumup used in estimate: 
FromSFD I Estimated 

Nomlnal:1 I 2.075.109 Nominal bUmup calculated from the heavy metal mass destroyed. 
Bounding: 4,150.218 Bounding bumup e:ssumed to be twice nominal bumup. 

Checks 
Estima1Bd Bumupl 

Bumup MultiPlier Given Bumup Estimated EOL HMlGiven EOL HM 
Nomlnal:1 0.81 I 1.021 

Bounding: 1.62 ,
Reador shutdown. core removal, storage, shippmg or other date confnmmg that IrradiatiOn ceased for fuel. 

2Total bumup for all fU£1 associated with this worksheet must be divided by SOL heavy metal mass to get specific bumup values (MWdIMT). 
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Fuel Radionuclide Inventory Worksheet 
1. Fuelalld Template Information Estimated 

Fuel Name: FRR MTR-S (GREECE) 'Fuel decay start date: 2010 Canister usage: 
SNFID#: 532 Estimates as of: 2010 18"xl0' 

Fuel Units & Oeser: 67· ASSEMBLY Template: AlR (Ught Water, Alum., 60 to 100%, U) 2.79 
Heavy Metal Mass: BOl=74.37k9 ; EOl=67.68k9 'Template Bumup(MWd): 367.2 
ROD Storage Site: SRS Templste BOl Heavy Metal Mass (MT): 0.00116689 

Template Decay Time· 5 years 
n. Estimates m x. x, b Y. Yb Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ae-227 1.4545E-l0 6,332.340 12,664.680 O.ooE+OO 9.21E-07 1.84E-06 Avg. MeV 
Am-241 1.1190E-03 6,332.340 12,664.680 O.ooE+OO 7.09E+OO 1.42E+Ol 0.0150 2.443E+15 
Am-242m 4.5425E-07 6,332.340 12,664.680 O.ooE+OO 2.88E-03 5.75E-03 0.0250 5.264E+14 
Am-243 1.4921E-06 6,332.340 12,664.680 O.ooE+OO 9.45E-03 1.89E-Q2 0.0375 4.858E+14 
C-14 5.7244E-09 6,332.340 12,664.680 O.ooE+OO 3.62E-05 7.25E-05 0.0575 4.n6E+14 
CI-36 1.3124E-32 6,332.340 12,664.680 O.ooE+OO 8.31E-29 1.66E-28 0.0850 3.045E+14 
Cm-243 2.3676E-07 6,332.340 12,664.680 O.ooE+OO 1.50E-03 3.OOE-03 0.1250 2.637E+14 
Cm-244 5.2042E-05 6,332.340 12,664.680 O.ooE+OO 3.30E-Ol 6.59E-Ql 0.2250 2.581E+14 
Co-6O 3.8208E-05 6,332.340 12,664.680 O.ooE+OO 2.42E-Ol 4.84E-Ql 0.3750 1.249E+14 
Cs-l34 4.8693E-Ol 6,332.340 12,664.680 O.ooE+OO 3.08E+03 6.17E+03 0.5750 1.716E+15 
Cs-l35 3.4477E-06 6,332.340 12,664.680 O.ooE+OO 2.18E-Q2 4.37E-02 0.8500 2.403E+14 
Cs-137 2.8731E+OO 6,332.340 12,664.680 O.ooE+OO 1.82E+04 3.84E+04 1.2500 4.471E+13 
Eu-154 8.2053E-02 6,332.340 12,664.680 O.ooE+OO 5.20E+02 1.04E+03 1.7500 1.875E+12 
Eu-155 3.9134E-Q2 6,332.340 12,664.680 O.ooE+OO 2.48E+02 4.96E+02 2.2500 3.933E+12 
Fe-55 6.7429E-03 6,332.340 12,664.680 O.ooE+OO 4.27E+Ol 8.54E+Ol 2.7500 2.262E+l0 
H-3 1.0599E-02 6,332.340 12,664.680 O.ooE+OO 6.71 E+Ol 1.34E+02 3.5000 2.510E+09 
1-129 7.5300E-07 6,332.340 12,664.680 O.ooE+OO 4.77E-03 9.54E-03 5.ססOO 7.546E+03 
Kr-85 2.8595E-Ol 6,332.340 12,664.680 O.ooE+OO 1.81E+03 3.62E+03 7.ססOO 8.415E+02 
Np-237 9.5479E-06 6,332.340 12,664.680 O.ooE+OO 6.05E-02 1.21E-Ol 11.ססOO 9.486E+01 
Pa-231 8.9297E-1O 6,332.340 12,664.680 O.ooE+OO 5.65E-06 1.13E-05 
Pb-21 0 3.7609E-12 6,332.340 12,664.680 O.ooE+OO 2.38E-Q8 4.76E-Q8 
Pm-147 2.5452E+OO 6,332.340 12,664.680 O.ooE+OO 1.61E+04 3.22E+04 
Pu-238 2.0550E-02 6,332.340 12,664.680 O.ooE+OO 1.30E+02 2.60E+02 
Pu-239 4.2838E-Q4 6,332.340 12,664.680 O.ooE+OO 2.71E+OO 5.43E+OO 
Pu-240 2.4401E-Q4 6,332.340 12,664.680 O.ooE+OO 1.55E+OO 3.09E+OO 
Pu-241 6.8784E-02 6,332.340 12,664.680 O.ooE+OO 4.35E+02 8.71E+02 
Pu-242 3.6329E-Q7 6,332.340 12,664.680 O.ooE+OO 2.30E-03 4.60E-03 
Ra-226 3.8045E-ll 6,332.340 12,664.680 O.ooE+OO 2.41E-Q7 4.82E-Q7 
Ra-228 2.9902E-15 6,332.340 12,664.680 O.ooE+OO 1.89E-ll 3.79E-ll 
Ru-l06 1.9055E-Ol 6,332.340 12,664.680 O.ooE+OO 1.21E+03 2.41E+03 
5e-79 1.2936E-05 6,332.340 12,664.660 O.ooE+OO 8.19E-02 1.64E-Ql 
5n-126 1.1574E-Q5 6,332.340 12,664.660 O.ooE+OO 7.33E-02 1.47E-Ol 
5r-90 2.7505E+OO 6,332.340 12,664.660 O.ooE+OO 1.74E+04 3.48E+04 
Tc-99 4.2239E-04 6,332.340 12,664.680 O.OOE+OO 2.67E+OO 5.35E+OO 
Th-229 1.8848E-12 6,332.340 12,664.660 O.ooE+OO 1.19E-08 2.39E-08 
Th-230 1.7042E-08 6,332.340 12,664.660 O.ooE+OO 1.08E-Q4 2.16E-Q4 
Th-232 7.8132E-15 6,332.340 12,664.660 O.ooE+OO 4.95E-ll 9.90E-ll 
TI-208 4.4063E-08 6,332.340 12,664.660 O.ooE+OO 2.79E-04 5.58E-Q4 
U-232 1.3151E-Q7 6,332.340 12,664.660 O.ooE+OO 8.33E-04 1.67E-03 Thenmal Power 
U-233 1.9564E-09 6,332.340 12,664.660 O.ooE+OO 1.24E-DS 2.48E-Q5 Nominal Heat Bounding 
U-234 1.8371E-04 6,332.340 12,664.660 O.ooE+OO 1.16E+OO 2.33E+OO Output Heat Output 
U-235 -2.7235E-Q6 6,332.340 0.000 3.21E-02 1.49E-Q2 3.21E-Q2 !Wattsl !Wattsl 
U-236 1.5493E-Q5 6,332.340 12,664.660 O.ooE+OO 9.81E-Q2 1.96E-Ol 3.21E+02 6.42E+02 
U-238 -4.2851 E-Q9 6,332.340 0.000 2.ooE-Q2 2.ooE-Q2 2.ooE-Q2 Total Total 
Y-90 2.7505E+OO 6,332.340 12,664.660 O.ooE+OO 1.74E+04 3.48E+04 
Other Radianuelides 3.26E+04 6.51E+04 

W. Template~s..u-l'Y,p- lind Ched<s 
Template 5eIeetion Summary 

FromSFD Used Basis for Parameter Differences:
 
Reactor Moderator: UGHTWATER UGHTWATER This Templale was used for the following reasons:
 

Fuel Cladding: ALUM ALUM This 1",,1 matches ATR Template on all but one panuneter (enrichment) maJdng ATR a reasonable
 
BOl HM Constituents: U3S12 U match.
 

BOL Enrichment 0/.: 20 60 to 100 

Bumup Summary (MWd) Basis for burnup used in estimate: 
FromSFD Estimated 

Nomlnal:1 I 6,332.340 Norrinal bumUll _ad lrom the heavy meIaf mass desIroyad. 
Bounding:1 I 12,664.680 Bounding bumup assumed to be twice nominal bumup. 

Checks 

Estimated Bumupl
 
Bumup Multiplier
 Given BumuD Estimated EOL HMlGlven EOl HM 

Nominal: 0.27 I 1.011 
Bounding: 0.54 ,

Reactor shutdown, core removal, storage, shipping or other date confmnlng that Irradiation ceased for fuel. 

2rotal bumup for all fuel associated with this worksheet must be divided by BOl heavy metal mass to gel specific bumup values (MWd'MT). 
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Template lIlfonnation Estimated
 

Fuel Nam>: FRR MTR·S (INDONESIA) 'Fuel decay start date: 2010 Canister usage:
 
SNF 10 #: 502 Estimates as of: 2010 18"xl0'
 

Fuel Units & Oeser: 142 . ASSEMBLY Template: ATR (Ught Water, Alum., 60 to 100%. U) 5.92 
Heavy Metal MaS., BOl.=177.5Ok9 : EOl.=159.75k9 'Template Bumup(MWd): 367.2 
ROD Storage SIt9: SRS Template BOl Heavy Metal Mass (MT): 0.00116689 

Template Decay Time· 5 years 
n.Estimates m b y" Gamma Sources 

Photon Talai 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Burnup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac·227 1.4545~E.-;;1.:,0 ---:-16?'C;;C80=,9",.5=,94"-- 33==,.6,,,l;.:,:9.189 O.OOE+OO 2.44E.Q6 4.89E-06~_~f-...:A.::V:,,9:-;.Ma=-=v__--::-:::=-= 
Amm:2244:_~21=mc- 1;-,.1,,"1;-;90~E:-;-03~ ~16;;,,",80;;:9~.5~94;;-;-__---:33;;;-:;.6:;-;1:~9c:.i89-- O.OOE~-----':-8BE+01 3.76E+Ol 0.015O 6_.486E_+_1_5__A 4.5425E.Q7 16,809.594 33.619.189 O.OOE+OO 7.64E-03 1.53E-02 0.0250 1.397E+15 
Am-243
 1.4921E-06 16,809.594 33.619.189 O.OOE+OO 2.51E-02 5.02E-02 0.0375 1.289E+15 
C-14
 5.7244E.Q9 16,809.594 33.619.189 O.OOE+OO 9.62"'E,,-05;;;;- "'1."'92"'E,,-04=-_-11----:0"'.05::;:-7:5 1.268E+15 
CI-36 1.3124E-32 16,809.594 33.619.189-----O'OOE+oo 2.21E-28 4.41E-28 0.0850 8.083E+14 
Cm-243 2.3676E-07 16,809.594 33.619.189---O:00E+oo 3.98E-03 7.96E.Q3 0.1250 7.000E+14 
Cm-244 5.2042E.Q5 16.809.594 33,619.189 O.OOE+OO 8.75E-Ol 1.75E+OO 0.2250 6.851E+14 
Co-6O 3.8208E-05 16,809.594 33,619.189 O.OoE+OO 6.42E.Ql 1.28E+OO 0.3750 3.316E+14 
Cs-l34 4.8693E.Ql 16,809.594 33,619.189 O.ooE+OO 8j9E+03 1.64E+04 0.5750 4.555E+15 
Cs-l35 3.4477E.Q6 16.809.594 33,619.189 O.ooE+OO 5.80E-02 1.16E-Ol 0.8500 6.378E+14 
Cs-137 2.8731E+OO 16,809.594 33,619.189 O.OOE+OO 4.83E+04 9.66E+04 1.2500 1.187E+14 
Eu-l54 8.2053E.Q2 16,809.594 33,619.189 O.OOE+OO 1.:18E+03 2.76E+03 1.7500 4.977E+12 
Eu-155 3.9134E.Q2 16.809.594 33,619.189 O.OOE+OO 6.58E+02 1.32E+03 2.2500 1.044E+13 

7Fi':e;C'-5"'5 60"."'74"'2~9""E~.Q~3------:1"'6"',809.594 33,619.189 O.OOE+OO 1.13E+02 2.27E+02 2.7500 6.005E+l0 
H-3 1.0599E.Q2 16.809.594 33,619.189 O.OOE+OO 1.78E+02 3.56E+02 3.5000 6.662E+09 
1-129 7.5300E.Q7 16,809.594 33.619.189 O.OOE+OO 1.27E-02 2.53E.Q2 5.ססOO 2.002E+04 
Kr-85 2.8595E-Ol 16,809.594 33,619.189 O.OOE+OO 4.81E+03 9.61E+03 7.ססOO 2.232E+03 
Np-237 9.5479E.Q6 16,809.594 33,619.189------O:OOE+oo 1.ME-Ol 3.21E.Ql 11.ססOO 2.516E+02 
Pa-231 8.9297E-10 16,809.594 33,619.189 0.OOE='+OO-;:::--__--:l~.5~0"'E:-;-05:::-------'3"'.00~E:-;-05:::----l1 
Pb-21 0 3.7809E-12 16,809.594 33,619.189 --------O:OOE+OO 6.32E.Q8 1.26E-07 
Pm-147 2.5452E+OO 16.809.594 33,619.189 O.OOE+OO 4.28E+04 8.56E+04 
Pu-238 2.0550E-02 16,809.594 33,619.189 O.ooE+OO 3.45E+02 6.91E+02 
Pu-239 4.2838E.Q4 16,809.594 33,619.189 O.ooE+OO 7.20E+OO 1.44E+Ol 
Pu-240 2.4401E.Q4 16.809.594 33,619.189 O.OOE+OO 4.10E+OO 8.20E+OO 
Pu-241 6.8764E.Q2 16,809.594 33.619.189 O.OOE+OO 1.16E+03 2.31E+03 
Pu-242 3.6329E-07 16,809.594 33,619.189 O.OOE+OO 6.11E-03 1.22E.Q2 
Ra-226 3.8045E-ll 16,809.594 33,619.189 O.OOE+OO 6.40E-07 1.28E.Q6 
Ra-228 2.9902E-15 16,809.594 33,6HI.189 O.OOE+OO 5.03E-ll 1.01E-l0 
Ru-l06 1.9055E.Q1 16,809.594 33,619.1-89 O.OOE+OO 3.20E+03 6.41E+03 
Se-79 1.2936E.Q5 16,809.594 33.619.189 O.ooE+OO 2.17E-Ol 4.35E.Q1 
Sn-126 1.1574E.Q5 16,809.594 33,619.189 O.ooE+OO 1.95E-Ol 3.89E.Q1 
Sr-90 2.7505E+OO 16,809.594 33,619.189 O.ooE+OO 4.62E+04 925E+04 
Tc-99 4.2239E.Q4 16.809.594 33,619.189 O.ooE+OO 7.10E+OO 1.42E+Ol 
Th-229 1.8848E-12 16.809.594 33,619.189 O.OOE+OO 3.17E-08 6.34E.Q8 
Th-230 1.7042E.Q8 16.809.594 33,619.189 O.ooE+OO 2.86E-04 5.73E.Q4 
Th-232 7.8132E-15 16,809.594 33,619.189 O.OOE+OO 1.31E-l0 2.63E-l0
 
Tl-208 4.4063E.Q8 16.809.594 33,619.189 O.OOE+OO 7.41E.Q4 1.48E-03
 
U-232 1.3151E-07 16,809.594 33.619.189 O.ooE+OO 2.21E-03 4.42E-03 Thenmal Power 
U-233 1.9564E.Q9 16,809.594 33,619.189 O.OOE+OO 3.29E-{)5 6.58E-{)5 Nominal Heat Bounding 
U-234 1.8371E.Q4 16,809.594 33,619.189 O.OOE+OO 3.09E+OO 6.18E+OO Output Heat Output 
'ij-235 -2.7235E.Q6 16,809.594 0.000 7.67E.Q2 3.09E-02 7.67E.Q2 (Watts) (Wattsi 
U-236 1.5493E-05 16,809.594 33.619.189 O.OOE+OO 2.60E-Ol 5.21E.Ql 8.52E+02 1.70E+03 
U-238 -4.2851E.Q9 16,809.594 0.000 4.77E.Q2 4.77E.Q2 4.77E.Q2 Total Total 
Y-90 2.7505E+OO 16,809.594 33,619.189 O.ooE+OO 4.62E+04 9.25E+04 
Other Radionuclides 8.65E+04 1.73E+05 
m.T_teSeIedit'" Sunlmarv, llurn!! ,andCheck& 
Template SeIec1ion Summary 

From SFO Uged Basis for Parameter Differences: 
Reactor Moderator:I-__u::G:::HT~Wc::Ac:Tc::E::.:R--+_.....::Uc::G::.:HT::.:W:..:::.:AT::.:E::.R'---__1ThisTemplate was used for the following reasons: 

Fuel Cladding: ALUM ALUM This tusI malc!lss ATR Templale on ell bIJt 0.. parameter (enric!lmenl) making ATR e_1e 
BOl HM Constituents: U308 U malc!l. 

BOl Enrichment 0/0: 20 60 to 100 

Bumup Summary (MWd) Basis for bumup used in estimate: 
FromSFD Estimated 

Nominal:1 I 16.809.594 Nominel bumup calculeled from lh. heavy metaJ mass dsslroyed. 
Boundlng:1 I 33,619.189 Bounding bumup assumed to be twice nominal bumup. 

Checks 

Estimated Bumupl 
Bumup Multiplier Given Bumup Estimated EOl HMlGlven EOl HM
 

Nomln31: 0.30
 I 1.011 
Bounding: 0.60 ,

Reactor shutdown, core removal, storage, shipping or other date confirming that irradiation ceased for fuel. 

1"olal bumup for all fuel associated with this worksheet must be divided by BOl heavy metal mass to get specific bumup values (MWdlMT). 
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Fuel Radionuclide Inventory Worksheet 
I. FIId and T~" Information Estimated 

Fuel Name: FRR MTR-S (JAPAN) 1FueI decay start date: 2010 Canister usage: 
SNFID#: 508 Estimates as of: 2010 18"xl0' 

Fuel Units & Oeser: 149 - ASSEMBLY Template: ATR (Ught Water. Alum., 60 to 100%, U) 6.21 
Heavy Metal Mass: BOl:205.62kg ; EOl:193.28kg 'Template Bumup(MWd): 367.2 
ROD Storage Site: SRS Template BOl Heavy Metal Mass (MT): 0.00116689 

Template Decay Time' 5 years 

n. Estimates m x. x. b Y. y. Gamma Sources 
Photon Total 

CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 
Radionuclide Template Fuel Burnup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ae-227 1.4545E-10 11,683.575 23,367.149 O.OOE+OO 1.70E-06 3.40E-06
 Avg. MeV 
Am-241 1.1190E-03 11,683.575 23,367.149 O.OOE+OO 1.31E-HJl 2.61 E-HJl
 0.0150 4.S08E+15 
Am-242m 4.5425E-07 11,683.575 23,367.149 O.OOE+OO 5.31E-03 1.06E-02
 0.0250 9.712E+14
Am-243 1.4921E-06 11,683.575 23,367.149 O.OOE+OO 1.74E.Q2 3.49E-02
 0.0375 8.963E+14
C-14 5.7244E-09 11,683.575 23,367.149 O.OOE+OO 6.69E.Q5 1.34E-04
 0.0575 8.813E+14 
CI-36 1.3124E-32 11,683.575 23,367.149 O.OOE+OO 1.53E-28 3.07E-28 0.0850 5.618E+14 
Cm-243 2.3676E-07 11,683.575 23,367.149 O.OOE+OO 2.77E-03 5.53E-03 0.1250 4.865E+14
Cm-244 5.2042E-05 11,683.575 23,367.149 O.OOE+OO 6.OSE-Ol 1.22E+OO 0.2250 4.762E+14
Co-60 3.82OSE.Q5 11,683.575 23,367.149 O.OOE+OO 4.46E-Ol 8.93E-Ol 0.3750 2.305E+14
Cs-l34 4.8693E-Ol 11,683.575 23,367.149 O.OOE+OO 5.69E-HJ3 1.14E+04 0.5750 3.166E+15
Cs-135 3.4477E.Q6 11,683.575 23,367.149 O.OOE+OO 4.03E-02 8.06E-02 0.8500 4.433E+14 
Cs-137 2.8731E+OO 11,683.575 23,367.149 O.OOE+OO 3.36E+04 6.71E+04
 1.2500 8.249E+13
Eu-l54 8.2053E.Q2 11,683.575 23,367.149 O.OOE+OO 9.59E-HJ2 1.92E-HJ3
 1.7500 3.459E+12
EU-155 3.9134E.Q2 11,683.575 23,367.149 O.OOE+OO 4.57E-HJ2 9.14E-HJ2
 2.2500 7.256E+12
Fe-55 6.7429E.Q3 11,683.575 23,367.149 O.OOE+OO 7.88E-HJl 1.58E-HJ2
 2.7500 4.174E+10 
H-3 1.0599E.Q2 11,683.575 23,367.149 O.OOE+OO 1.24E-HJ2 2.48E-HJ2
 3.5000 4.631E+09 
1-129 7.5300E-07 11,683.575 23,367.149 O.OOE+OO 8.80E-03 1.76E.Q2
 OO 1.397E+04סס.5 
Kr-85 2.8595E-Ol 11,683.575 23,367.149 O.OOE+OO 3.34E-HJ3 6.68E-HJ3
 OO 1.558E+03סס.7 
Np-237 9.5479E.Q6 11,683.575 23,367.149 O.OOE+OO 1.12E.Ql 2.23E.Ql
 OO 1.756E+02סס.11 
Pa-231 8.9297E-l0 11,683.575 23,367.149 O.OOE+OO 1.04E-05 2.09E-05
 
Pb-21 0 3.7609E-12 11,683.575 23,367.149 O.OOE+OO 4.39E.Q8 8.79E.Q6
 
Pm-147 2.5452E+OO 11,683.575 23,367.149 O.OOE+OO 2.97E+04 5.95E+04
 
Pu-238 2.0550E-02 11,683.575 23,367.149 O.OOE+OO 2.40E-HJ2 4.80E-HJ2 
Pu-239 4.2838E.Q4 11,683.575 23,367.149 O.OOE+OO 5.00E+OO 1.00E-HJl 
Pu-240 2.4401E-04 11,683.575 23,367.149 O.OOE+OO 2.85E+OO 5.70E+OO 
Pu-241 6.8764E-02 11,683.575 23,367.149 O.OOE+OO 8.03E-HJ2 1.61 E-HJ3 
Pu-242 3.6329E-07 11,683.575 23,367.149 O.OOE+OO 4.24E.Q3 8.49E-03 
Ra-226 3.8045E-ll 11,683.575 23,367.149 O.OOE+OO 4.44E.Q7 8.89E-07 
Ra-228 2.9902E-15 11,683.575 23,367.149 O.OOE+OO 3.49E-l1 6.99E-ll
 
Ru-l06 1.9055E-Ol 11,683.575 23.367.149 O.OOE+OO 2.23E-HJ3 4.45E-HJ3
 
5e-79 1.2936E.Q5 11,683.575 23,367.149 O.OOE+OO 1.51E.Ql 3.02E-Ol
 
5n-126 1.1574E.Q5 11,683.575 23,367.149 O.OOE+OO 1.35E-ol 2.70E-Ol
 
5r-90 2.7505E+OO 11,683.575 23,367.149 O.OOE+OO 3.21E+04 6.43E+04
 
Te-99 4.2239E.Q4 11,683.575 23,367.149 O.OOE+OO 4.93E+OO 9.87E+OO
 
Th-229 1.8848E-12 11,683.575 23,367.149 O.OOE+OO 2.20E-OS 4.40E-08
 
Th-230 1.7042E.Q6 11,683.575 23,367.149 O.OOE+OO l.99E-04 3.98E.Q4
 
Th-232 7.8132E-15 11,683.575 23,367.149 O.OOE+OO 9.13E-ll 1.63E-l0
 
T1-2OS 4.4063E.Q6 11,683.575 23,367.149 O.OOE+OO 5.15E-04 1.03E-03
 
U-232 1.3151E-07 11,683.575 23,367.149 O.OOE+OO 1.54E-03 3.07E-03
 Thermal Power
U-233 1.9564E-09 11,683.575 23,367.149 O.OOE+OO 2.29E-05 4.57E.Q5
 Nominal Heat Bounding
U-234 1.6371E.Q4 11,683.575 23,367.149 O.OOE+OO 2.15E+OO 4.29E+OO
 Output Heat Output
U-235 -2.7235E-06 11,683.575 0.000 8.89E-02 5.70E-02 8.89E.Q2
 /Wattsl /Wattsi 
U-236 1.5493E-05 11,683.575 23,367.149 O.OOE+OO 1.81E-ol 3.62E-ol
 5.92E+02 1.18E+03
U-238 -4.2851 E-09 11,683.575 0.000 5.53E-02 5.52E.Q2 5.53E-02
 Total Total
V-90 2.7505E+OO 11,683.575 23,367.149 O.OOE+OO 3.21E+04 6.43E+04
 
Other Radionuelides 6.01E+04 1.20E-HJ5
 

m. T<mJDIate SdectionS-....,B • and Cl!ed<s
 
Template Selection Summary 

FromSFD Used Basis for Parameter Differences: 
Reactor Moderator: LIGHT WATER LIGHT WATER This Templale was used for the following reasons: 

Fuel Cladding: ALUM ALUM This fuel matches ATR rell'jllate on all but one pammete' (enrichmentl_ng ATR a reasonable 
BOL HM ConsUtuents: U3S12 U match. 

BOL Enrichment 0/0: 19.99999957 60 to 100 

Bumup Summary (MWd) Basis for bumup used in estimate: 
FromSFD Estimated

NomlnaJ:11 t-I 1:::1:':.68=3._5;-7:::5 Nominal bumup cak:uIaIed lromthe heavy metal mass destroyed. 
Bounding: I I 23.367.149 Bounding bumup assumed to be twice nominal bumup. 

Checks 

Estimated Bumupl 
BumuD MulUDlier Given Bumup Estimated EOL HMlGlven EOL HM 

Nominal: 0.18 I 1.001 
Bounding: 0.36 , 

Reactor shutdown, core removal, storage, shiPping or other date confllTmng that Irradiation ceased for fuel. 

2Total bumup for all fuel associated 'Nith this wotbheet must be divided by BOL heavy metal mass to get specific bumup values (MWd/MT). 
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Revision 1 PageC-I63 



I 

I 
I 

I 
I 

I

I
I
 

I 
I 
I 
I 
I 
I 
I 
I 

I 
I 

I 

Fuel Radionuclide Inventory Worksheet 
L Fuel and Template Information Estimated 

Fuel Name: FRR MTR-S (JAPAN) 1Fool decay start date: 2010 Canister usage: 
SNFID#: 553 Estimates as of: 2010 18"x10' 

Fuel Units & Oeser: 476 - ASSEMBLY Template:
 HFBR (Heavy Water. Alum.• 10 to 20%, U) 19.83 
Heavy Metal Mass: BOl.=714.00kg ; EOl.=632.46kg 'Template Bumup(MWd):
 15 
ROD Storage Site: SRS Template BOl H""vy Metal Mass (MT):
 0.00034251 

Template Decay Time'
 5 years 
n. Estimates m x. x. b y. y. Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 1.7533E-10 77,499.759 154,999.518 O.OOE+OO 1.36E-05 2.72E-05 Avg. MeV 
Am-241 1.27BOE-02 77,499.759 154,999.5'-8-- 0.0010+00 9.90E+02 1.98E+03 0.0150 2.812E+16 
Am-242m 9.5467E-06 77,499.759 154,999.518~-O.OOE+OO 7.40E-01 1.48E+OO 0.0250 6.060E+15 
Am-243 6.41OOE-06 77,499.759 154,999.518 O.ooE+OO 4.97E-01 9.94E-01 0.0375 5.522E+15 
C-14 2.9673E-06 77,499.759 154,999.518 O.OOE+OO 2.30E-03 4.BOE-03 0.0575 5.513E+15 
CI-36 5.9513E-35 77,499.759 154,999.518 O.OOE+OO 4.61E-30 9.22E-30 0.0850 3.472E+15 
Cm-243 3.1B07E-06 77,499.759 154,999.518 O.OOE+OO 2.47E-01 4.93E-01 0.1250 2.899E+15 
Cm-244 l.9540E-04 77,499.759 154,999.518 O.OOE+OO 1.51E+01 3.03E+01 0.2250 2.961E+15 
Co-GO 1.1753E-04 77,499.759 154,999.518 O.OOE+OO 9.11E+OO 1.82E+01 0.3750 1.436E+15 
Cs-134 3.30BOE-01 77,499.759 154,999.518 O.OOE+OO 2.56E+04 5.12E+04 0.5750 1.982E+16 
Cs-135 4.8807E-06 77,499.759 154,999.518 O.OOE+OO 3.77E-01 7.53E-01 0.8500 2.102E+15 
Cs-137 2.8B07E+OO 77,499.759 154,999.518 O.ooE+OO 2.22E+05 4.43E+05 1.2500 4.647E+14 
ru:154 6.9933E-02 77,499.759 154,999.518 O.OOE+OO 5.42E+03 1.08E+04 1.7500 2.212E+13 
Eu-155 3.3253E-02 77,499.759 154,999.518 O.ooE+OO 2.58E+03 5.15E+03 2.2500 3.847E+13 
Fe-55 7.7267E-02 77,499.759 154,999.518 O.OOE+OO 5.99E+03 1.20E+04 2.7500 3.480£+11 
H-3 1.0827E-02 77,499.759 154,999.518 O.ooE+OO 8.39E+02 1.68E+03 3.5000 4.124E+10 
1-129 7.1600E-07 77,499.759 154,999.518 O.ooE+OO 5.55E-02 1.11E-01 5.ססOO 4.035E+05 
Kr~--~- 2.7oo7E-01 77,499.759 154,999.518 O.OOE+OO 2.09E+04 4.19E+04 7.ססOO 4.596E+04 
NP:237 3.6327E-06 77,499.759 154,999.518 O.OOE+OO 2.82E-01 5.63E-01 11.ססOO 5.25OE+03 
Pa-231 1.1267E-09 77,499.759 154,999.518 O.ooE+OO 8.73E-OS 1.75E-04 
Pb-21 0 1.9773E-15 77,499.759 154,999.518 O.ooE+OO 1.53E-10 3.06E-10 
Pm-147 2.4367E+OO 77,499.759 154,999.518 O.OOE+OO 1.89E+05 3.78E+05 
Pu-238 6.2213E-03 77,499.759 154,999.518 O.OOE+OO 4.82E+02 9.64E+02 
Pu-239 1.0320E-02 77,499.759 154,999.518 O.OOE+OO 8.00E+02 l.BOE+03 
Pu-240 5.42BOE-03 77,499.759 154,999.51s~E+OO 4.21E+02 8.41E+02 
Pu-241 7.7333E-01 77,499.759 154,999.518 O.OOE+OO 5.99E+04 1.20E+05 
Pu-242 3.0713E-06 77,499.759 154,999.518 O.ooE+OO 2.38E-01 4.76E-01 
Ra-226 2.2027E-14 77,499.759 154,999.518 O.OOE+OO 1.71E-09 3.41E-09 
Ra-228 2.6333E-15 77,499.759 154,999.518 O.OOE+OO 2.04E-10 4.08E-10 
Ru-106 2.5580E-01 77,499.759 154,999.518 O.OOE+OO l.98E+04 3.96E+04 
8e-79 1.2540E-05 77,499.759 154,999.518 O.OOE+OO 9.72E-01 1.94E+OO 
8n-126 1.1393E-OS 77,499.759 154,999.518 O.ooE+OO 8.83E-01 1.77E+OO 
8r-90 2.6293E+OO 77.499.759 154,999.518 O.ooE+OO 2.04E+05 4.08E+05 
Tc-99 4.3540E-04 77,499.759 154,999.518 O.OOE+OO 3.37E+01 6.75E+01 
Th-229 1.3653E-13 77,499.759 154,999.518 O.OOE+OO l.06E-06 2.12E-06 
Th-230 1.2B07E-11 77,499.759 154.999.518 O.ooE+OO 9.77E-07 1.95E-06 
Th-232 6.7400E-15 77,499.759 154,999.518 O.OOE+OO 5.22E-10 1.04E-09 
n-208 7.4687E-09 77,499.759 154,999.518 O.OOE+OO 5.79E-04 1,16E-03 
U-232 2.1927E-06 77,499.759 154,999.518 O.ooE+OO 1.70E-03 3.40E-03 Thermal Power
U-233 1.9920E-10 77,499.759 154,999.518 O.OOE+OO 1.54E-OS 3.09E-OS Nominal Heat Bounding
U-234 2.2487E-07 77,499.759 154,999.518 O.ooE+OO 1.74E-02 3.49E-02 Output Heat Output 
U-235 -2.5341E-06 77,499.759 0.000 3.09E-01 1.12E-01 3.09E-01 /Watts\ /Watts\ 
U-236 1.3000E-OS 77,499.759 154,999.518 O.ooE+OO 1.01E+OO 2.01E+OO 3.67E+03 7.34E+03
U-238 -1.4207E-06 77.499.759 0.000 1.92E-01 1.91E-01 1.92E-01 Total Total 
Y-90 2.6300E+OO 77.499.759 154,999.518 O.ooE+OO 2.04E+05 4.08E+05 
Other Radionuclides 3.68E+05 7.32E+05 
m. Template ~ Summarv, BonIIIDSummaty,a!Jd. Checks 
Template Selection Summary 

FromSFD Used Basis for Parameler Differences: 
Reactor Moderato:,: HEAVY WATER HEAVY WATER 

Fuel Cladding: ALUM ALUM 
BOl HM Constituents: lJ-ALX U 

BOL Enrichment %: 20 101020 

Bumup Summary (MWd)" Basis for burnup used in estimate:
 
FromSFD Estimated
 

NomInal:1 77,499.759 Nominal bumup calculated from the heavy metal mass destroyed.
 
Bounding: 154,999.518 Bounding bumup assumed to be twice nominal bumup.
 

Checks 

Estimated Bumupl 
Bumup Muftiplier Given Bumup Estirnalod EOl HMlGlven EOl HM 

Nomlna1: 2.48 I 1031 
Bounding: 4.96 

lReactor shutdown. core removal, storage, shipping or other date conflrrmng thai Irradiation ceased for fuel. 

2Total bumup for all fuel £.SSOCiated with this worksheet must be divided by BOl heavy metal mass to get specific bumup values (MWdIMT). 

DOEl8NFIREP-078 December 2003 
Revision 1 PageC-164 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I
 

Fuel Radionuclide Inventory Worksheet 
J. Fuel and Template Infonuation Estimated 

Fuel Name: FRR MTR-S (JAPAN) 'Fuel decay start date: 2010 Canister usage: 
SNFID#: 506 Estimates as of: 2010 18"x1D' 

Fuel Units & Oeser: 70 - ASSEMBLV Template: AlR (Ught Water, Alum., 60 to 100%, U) 2.92 
_vy Metal Mass: BOl=73.50kg ; EOL=70.41kg "Template Sumup(MWd): 367.2 
ROD Storage Site: SRS Template SOL _vy Metal Mass (MT): 0.00116689
 

Template Decay Time' 5 years
 

II. Estimates m x" x. b y" y. Gamma Sources 
Photon Total 

CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 
Radionuclide Template Fuel Burnup (MWd)' Burnup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bOUnding) 
Ac-227 1.4545E-10 2,923.448 5,846.896 O.ooE+OO 4.25E-07 8.50E-Q7 Avg. MeV 
Am-241 1.1190E-Q3 2,923.448 5,846.896 O.ooE+OO 3.27E+OO 6.54E+OO 0.0150 1.128E+15 
Am-242m 4.5425E-07 2,923.448 5,846.896 O.ooE+OO 1.33E-03 2.66E-03 0.0250 2.430E+14 
Am-243 1.4921E-06 2,923.448 5,846.896 O.ooE+OO 4.36E-03 8.72E-03 0.0375 2.243E+14 
C-14 5.7244E-09 2,923.448 5,846.896 O.ooE+OO 1.67E-OS 3.35E-05 0.0575 2.20SE+14 
CI-36 1.3124E-32 2,923.448 5,846.896 O.ooE+OO 3.84E-29 7.67E-29 0.0850 1.406E+14 
Cm-243 2.3676E-07 2,923.448 5,846.896 O.ooE+OO 6.92E-04 1.38E-03 0.1250 1.217E+14 
Cm-244 5.2042E-05 2,923.448 5,846.896 O.ooE+OO 1.52E-Ol 3.04E-Ql 0.2250 1.191E+14 
Co-SO 3.8208E-OS 2,923.448 5,846.896 O.ooE+OO 1.12E-Ol 2.23E-Ol 0.3750 5.767E+13 
Cs-l34 4.8693E-Ol 2,923.448 5,846.896 O.ooE+OO 1.42E+03 2.85E+03 0.5750 7.922E+14 
Cs-l35 3.4477E-06 2,923.448 5.846.896 O.ooE+OO 1.01E-02 2.02E-02 0.8500 1.109E+14 
Cs-137 2.8731E+OO 2,923.448 5,846.896 O.ooE+OO 8.40E+03 1.68E+04 1.2500 2.064E+13 
Eu-l54 8.2053E-Q2 2,923.448 5,846.896 O.ooE+OO 2.40E+02 4.80E+02 1.7500 8.656E+l1 
Eu-155 3.9134E-02 2,923.448 5,846.896 O.ooE+OO 1.14E+02 2.29E+02 2.2500 1.816E+12 
Fe-55 6.7429E-03 2,923.448 5,846.896 O.ooE+OO 1.97E+Ol 3.94E+Ol 2.7500 1.044E+l0 
H-3 1.0599E-Q2 2,923.448 5,846.896 O.ooE+OO 3.10E+Ol 6.20E+Ol 3.5000 1.159E+09 
1-129 7.5300E-07 2,923.448 5,846.896 O.ooE+OO 2.20E-03 4.40E-03 5.ססOO 3.508E+03 
Kr-85 2.8595E-Ol 2,923.448 5,846.896 O.ooE+OO 8.36E+02 1.67E+03 7.ססOO 3.913E+02 
Np-237 9.5479E-06 2,923.448 5,846.896 O.ooE+OO 2.79E-Q2 5.58E-Q2 11.ססOO 4.412E+Ol 
Pa-231 8.9297E-l0 2,923.448 5,846.896 O.ooE+OO 2.61E-Q6 5.22E-Q6 
Pb-21 0 3.7S09E-12 2,923.448 5,846.896 O.ooE+OO 1.10E-08 2.20E-08 
Pm-147 2.5452E+OO 2,923.448 5,846.896 O.ooE+OO 7.44E+03 1.49E+04 
Pu-238 2.0550E-Q2 2,923.448 5,846.896 O.ooE+OO 6.01E+01 1.20E+02 
Pu-239 4.2838E-Q4 2,923.448 5,846.896 O.ooE+OO 1.25E+OO 2.50E+OO 
Pu-240 2.4401E-04 2,923.448 5,846.896 O.ooE+OO 7.13E-Ol l.43E+OO 
Pu-241 6.8764E-Q2 2,923.448 5,846.896 O.ooE+OO 2.01E+02 4.02E+02 
Pu-242 3.6329E-Q7 2,923.448 5,846.896 O.ooE+OO 1.06E-03 2.12E-03 
Ra-226 3.8045E-l1 2,923.448 5,846.896 O.ooE+OO 1.11E-Q7 2.22E-07 
Ra-228 2.9902E-15 2,923.448 5,846.896 O.ooE+OO 8.74E-12 1.75E-ll 
Ru-l06 1.9055E-01 2,923.448 5,846.896 O.ooE+OO 5.57E+02 1.11E+03 
8e-79 1.2936E-Q5 2,923.448 5,846.896 O.ooE+OO 3.78E-Q2 7.56E-Q2 
8n·126 1.1574E·OS 2,923.448 5,846.896 O.ooE+OO 3.38E-Q2 6.77E-02 
Sr-90 2.7505E+OO 2,923.448 5,846.896 O.ooE+OO 8.04E+03 1.61E+04 
Tc-99 4.2239E-04 2,923.448 5,846.896 O.ooE+OO 1.23E+OO 2.47E+OO 
Th-229 1.8848E-12 2,923.448 5,846.896 O.ooE+OO 5.51E-Q9 1.10E-oB 
Th-230 1.7042E-oB 2,923.448 5,846.896 O.ooE+OO 4.98E-OS 9.96E-OS 
Th-232 7.8132E-15 2,923.448 5,846.896 O.ooE+OO 2.28E-11 4.57E-ll 
n-208 4.4063E-oB 2,923.448 5,846.896 O.ooE+OO 1.29E-04 2.58E-Q4 
U-232 1.3151E-Q7 2,923.448 5,846.896 O.ooE+OO 3.84E-04 7.69E-Q4 Thermal Power 
U-233 1.9564E-09 2,923.448 5,846.896 O.ooE+OO 5.72E-06 1.14E-Q5 Nominal Heat Bounding 
U-234 1.8371E-04 2,923.448 5,846.896 O.ooE+OO 5.37E-Ql 1.07E+OO Oulput Heat Output 
U-235 -2.7235E-Q6 2,923.448 0.000 3.18E-02 2.38E-Q2 3.18E-Q2 /Wallsl /Wattsi 
U-236 1.5493E-05 2,923.448 5,846.896 O.ooE+OO 4.53E-Q2 9.06E-02 1.48E+02 2.96E+02 
U-238 -4.2851 E-08 2,923.448 0.000 1.98E-02 1.98E-02 1.98E-Q2 Total Total 
V-90 2.7505E+OO 2,923.448 5,846.896 O.ooE+OO 8.04E+03 1.61E+04 
Other Radionuclides l.50E+04 3.01E+04 
m, Tl'lllIll3k ~~rvi$1lOOJl>liuJmnarioi.ndC'" 
TemDlate selection Summary 

FromSFD Uaed Basis for Parameter Differences:
 
Reactor Moderator: LIGHT WATER UGHTWATER This Templata was used tor the following reasons:
 

Fuel Cladding: ALUM ALUM This fuel matches on all parameters except enrichment.
 
SOL HM Constituents: U3S12 U 

BOL Enrichment 0/.: 20.00000028 60 to 100 

Bumup Summary (MWd) Basis for burnuD used in estimate: 
FromSFD Estimated 

Nomlnal:1 2.923.448 Nominal bumup calculated from the heavy metal mass destroyed. 
Boundlng:1 I 5.846.896 Bounding bumup assumed to be twice nominal bumup. 

Checks 

Estimated Bumupf 
Bumup Mullfplier Given Sumup Estimated EOL HMlGlven EOL HM 

Nominal: 0.13 I 1.001 
Bounding: 0.25 ,

Reactor shutdoVlll'l, core removal, storage, shlppmg or other date confinnmg that Irradiation ceased for fuel.
 

2Total bumup for all fuel associated with this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWdlMT).
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Fuel Radionuclide Inventory Worksheet 
1. Fuel and TeQlplate 1nf.lnQatron Estimated 

Fuel Name: FRR MTR-S (JAPAN) ~FU(l1 decay start date: 2010 Canister usage: 
SNFID#: 602 Estimates as of: 2010 18"x10' 

Fuel Units & Oeser: 40 . MTR TYPE Template: AlR (Ught Water, Alum., 60 to 100%. U) 1.67 
Heavy Melel Mass: BOL=7.74kg ; EOL=6.01kg Zremplate Bumup(MWd): 367.2 
ROD Storage Slta: SRS Template BOL Heavy Melel Ma•• (MT): 0.00116689 

Template Decay Time: 5 yealS 

H.&timates m b Yo y. Gamma Sources 
Photon Total 

CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photonslsec 
Radionuclide Template Fuel Bumup (MWd)' Bumup (MWc1)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 1.4545E-10 1,636.450 3,272.900 O.ooE+OO 2.36E-07 4.76E_Q7 Avg. MeV 
-,;AC:.m,,--,,24.~1,= ._-ol'-;..lcl,~90",Eo--Q_;;3o;-_-_--::-,1 ,,,,636.450 3,272.900 O.ooE+OO 1.83E_KJ0 3.66E+OO 0.0150 6.314E+14 
'-'A..m.--:-2oc4:=2"m'----- 4::.:.':54,~2c_;5=E~-Q'=7----1",636=::::.4'=570- __~3"',2,,7~2.960~~o-:-60E-KJ0 7.4:JE-Q4 1.49E-03 0.0250 1.360E+14 
Am-243 1.4921E_Q6 1,636.450 3,272.960 O.OOE+OO 2.44E-03 4.66E-03 0.0375 1.255E+14 
C-14 _. 5".7"'2:,44~E~-Q;::9c---_~1"',636~-'c.4'=5_;;0---___73,~2~72:c_.9OO O.OOE+OO 9.37E_Q6 1.87E-05 0.0575 1.234E+14 
CI-36~-----' 1.3124E-32 1,636.450 3,272.900 O.OOE+OO 2.15E-29 4.30E-29 0.0850 7.869E+13 
Cm-243 2.3676E-07 1,636.450 3,272.9OO-·---c>.oi}E+oo 3.87E-04 7.75E-Q4 0.1250 6.814E+13 
Cm·244 5.2042E-OS 1,636.450 3,272.900 0.OoE:,_KJ"",0 ~8",.5",2=E----0":2c--_--,-l ...7,,0=E-~0,,1_--1f----0,,,.22e=:50"-- __--"6".66,,9:o:E,,+:.o1:-.3 
Co-6O 3.8208E-05 1,636.450 3,272.960-~- 6~60E+OO 6.25E-02 1.25E-Ol 0.3750 3.228E+13 
Cs-l34 4.8693E_Ql 1,636.450 3,272.900 O.OOE_KJO 7.97E_KJ2 1.59E_KJ3 0.5750 4.434E+14 
Cs-l35 3.4477E_Q6 1,636.450 3,272.900 O.ooE+OO 5.64E-03 1.13E-02 0.8500 6.209E+13 
CS-137 2.8731E+OO 1,636.450 3,272.900 O.OOE+OO 4.70E+03 9.40E+03 1.2500 1.155E+13 
Eu-l54 8.2OS3E_Q2 1,636.450 3,272.900 O.OOE+OO 1.34E_KJ2 2.69E_KJ2 1.7500 4.845E+l1 
Eu-155 3.9134E-02 1,636.450 3,272.900 O.OOE+OO 6.40E_KJl 1.28E_KJ2 2.25OO~ __---,1~.0,,1~6E=:+,,1~2 
Fe-55 6.7429E_Q3 1,636.450 3,272.960 O.OOE+OO 1.10E_KJl 2.21E_KJl 2.75OO0" ----"5c-:.846E+09 
H-3 1.0599E_Q2 1,636.450 3,272.900- O.OOE+OO 1.73E_KJl 3.47E_KJl 3.5000 6.486E+08 
1-129 7.5300E_Q7 1,636.450 3,272.900 O.OOE+OO 1.23E-03 2.46E-03 5.ססOO 1.939E+03 
Kr-85 2.8595E-Ol 1,636.450 3,272.900 O.OOE+OO 4.66E_KJ2 9.36E_KJ2 7.ססOO 2.162E+02 
Np-237 9.5479E-06 1,636.450 3,272.900 O.OOE+OO 1.56E_Q2 3.12E-02 11.ססOO 2.436E+Ol 
Pa-231 8.9297E-10 1,636.450 3,272.9OO-~-O-:OOE+OO 1.46E_Q6 2.92E_Q6 
Pb-210 3.7609E-12 1,636.450 3,272.900 0.OO":E:':'+OO"'--__--'6~.15E-Q9 1.23E_Q6 
Pm-147 2.5452E+OO 1,636.450 3,272.900-~-Q.OOE+OO 4. 17E_KJ3 8.33E+03 
Pu-238 2.OS50E_Q2 1,636.450 3,272.900 0.OO":E.':+oo~__--",3.~36"E,=-KJ,,,-,-1 ,,6...7~3=E-KJ~1_--l1 
Pu-239 4.2636E-Q4 1,636.450 3,272.900 O.OOE+OO 7.01E_Ql 1.40E+OO 
Pu-240 2.4401 E-Q4 1,636.450 3,272.900 'O-:-OOE..oo 3.99E-Ol 7.99E_Ql 
Pu-241 6.8764E_Q2 1,636.450 3,272.900 O.OOE+OO 1.13E_KJ2 2.25E_KJ2 
Pu-242 3.6329E_Q7 1,636.450 3,272.900 O.OOE+OO 5.95E-Q4 1.19E_Q3 
Ra-226 3.8045E-ll 1,636.450 3,272.900 0.OOE.':+oo~~------"6":.2.~3=E--,,08,,,-------,1-,,.2~5=E-,-Q,,7---l1 
Ra-228 2.9902E-15 1,636.450 3,272.900 O.OOE+OO 4.89E-12 9.79E-12 
Ru-l06 1.9055E_Ql 1,636.450 3,272.900 O.OOE+OO 3.12E_KJ2 6.24E_KJ2 
5e-79 1.2936E-QS 1,636.450 3,272.900 O.OOE+OO 2.12E-02 4.23E_Q2 
5n-126 1.1574E-QS 1,636.450 3,272.900 O.OOE+OO 1.89E-02 3.79E_Q2 
5r-90 2.7505E+OO 1,636.450 3,272.900 O.OOE+OO 4.5OE+03 9.00E_KJ3 
Tc-99 4.2239E-Q4 1,636.450 3,272.900 0.OO~EC':+OO~__~6~.9:~1~E=-:-0~1 ~1p..38~E;+OO~---I1 
Th-229 1.8848E-12 1,636.450 3,272.900 O.OOE+OO 3.08E_Q9 6.17E-09 
Th-230 1.7042E-08 1,636.450 3,272.900 O.OOE+OO 2.79E-OS 5.58E-Q5 
Th-232 7.8132E-15 1,636.450 3,272.900 0.OOE:-:+OO~__~1~.2o-:8.=E~-1~1----,2:::.5~6o;E~-1~1~--11 
TI-208 4.4063E-Q8 1,636.450 3,272.900 O.OOE+oo 7.21E-QS l.44E-Q4 
U-232 1.3151 E_Q7 1,636.450 3,272.900 0.OOE:,+OO~__----;2;:.1;,;5~E~-Q4~__~4;-.30~E~-04~_b===T.;;h::;erma:,::;::.I.:.p;<ow;:,::,er;..". _ 

-;:U""-2=:33:::;- --'-l"'.9564="'Eo--Q9~-----"l,'=636="'.4.;:5O="_---~3"',2~7"'2:::.9OO~~~C------'0".OO=E='+OO7:'---~3"'.2c_;0=E~-Q607_---76~.40~E-~0607____IINominal Heat Bounding
U-234 1.8371 E-04 1,636.450 3,272.900 O.OOE+OO 3.01 E_Q1 6.01 E-Ol ?utput He~Output 
U-235 -2.7235E_Q6 1,636.450 0.000 1.58E-02 1.11 E_Q2 1.56E_Q2 /Wattsl /Wattsi 
U-236 l.5493E-QS 1,636.450 3,272.900 O.OOE+OO 2.54E_Q2 5.07E-02 8.30E+Ol 1.66E+02 
U-238 -4.2851E-Q9 1,636.450 0.000 1.82E-04 1.75E-Q4 1.82E-04 Total Total 
V-90 2.7505E+OO 1,636.450 3,272.900 O.OOE+OO 4.50E_KJ3 9.00E+03 
Other Radionuclides 8.42E_KJ3 1.68E+04 
m. Template Sdectioo Summarv.B_ 
Template Selection 5ummary 

From SFD Used Basis for Parameter Differences:
 
Reactor Moderator. UGHT WATER
 UGHT WATER 

BOl H::'~=~~f-------~:7L~~~~::---+----"A":L~7M"'----l
 
BOl enrichment %: 92.99999931
 60 to 100 

Bumup Summary (MWd) Basis for bumup used in estimate: 
FromSFD 1 Estimated

NomInal:I-I -11 1".6:::36::.:.450 NorrinaJ bumup caiQJlaled!rom the heavy metal mass destroyed. 
Bounding: 3,272.900 Bounding bumup assumed to be twice nominal bumup. 

Checks 
Estimated Bumupl

BumuD MultlDlIer Given Bumup Estlmall>d EOl HMlGlven EOL HM
 
Nominal: 0.67
 I 1.021
 

Bounding: 1.34
 ,
Reactor shutdown. core removal. storage, shipping or other date confllTmng that IrTamation ceased for fuel. 

~otal bumup for all fuel associated 'Mth ttUs worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWdlMT). 
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and TtDqJIate Information Estimated 

Fuel Name: FRR MTR-S (NETHERLANDS) 1Fuel decay start date: 2010 Canister usage: 
SNFID#: 510 Estimates as of: 2010 18"x10' 

Fuel Units & Doser: 43 - ASSEMBLY Template: ATR (Ught Water, Alum., 60 to 100'%. U) 1.79 
_vy Metal Mass: BO~64.50k9 ; EO~56.76k9 'Template Bumup(MWd): 367.2 
ROO Storage Site: SRS Template BOl _vy Metal Mass (MT): 0.00116689 

Template oacay Time- 5 years 

n.Estimates m Xo x. b Yo y. Gamma Sources 
Photon Total 

CilMWd From Nominal Bounding Fuel Initial Activily Nominal Fuel Bounding Fuel Energy Photonslsec 
Radionuclide Template Fuel Burnup (MWd)' Bumup (MWd)' (Ci) InventorieslCi) InventorieslCi) Group (bounding) 
Ac-227 1A545E-l0 7,329.929 14,659.858 O.ooE+OO 1.07E-06 2_13E-06 Avg.MeV 
Am-241 1.1190E-03 7,329.929 14,659.858 O.ooE+OO 8.20E+OO 1.64E+Ol 0.0150 2.828E+15 
Am-242m 4.5425E-07 7,329.929 14,659.858 O.ooE+OO 3.33E-03 6.66E-03 0.0250 6.093E+14 
Am-243 lA921E-06 7,329.929 14,659.858 O.ooE+OO 1.09E-02 2.19E-02 0.0375 5.623E+14 
C-14 5.7244E-09 7,329.929 14,659.858 O.ooE+OO 4.20E-05 8.39E-05 0.0575 S.529E+14 
CI-36 1.3124E-32 7,329.929 14,659.858 O.ooE+OO 9.62E-29 1.92E-28 0.0850 3.525E+14 
Cm-243 2.3676E-07 7,329.929 14,659.858 O.ooE+OO 1.74E-03 3.47E-03 0.1250 3.052E+14 
Cm-244 5.2042E'05 7,329.929 14,659.858 O.ooE+OO 3.81E-Ol 7.63E-Ol 0.2250 2.987E+14 
Co-BO 3.8208E-05 7,329.929 14,659.858 O.ooE+OO 2.BOE-Ol 5.BOE-Ol 0.3750 1.446E+14 
Cs-l34 4.8693E-Ol 7,329.929 14,659.858 O.OOE+OO 3.57E+03 7.14E+03 0.5750 1.986E+15 
Cs-135 3.4477E-06 7,329.929 14,659.858 O.ooE+OO 2.53E-02 5.05E-02 0.8500 2.781E+14 
Cs-137 2.8731E+OO 7,329.929 14,659.858 O.ooE+OO 2.11E+04 4.21E+04 1.2500 5.175E+13 
EU-154 8.2053E-02 7,329.929 14,659.858 O.ooE+OO 6.01E+02 1.20E+03 1.7500 2.170E+12 
Eu-155 3.9134E-02 7,329.929 14,659.858 O.ooE+OO 2.87E+02 5.74E+02 2.2500 4.552E+12 
Fe-55 6.7429E-03 7,329.929 14,659.858 O.ooE+OO 4.94E+01 9.89E+Ol 2.7500 2.619E+l0 
H-3 1.0599E-02 7,329.929 14,659.858 O.ooE+OO 7.77E+Ol 1.55E+02 3.5000 2.905E+09 
1-129 7.5300E-07 7,329.929 14,659.858 O.ooE+OO 5.52E-03 1,10E-<l2 5.ססOO 8.721E+03 
Kr-85 2.8595E-01 7,329,929 14,659.858 O,ooE+OO 2.10E+03 4.19E+03 7.ססOO 9.725E+02 
Np-237 9.5479E-<l6 7,329.929 14,659.858 O.ooE+OO 7.ooE-02 1.40E-01 11.ססOO 1.096E+02 
Pa-231 8.9297E-10 7,329.929 14,659.858 O.OOE+OO 6,55E-06 1.31E-05 
Pb-21 0 3.7609E-12 7,329.929 14,659.858 O.ooE+OO 2.76E-<l8 5.51E-08 
Pm-147 2.5452E+OO 7,329,929 14,659.858 O.ooE+OO 1.87E+04 3.73E+04 
Pu-238 2.0550E-<l2 7,329.929 14,659,858 O.ooE+OO 1.51E+02 3.01E+02 
Pu-239 4,2838E-<l4 7,329.929 14,659,858 O.ooE+OO 3.14E+OO 6,28E+OO 
Pu-240 2.4401E-<l4 7,329.929 14,659.858 O.ooE+OO 1.79E+OO 3.58E+OO 
Pu-241 6.8764E-02 7,329.929 14,659.858 O,ooE+OO 5.04E+02 1.01E+03 
Pu-242 3.6329E-07 7,329.929 14,659.858 O.ooE+OO 2.66E-03 5.33E-03 
Ra-226 3.8045E-11 7,329.929 14,659.858 O.ooE+OO 2.79E-07 5.58E-<l7 
Ra-228 2.9902E-15 7,329.929 14,659.858 O.ooE+OO 2.19E-l1 4.38E-11 
Ru-l06 1.9055E-01 7,329.929 14,659.858 O.ooE+OO 1.40E+03 2.79E+03 
5e-79 1.2936E-05 7,329.929 14,659.858 O.ooE+OO 9.48E-02 1.90E-01 
5n-126 1.1574E-<l5 7,329,929 14,659,858 O.OOE-tOO 8.48E-02 1.70E-Q1 
5r-90 2.7505E-tOO 7,329.929 14,659.858 O.ooE+OO 2.02E+04 4.03E+04 
Tc-99 4.2239E-04 7,329.929 14,659.858 O.ooE+OO 3.10E+OO 6.19E+OO 
Th-229 1.8848E-12 7,329.929 14,659.858 O.ooE+OO 1.38E-08 2.76E-<l8 
Th-230 1.7042E-<l8 7,329.929 14,659.858 O.ooE+OO 1.25E-04 2.50E-<l4 
Th-232 7.8132E-15 7,329.929 14,659.858 O.ooE+OO 5.73E-11 U5E-10 
Tl-208 4.4063E-08 7,329.929 14,659.858 O.ooE+OO 3.23E-<l4 6.46E-04 
U-232 1.3151E-<l7 7,329.929 14,659.858 O.ooE+OO 9.64E-04 1.93E-03 Thenmal Power 
U-233 1.9564E-<l9 7,329.929 14,659.858 O.ooE+OO 1.43E-05 2.87E-<l5 Nominal Heat Bounding 
U-234 1.8371E-04 7,329.929 14,659.858 O.ooE+OO 1.35E+OO 2.69E+OO OUlput Heat Output 
U-235 -2.7235E-<l6 7,329.929 0.000 2.79E-02 7.91E-<l3 2.79E-<l2 (Watts) (Watts) 
U-236 1.5493E-<l5 7,329.929 14,659.858 O.ooE+OO 1.14E-<l1 2.27E-01 3.72E+02 7.43E+02 
U-238 -4.2851E-<l9 7,329.929 0.000 1.73E-<l2 1.73E-02 1.73E-<l2 Total Total 
Y-90 2.7505E+OO 7,329.929 14,659.858 O.ooE+OO 2.02E+04 4.03E+04 
Other Radionuclides 3.77E+04 7.54E+04 
m.TemnlateseIeetlon~J'Y,~" ,"ndC~ 
Template Selection Summary 

FromSFD u- Basis for Parameter Differences: 
Reactor_atoF: UGHTWATER UGHTWATER This Template was used for the following reasons: 

Fuel Cladding: ALUM ALUM This fuel matches on all parameters except enrichment. 
BOl HM Constituents: U3S12 U 

SOL Enrichment Ok; 20.o00ooo79 60 to 100 

Bumup Summary (MWd)' Basis for burnup used in estimate: 
FromSFD Estimated 

Nomlnal:1 I 7,329Jl2Q Nominal bumup calculated tmm the heavy metal mass de~royed. 
Bounding:II---------JI ----714c-,6:-:S 

C9:858 Bounding bumup assumed to be twice nominal bumup. 

Checks 

Estimated Bumupl 
BumUD MultiDlier Given Bumup Estimated EOl HMlGlvan EOl HM 

Nominal: 0.36 I 1.011 
Bounding: 0.72,

Reador shutdoVllfl. core removal, storage, stllpptng or other date conflnmng thallnadiation ceased for fuel. 

2Total bumup for all fuel associated with this worksheet must be divided by BOL heavy metal mass to gel specific bumup values (MWdlMT). 

DOEl5NF/REp·078 December 2003 
Revision 1 PageC-167 
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Template blformation Estimated 

Fuel Nam.: FRR MTR·S (NETHERLANDS) 1 Fuel decay start date: 2010 Canister usage: 
SNFID~: 607 Estimates as of: 2010 18"xl0' 

Fuel Units & Oeser: 19· MTR TYPE Template: ATR (Ught Water, Alum., 60 to 100%, U) 0.79 
Haavy Metal Mas" BOl.=2.04kg ; EOl.=1.09kg ~emplate Bumup(MWd): 367.2 
ROD Storage 51t3: SRS Template BOl Hoavy Metal Ma.s (MT): 0.00116689 

Template Deeay Tima' 5 years 
n. Estimates m Xo b Yo y. Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuciide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
"A:::C-c,2;c2,7'::- 1'''.745'''4,,5;;:E'c-1'''oc- -.;.;8''99:;:.''668:::=---_--...::'-c:,7;;:99~.337 O.OOE+OO 1.31 Ec;_Q"'7,..--__-.;2"'.62E-07 Ayg. MeV 
"A"'m'-'-2:=-4"'1'- I-".~II.o:90=oEc:-0~3o_-_---;.;8"'99:o:."'668= __----"_':,7,::99.33T-- 0.00"E+oo---,-.0' E+OO 2.01 E+OO 0.0150'- 3:::.4"'7,1:.-:E'.-+1'24 
"A"'m'--2;o4;;2;cm-'-- 4"'."'54"'2,,5;;:E'c-Q"'7,------.;.;8,,99;;:.,,668:::=------...::'-c:,7,:9"'9,o.33,·~-;:;7-::-=-.-=--=-=-;0o,:-:OOE+OO 4.09;C;Eo--04~_---.;8;'_;.1"'7;;:E'c-04~-,I--0:::.:::02,,50=_--___:7:':,4;;:;7;'-9E=+'-:I:=-3 
:,A;:.:m:-:-2:'-4"'3'- I='.,,49:?2~lcoE;;-06~----"'8"'99:o:."'668=-----...::'_,:,7,::9:~9",.337 O.OOE+OO 10.:34:-::·coE;;-0~3o_--__:'2';.68~E-.;-Q;;:3'---lI--'00:::·.00o:35:=77"'55--._..::66'O·.907=86=lEEO'++..:11",33 
.,C,,-.;;14;;-- 5;.:."'72;;44~E~-Q:;.;9----"'8'.<99~ .•::c668;;;;----_;':_c,7"'9",9:=;;.:.337 O.OOE+OO 5.15E-06 I.03E-05 
-;C"I-:::36~:;_--------;;I.:;:3-;;:12:;;4;;;Eo--3;o2:;----___;8c::9,,9:;:.668=---___:':c,7",9,:9c;.33,~-7 O.OOE+OO 1.18:-;E,-,2;o9;-__----';2c;.36~E:-;-2~9:---__jI--0:::.-:,08,,50=___-___;4"='.326E+13 
"'C:::m'-'-2:=-4~3o_---- __-'2='."'36='7"'6'=E;;-0~7,-------;.;8"'99o:."'668=--_---"_':,7,::9:;:9';.33::-:,7----O.OOE+OO 2.13E-04 4.26E-Q4 ~:~: 3.746E+13 
-;C"m'C-;:;;244c-'- ;;_5.:;:2;;_04"'2"Eo--Q~5o-----___;8c::9;;_9~.668~---___;':c,7:;;9",9c;.33,",~7_ Q.OOE+OO 4.68E-02 9.36E-Q2 0.3750 3.667E+13 
-;C"o-6O~~_-------::'3.:;:8'=208~Eo--OS;;::------.;8c::9,,9';.668~--_----:I:c,7"'9~9~.337 O.OOE+OO 3.44E-02 6.87E-Q2 1.775E+13 
C~S'--.::I34=_-----"--~4::.::.86~93~E=--"'0~1-----'8~9"'9:::.668""''----''-', ~79:o:9;:.33",T-- O.OoE+OO 4.36E+02 8.76E+02 0.5750 2.438E+14 
-;C;=S-:;-I:-;;35~------"'3o-:."'44;;;77~E-.;-06;;;-.----~8"'99"'."'668~---_;I:c,7"'99~.33,~-"'7-=--=--=--=---0-.OOE+OO 3.10E_Q3 6.20E-03 0.8500 3.414E+13 
-=C~S-'-I_=377_-------'2"'.8~7"'3:=' E=+OO'= "'8"'99o:.668~'-------..:I:c,7~99~.33,=_7 O-:-OOE+OO 2.58E+03 5.17E+03 1.2500 6.352E+12 
-;E"u'C-';C;54';C- ;o8.:;:2:::OS;;:3;C;Eo--Q~2:c----___;8;;;9;;_9.:;:668~-_-___:':c,7",99~.33,~7 O.OOE+OO 7.36E+Ol 1.48E+02 1.7500 2.664E+ll 
-=E~u-:;-lo:5~5------_--73.:;:9-::'34~Eo--Q~2:c-_--___;8c::99;;_."'668=-------:I:c,7'"99~.3,,3"=7-:---_:0~.OOE+oo 3.52E+Ol 7.04E+Ol 2.2500 5.587E+ll 
-;-FiCe;<'-50'5 ..:6;.:.7;c.4~2"'9~E-"'03:;;----__';;8~99"'.668~;----___:'''',7"'9",9,;.33~7 O.OOE+OO 6.07E+OO 1.21E+Ol 2.7500 3.214E+09 
H-3 I.OS99E-02 899.668 ,,799.337------O:OOE+(jQ---9-.54E+oo 1.91 E+Ol 3.5000 3.566E+08 

71-c',"::297- -='7."'5300=o=Eo--Q=-7'-- --;.;8:;:9"'9~.668=-_-----:I"',7~9'"9~.337 O.OOE+OO 6.77E-04 1.35E-03 5.0000 1.066E+03 
"'K;':r-85-';;';;"- ..-;2~.85~95,,E"'-Q~I----;;_899;;;c..668~:_-----.:'-c:,7;;:9"'9:;:_.33~7-- O.OOE+OO 2.57E+02 5.15E+02 7.0000 1.188E+02 
Np-237 9.5479E_Q6 899.668 1,799.337 O.OOE+OO 8.59E-03 1.72E_Q2 11.0000 1.339E+Ol 

"'p"'a,o-2;';3ic' ----c8"'.92~9:;;7~E--;1~0----"'8~99"'.668~;----___:'''',7"'99~.33~7~--~0._;;OOE+OO 8.03E_Q7 1.61 E-06 
"'P"'b-c=2OC''''0;___---------.:3o-:.7;-:60=9;=.E-..-;1'''2;___---'''8'''99'''.668=:__------:':.::,7::::99.337 O.OOE+OO 3.38E_Q9 6.77E_Q9 
-=P.::m'-,-1'=4':'7 ---'2"'.54=5'E2E=+OO'='- "'8"'99o:.668~'-------..:I:c,7~99.337 O.OOE+OO 2.29E+03 4.58E+03 
"'PC'U-.;-2c::38~-------'2~.OS~5"'0;=.E--;:0"'2----"'8"'99"'.668=:-----___:':c,7'"99~.337 O.OOE+OO 1.85E+Ol 3.70E+Ol 
Pu-239 4.2838E-04 899.668 1,799.337 O.OOE+OO 3.85E_Ql 7.71E_Ql 

"'PC'U-.;-2c;40-;-- ..-;2"'.440~c;I;=.E--;:04~---~8"'99"'.668=:_--___:':c,7;;9c::9~.337 O.OOE+OO 2.20E_Ql 4.39E_Ql 
-=P:::U_;:-2;.;4~1 -..:6:?8~7"'64=E-Q-?-2----"'8"'99, .. 668~'----..:I:.::,7~9"'9"'.337 O.OOE+OO 6.19E+Ol 1.24E+02 
Pu-242 3.6329E_Q7 899.668 1,799.337 O.OOE+OO 3.27E-04 6.54E-Q4 
Ra-226 3.8045E-ll 899.668 1,799.337 O.OOE+OO 3.42E-08 6.85E_Q6 

"'R"'a-;-22:;;;:-8 --';2:;.9:;;90;c2~Eo--'~5;-------c8:s9"'9';.668:;;;;.------;.' ,~7~99"'.33;;;:...;7;_---~0"".OOE+OO 2.69E-12 5.38E-12 
-=R:=u-::-'"'06"-------...,I;.:.905~;;-5E;=.-Q~I----"'8~99"'.668~:__------:'''',7;;:9c::9';.33~7C;_---O;o:;:.OOE+OO 1.71 E+02 3.43E+02 
Se-79 1.2936E-Q5 899.668 1,799.337 O.OOE+OO 1.16E_Q2 2.33E-02 
-;;S':'n-.,;;I~26=-------___::''''.1=5=:;;74'''E~-Q5~---~8~99'''.668~---....,;.:I,=79'''9~.33.7 O.OOE+OO 1.04E_Q2 2.08E-02 
_=S'-r-.;907----------'2:::.7~5~OS~E=+OO77----_=8"'99;:.668~'----..:I:.::,7~9"'9"::.33:=7C;_---O;o:;:.OOE+OO 2.47E+03 4.95E+03 
Tc-99 42239E-Q4 899.668 1,799.337 O.OOE+OO 3.60E_Ql 7.60E_Ql 
"Th~-22=9-------.::'."'8848~"'E...;-1"=2----_;:8:;:99:;:."'668='=_---_';.;,7='99~.33::,7 O.OOE+OO 1.70E_Q9 3.39E_Q9
Th-230 1.7042E_Q6 899.668 1,799.337 O.OOE+OO 1.53E-Q5 3.07E-Q5 
Th-232 7.8132E-15 899.668 1,799.337 O.OOE+OO 7.03E-12 1,41E-ll 
TI-208 4.4063E-Q8 899.668 1,799.337 O.OOE+OO 3.96E-Q5 7.93E-Q5 

-"U-'-2o:32"= -:-'~.3,,'5=1~E=--o"'7=_-_-......;8"'99~.668=---~I:c,7=99~.33~7 O.OOE+OO 1.18E-Q4 2.37E-04 Thermal Power 
U-233 1.9564E_Q9 899.668 1,799.337-----O:OOE+oo 1.76"'E=--06~--___:3:;:.;;'52;;E=--Q6~-~INOminalHeat Bounding
U-234 1.8371 E-Q4 899.668 1,799.337 O.OOE+OO 1.85E_Ql 3.31 E_Ql OUlput Heat Output 

-cU;-.;-2:;;35;;;-. -0'2.o-72"'35~E-Q6~---___;;8"'99;;:.668=;___----=-.,:;0"'.OOO;=;;;:""---:i-':i4.10E-03 1.65E-03 4.10E-Q3 /Watts\ /Watts\
U-236 1.5493E-Q5 899.668 1,799.337 O.OOE+OO 1.39E_Q2 2.79E_Q2 4.56E+Ol 9.12E+Ol 

7U;.:-2=:38;:= ---,-4~.=2"'85""o=E:-;-Q"'9'----_;:8"'99:;:."'668='=_---....,..,==0.~OOO"::. 4.81 E-OS 4.42E-Q5 4.81 E-Q5 Total Total 
V-90 2.75OSE+OO 899.668 1,799.337 O.OOE+OO 2,47E+03 4.95E+03 
Other Radionuclides 4.83E+03 9.25E+03 
m. T_teSdedl<mSummarv.1kmw 
Template Selection Summary 

FromSFD ~ Basis for Parameter Differences: 
Reactor MocIerator:f---____:u:::G:::HT.::,.:W"'A:::T.=E:.:R_-+_-=LI.=G:.:HT'-W""'AT"'E::.R'--1 

BOl H::'~=".:~t----U-",Al,,~,,~:;----+----_~A=;l~7M"'--_-j 
BOl Enrichment %: 92.99998697 60 to 100 

Bumup Summary (MWdY Basis for bumup used in estimate: 
FromSFD Estimated 

Nominal:1 I 899.668 Nominal bumup caiaJiated 'rom the heavy metal mass destroyed. 
Bounding:1 I 1.799.337 Bounding bumup assumed to be twice nominal bumup. 

Checks 
Estimated Bumupl 

BumUD MultiDlier Given Bumup Estimated EOl HMlGlven EOl HM 
NomInal: 1.40 I 1.051 

Bounding: 2.80 ,
Reactor shutdown, core removal, storage. stuPping or other date COnflfrrllng that Irradiation ceased for fuel. 

2TotaI bumup for all fuel associated with this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWdlMT). 

DOElSNF/REP_Q78 December 2003 
Revision 1 Page C-I68 



Fuel Radionuclide Inventory Worksheet 
1. FueI_ Template Infol'JDlltion Estimated 

Fuel Name: FRR MTR-S (NETHERLANDS) 'Fuel decay start date: 2010 Canister usage: 
SNFID#: 608 Estimates as of: 2010 18"x10' 

Fuel Unils & Oeser: 61 - MTR TYPE Template: ATR (Light Water. Alum., 60 to 100~o, U) 2.54 
Heavy Metal Mas.: BOl.=12.46k9 ; EOl.=6.67k9 2Yemplate Bumup(MWd): 367.2 
ROO Sto~ Site: SRS Template BOL Heavy Metal Mas. (MT): 0.00116689 

Template Decay Time' 5 years 
n. Estimates m x" x. b y" y. Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Burnup (MWd)' Burnup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 1.4545E-10 5,487.977 10,975.954 O.ooE+OO 7.98E-07 1.60E-OO AV9·MeV 
Am-241 1.1190E-03 5,487.977 10,975.954 O.ooE+OO 6.14E+OO 1.23E+Ol 0.0150 2.118E+15 
Am-242m 4.5425E-07 5,487.977 10,975.954 O.ooE+OO 2.49E-03 4.99E-03 0.0250 4.562E+14 
Am-243 1.4921E-OO 5,487.977 10,975.954 O.ooE+OO 8.19E-03 1.64E-02 0.0375 4.210E+14 
C-14 5.7244E-09 5,487.977 10,975.954 O.ooE+OO 3.14E-05 6.28E-05 0.0575 4.139E+14 
CI-36 1.3124E-32 5,487.977 10,975.954 O.ooE+OO 7.20E-29 1.44E-28 0.0850 2.639E+14 
Cm-243 2.3676E-07 5,487.977 10,975.954 O.ooE+OO 1.30E-03 2.60E-03 0.1250 2.285E+14 
Cm-244 5.2042E-05 5,487.977 10,975.954 O.ooE+OO 2.86E-Ol 5.71E-Ol 0.2250 2.237E+14 
Co-GO 3.8208E-05 5,487.977 10,975.954 O.ooE+OO 2.10E-Ol 4.19E-Ol 0.3750 1.083E+14 
Cs-l34 4.8693E-Ol 5,487.977 10,975.954 O.ooE+OO 2.67E+03 5.34E+03 0.5750 1.487E+15 
Cs-135 3.4477E-Q6 5,487.977 10,975.954 O.ooE+OO 1.89E-02 3.78E-02 0.8500 2.082E+14 
Cs-137 2.8731E+OO 5,487.977 10,975.954 O.ooE+OO 1.58E+04 3.15E+04 1.2500 3.875E+13 
EU-l54 8.2053E-02 5,487.977 10,975.954 O.ooE+OO 4.50E+02 9.01E+02 1.7500 1.625E+12 
Eu-155 3.9134E-02 5,487.977 10,975.954 O.ooE+OO 2.15E+02 4.30E+02 2.2500 3.408E+12 
Fe-55 6.7429E-03 5,487.977 10,975.954 O.ooE+OO 3.70E+Ol 7.40E+Ol 2.7500 1.961E+10 
H-3 1.0599E-02 5.487.977 10,975.954 O.ooE+OO 5.82E+Ol 1.16E+02 3.5000 2. 175E+09 
1-129 7.5300E-07 5,487.977 10,975.954 O.ooE+OO 4.13E-03 8.26E-03 5.0000 6.501E+03 
Kr-85 2.8595E-Ol 5,487.977 10,975.954 O.ooE+OO 1.57E+03 3.14E+03 7.0000 7.248E+02 
Np-237 9.5479E-Q6 5,487.977 10,975.954 O.ooE+OO 5.24E-02 1.05E-Ol 11.0000 8.169E+01 
Pa-231 8.9297E-l0 5,487.977 10,975.954 O.ooE+OO 4.90E-OO 9.80E-OO 
Pb-21 0 3.7609E-12 5,487.977 10,975.954 O.ooE+OO 2.OOE-08 4.13E-08 
Pm-147 2.5452E+OO 5,487.977 10,975.954 O.ooE+OO 1.40E+04 2.79E+04 
PU-238 2.0550E-02 5,487.977 10,975.954 O.ooE+OO 1.13E+02 226E+02 
Pu-239 4.2838E-Q4 5,487.977 10,975.954 O.ooE+OO 2.35E+OO 4.70E+OO 
Pu-240 2.4401E-Q4 5,487.977 10,975.954 O.ooE+OO 1.34E+OO 2.68E+OO 
Pu-241 6.8764E-02 5,487.977 10,975.954 O.ooE+OO 3.77E+02 7.55E+02 
Pu-242 3.6329E-07 5,487.977 10,975.954 O.ooE+OO 1.99E-03 3.99E-03 
Ra-226 3.8045E-ll 5,487.977 10,975.954 O.ooE+OO 2.09E-07 4.18E-07 
Ra-228 2.9902E-15 5,487.977 10,975.954 O.ooE+OO 1.64E-ll 3.28E-ll 
Ru-lOO 1.9055E-Ol 5,487.977 10,975.954 O.ooE+OO 1.05E+03 2.09E+03 
8e-79 1.2936E-05 5,487.977 10,975.954 O.ooE+OO 7.10E-02 1.42E-Ol 
8n-126 1.1574E-05 5,487.977 10,975.954 O.ooE+OO 6.35E-02 1.27E-Ol 
8r-90 2.7505E+OO 5,487.977 10,975.954 O.ooE+OO 1.51E+04 3.02E+04 
Tc-99 4.2239E-Q4 5,487.977 10,975.954 O.ooE+OO 2.32E+OO 4.64E+OO 
Th-229 1.8848E-12 5,487.977 10,975.954 O.ooE+OO 1.03E-oB 2.07E-08 
Th-230 1.7042E-oB 5,487.977 10,975.954 O.ooE+OO 9.35E-05 1.87E-Q4 
Th-232 7.8132E-15 5,487.977 10,975.954 O.ooE+OO 4.29E-ll 8.58E-ll 
Tl-208 4.4063E-oB 5,487.977 10,975.954 O.ooE+OO 2.42E-04 4.84E-Q4 
U-232 1.3151E-07 5,487.977 10,975.954 O.ooE+OO 7.22E-Q4 1.44E-03 Thermal Power 
U-233 1.9564E-09 5,487.977 10,975.954 O.ooE+OO 1.07E-05 2.15E-Q5 Nominal Heat Bounding 
U-234 1.8371E-04 5,487.977 10,975.954 O.ooE+OO 1.01E+OO 2.02E+OO Output Heat Output 
U-235 -2.7235E-OO 5,487.977 0.000 2.50E-Q2 1.01E-02 2.50E-02 /Watts) /Wans) 
U-236 1.5493E-05 5,487.977 10,975.954 O.ooE+OO 8.50E-02 1.70E-ol 2.78E+02 5.57E+02 
U-238 -4.2851E-Q9 5,487.977 0.000 2.93E-Q4 2.70E-Q4 2.93E-04 Total Total 
Y-90 2.7505E+OO 5,487.977 10,975.954 O.ooE+OO 1.51E+04 3.02E+04 
Other Radionuclides 2.82E+04 5.65E+04 
DI. Template Selection ~ry, B_ ,all(lC;~ 
Temola1e selection Summary 

FromSFD Used Basis for Parameter Differences: 
Reactor Moderator: UGHTWATER UGHTWATER 

Fuel Cladding: ALUM ALUM 
BOL HM Constituents: U-ALX U 

SOL Enrichment %: 92.99998578 6010100 

Burnup Summary (MWd)< Basis for bumup used in estimate: 
FromSFD Esti_ 

Nominal:1 I 5.487.977 iNominai bumup calaJlaled from tile heavy melal mass _yed. 
Bounding:1 I 10,975.954 Bounding bumup assumed to be twice nominal bumup. 

Checks 

estimated Bumupl 
Bumup Mulllplier Given Bumup Estimated EOL HMlGlven EOL HM 

Nominal: 1.40 I 1.051 
Bounding: 2.80 , 

Reactor shutdown, core removal. storage. shIpping or other date confinnln9 that IrradIation ceased for fuel.
 

210taJ bumup for all fu~ associated with this worksheet must be divided by BOl heavy metal mass to get specific bumup values (MWdIMT).
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Fuel Radionuclide Inventory Worksheet 
1. Fuel and Template InfOt'lD8tiOD
 Estimated 

Fuel Nama: FRR MTR·S (PERU) 1 Fuel decay start date: 2010
 Canister usage: 
SNFID#: 504 Estimates as of: 2010
 18"xl0' 

Fuel Units & Oeser: 23 • ASSEMBLY Template: ATR (Ught Water. Alum.. 60 to 100'}o, U) 0.96 
Hoavy Metal Maso: BO[""32.2Okg ; EOL=28.98kg 'Template Sumup(MWd): 367.2 
ROD Slorage 51"': SRS Template SOL Hoavy Metal Mass (MT): 0.00116689 

Templata Decay Time' 5 years 
D.&limalee m x" b y" y. Gamma Sources 

Photon Talai 
CUMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuelide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 __...,1;.:..4;.::5:-:;4o:_5E~-~lo:_0----c3~,049.4oo 6,098.801 O.ooE+OO 4.44~-=E-,-0",7c-__~8,,:.87E-Q7 Avg. Me:-:V__ ........,--==-=

""A,"m,--2~4~1,___~_-_-_ - ._-,,1.~1190E·03 3,049.400 6,098.s01" ---O.OoE+OO 3.41 E+OO 6.82E+OO O.OlsO 1.177E+15
 
Am·242m 4.5425E-07 3,049.400 6,098.801 O.OOE+OO 1.39E-03 2.77E-03 0.0250 2.535E+14
 
-,;A;c:in,--~243=- "__-=1==.4co9721ccEo_-706=---_--=3,,,,04-,-9;:.,,-4OO~,,-_---,6",0;:9",8,,,,.801 O.OOE+OO 4.55E-03 9.10E-03 0.0375 2.339E+14
 
-;C"-~14~ ._~5:;;.7~244;;-;;Eo_-o:_09=--_-_;;_3,:;;04_;_9;;,._;_4OO~----:6,,,0:c:9"8oc.80,,,-,1". -_-_-_-:-_o~.OOE+OO 1.75E-05 3.49E_Q5 0.0575 2.300E+14
 
CI-36'= ~1~.3:::1o:_24"'Eo_-'C32=__---_'=3"',04:7.09.'_'4'C00=__--~6S,0798==.780~1'----cO~.00E+OO------;u)0c;E~-2='9=__--...:8"'.00~E='-2='9=__-U--,0",.08:::::50 1.466E+14 
Cm-243 2.3676E-07 3,049.400 6,098.801 O.OOE+OO 7.22E-Q4 1.44E_Q3 0.12sO---1-.2-7"OE-+-1-4 
Cm-244 5.2042E-05 3,049.400 6,098.801 O.ooE+OO 1.59E-Ol 3.17E_Ql 0.2250 1.243E+14 
Co-GO 3.8208E_Q5 3,049.400 6,098.801 O.OOE+OO 1.17E_Ql 2.33E-Ol 0.3750 6.016E+13 
Cs-l34 4.8693E_Ql 3,049.400 6,098.801 O.OOE+OO 1.48E+03 2.97E+03 0.5750 8.263E+14 
CS-l35 3.4477E-Q6 3,049.400 6,098.801 O.ooE+OO 1.05E-02 2.10E-02 0.8500 1.157E+14 
'Cs-137 2.8731E+OO 3,049.400 6,098.801 O.ooE+OO 8.76E+03 1.75E+04 1.2500 2.153E+13 
Eu-l54 8.2053E-02 3,049.400 6,098.801 O.OOE+OO 2.50E+02 5.ooE+02 1.7500 9.029E+l1 
Eu-155 3.9134E-02 3,049.400 6,098.801 O.OOE+OO 1.19E+02 2.39E+02 2.2500 1.894E+12 
Fe-55 6.7429E-03 3,049.400 6,098.801 O.OOE+OO 2.06E+Ol 4.11E+Ol 2.7500 1.089E+l0 
H-3 1.0599E-02 3,049.400 6,098.801 O.OOE+OO 3.23E+Ol 6.46E+Ol 3.5000 1.209E+09 
1-129 7.5300E-07 3,049.4O~0 -c6::,,098~::::;.80,~1 O.ooE+OO 2.30E_Q3 4.59E-Q3 5.0000 3.632E+03 
Kr-85 2.8595E_Ql 3,049.400 6,098.801 O.OOE+OO 8.72E+02 1.74E+03 7.0000 4.051E+02 
Np-237 9.5479E-Q6 3,049.400 6,098.801 O.ooE+OO 2.91 E-02 5.82E_Q2 11.0000 4.566E+Ol 
Pa-231 8.9297E-l0 3,049.400 6,098.801 O.OOE+OO 2.72E-06 5.45E-06 
Pb-210 3.7G09E-12 3,049.400 6,098.~!...__~ooE+OO 1.1;;;5",E-c-OS~__---;2C';.2c;c9",E'c-OS~-j1 
Pm-147 2.5452E+OO 3,049.400 6,098.801 O.OOE+OO 7.76E+03 1.55E+04 
Pu-238 2.0550E-02 3,049.400 6,098.801 O.OOE+OO 6.27E+Ol 1.25E+02 
Pu-239 4.2838E-04 3,049.400 6,098.801 O.ooE+OO 1.31 E+OO 2.61 E+OO 
Pu-24O 2.4401E-Q4 3,049.400 6,098.801 O.ooE+OO 7.44E-Ol 1.49E+OO 
Pu-241 6.8764E-02 3,049.400 6,098.801 O.ooE+OO 2.10E+02 4.19E+02
 
Pu-242 3.6329E_Q7 3,049.400 6,098.801 O.ooE+OO 1.11 E_Q3 2.22E_Q3
 
Ra-226 3.8045E-ll 3,049.400 6,098.801 O.ooE+OO 1.16E_Q7 2.32E_Q7 
Ra-228 2.9902E-15 3,049.400 6,098.801 O.ooE+OO 9.12E-12 1.82E-ll 
Ru-l06 1.9055E_Ql 3,049.400 6,098.801 O.OOE+OO 5.81",Eo:+O=:2o-__...,1~.1.;;:6?Eo:+03=_~1 
Se-79 1.2936E-OS 3,049.400 6,098.801 O.ooE+OO 3.94E-02 7.89E_Q2 
5n·126 1.1574E-OS 3,049.400 6,098.801 O.OOE+OO 3.53E_Q2 7.06E_Q2 
Sr-90 2.7505E+OO 3,049.400 6,098.801 O.ooE+OO 8.39E+03 1.68E+04 
TC-99 4.2239E-04 3,049.400 6,098.801 O.ooE+OO 1.29E+OO 2.58E+OO 
Th-229 1.8848E-12 3,049.400 6,098.801 O.ooE+OO 5.75E_Q9 1.15E-OS 
Th-230 1.7042E-OS 3,049.400 6,098.801 O.ooE+OO 5.20E-OS 1.04E-Q4 
Th-232 7.8132E-15 3,049.400 6,098.801 O.ooE+OO 2.38E-ll 4.77E-ll 
TI-208 4.4063E-OS 3,049.400 6,098.801 O.ooE+OO 1.34E-Q4 2.69E-Q4 
U-232 1.3151E_Q7 3,049.400 6,098.801 O.ooE+OO 4.01E-Q4 8.02E-Q4 Thermal Power 

7UT-2=:33;;:- --:-1:.;;.95o:_64~Eo--Qo:_9:;_---_;;_3,:;;04_;_9;;'.,,4OO~----:6::',098=.oc.8=,0;.:1_-_0;:.o:_oo:c:Eo_+OO~~- _ _,=5~.9~7:=E:..:-Q6~~--_;_1:.;.1:=9;:E-,::-OS"=---IINominal Heat Bounding 
U-234 1.8371E-Q4 3,049.400 6,098.801 O.ooE+OO 5.GOE_Ql 1.12E+OO OU1put Heat Output
U-235 -2.7235E-06 3,049.400 0.000 1.14E_Q2 3.13E-Q3 1.14E_Q2 (WaItS) (Watts) 
U-236 1.5493E-OS 3,049.400 6,098.801 O.ooE+OO 4.72E_Q2 9.45E_Q2 1.55E+02 3.09E+02 
U-238 -4.2851E_Q9 3,049.400 0.000 9.04E-03 9.03E_Q3 9.04E-Q3 Total Total 
Y-90 2.7505E+OO 3,049.400 6,098.801 O.ooE+OO 8.39E+03 1.68E+04 
Other Radionuclides 1.57E+04 3.14E+04 
m. TemoJate Sl!leeIiun Sumtl1arv, Bumn and Checks 
Template Selection Summary 

From SFD Used Basis for Parameter Differences: 
Reactor Moderator:1-__..:L::.:'GccH"'T-:-W;:-A;:.T=ER.:....._t-----'U::cG=H.::T"'W"'A.::Tc-E::.:R this Template was used for the followfng ~ns: 

Fuel Qaddtng: AlUM ALUM This fuel matches ATR Template on all but one parameter (enrichment) rnaXing ATR a reasonable 
SOL HM ConetltuenlS: U308 U match. 

SOL Enrlchmenl %: 16.42857201 60 to 100 

Bumup Summary (MWd) Basis for burnup used in estimate: 
FromSFO I Estimated

Nomin.I:It-- ~ +-I ---,3:c,04:-=9:.;.4-:-oo Nominal bumup calculated lromthe heavy metal mass destroyed. 
Bounding: I 6,098.801 Bounding bumup assum9d to be twice nominal bumup. 

Checks 
Estimatad Bumupl 

Bumul> Mullil>ller Given Bumup Estimated EOL HMlGlven EOL HM 
Nominal: 0.30 I 1.011
 

Bounding: 0.60
 ,
Reactor shutdown, core removal. storage. shipping or other date conftnmng that Irradiation ceased for fuel. 

~otal bumup for all fuel associated with this \oYOJksheet must be divided by BOl heavy metal mess to get specific burrop values (MWdlMT). 

I
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Fuel Radionuclide Inventory Worksheet 
1. Fuel and Templaw lnfonnl!tion Estimated 

Fuel Name: FRR MTR-S (PORTUGAL) 'Fuel decay start date: 2010 Canister usage: 
SNFID#: 632 Estimates as of: 2010 18"xl0' 

Fuel Units & Oeser: 22· MTR TYPE Template: ATR (Ught Water, AJum., 60 to 100<)0, U) 0.92 
Heavy Metal Mass: B01.=6.251<g ; EOI.=3.92kg "Template Bumup(MWd): 367.2 
ROD Storage Site: SRS Template BOL Heavy Me1a1 Masa (MT): 0.00116689 

Template Decay Time" 5 years 

n. Estimates m x" Xb b Y" Yb Gamma Sources 
Photon Total 

CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 
Radionuclide Template Fuel Burnup (MWd)' Burnup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 1.4545E-l0 2,200.116 4,400.231 O.ooE+OO 320E-07 6.40E-07 Avg.MeV 
Am-241 1.1190E-03 2,200.116 4,400.231 O.ooE+OO 2.46E+OO 4.92E+OO 0.0150 8.489E+14 
Am-242m 4.5425E-Q7 2,200.116 4,400.231 O.ooE+OO 9.99E-04 2.ooE-03 0.0250 1.829E+14 
Am-243 1.4921E-OO 2,200.116 4,400.231 o.ooE+OO 3.28E-Q3 6.57E-03 0.0375 1.688E+14 
C-14 5.7244E-Q9 2,200.116 4,400.231 O.ooE+OO 1.26E-05 2.52E-05 0.0575 1.659E+14 
CI-36 1.3124E-32 2,200.116 4,400.231 O.ooE+OO 2.89E-29 5.77E-29 0.0850 1.058E+14 
Cm-243 2.3676E-07 2.200.116 4,400.231 O.ooE+OO 5.21E-Q4 1.04E-03 0.1250 9.161E+13 
Cm-244 5.2042E-05 2,200.116 4,400.231 O.ooE+OO 1.14E-Ol 2.29E-Ql 0.2250 8.966E+13 
Co-60 3.8208E-05 2,200.116 4.400.231 O.ooE+OO 8.41E-02 l.68E-Ql 0.3750 4.340E+13 
Cs-l34 4.8693E-Ol 2,200.116 4.400.231 O.ooE+OO 1.07E+03 2.14E+03 0.5750 5.962E+14 
Cs-l35 3.4477E-Q6 2,200.116 4,400.231 O.ooE+OO 7.59E-03 1.52E-02 0.8500 8.348E+13 
CS-137 2.8731E+OO 2,200.116 4,400.231 O.ooE+OO 6.32E+03 1.26E+04 1.2500 1.553E+13 
EU-154 8.2OS3E-02 2.200.116 4,400.231 O.ooE+OO 1.81E+02 3.61E+02 1.7500 6.514E+11 
Eu-155 3.9134E-Q2 2,200.116 4,400.231 O.ooE+OO 8.61E+Ol 1.72E+02 2.2500 1.366E+12 
Fe-55 6.7429E-Q3 2200.116 4,400231 O.ooE+OO 1.48E+Ol 2.97E+Ol 2.7500 7.860E+09 
H-3 1.0599E-02 2.200.116 4,400.231 O.ooE+OO 2.33E+Ol 4.66E+Ol 3.5000 8.720E+08 
1-129 7.5300E-07 2.200.116 4,400.231 O.ooE+OO 1.66E-03 3.31E-03 5.0000 2.606E+03 
Kr-85 2.8595E-Ql 2,200.116 4,400.231 O.ooE+OO 6.29E+02 1.26E+03 7.0000 2.906E+02 
Np-237 9.5479E-OO 2,200.116 4,400.231 O.ooE+OO 2.10E-02 4.20E-02 11.0000 3.275E+01 
Pa-231 8.9297E-l0 2,200.116 4,400.231 O.ooE+OO 1.96E-OO 3.93E-OO 
Pb-21 0 3.7609E-12 2,200.116 4,400.231 O.ooE+OO 8.27E-09 1.65E-08 
Pm-147 2.5452E+OO 2,200.116 4,400231 O.ooE+OO 5.60E+03 1.12E+04 
Pu-236 2.OS50E-Q2 2,200.116 4,400.231 O.ooE+OO 4.52E+Ol 9.04E+Ol 
Pu-239 4.2838E-Q4 2,200.116 4,400.231 O.ooE+OO 9.42E-Ol l.88E+OO 
Pu-240 2.4401E-Q4 2,200.116 4,400.231 O.ooE+OO 5.37E-Ql 1.07E+OO 
Pu-241 6.8764E-02 2,200.116 4,400.231 O.ooE+OO 1.51E+02 3.03E+02 
Pu-242 3.6329E-Q7 2,200.116 4,400.231 O.ooE+OO 7.99E-Q4 1.60E-03 
Ra-226 3.8045E-ll 2,200.116 4,400.231 O.ooE+OO 8.37E-Q8 1.67E-Q7 
Ra-228 2.9902E-15 2,200.116 4,400.231 O.ooE+OO 6.58E-12 1.32E-ll 
Ru-lOO 1.9055E-Ql 2,200.116 4,400.231 O.ooE+OO 4.19E+02 8.38E+02 
5e-79 1.2936E-OS 2,200.116 4,400.231 O.ooE+OO 2.85E-Q2 5.69E-Q2 
5n-126 1.1574E-Q5 2,200.116 4,400.231 O.ooE+OO 2.55E-02 5.09E-Q2 
5r-90 2.7505E+OO 2,200.116 4,400.231 O.ooE+OO 6.05E+03 1.21E+04 
Tc-99 4.2239E-04 2,200.116 4,400.231 O.ooE+OO 9.29E-Ql 1.86E+OO 
Th-229 1.8848E-12 2,200.116 4,400.231 O.ooE+OO 4.15E-09 8.29E-Q9 
Th-230 1.7042E-Q8 2,200.116 4,400.231 O.ooE+OO 3.75E-OS 7.50E-OS 
Th-232 7.8132E-15 2,200.116 4,400.231 o.ooE+OO 1.72E-ll 3.44E-ll 
T1-208 4.4063E-Q8 2,200.116 4,400.231 O.ooE+OO 9.69E-Q5 l.94E-Q4 
U-232 1.3151E-Q7 2,200.116 4,400.231 O.ooE+OO 2.89E-04 5.79E-Q4 Thermal Power 
U-233 1.9564E-Q9 2,200.116 4,400.231 O.ooE+OO 4.30E-Q6 8.61E-Q6 Nominal Heat Bounding 
U-234 1.6371E-Q4 2,200.116 4,400231 O.ooE+OO 4.04E-Ql 8.08E-Ql Output Heat Output 
U-235 -2.7235E-Q6 2,200.116 0.000 1.26E-02 6.56E-03 1.26E-02 /Watts) /Watts) 
U-236 1.5493E-Q5 2,200.116 4,400.231 O.ooE+OO 3.41E-Q2 6.82E-Q2 1.12E+02 2.23E+02 
U-238 -4.2851 E-Q9 2200.116 0.000 1.47E-04 1.38E-04 1.47E-Q4 Total Total 
V-90 2.7505E+OO 2,200.116 4,400.231 O.ooE+OO 6.OSE+03 1.21E+04 
Olher Radionuclides 1.13E+04 2.26E+04 

1IL TetllPlate ~ s.-.o.,61J11!1l .antl Ched<s 
TemDlate Selection Summary 

FromSFD ~ Basis for Parameter Differences: 
Reactor Moderator: LIGHT WATER UGHTWATER 

Fuol Cladding: ALUM ALUM 
BOL HM Cons1ltuenls: U-ALX U 

BOL Enrichment %: 92.99999055 60 to 100 

Bumup Summary (MWd)' Basis for bumup used in estimate: 
FromSFD Eatima1lld 

Nomlnal:1 2.200.116 Nominal bumup calculated from the heavy melal mass destroyed. 
Bounding:1 I 4,400.231 Bounding bumup assumed to be twice nominal bumup. 

Checks
 

Estimated Bumup/
 
BumuD MultiDlIer Given BumuD Estimated EOl HMlGiven EOl HM 

Nominal: 1.12 I 1.031 
Bounding: 2.24,

Reactor shuidolMl, core removal, storage, shipping or other date conflnnlng that Irradiation ceased for fuel. 

2Total bumup for all fuel associated with this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWcVMT). 
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Template Information Estimated 

Fuel No"",: FRR MTR·S (PORTUGAL) 'Fuel decay start date: 2010 Canister usage:
 
SNF 10 fJ: 542 Estimates as of: 2010 18"xl0'
 

Fuel Units & Descc-: 6 - ASSEMBLY Template: ATR (Ught Water. Alum.. 60 10 100~o, U) 0.25 
Heavy Metal Mas.: BO~5.40kg ; EOl=5.15kg 2Template Bumup(MWd): 367.2 
ROD Storage Site: SRS Templat. BOl Heavy Metal Mass (MT): 0.00116689 

Template Decay Time' 5 years 
U. Estimates m Xo b Yo Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuelide Template Fuel Bumup (MWd)' Burnup (MWd)' (ei) lnventories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 1.4545E-l0 235239 470.479 O.ooE_HlO 3.42E-08 6.84E-08 Avg. MeV 
Am-2"4c-1 -·------.--'1.::.1":1"'OO~E;._03~-----'2:::::35:239 470~479~---il:OOE+D0;-----c2:;:.;;63~iE~-""0'i-l-----c5~.2;;;6;;E=--"01;---ir--""0.";;0.;;15O~-- ---c9~-.0;;:T7=E+-,1::::3 
Am-i42~;m=----------;4".54~25;O;E=-_Q""7O;------:2"3"'5C:;.2"'3:;;9-----;4-==70"'.-;4-==7:C9 --- 0:OOE+OO-;C;C----ol";;.07E.04 2.14E-04 0.0250 1:9s5E+13 

Am-243 1.4921 E-Q6 235.239 470.479 0.00.~iOE+OO:c:2;_---'3"i".,,51~E=--""04;o_--_:7:;:.0~2:;;E=--04~-+-_:o0.'=03:=7o;5'___ I:-'.80:;:;::5~E+'cl~3 
C-14 5.7244E-Q9 235.239 470.479 O.ooE+OO 1.35E-Q6 2.69E-OO 0.0575 1.T74E+13 
CI-36 1.3124E-32 235.239 470.479 O.ooE+OO 3.09E-30 6.17E-30 0.0850 1.131E+13 
Cm-243 2.3676E_Q7 235.239 470.479----0.00E+OO 5.57E-Q5 1.11E-04 0.1250 9.796E+12 
Cm-244 5.2042E-05 235.239 470.479---0:00E:-'-+OO=----c;-I.'o:2·2;;~E_Q-;;;;2:----2O:.-;45~E=--""0""2---jt---;0.::.22:::5O:7---~9.'=58=:7=E-'-+-"=12 
Co-6O 3.8208E-05 235.239 470.479 0.o<iE+OO~---;8~.99E-03 1.80E-02 0.3750 4.641E+12 
CS-l34 4.8693E_Ql 235.239 470.479--- O:OO~E+ooj~~:::::::::::::::::1~.1f:5~E~-Hl~~2::::::::::::::::::::2~.2"'9"'E=--Hl-;;;;-2--U---;O.c::5C::75O'~---6:'.3:::7:-:4::E+'-1:':3 
Cs-135 3.4477E_Q6 235.239 470.479 O.ooE+OO 8.11E-Q4 1.62E_Q3 0.8500 8.926E+12 
Cs-137 2.8731E+OO 235.239 470.479 0.ooE_Hl'c;:;O;----;6"'.7;;6;;E"'_Hl~2----:;1'"".3"'5~E=-_Hl"3~--ir---:-l.'=25OO~'------...:1?-.66~I~E+'cl~2 
EU-I54 8.2053E-02 235.239 470.479 O.ooE+OO 1.93E_Hll 3.86E_Hll 1.7500 6.965E+l0 
EU-155 3.9134E_Q2 235.239 470.479 E~+::'::11O:OOE+OO:;;-----;-,9c;.2;;I:;:E;.:-+oo;;;:;----'ilc;.84:'ii=E-'-_Hl:<:1:--n--,2;;:.2;;;5OO~----c1:".4;;;6:1'

Fe-55 6.7429E_Q3 235.239 470.479 O.OOE+OO 1.59E+OO 3.17E+OO 2.7500 8.404E+08 
H-3 1.0599E_Q2 235.239 470.479 O.ooE+OO 2.49E+OO 4.99E+OO 3.5000 9.324E+07 
1-129 7.5300E-07 235.239 470.479 O.ooE+OO 1.77E-Q4 3.54E-Q4 5.0000__ 2.820E+02 
Kr-85 2.8595E_Ql 235.239 470.479 O.ooE_HlO 6.73E_Hll 1.35E_Hl2 7.0000 3.145E+Ol 
Np-237 9.5479E-Q6 235.239 470.479 0.ooE"OO;-----";2;-;.2;'5~E"'_Q:;;3:---...:4'i.4:~9"'E"'-0"'3:----If--:-l1;:.OOOO~::----;3::;.546~E"+OO-;;;;-
Pa-231 8.9297E-l0 235.239 470.479 O.ooE+OO 2.10E_Q7 4.20E_Q7 
Pb-21 0 3.7809E-12 235.239 470.479 O.ooE+OO 8.85E-l0 1.77E_Q9 

-;:P;"m'-;.1'=4:::-7 ---'2~.54=5:-=2~E+OO~'------':2?-35,.2~3~9C----7_470.479 0.00-:::E'-+OO~_-~5==.9::9E~-Hl~2~-_-=1~.2:=O~E-Hl~3~--j1 
Pu·238 2.0550E_Q2 235.239 470.479 O.ooE+OO 4.83E+OO 9.67E+OO 
PU-239 4.2838E-Q4 235.239 470.479 O.00~Ec::+OO:sc----'Ol:-;.O;Ol~E:.;_Q~1'-------";2;::;.0"'2~E:.;_Q~1'-----j1
 
PU-240 2.4401E-Q4 235.239 470.479---0.ooE+oo 5.74E_Q2 1.15E_Ql
 
PU-241 6.8764E_Q2 235.239 470.479 O.OOE+OO 1.62E_Hll 3.24E_Hll
 
PU-242 3.6329E_Q7 235.239 470.479 O.ooE+OO 8.55E-Q5 1.71 E-Q4
 
Ra-226 3.8045E-ll 235.239 470.479 O.ooE+OO 8.95E-Q9 1.79E-oB
 
Ra-228 2.9902E-15 235.239 470.479 O.ooE+OO 7.03E-13 1.41E-12
 
RU-lOO 1.9055E_Ql 235.239 470.479 O.ooE+OO 4.48E_Hll 8.96E_Hll
 
Se-79 1.2936E-Q5 235.239 470.479---0-:OOE+OO~---=3cc.04~E.::_Q"'3'------':6"'.0"'9::=Ecc_Q"'3'----i1
 
Sn·126 1.1574E-Q5 235.239 470.479 O.ooE+OO 2.72E-03 5.45E-03
 
Sr-OO 2.7505E+OO 235.239 470.479 O.ooE+OO 6.47E_Hl2 1.29E_Hl3
 
Tc-99 4.2239E-Q4 235.239 470.479 0.ooE+OO~---"'9.-;;94~E~-Q2~----o-lC;;.99:;;E~_Q'-;;;-1--t1 
Th-229 1.8848E-12 235.239 470.479 O.ooE+OO 4.43E-l0 8.87E-l0
 
Th-230 1.7042E-oB 235.239 470.479 O.ooE+OO 4.01 E-Q6 8.02E-Q6
 
Th-232 7.8132E-15 235.239 470.479 O.OOE+OO 1.84E-12 3.68E-12
 
T~208 4.4063E-oB 235.239 470.479 O.ooE+OO 1.04E-Q5 2.07E-Q5
 
U-232 1.3151E-07 235.239 470.479 O.ooE+OO 3.09E-Q5 6.19E-Q5 Thenmal Power
 
U-233 1.9564E-09 235.239 470.479 O.OOE+OO 4.60E_Q7 9.20E-Q7 Nominal Heat Bounding
 
U-234 1.6371 E-Q4 235.239 470.479 O.ooE+OO 4.32E_Q2 8.64E_Q2 Output Heat Output 
U-235 -2.7235E-Q6 235.239 0.000 2.33E-03 1.69E_Q3 2.33E_Q3 (Watts) (Wattsi 
U-236 1.5493E-Q5 235.239 470.479 O.ooE+OO 3.64E_Q3 729E_Q3 1.19E+01 2.39E+01 
U-238 -4.2851E-Q9 235.239 0.000 1.45E-03 1.45E-03 1.45E_Q3 Total Total 
v-OO 2.7505E+OO 235.239 470.479 O.ooE+OO 6.47E_Hl2 1.29E_Hl3 
Other Radionuelides 1.21 E_Hl3 2.42E_Hl3 
W. Template SeJection Summary, llUl'lll! , and CItedrlJ 
Template selection Summary

From SFO Used Basis for Parameter Differences: 
Reactor Moderator: UGHT WATER UGHT WATER This Template was used for the following reasons:

Fuel Claddlng:I--=-::A";lUC;;M:;:':::"'-+--~=:;A':-l;';U;';M='----fThiSfuel matches on all parameters except enrictlment. 

BO;;~==~1--720'".OOOOO-"U-~A",LX"-1732=--+---60 t~ 100 

Bumup Summary (MWd) Basis for bumup used in estimate: 
FromSFD Estimated

Nomlna::II- +-I ?-l~ Nominal bumup calculaled from the heavy metal mass destroyed. 
Boundln~:1 I 470.479 Bounding bumup assumed 10 be twice nominal bumup.

Checks 
Estimated Bumupl 

Bumup Multiplier Given Bumup Estir:tated EOL HMlGiven EOL HM 
Nomina!: 0.14 I 1.001
 

Bounding: 0.28
 ,
Reactor shutdown, core removal, storage, shipping or other date confmmng that Irradiation ceased for fuel. 

. ~otal bumup for all fuelassodated with this worksheet must be divided by SOL heavy metal mass to get specific bumup values (MWdIMT). 
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Fuel Radionuclide Inventory Worksheet 
t. Fuel and Template Inf"rmati"o Estimated 

Fuel Name: FRR MTR-S (SWITZERLAND) 1Fuel decay start date: 2010 Canister usage: 
SNFID#: 658 Estimates as 0': 2010 18"xl0' 

Fuel Unlls & Oeser: 55 - MTR TYPE Template: ATR (ught Water. Alum.• 60 to 100%, U) 2.29 
_vy Metal Mass: BDL=16.68kg ; EOl=5.97kg "Template Bumup(MWd): 367.2 
ROD Storage Site: sRS Template BOl _vy Metal Mass (MT): 0.00116689 

Template Decay Time' 5 years 
n. Estimates m x" Xb b y" Yb Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Bumup (MWd)2 Bumup (MWd)2 (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ae-227 1.4545E-l0 10,135.949 15.792.496 O.OOE+OO 1.47E-Q6 2.30E·06 Avg. MeV 
Am-241 1.1190E-03 10,135.949 15,792.496 O.OOE+OO 1.13E+Ol 1.77E+Ol 0.0150 3.047E+15 
Am-242m 4.5425E-07 10,135.949 15,792.496 O.OOE+OO 4.60E-03 7.17E-03 0.0250 6.564E+14 
Am-243 1.4921E-06 10,135.949 15,792.496 O.OOE+OO 1.51E-Q2 2.36E-02 0.0375 6.057E+14 
C-14 5.7244E-09 10,135.949 15,792.496 O.OOE+OO 5.80E-05 9.04E-OS 0.0575 S.956E+14 
CI-36 1.3124E-32 10,135.949 15,792.496 O.OOE+OO 1.33E-28 2.07E-28 0.0850 3.797E+14 
Cm-243 2.3676E-07 10,135.949 15,792.496 O.OOE+OO 2.40E-03 3.74E-03 0.1250 3.288E+14 
Cm-244 5.2042E-05 10,135.949 15,792.496 O.OOE+OO 5.27E-Ol 8.22E-Ol 0.2250 3.218E+14 
Co-50 3.8208E-Q5 10,135.949 15,792.496 O.OOE+OO 3.87E-Ql 6.03E-Ol 0.3750 1.558E+14 
Cs-l34 4.8693E-Ol 10,135.949 15,792.496 O.OOE+OO 4.94E+03 7.69E+03 0.5750 2.140E+15 
Cs-135 3.4477E-06 10,135.949 15,792.496 O.OOE+OO 3.49E-02 5.44E-02 0.8500 2.996E+14 
Cs-137 2.8731E+OO 10,135.949 15,792.496 O.OOE+OO 2.91E+04 4.54E+04 1.2500 5.575E+13 
Eu-l54 8.2053E-02 10,135.949 15,792.496. O.OOE+OO 8.32E+02 1.30E+03 1.7500 2.338E+12 
Eu-155 3.9134E-02 10,135.949 15,792.496 O.OOE+OO 3.97E+02 6.18E+02 2.2500 4.904E+12 
Fe-55 6.7429E-03 10,135.949 15,792.496 O.OOE+OO 6.83E+Ol 1.06E+02 2.7500 2.821E+10 
H-3 1.OS99E-02 10,135.949 15,792.496 O.OOE+OO 1.07E+02 1.67E+02 3.5000 3.130E+09 
1-129 7.5300E-Q7 10,135.949 15,792.496 O.OOE+OO 7.63E-03 1.19E-02 5.0000 9.353E+03 
Kr-85 2.8595E-Ql 10,135.949 15,792.496 O.OOE+OO 2.90E+03 4.52E+03 7.0000 1.043E+03 
Np-237 9.5479E-06 10,135.949 15,792.496 O.OOE+OO 9.68E-02 1.51E-Ol 11.0000 1.175E+02 
Pa-231 8.9297E-l0 10,135.949 15,792.496 O.OOE+OO 9.05E-Q6 1.41E-05 
Pb-210 3.7609E-12 10,135.949 15,792.496 O.OOE+OO 3.81E-Q8 5.94E-08 
Pm-147 2.5452E+OO 10,135.949 15,792.496 O.OOE+OO 2.58E+04 4.02E+04 
Pu-238 2.0550E-02 10,135.949 15,792.496 O.OOE+OO 2.08E+02 3.25E+02 
Pu-239 4.2838E-04 10,135.949 15,792.496 O.OOE+OO 4.34E+OO 6.77E+OO 
Pu-240 2.4401E-Q4 10,135.949 15,792.496 O.OOE+OO 2.47E+OO 3.85E+OO 
Pu-241 6.8764E-Q2 10,135.949 15,792.496 O.OOE+OO 6.97E+02 1.09E+03 
Pu-242 3.6329E-Q7 10,135.949 15,792.496 O.OOE+OO 3.68E-03 5.74E-Q3 
Ra-226 3.8045E-ll 10,135.949 15,792.496 O.OOE+OO 3.86E-07 6.01E-Q7 
Ra-228 2.9902E-15 10,135.949 15,792.496 O.OOE+OO 3.03E-ll 4.72E-ll 
Ru-l06 1.9055E-Ql 10,135.949 15,792.496 O.OOE+OO 1.93E+03 3.01E+03 
8e-79 1.2936E-Q5 10,135.949 15,792.496 O.OOE+OO 1.31E-Ol 2.04E-Ql 
8n-126 1.1574E-05 10,135.949 15,792.496 O.OOE+OO 1.17E-Ol 1,83E-Ql 
8.-90 2.7505E+OO 10,135.949 15,792.496 O.OOE+OO 2.79E+04 4.34E+04 
Tc-gg 4.2239E-Q4 10,135.949 15,792.496 O.OOE+OO 4.28E+OO 6.67E+OO 
Th-229 1.8848E-12 10,135.949 15,792.496 O.OOE+OO 1.91E-Q8 2.98E-Q8 
Th-230 1.7042E-08 10.135.949 15,792.496 O.OOE+OO 1.73E-04 2.69E-Q4 
Th-232 7.8132E-15 10,135.949 15,792.496 O.OOE+OO 7.92E-ll 1.23E-l0 
TI-208 4.4063E-Q8 10,135.949 15,792.496 O.OOE+OO 4.47E-Q4 6.96E-04 
U-232 1.3151E-Q7 10,135.949 15,792.496 O.OOE+OO 1.33E-03 2.08E-Q3 Thermal Power 
U-233 1.9564E-09 10,135.949 15,792.496 O.OOE+OO 1.98E-OS 3.09E-QS Nominal Heat Bounding 
U-234 1.8371E-Q4 10,135.949 15,792.496 O.OOE+OO 1.86E+OO 2.90E+OO Output Heat Output 
U-235 -2.7235E-Q6 10,135.949 0.000 3.35E-Q2 5.91E-Q3 3.35E-02 !Watts\ /Watts) 
U-236 1.5493E-QS 10,135.949 15,792.496 O.OOE+OO 1.57E-Ql 2.45E-Ql 5.14E+02 8.01E+02 
U-238 -4.2851E-Q9 10,135.949 0.000 3.92E-04 3.49E-04 3.92E-Q4 Total Total 
Y-90 2.75OSE+OO 10,135.949 15,792.496 O.OOE+OO 2.79E+04 4.34E+04 
Other Radianuelides 521E+04 8.12E+04 

.m. TemDlate SeIeeti<m ~rv,B""" ,and(;hec!;s 
Template Selection Summary

FromSFD Used Basis for Parameter Differences: _ctor -"tor: 
UGHTWATER UGHTWATER 

Fuel Cladding: ALUM ALUM 
BOL HM Cons_Is: U-ALX U 

BOL Enrichment '0/.: 93.00000816 6010100 

Bumup Summary (MWd)" Basis for bumup used in estimate: 
FromSFD Estirnabld 

Nomlnal:1 I 10.135.949 Nominal bumup calculated from the heavy metal mass destroyed. 
Boundlng:1 I 15,792.496 Bounding bumup calculated assuming all BOL heavy metal bumed. 

Checks 

estimated Bumupf 
Bumup Multiplier Given Bumup Estimated EOl HMlGlven EOl HM 

Nominal: 1.93 I 1.101 
Bounding: 3.01 ,

Reactor shutdown, core removal. storage, stllppeng or other date confinnlng that Irradiation ceased for fuel.
 

~olal bumup for aU fuel associated with this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWdlMT).
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Template Inf~......tion Estimated 

Fuel NalllG: FRR MTR-S (TURKEY) , Fuel decay start date: 2010 Canister usage: 
SNF 10 il: 644 Estimates as of: 2010 18"xl0' 

Fuel Units & Desc7: 18 - MTR TYPE Template: ATR (Ught Water, Alum., 60 to t~o, U) 0.75
 
Heavy Metal Mas., 80l=5.42k9 ; EOl=2.90k9 'Template Bumup(MWd): 367.2
 
ROO Storage SitG: SRS Template BOL Heavy Metal Mass (MT): 0.00116689
 

Template Decay Time' 5 years
 
n. Estimates m b Yn Yb Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Bumup (MWd)' Burnup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 

';;~=~:"'-:;;;'4,;:71~---------O-::~~7~90;O5~~=-:",,~;;-------~;;,:,;;=~:~:;;::~-----c:'':~:;:;;~""::iY_-- g:~~=-::~----;:;C;,::;f·~cC;;;7~---5;c6.';;·:~E~E~-;O;07~-j~~A-;~;,;g~,,,,:,,-V=----'9-'.209=E~+-'l~4 
,;;A"::m:--;;,24~2,,m-,---_----.-~4'c:;54",,2;;,5;-;E=--Q-;;7;o--_--2;;,',;;386~.~48;;;9~_____c4",77~;2;.•~9iT----. O.ooE+OO 1.08E-03 2.17E-03 0.0250 1, .. 98843,EE++'144 
""A;:.:m:-:-2;:-43"'- 1"'.=49==2;-;1""E-;-Q6;;;.- _'2"',~386~.48;:?;9----4;c,77=::2"".977 O.OOE+OO 3.56E-03 7.12E_Q3 0.0375 
C-14 5.7244E-09 2,386.489 4,772.977 O.OOE+OO 1.37E-05 2.73E-Q5 0.057~5--_ _,'C'.800~E=_+:..:1c:-4 

-;CcC:lm-~~0::24.~3~----_---o-l.';;3""12"'4"'E=--0::32c;.-----2;;',';;386~.~48;;:9~--___c4",77:;:;;2"".9.77- _ --.J1:Q0E+OO 3.13E-29 6.26E-29 0.0850 1. 148E+14 
2.3676E_Q7 2,386.489 4,772.977 O.OOE+OO 5.65E-04 1.13E_Q3 0.1250 9.937E+13 

Cm-244 5.2042E_Q5 2,386.489 4,772.977 O.OOE+oo 1.24E-Ol 2.48E_Ql 0.2250 9.726E+13 
Co-6O 3.8208E-Q5 2,386.489 4,772.977 O.OOE+OO 9.12E-02 1.82E_Ql 0.3750 4.708E+13 
Cs-l34 4.8693E-Ol 2,386.489 4,772.977 O.ooE+OO 1.16E+03 2.32E+03 0.5750 6.467E+1.4 

-;CC'S-:-1;;3:=;5 --;c-3."44:::77~E=--Q6~----2;;',';;386~.~48;;:9~--___c4,,,77:;:;;2c;.9"77;:;- __..,0,,,.-;:00:-;E::-+OO:.;;; 8.23E-03 1.65E_Q2 0.8500 9.055E+13 
Cs-137 2.8731E+OO 2,386.489 4,772.977 O.OOE+OO 6.86E+03 1.37E+04 1.2500 1.685E+13 
Eu-l54 8.2053E-02 2,386.489 4,772.977 O.ooE+OO 1.96E+02 3.92E+02 1.7500 7.066E+ll 

""E=u--;-1:::5::::5 ~3.'=9co'34=.E=_-~02=__---_2?,'=386~.~48;;:9~--___c4",,77~:2:-::.9,::77 O.ooE+OO 9.34E+Ol 1.87E+02 2.2500 1.482E+12 
Fe-55 6.7429E-Q3 2,386.489 4,772.977---0~.ooE+OO 1.61 E+Ol 3.22E+Ol 2.7500 8.526E+09 
-i-H'='-3~--------_,l='.05=9:=9~E-Q_=2----:20,_,386=Cc.48~9---_c4"',77=2"'.9.77 O.ooE+OO 2.53E+Ol 5.06E+Ol 3.5000 9.459E+08 
7:1--"'2'='9=- 7~.~5300='=E-;-Q"'7----2?,~386o:;::.48~9'------'4"',77~2:-::.9;~77=---_c:0~.OO"'~E+OO~'-----~1.80E-03 3.59E-03 5.0000 2.827E+03 
Kr-85 2.6595E_Ql 2,386.489 4,772.977 O.OOE+OO 6.82E+02 1.36E+03 7.0000 3.152E+02 
-;:N:t:p-~2"'37::__---------9?'=5""47"'9"E=_-Q6~----'2?,'=38?60'_.748;;:9~---.:4"',77=2:-::.9,,77=--- ___'0"'."'00;;:E=_+OO-;;:;---""2,.,,28E-Q2 4.56E_Q2 11.0000 3.552E+Ol 
-;;p~a--;;2~3;;-' -:8~.9:;;;2o;;9"'7"'E--ol-;;0----:2~,386~cc.48~9---_;4"',77=2'_;;.9::77 O.ooE+OO 2.13E_Q6 4.26E_Q6
Pb-21 0 3.7609E-12 2,386.489 4,772.977 O.OOE+OO 8.98E_Q9 1.80E-Q8 
Pm-147 2.5452E+OO 2,386.489 4,772.977 O.ooE+OO 6.07E+03 1.21E+04 

-;P;=u-;-2"'38:;;--- 27.~05;;;5o;;0:;=E-;-0;::;2'------2"',~386~.48;:?;9----4;c,77=::2"".977 O.ooE+OO 4.90E+Ol 9.81E+Ol 
Pu-239 4.2838E_Q4 2,386.489 4,772.977 O.OOE+OO 1.02E+OO 2.04E+OO 
Pu-240 2.4401E_Q4 2,386.489 4,772.977 O.OOE+OO 5.82E_Ql 1.16E+OO 
-;P;=u-;-2;-;4""'--------"'6.'=87=.64~Ec.:-Q,,2;_---?2,'=386~.48~9;_---4.;.:,77~2"".977 O.oOE+OO 1.ME+02 3.28E+02 
Pu-242 3.6329E-07 2,386.489 4,772.977 O.OOE+OO 8.67E_Q4 1.73E-Q3 
Ra-226 3.8045E-l1 2,386.489 4,772.977 O.ooE+OO 9.08E-Q8 1.82E_Q7 
-;Ra"'-'-22~8--------2'C.,o,990=2'=E~-1;::;5'------2?,'=386~.48~9'------4"',77~2"".977 O.OOE+OO 7.14E-12 1.43E-ll 
Ru-l06 l.9055E-Ol 2,386.489 4,772.977 O.OOE+OO 4.55E+02 9.09E+02 

.;8"'e--:7:=9-;:- -71.72936=:::E-;-Q5;;;.- 2?,'=386~.48~9'------4.;.:,77=2.977 O.OOE+OO 3.09E_Q2 6.17E_Q2 
8n-126 1.1574E-Q5 2,386.489 4,772.977 0.00.~E:=-+OO~--__;2:.:;.7"-;6~EC:--0~2;;___--..,5'C'."'52CiE~-Q"'2:;__J1 
8r-90 2.7505E+OO 2,386.489 4,772.977 O.OOE+OO 6.56E+03 1.31E+04 
~T"'e-~99~-------~4.o;:22~3;;9"'Ec:-Q4~----;c2,s;:386~.48~9:_---'4;!,77~2"".977 O.OOE+OO 1.01E+OO 2.02E+OO 
~Th"'-~2:;;29;O---------71.~8848;;-;;:;=E~-1"'2;_---2?,'=386~.48;:?;9c__---4;c,77='2.977 0.00.~E_'_;+OO~--____;_4."'50~E~-Q-;:;9~----;:;9~.00~E~-Q-;;;=-9--l1 
Th-230 1.7042E-Q8 2,386.489 4,772.977 O.oOE+OO 4.07E-Q5 8.13E-Q5 

""Th"'-;;;2:;;32c-- 77.~81"'32~E,,-1"'5c__---2"',C;;386""'".48~9c__---4;',77~2c;.9,,77.:. O.ooE+OO 1.86E-ll 3.73E-11 
TJ-208 4.4063E-Q8 2,386.489 4,772.977 O.OOE+OO l.05E_Q4 2.10E_Q4 
U-232 1.3151E_Q7 2,386.489 4,772.977 O.OOE+OO 3.14E_Q4 6.28E_Q4 Thermal Power 
U-233 1.9564E-Q9 2,386.489 4,772.977 Heat 0.00=E+OO~'--_-=4"'.6,,7,;Ec.:-Q6""-_---=9_c:.34=E-;-Q6c::---IINominal Bounding
U-234 1.8371 E_Q4 2,386.489 4,772.977 O.oOE+OO 4.38E_Ql 8.77E_Ql Omput Heat Output 
U-235 -2.7235E_Q6 2,386.489 0.000 1.09E-02 4.39E-03 1.09E_Q2 (Walls) (Walls) 
U-236 1.5493E-Q5 2,386.489 4,772.977 O.ooE+OO 3.70E_Q2 7.39E-Q2 1.21E+02 2.42E+02 
U-238 -42651E-Q9 2,386.489 0.000 1.28E-04 1.17E_Q4 1.28E_Q4 Total Total 
Y-90 2.7505E+OO 2,386.489 4,772.977 O.ooE+OO 6.56E+03 1.31 E+04 
Other Radionuelides 1.23E+04 2.45E+04 

Template selection Summary 
From SFO Used Basis for Pammeter Differences: 

Reactor Moderator: UGHT WATER LIGHT WATER 
Fuel C1adding:I--=-':A:-:LUc::M-':-''----+--=--:A:';l-:cU·-:cMc='----j 

BO~O~=:=:I--:::92::-.99998=U-;;;A=;;:L.X;;:7;;;8;;:2--+---:60=t~=-,:-;00:;:---j 

Bumup Summary (MWd) Basis for bumuD used in estimate: 
FromSFD I Estimated 

Nornin3l:( I 2,386.489 NomInal bumup caI::uta1edlromlhe heavy metal massdeslJOyed.

BOUnding:I--------+---~-'4:'.n=2~':.9=n Bounding bumup assum9dto be twic& nominal bumup.
 

Checks 
Estimated Bumupl 

BumUD MuItiDlier Given Bumup Estimated EOL HMlGlven EOL HM
 
Nornln3l: 1.40
 I 1.051 

Bounding: 2.80 ,
Reactor shutdown, core removal, storage, shlpplIlg or other date confllTmng that irradiation ceased for fuel.
 

1"otal bumup for all fuel associated with this worksheet must be divided by BOl heavy metal mass to get specific bumup values (MWdIMT).
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Template Info"""tion Estimated 

Fuel Name: FRR MTR-S (TURKEY) 1Fuet decay start date: 2010 Canister usage: 
SNFID#: 528 Estimates as of: 2010 lS"xl0' 

Fuel Units & Oeser: 32 - ASSEMBLY Template: ATR (Light Water. AJum., 60 to 100%, U) 1.33 
Heavy Metal Mass: BOl=67.2Ok9 ; EOl=59.14k9 'Template Bumup(MWd): 367.2 
ROD Storage Site: SRS Template BOl Heavy Metal Mass (MT): 0.00116689 

Template Decay Time' 5 years 
n. Estimates m x. x. b y. y. Gamma Sources 

Photon Total 
CilMWd From Nominal BOUnding Fuel Initial Activity Nominal Fuel BOUnding Fuel Energy Photons/sec 

Radionuclide Template Fuel Burnup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 1.4545E-l0 7,636.763 15,273.525 O.OOE+OO 1.11 E-06 2.22E-06 Avg.MeV 
Am-241 1.119OE-03 7,636.763 15,273.525 O.OOE+OO S.55E+OO 1.71 Et<>l 0.0150 2.947E+15 
Am-242m 4.5425E-07 7,636.763 15,273.525 O.OOE+OO 3.47E-03 6.94E-03 0.0250 6.348E+14 
Am-243 1.4921E-06 7,636.763 15,273.525 O.OOE+OO 1.14E-02 2.2SE-02 0.0375 5.858E+14 
C-14 5.7244E-09 7,636.763 15,273.525 O.OOE+OO 4.37E-05 S.74E-05 0.0575 5.760E+14 
CI-36 1.3124E-32 7,636.763 15273.525 O.OOEt<>O 1.00E-28 2.00E-28 0.0850 3.672E+14 
Cm-243 2.3676E-07 7,636.763 15,273.525 O.OOE+OO 1.81E-OJ 3.62E-03 0.1250 3.180E+14 
Cm-244 5.2042E-05 7,636.763 15,273.525 O.OOE+OO 3.97E-Ol 7.95E-Ol 0.2250 3.112E+14 
Co-GO 3.82OSE-05 7,636.763 15,273.525 O.OOE+OO 2.92E-Ol 5.84E-Ol 0.3750 1.507E+14 
Cs-l34 4.8693E-Ol 7,636.763 15,273.525 O.OOE+OO 3.72E+03 7.44E+03 0.5750 2.069E+15 
Cs-l35 3.4477E-06 7,636.763 15,273.525 O.OOE+OO 2.63E-02 5.27E-02 0.8500 2.898E+14 
Cs-137 2.8731E+OO 7,636.763 15,273.525 O.OOE+OO 2.19E+04 4.39E+04 1.2500 5.392E+13 
Eu-l54 8.2053E-02 7,636.763 15,273.525 O.OOE+OO 6.27Et<>2 1.25Et<>3 1.7500 2.261E+12 
Eu-155 3.9134E-02 7,636.763 15,273.525 O.OOE+OO 2.99Et<>2 5.98Et<>2 2.2500 4.743E+12 
Fe-55 6.7429E-03 7,636.763 15,273.525 O.OOE+OO 5.15Et<>1 1.03Et<>2 2.7500 2.728E+l0 
H-3 1.0599E-02 7,636.763 15,273.525 O.OOE+OO 8.09Et<>1 1.62Et<>2 3.5000 3.027E+09 
1-129 7.5300E-07 7,636.763 15,273.525 O.OOE+OO 5.75E-03 1.15E-02 5.0000 9.086E+03 
Kr-85 2.8595E-Ol 7,636.763 15,273.525 O.OOE+OO 2.18Et<>3 4.37Et<>3 7.0000 1.013E+03 
Np-237 9.5479E-06 7,636.763 15,273.525 O.OOE+OO 7.29E-02 1.46E-Ol 11.0000 1. 142E+02 
Pa-231 8.9297E-l0 7,636.763 15,273.525 O.OOE+OO 6.82E-06 1.36E-05 
Pb-21 0 3.7G09E-12 7,636.763 15,273.525 O.OOE+OO 2.87E-OS 5.74E-oB 
Pm-147 2.5452E+OO 7,636.763 15,273.525 O.OOE+OO 1.94E+04 3.89E+04 
PU-238 2.0550E-02 7,636.763 15,273.525 O.OOE+OO 1.57Et<>2 3.14Et<>2 
Pu-239 4.2636E-04 7,636.763 15,273.525 O.OOE+OO 3.27E+OO 6.54E+OO 
Pu-240 2.4401E-04 7,636.763 15,273.525 O.OOE+OO l.86E+OO 3.73E+OO 
PU-241 6.8764E-02 7,636.763 15,273.525 O.OOE+OO 5.25Et<>2 1.05Et<>3 
Pu-242 3.6329E-07 7,636.763 15,273.525 O.OOE+OO 2.77E-03 5.55E-03 
Ra-226 3.8045E-ll 7,636.763 15,273.525 O.OOE+OO 2.91E-07 5.81E-07 
Ra-228 2.9902E-15 7,636.763 15273.525 O.OOE+OO 228E-ll 4.57E-ll 
Ru-1OB 1.9055E-Ol 7,636.763 15,273.525 O.OOE+OO l.46E+03 2.91 Et<>3 
Se-79 1.2936E-G5 7,636.763 15,273.525 O.OOE+OO 9.86E-02 1.98E-Ol 
Sn-126 1.1574E-05 7,636.763 15,273.525 O.OOE+OO 8.84E-02 1.77E-ol 
Sr-9O 2.7505E+OO 7,636.763 15,273.525 O.OOE+OO 2.10E+04 4.20E+04 
Tc-99 4.2239E-D4 7,636.763 15,273.525 O.OOE+OO 3.23E+OO 6.45E+OO 
Th-229 1.8848E-12 7,636.763 15,273.525 O.OOE+OO 1.44E-OS 2.88E-OS 
Th-230 1.7042E-oB 7,636.763 15,273.525 O.OOE+OO 1.30E-D4 2.GOE-04 
Th-232 7.8132E-15 7,636.763 15,273.525 O.OOE+OO 5.97E-ll 1.19E-l0 
Tl-2OS 4.4063E-OS 7,636.763 15,273.525 O.OOE+OO 3.37E-D4 6.73E-D4 
U-232 1.3151E-07 7,636.763 15,273.525 O.OOE+OO 1.00E-D3 2.01E-OJ Thermal Power 
U-233 1.9564E-09 7,636.763 15,273.525 O.OOE+OO 1.49E-05 2.99E-05 Nominal Heat Bounding 
U-234 1.6371E-D4 7,636.763 15,273.525 O.OOE+OO 1.40E+OO 2.81E+OO Output HeatOUlput 
U-235 -2.7235E-06 7,636.763 0.000 2.9OE-02 8.24E-03 2.9OE-02 /Walls) /Watts) 
U-236 1.5493E-05 7,636.763 15,273.525 O.OOE+OO 1.18E-ol 2.37E-Ol 3.87E+02 7.74E+02 
U-236 -4.2851 E-09 7,636.763 0.000 1.81E-02 1.80E-02 1.81E-02 Total Total 
Y-9O 2.7505E+OO 7,636.763 15,273.525 O.OOE+OO 2.10E+04 4.20E+04 
Other Radionuclides 3.93E+04 7.86E+04 
m. TemIlIale Se!eetiQnSt.mmullv, 3U11l1l,,~,and ChecI<IJ 
Template selection Summary 

From SFD Uoed Basis lor Parameter Differences: 
Reactor Moderator: LIGHT WATER UGHTWATER This Template was used for the following reasons: 

Fuel Cladding: ALUM ALUM lThis fuel matches on all parameters except enrichment. 
BOL HM Constituents: U3S12 U 

BOL Enrichment 0/.: 20.00000028 6010100 

Bumup Summary (MWd) Basis for bumup used in estimate: 
FromSFD I Estimated 

Nominal: 7.636.763 aminal bumup calculated from the heavy metal mass destroyed. 
Bounding:1 15.273.525 Bounding bumup assumed to be twice nominal bumup. 

Checks
 

Estimated Bumupl
 
Bumup Multiplier Given Bumup Estimated EOL HMiGiven EOl HM 

Nominal: 0.36 I 1.011 
Boundlng:1 0.72 ,

Reactor shutdown, core removal, storage, shlpptng or other date conflmung that Irradiation ceased for fuel.
 

2Total bumup for all fuel associated with this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWcVMT).
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Fuel Radionuclide Inventory Wor!ksheet 
1. Fuel and Template Information Estimated 

Fuel Namo: FRR PIN CLUSTER (CANADA) 1Fuel decay start date: 2010 Canister usage: 
SNFIDt/: 661 Estimates as of: 2010 18"xlS' 

Fuel UnIts & Ilescr: 225 . MULTI·PIN CLUSTER Template: AlR (Ught Water. Alum.. 60 10 1~'o, U) 18.75
 
Heavy Metal Maso: BOL=118.60kg : EOl=34.63kg 2Template Bumup(MWd): 367.2
 
ROD Storage Site: SRS Template BOl Heavy Metal Ma.s (MT): 0.00116689
 

Tem;Plate Decay Time" 5 years 
n. Estimates m Xo b Yo Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuelide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ae-227 1.4545E-l0 79,521.220 112,314.133 O.ODE_+OO 1.16E-OS 1.63E-05 Avg.MeV 
Am-241 1.119O."'E'-;-o::;3c----=79=',~52=-1;.:.22'??0c-----o1712=',"'3,;-14.;.:.,-:i3 -~ O:OOE:-c_+OO~------;8:-'o.90E+Ol 1.26E+02 0.0150 2.167E+16 
Am-242m 4.5425E-07 79,521.220 112,314.133 --O:ODE_+OO 3.61E-02 5.10E-Q2 0.0250 4.668E+15 
Am-243 1.4921E-OB 79,521.220 112,314.133 O.OOE_+OO 1.19-E-Ol 1.68E-Ql 0.0375 4.308E+15 
C-14 5.7244E-09 79,521.220 112,314.133 O.OOE+OO 4.55E_Q4 6.43E-04 0.0575 4.236E+15 
CI-36 1.3124E-32 79,521.220 112,314.133 O.OOE+OO 1.04E-27 1.47E-27 0.0850 2.7ooE+15 
Cm-243 2.3676E-07 79,521.220 112,314.133-- O:OO"'E.:.+OO::::----l::-'.-:88;O;E:=--"'0=2----:2".66~E:=--~02=-----11---::0"'.1=250=----2==.338="'E':'+1~5 
Cm-244 5.2042E-05 79,521.220 112,314.133 O.oOE_+OO 4.f4E_+OO 5.85E_+OO 00·.22375050:-:------'2C'.2,,8::::9E~+:..:1~5 
Co-60 3.8208E-05 79,521.220 112,314.133 O.ODE_+OO 3.04E_+OO 4.29E_+OO 1.108E+15 
Cs-l34 4.6693E-Ol 79,521.220 112,314.133 01iOE_+OO 3.87E+04 5.47E+04 0.5750 1.522E+16 
(;S-l35 3.4477E-Q6 79,521.220 112,314.133 O.ODE_+OO 2.i4E-Ol 3.87E-Ql 0.8500 2.131E+15 
Cs-137 2.8731E_+OO 79,521.220 112,314.133 o:ooO:E.:._+OO::::-----:2:::.2=8-"E::c+05~----;3:c.2"'3"'E=-+05~-+--:'1.:::2=50:-:0'----3==.9=6"5"'E':'+1~4 
Eu-l54 8.2053E-02 79,521.220 112,314.133 O.ODE_+OO 6.52E+03 9.22E+03 1.7500 1.663E+13 
Eu-155 3.9134E-02 79,521.220 112,314.133 O.ODE_+OO 3.'_lE+03 4.40E+03 2.2500 3.488E+13 
Fe-55 6.7429E-03 79,521.220 112,314.133 O.ODE_+OO 5.36E+02 7.57E+02 2.7500~ ~2.~OO~;6:;:E",+1::c1 
H-3 1.OS99E-Q2 79,521.220 112,314.133--0-.00E:-:+OO~-__8::O',;;4::o3E",+O~2c----l",.~19",E",+O~3__+_-:3:=.;.5000:=::----__::2.:::226::=E:-:+,;c-l0 
1-129 7.5300E-07 79,521.220 112,314.133 0.OOE+OO_:=- ~5==.9=9=-E-Q"""2,-----_:8"'.'=46"E::c-_'.:0~2-_jf_-_=5:=:.0000:=:'----__::6.:::65=.2=:E:-:+04'7 
Kr-85 2.8595E-Ol 79,521.220 112,314.133 O.ODE+oo 2.27E+04 3.21 E+04 7.0000 7.417E+03 
Np-237 9.5479E-Q6 79,521.220 112,314.133 0.OD:';:E:-c_+oo~--'-o;7.':::5';:;9"'E-';;O:Ol----'1;C.0~7"'Eo-_+OO~--U---:-11".0000=::------;;-8.::35;::9E~+:::002 
Pa-231 8.9297E-l0 79,521.220 112,314.133------O'OOE:,,_+OO~-----;7;';.1:;;0"'Ec.;-Q5~--___,1;::.OD~Ec.;-Q4~__l1 
Pb-21 0 3.7609E-12 79,521.220 112,314.133 0.ODE",-+OOc~ ",2',:::99~~E::c-,;;07;c-------:c4.",2",2E::c-Q,;;7;C---____11 
Pm-147 2.5452E_+OO 79,521.220 112,314.133 0.ODE:-:-+OO;:~__---,;2::;.Oo~2~E-'C+05~__---;2;;.86~E-,-+05~__l1 
Pu-238 2.OS50E-Q2 79,521.220 112,314.133 O.ODE_+OO 1.63E+03 2.31E+03 
Pu-239 4.2838E_Q4 79,521.220 112,314.133 O.ODE_+OO 3.41E+Ol 4.81E+Ol 
Pu-240 2.4401E_Q4 79,521.220 112,314.133 O.ODE_+OO 1.94E+Ol 2.74E+Ol 
Pu-241 6.8764E-Q2 79,521.220 112,314.133 0.ODE_+oo2;----5"'.~47~E='+03~---~7.~72;;:Ee.:+03~--l1 
Pu-242 3.6329E-Q7 79,521.220 112,314_133 O.ODE+OO 2.89E-Q2 4.08E-Q2 
Ra-226 3.8045E-l1 79,521.220 112,314.133 O.ODE_+OO 3.03E-Q6 4.27E-Q6 
Ra-228 2.9902E-15 79,521.220 112,314.133 0.OOE"'_+OO~------:2~.38~Eo--l~0:-----'3"'.~36"'E::---;';10:---l1 
Ru-1OB 1.9055E-Ql 79,521.220 112,314.133 O.ODE_+OO 1.52E+04 2.14E+04 
50079 1.2936E-Q5 79,521.220 112,314.133 O.ODE_+OO 1.03E_+OO 1.45E_+OO 
5n·126 1.1574E-Q5 79,521.220 112,314.133 O.ooE_+oo 9.20E-Ql 1.30E_+OO 
5r-90 2.7505E_+OO 79,521.220 112,314.133 O.ODE_+OO 2.19E+05 3.09E+05 
Te-99 4.2239E_Q4 79,521.220 112,314.133 0.OD~E"-_+oo""-__---"3",.38~:,,,E+O--=1 ~4",.7,,,4,,,E,::+O~1'-----11 
Th-229 1.8848E-12 79,521.220 112,314.133 O.ODE_+OO 1.50E-Q7 2.12E-07 
Th-230 1.7042E-Q8 79,521.220 112,314.133 O.ODE_+OO 1.36E-Q3 1.91E-Q3 
Th-232 7.8132E-15 79,521.220 112,314.133 O.ODE_+OO 6.21E-l0 8.78E-l0 
Tl-208 4.4063E-Q8 79,521.220 112,314.133 O.ODE_+OO 3.sOE-Q3 4.95E-Q3 
U-232 1.3151E-Q7 79,521.220 112,314.133 O.ODE_+OO 1.05E-Q2 1.48E-Q2 Thermal Power 
U-233 1.9564E-09 79,521.220 112,314.133 O.ODE_+OO 1.56E_Q4 2.20E_Q4 Nominal Heat Bounding 
U-234 1.8371E_Q4 79,521.220 112,314.133 0.OD,;;;E",_+OO~_____,1;c-.46~E=,+o",1"",,---,2;;:.OB~E::--+Oici-1--lI Output Heat Output 
U-235 -2.7235E-Q6 79,521.220 0.000 2.39E-Ol 222E-02 2.39E-Ql <Wattsl <Watts) 
U-236 1.5493E-Q5 79,521.220 112,314.133 O.ODE_+OO 1.23E_+OO 1.74E_+OO 4.03E+03 S.69E+03 
U-238 -4.2851E-Q9 79,521.220 0.000 2.73E-Q3 2.39E-Q3 2.73E-03 Total Total 
V-90 2.7505E_+OO 79,521.220 112,314.133 O.ODE_+OO 2.19E+05 3.09E+05 
Other Radionuelides 4.09E+05 5.78E+05 

Template selection Summary 
From SFD Used Basis for Parameter Differences: 

Reactor MocIerater:I_---,U:::G=:HT,:,-,W"AccT"E:-:R_-+_-=UG",HT:.;:;-:W",A",Tc::E::.:R_--I 

BOl '::'=~;f- -;-~;=~"ULX'CM'---_ ____1_----,A-,L;:;~ccM'----_-f 
SOL Enrichment (".~ 93.14999856 60 to 100 

BumupSumrnarv(MWd)' Basis for bumup used in estimate:
 
FromSFD I Estimated
 

Nomlnal:( I 79,521.220 Nominal bumup calculated from the hea'JY metal mass destroyed.
 
Sounding: I 112,314.133 Bounding bumup calculated assuming all SOL heavy metal bumed.
 

Checks 
Estimated Bumup! 

BUmUD MuItiDIIer Given BumuD Estlmat>d EOl HMlGiven EOl HM 
Nominal: 2.13 1 1.141 

Bounding: 3.01 ,
Reador shutdown, core removal. storage, shiPPing or other date confmnmg that nmdiatlon ceased for fuel. 

2Total bumup for all fuel associated With this worksheet must be divided by SOL heavy metal mass to get specific bumup values (MWcVMT). 
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Fuel Radionuclide Inventory Worksheet 
J. FudandT"te lIlf_l:i.... Estimated 

Fuel Name: FRR PIN CLUSTER (CANADA) 'Fuel decay start date: 2010 Canister usage: 
SNFID#: 660 Estimates as of: 2010 18"x15' 

Fuel Units & De8cr: 1527 - MULTI-PIN CLUSTER Template: HFBR (Heavy Water. Alum.• 10 to 20%, U) 127.25 
Heavy Malal Mass: BOJ..,3796.27k9 ; EOJ..,3226.40k9 'Template Bumup(MWd):. 15 
ROO Storage Site: SRS Template BOl Heavy Malal Mass (MT): 0.00034251 

Template Decay Time: 5 years 

n. Estimates m x. Xb b Y. Yb Gamma Sources 
Photon TOIaI 

CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 
Radionuclide Template Fuel Burnup (MWd)2 Burnup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 1.7533E-1O 541.647.528 1,083,295.056 O.ooE+OO 9.50E-05 1.90E-04 Avg. MaV 
Am-241 1.2780E-02 541,647.528 1,083,295.056 O.ooE+OO 6.92E-Hl3 l.3BE-Hl4 0.0150 1.966E+17 
Am-242m 9.5467E-OO 541,647.528 1,083,295.056 O.ooE+OO 5.17E+OO 1.03E-Hll 0.0250 4.235E+16 
Am-243 6.41ooE-OO 541,647.528 1,083,295.056 O.ooE+OO 3.47E+OO 6.94E+00 0.0375 3.859E+16 
C-14 2.9673E-08 541,647.528 1,083,295.056 O.ooE+OO 1.61E-02 3.21E-02 0.0575 3.853E+16 
CI-36 5.9513E-35 541,647.528 1,083,295.056 O.ooE+OO 3.22E-29 6.45E-29 0.0850 2.426E+16 
Cm-243 3.1807E-06 541,647.528 1,083,295.056 O.ooE+OO 1.72E+OO 3.45E+OO 0.1250 2.026E+16 
Cm-244 1.9540E-04 541,647.528 1,083,295.056 O.ooE+OO 1.00E-Hl2 2.12E-Hl2 02250 2.069E+16 
Co-GO 1.1753E-04 541,647.528 1,083,295.056 O.ooE+OO 6.37E-Hll 1.27E-Hl2 0.3750 1.003E+16 
Cs-l34 3.3060E-Ol 541,647.528 1,083,295.056 O.ooE+OO 1.79E-Hl5 3.58E-Hl5 0.5750 1.385E+17 
Cs-135 4.8607E-06 541,647.528 1,083,295.056 O.ooE+OO 2.63E+OO 5.27E+OO 0.8500 1.469E+16 
Cs-137 2.8G07E+OO 541,647.528 1,083,295.056 O.ooE+OO 1.55E+06 3.10E+OO 1.2500 3.248E+15 
Eu-l54 6.9933E-Q2 541 ,647.528 1,083,295.056 O.ooE+OO 3.79E-Hl4 7.58E-Hl4 1.7500 1.546E+14 
EU-155 3.3253E-Q2 541.647.528 1,083,295.056 O.ooE+OO 1.80E-Hl4 3.60E-Hl4 2.2500 2.689E+14 
Fe-55 7.7267E-02 541,647.528 1,083,295.056 O.ooE+OO 4.19E-Hl4 8.37E-Hl4 2.7500 2.432E+12 
H-3 1.0827E-Q2 541 ,647.528 1,083,295.056 O.ooE+OO 5.86E-Hl3 1.17E-Hl4 3.5000 2.882E+l1 
1-129 7.1600E-07 541,647.528 1,083,295.056 O.ooE+OO 3.88E-Ol 7.76E-Ol 5.ססOO 2.819E+06 
Kr-SS 2.7oo7E-Ol 541,647.528 1,083,295.056 O.ooE+OO 1.46E-Hl5 2.93E-Hl5 7.ססOO 3.212E+05 
Np-237 3.6327E-06 541,647.528 1,083,295.056 O.ooE+OO 1.97E+OO 3.94E+OO 11.ססOO 3.668E+04 
Pa-231 1.1267E-09 541,647.528 1,083,295.056 O.ooE+OO 6.10E-04 1.22E-Q3 
Pb-21 0 1.9773E-15 541,647.528 1,083,295.056 O.ooE+OO 1.07E-09 2.14E-09 
Pm-147 2.4367E+OO 541,647.528 1,083,295.056 O.ooE+OO 1.32E+06 2.64E+06 
Pu-23B 6.2213E-03 541,647.528 1,083,295.056 O.ooE+OO 3.37E-Hl3 6.74E-Hl3 
Pu-239 1.0320E-Q2 541,647.528 1,083,295.056 O.ooE+OO 5.59E-Hl3 1.12E-Hl4 
Pu-240 5.42GOE-03 541,647.528 1,083,295.056 O.ooE+OO 2.94E-Hl3 5.88E-Hl3 
Pu-241 7.7333E-Ol 541,647.528 1,083,295.056 O.ooE+OO 4.19E-Hl5 8.3BE-Hl5 
Pu-242 3.0713E-OO 541,647.528 1,083,295.056 O.ooE+OO 1.66E+OO 3.33E+OO 
Aa-226 2.2027E-14 541,647.528 1,083,295.056 O.ooE+OO 1.19E-oB 2.39E-08 
Aa-228 2.6333E-15 541,647.528 1,083,295.056 O.ooE+OO 1.43E-09 2.85E-09 
Au-l00 2.5580E-Ql 541,647.528 1,083,295.056 O.ooE+OO 1.39E-Hl5 2.77E-Hl5 
S6079 1.2540E-Q5 541,647.528 1,083,295.056 O.ooE+OO 6.79E+OO 1.36E-Hll 
Sn-126 1.1393E-Q5 541,647.528 1,083,295.056 O.ooE+OO 6.17E+OO 1.23E-Hll 
Sr-90 2.6293E+OO 541,647.528 1.083,295.056 O.ooE+OO 1.42E+06 2.85E+06 
Tc-99 4.3540E-04 541,647.528 1,083,295.056 O.ooE+OO 2.36E-Hl2 4.72E+02 
Th-229 1.3B53E-13 541,647.528 1,083,295.056 O.ooE+OO 7.40E-08 1.48E-Q7 
Th-230 1.2607E-ll 541,647.528 1,083,295.056 O.ooE+OO 6.83E-OO 1.37E-Q5 
Th-232 6.7400E-15 541,647.528 1,083,295.056 O.ooE+OO 3.65E-Q9 7.30E-Q9 
TI-208 7.4667E-09 541,647.528 1,083,295.056 O.ooE+OO 4.04E-03 8.09E-Q3 
U-232 2.1927E-oB 541,647.528 1,083,295.056 O.ooE+OO 1.19E-D2 2.3BE-02 Thermal Power 
U-233 1.9920E-l0 541,647.528 1,083,295.056 O.ooE+OO l.08E-04 2.16E-04 Nominal Heat Bounding 
U-234 2.2487E-Q7 541,647.528 1,083,295.056 O.ooE+OO 1.22E-Dl 2.44E-Ol Output Heat Output 
U-235 -2.5341E-06 541,647.528 0.000 1.62E+OO 2.48E-Ql 1.62E+OO /Walls) /Walls) 
U-236 l.3000E-Q5 541 ,647.528 1,083,295.056 O.ooE+OO 7.04E+OO 1.41 E-Hll 2.S6E+04 5.13E+04 
U-23B -1.4207E-oB 541,647.528 0.000 1.02E+OO 1.02E+OO 1.02E+OO Total Total 
V-90 2.6300E+OO 541,647.528 1,083,295.056 O.ooE+OO 1.42E+06 2.85E+06 
Other Aadlonuclides 2.56E+06 5.12E+06 
Ill. TeflJl)lale ~ s-ollIl'Y.lJ andClled<s 
Template Selection Summary 

FromSFD Used Basis for Parameter Differences: 
Reactor Moderator: HEAVY WATER HEAVY WATER 

Fuel Cladding: ALUM ALUM 
BOl HM Constituents: U3S12 U 

BOl enrichment 'Y.: 19.75000043 101020 

Burnup Summary (MWd)' Basis for bumup used in estimate: 
FromSFD Estimated 

Nominal:1 I 541,647.528 Nominal bumup calculated from the heavy metal mass destroyed. 
Bounding: 1,083.295.056 Bounding bumup assumed to be twice norrnnal bumup. 

Checks 

Estimated Bumupl 
Bumuo MultiDlier Given BumuD Estimated EOL HMlGlvan EOl HM 

Nominal: 3.26 I 1.041 
Bounding: 6.52 ,

Reactor shutdown. core removal, storage, shlpprng or other date confmntng that Irradiation ceased for fuel.
 

~otal bumup for all fuel associated with this wor1c;sheet must be divided by SOL heavy metal mass.to get specific bumup values (MWdlMT).
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Fuel Radionuclide Inventory Worksheet 
1. Fuel and Template Wonnallon Estimated 

Fuel Namo: FRR PIN CLUSTER (CANADA) 1Fuel decay start date: 2010 Canister usage: 
SNFIDff: 662 Estimates as of: 2010 18"x1S' 

Fuel Units & Oeser: 741 - MULTI-PIN CLUSTER Template: HFBR (Heavy Water. Alum.• 40 to 100'%. U) 61.75 
Heavy Metal MaS'>: BOl.=395.69k9 ; EOL=97.59k9 'Template Bumup(MWd):
 164.6 
ROD 5torago 5lto: SRS Template BOL _vy Metal Mass (MT):
 0.000377
 

Template Decay Time 5 years
 
n. Estimates m b Yo Y. Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuelide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ae-227 __-';6-';.6:,,9,,50:;;E=--"'11:o--__---';2c::7,;.4,::;5:;o84"'.70;:6:;;0:---_---';364~,'C47~4.925 ..44E-OS0.OOE=-+OO~---:;1C'.;84E-D5,----~2 Avg. MeV _~ _ 
Am-241 ---~- 4.4557E-03 274,584.760 364,474.925- -O.OoE+OO 1.i2E+03 1.62E+03 0.0150 7.241E+16 
Am-242m 1.4666E-06 274,584.760 364,474.92S---0.00E+oo 4.03E-Ol 5.35E_Dl 0.0250 1.543E+16 
Am-243 3.7151 E-05 274,584.760 364,474.925 O.OOE+OO 1.02E+Ol 1.35E+Ol 0.0375 1.489E+16 
C-14 2.6513E-08 274,584.760 364,474.92S--0:00E+oo 7.i8E-03 9.66E-03 0.0575 1.421E+16 
CI-36 4.4441E-31 274,584.760 364,474.925 O.OOE+OO 1.22E-25 1.62E-25 0.0850 9.306E+15
 
Cm-243 8.2139E-D6 274,584.760 364,474.925 O.OOE+OO 2.26E+OO 2.99E+OO 0.1250 8.490E+15
 
Cm-244 8.2625E-03 274,584.760 364,474.925 O.OOE+OO 2.27E+03 3.01 E+03 0.2250 7.666E+15
 
Co-OO 3.4951E-04 274,584.760 364,474.925--o.-00E+oo 9.60E+Ol 1.27E+02 0.3750 3.631E+15
 
Cs-l34 1.6409E+OO 274,584.760 364,474.9i5--~0:-oOE+OO 4.51E+05 5.98E+05 0.5750 6.948E+16
 
Cs-l35 4.2564E-D6 274,584.760 364,474.925 O.OOE+OO 1.17E+OO 1.55E+OO 0.8500 2.124E+16
 
Cs-137 2.8791E+OO 274,564.760 364,474.925 O.OOE+OO 7,c.:9;.:'l;;:E=-+O,,5,o-__--;;1';.0~5;::E-"+06~_il--"'II·.c;:250075OO=_---c2;':.900:.'::clE2+c::1",5 
Eu-l54 1.7388E_Dl 274,584.760 364,474·.9i5------o.-ooE+OO 4.77E+04 6.34E+04 7.628E+13 
Eu-155 1.1616E-Ol 274,584.760 364,474.925 O.OOE+OO 3.19E+04 4.23E+04 2.2500 1.207E+14 
Fe-55 7.3755E-02 274,584.760 364,474.925---0-.00E+oo 2.03E+04 2.69E+04 2.7500 7.421E+l1 
H-3 1.0729E_D2 274,584.760 364,474.925 O.OOE+OO 2.95E+03 3.91 E+03 3.5000 8.336E+l0 
1-129 6.6403E-07 274,584.760 364,474'.925 O.OOE+OO 1.82E-Ol 2.42E_Dl 5.0000 1.896E+07 
Kr-85 2.8487E-Ol 274,584.760 364,474.925---0:OOE+oo 7.82E+04 1.04E+05 7.0000 2.181E+06 
Np-237 3.1507E-OS 274,584.760 364,474.925--- O.OOE+OO 8.65E+OO 1.15E+Ol 11.0000 2.501E+05 
Pa-231 4.1936E-l0 274,584.760 364,474.925 O.OOE+OO 1.15E-04 1.53E-04 
Pb-210 8.4083E-13 274,584.760 364,474.925----O'OOE+OO 2.31E-07 3.06E-07 
Pm-147 '---1.2807E+oo 274,584.760 364,474.925---0.06E+oo 3.52E+05 4.67E+05 
Pu-238 1.7290E_D1 274,584.760 364,474.925------o.-06E+oo 4.75E+04 6.30E+04 
Pu-239 6.9563E-04 274,584.760 364,474.925 O.OOE+OO 1.91E+02 2.54E+02 
Pu-240 3.6865E-04 274,584.760 364,474.925---0-.00E+oo 1.01E+02 1.34E+02 
Pu-241 2.7643E-Ol 274,584.760 364,474.925---0-.00E+oo 7.59E+04 1.01E+05 
Pu-242 3.0911E-D6 274,584.760 364,474.925--0:-00E+oo 8.49E_Dl 1.13E+OO 
Ra-226 8.6330E-12 274,584.760 364,474.925 O.OOE+OO 2.37E-D6 3.15E-D6 
Ra-228 3.1817E-15 274,584.760 364,474.925 O.OOE+OO 8.74E-10 1.16E_D9 
Ru-l06 2.1981E-01 274,584.760 364,474.925 O.ooE+OO 6.04E+04 8.01E+04 
Se:79 1.2339E-OS 274,584.760 364,474.925------O:-ooE+oo 3.39E+OO 4.50E+OO 
Sn-126 1.0194E_D5 274,584.760 364,474.925 O.ooE+OO 2.80E+OO 3.72E+OO 
Sr-90 2.7242E+OO 274,584.760 364,474.92s--D:OOE+oo 7.48E+05 9.93E+05 
Te-98 3.8056E-04 274,584.760 364,474.-9i~OOE+oo 1.04E+02 1.39E+02 
Th-229 1.0413E-12 274,584.760 364,474.925 O.ooE+OO 2.86E_D7 3.80E_D7 
Th-230 3.9648E-Q9 274,584.760 364,474.925 O.ooE+OO 1.09E_D3 1.45E-D3 
Th-232 8.3536E-15 274,584.760 364,474.925 O.ooE+OO 2.29E-09 3.04E_D9 
TI-208 4.3888E-D8 274,584.760 364,474.925---0-.00E+oo 121 E_D2 1.60E_D2 
U-232 1.3645E-07 274.584.7.;;60:;;-__-;364~'-;,4"'7~4;~925 O.ooE+OO 3.75E_D2 4.97E-Q2 Thermal Power 
U-233 1.7023E-09 274,584.760 364,474.925-~------O'OOE+OO 4.67E-Q4 6.20E-04 Nominal Heat Bounding 
U-234 4.5389E-OS 274,584.760 364,474.925 O.OOE+OO 1.25E+01 1.65E+Ol OUlpul Heat Output 
U-235 -2.8661E-D6 274,584.760 0.000 7.95E_Dl 8.24E-03 7.95E_D1 (Watts) (Watts) 
U-236 1.6701 E-D5 274,584.760 364,474.925 O.OOE+OO 4.59E+OO 6.09E+OO 1.90E+04 2.52£+04 
U-238 -9.4194E_D9 274,584.760 0.000 9.31E_D3 6.72E-03 9.31E-03 Total Total 
Y-90 2.7248E+OO 274,584.760 364,474.925 O.ooE+OO 7.48E+05 9.93E+05 
Other Radionuelides 1.48E+06 1.94E+06 
Ill.Template SeIedion Summary, Bum ,andChed<s 
Template Selection Summary 

From SFD Used Basis for Parameter Differences: 
Reactor Moderator: HEAVY WATER HEAVY WATER 

Fuel Cladding:r---A'OCLc;U"'M-;----j------:AL-;-;;UM;-;-~--j 

BO~O~E:':=~I--"'92C'~""'A"'LX"=5cc65=--+------,4ccO...:l~"-1"'00c:---1 

Bumup Summary (MWd)' Basis for bumup used in estimate: 
From 5FD Estimated

Nominal:II -+~___=2:...74::.,584:::cC::..7.0,:60 Nomlnal bumup C21cuJa1ed from the heavy metal mass destroyed. 
Boundi~g:1 I 364,474.925 Bounding bumup cak:ulaled assuming all BOL heavy metal bumed. 

Checks 
Estimated Bumupl 

Bumup MultiplieI' Given Bumup Estimated EOL HMlGlven EOL HM 
Nominal: 1.59 I 1.071 

Bounding:1 2.11 ,
Reactor shutdo'Ml, cora removal. storage, shipping or other date conflnnlng that lnadlation ceased for fuel. 

2Total bumup for all fud associated with this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWdIMT). 
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Fuel Radionuclide Inventory Worksheet 
I. FlJd and TeQ!pIale InfOl'Oll!lion Estimated 

Fuel Name: FRR PIN CLUSTER (CANADA) 1 FueI decay start date: 2010 Canister usage: 
SNFID#: 663 Estimates as of: 2010 18"x15' 

Fuel Units & Oeser: 131 - MULTI·PIN CLUSTER Template: HFBR (Heavy Water. AJum., 40 to 100%, U) 10.92 
Heavy Metal Ma••: BOl.=76.65kg : EOl.=32.38kg 'Template Bumup(MWd): 164.6 
ROO Storage Site: SRS Template BOL Heavy Metal Mas. (MT): 0.000377 

Template Decay Time· 5 years 

U.Estimates m x" x. b y" y. Gamma Sources 
Photon Tolal 

CilMWd From Nominal BOUnding Fuel Initial Ac1ivity Nominal Fuel Bounding Fuel Energy Photons/sec 
Radionuclide Templala Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding)
Ac-227 6.6950E-l1 40,772.532 70,600.795 O.OOE+OO 2.73E·OB 4.73E-06 Avg. MeV 
Am·241 4.4557E·03 40,772.532 70,600.795 O.OOE+OO 1.82E+02 3.15E+02 0.0150 1.403E+16 
Am-242m 1.4666E-OB 40,772.532 70,600.795 O.OOE+OO 5.98E-02 1.04E-Ol 0.0250 2.988E+15
Am-243 3.7151E-05 40,772.532 70,600.795 O.OOE+OO 1.51E+OO 2.62E+OO 0.0375 2.885E+15
C-14 2.6513E-OB 40,772.532 70,600.795 O.OOE+OO 1.OBE-03 1.87E-03 0.0575 2.752E+15
CI-36 4.4441E-31 40,772.532 70,600.795 O.OOE+OO 1.81E-26 3.14E-26 0.0850 1.803E+15
Cm-243 8.2139E-OB 40,772.532 70,600.795 O.OOE+OO 3.35E-Ol 5.80E-01 0.1250 1.645E+15
Cm-244 8.2625E-03 40,772.532 70,600.795 O.OOE+OO 3.37E+02 5.83E+02 0.2250 1.485E+15
Co-50 3.4951E-Q4 40,772.532 70,600.795 O.OOE+OO 1.43E+Ol 2.47E+Ol 0.3750 7.033E+14
Cs-l34 1.6409E+OO 40,772.532 70,600.795 O.OOE+OO 6.69E+04 1.16E+05 0.5750 1.346E+16
Cs-l35 4.2564E-OB 40,772.532 70,600.795 O.OOE+OO 1.74E-Ol 3.01E-ol 0.8500 4.115E+15
Cs-137 2.8791E+OO 40,772.532 70,600.795 O.OOE+OO 1.17E+05 2.03E+05
 1.2500 5.619E+14
EU-l54 1.7388E-Ol 40,772.532 70,600.795 O.OOE+OO 7.09E+03 1.23E+04
 1.7500 1.478E+13
Eu-155 1.1616E-Ol 40,772.532 70,600.795 O.OOE+OO 4.74E+03 8.20E+03
 2.2500 2.337E+13
Fe-55 7.3755E-02 40,772.532 70,600.795 O.OOE+OO 3.01E+03 5.21E+03
 2.7500 1.438E+11
H-3 1.0729E-02 40,772.532 70,600.795 O.OOE+OO 4.37E+02 7.57E+02
 3.5000 1.615E+10 
1-129 6.6403E-07 40,772.532 70,600.795 O.OOE+OO 2.71 E-02 4.69E-02
 OO 3.673E+06סס.5 
Kr-85 2.8487E-ol 40,772.532 70,600.795 O.OOE+OO 1.16E+04 2.01E+04
 OO 4.224E+05סס.7 
Np-237 3.1507E-05 40,772.532 70,600.795 O.OOE+OO 1.28E+OO 2.22E+OO
OO 4.845E+04סס.11 
Pa-231 4.1936E-l0 40,772.532 70,600.795 O.OOE+OO 1.71E-05 2.96E-05
 
Pb-21 0 8.4083E-13 40,772.532 70,600.795 O.OOE+OO 3.43E-OB 5.94E-oB
 
Pm-147 1.2807E+OO 40,772.532 70,600.795 O.OOE+OO 5.22E+04 9.04E+04
 
Pu-236 1.7290E-Ol 40,772.532 70,600.795 O.OOE+OO 7.05E+03 1.22E+04 
Pu-239 6.9563E-Q4 40,772.532 70,600.795 O.OOE+OO 2.84E+Ol 4.91E+Ol 
Pu-24O 3.6885E-04 40,772.532 70,600.795 O.OOE+OO 1.50E+Ol 2.5OE+Ol 
Pu-241 2.7643E-ol 40,772.532 70,600.795 O.OOE+OO 1.13E+04 1.95E+04 
Pu-242 3.0911E-06 40,772.532 70,600.795 O.OOE+OO 1.26E-ol 2.18E-Ol 
Ra-226 8.6330E-12 40,772.532 70,600.795 O.OOE+OO 3.52E-07 6.10E-07 
Ra-228 3.1817E-15 40,772.532 70,600.795 O.OOE+OO 1.30E-l0 2.25E-l0 
Ru-1OB 2.1981E-Ol 40,772.532 70,600.795 O.OOE+OO 8.96E+03 1.55E+04 
Se-79 1.2339E-05 40,772.532 70,600.795 O.OOE+OO 5.03E-ol 8.71E-ol 
Sn-126 1.0194E-05 40,772.532 70,600.795 O.OOE+OO 4.16E-ol 7.20E-ol 
Sr-90 2.7242E+OO 40,772.532 70,600.795 O.OOE+OO l.l1E+05 1.92E+05 
Tc-99 3.8056E-04 40,772.532 70,600.795 O.OOE+OO 1.55E+Ol 2.69E+Ol 
Th-229 1.0413E-12 40,772.532 70,600.795 O.OOE+OO 4.25E-oB 7.35E-OB
 
Th-230 3.9648E-09 40,772.532 70,600.795 O.OOE+OO 1.62E-Q4 2.80E-Q4
 
Th-232 8.3536E-15 40,772.532 70,600.795 O.OOE+OO 3.41E-l0 5.90E-l0
 
TI-2OB 4.3888E-oB 40,772.532 70,600.795 O.OOE+OO 1.79E-03 3.10E-03
 
U-232 1.3645E-07 40,772.532 70,600.795 O.OOE+OO 5.56E-03 9.63E-03
 Thermal Power
U-233 1.7023E-09 40,772.532 70,600.795 O.OOE+OO 6.94E-05 1.20E-Q4
 Nominal Heat Bounding
U-234 4.5389E-05 40,772.532 70,600.795 O.OOE+OO 1.85E+OO 3.20E+OO
 Output HeatOUlput
U-235 -2.8661 E-OB 40,772.532 0.000 1.54E-ol 3.74E-Q2 1.54E-ol
 /Wallsl /Walls\
U-236 1.6701E-05 40,772.532 70,600.795 O.OOE+OO 6.81E-Ol 1.18E+OO
 2.82E+03 4.88E+03
U-238 -9.4194E-09 40,772.532 0.000 1.76E-03 1.38E-03 1.76E-03
 Total Total
Y-90 2.7248E+OO 40,772.532 70,600.795 O.OOE+OO 1.11E+05 1.92E+05
 
Other Radionuclldes 2.17E+05 3.76E+05
 
om. TenJPbte ~s..m-t'}.,IlurD" a ....CIleckt
 
Template Selection Summary
 

FromSFD
 Used Basis for Parameter Differences: 
Reactor Moderator: HEAVY WATER HEAVY WATER 

Fuel Cladding: ALUM ALUM 
BOL HM Conatltuents: U-ALX U
 

BOl Enrichment '0/.:
 93.15000501 4010100 

Bumup Summary (MWd) Basis for bumup used in estimate: 
FromSFD Estimated 

Nominal: 40,772.532 Nominal bumup calculated from the heavy m&taI mass destroyed. 
Bounding:1 I 70,600.795 Bounding bumup caJculated assuming all SOL heavy metal burned. 

Checks 
Estimated Bumupt 

Bumu Multi 1181' Given Bumup Estimated EOL HMlGlven EOL HM 
Nominal: 1.22 I 1.031 

Bounding: 2.11 
1Reactor shutdown, core removal, storage, shipping or other date conflnning that irradiation ceased for fuel. 

~otal bumup for aU fuel associated with this worksheet must be divided by BOl heavy metal mass 10 get specific bumup values (MWdlMT). 
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Template Infaf!llllltlon
 Estimated 

Fuel Na""': FRR PIN CLUSTER (SO. KOREA) 'Fuel decay start date: 2010
 Canister usage: 
SNF 10 <I: 659 Estimates as of: 2010
 18"x15' 

Fuel Units & Oeser: 158 - MULTI-PIN CLUSTER Template: ATR (Ught Water, Alum.• 60 to 1000/0, U) 13.17 
Heavy Metal Mas", BOL=343.65kg ; EOL=298.29kg 2Templ3te Bumup(MWd): 367.2 
ROO Storage Silo: SRS Template BOL Heavy Metal Mass (MT): 0.00116689 

-"emplate Decay Time" 5 years 

n. Fstimates m x" b Yo Y. Gamma Sources 
Photon Total
 

CilMWd From Nominal Sounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec
 
Radionuclide Templale Fuel Burnup (MWd)' Burnup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding)
 

"ACC::::C-2"'27;-;- -71.-;-454~5"'E:_;-1;;:0,__--_;4"'2';;,95;o8"'.~50"'1:_--_;;8~5,~917.002 0.ooE+OO~----;6"'.25E-06 1.25E-05 Avg.MeV
 
-':AA=mm-'-:_22:O-44.e:;21:-m-------71.~1c-;190~Ec.:-0:=3'------;4"'2'::,95"'8?~50~1:_--_;;85~,'=9"'17;.::Oo::::02----O:OOE+oo 4.81E+Ocil__-.......;9;:.:.61E+Ol 0.0150 1.658E+16
 

4.5425E-07 42,958.501 85,917.ooi--0-.oOE+oo 1.95E_Q2 3.90E_Q2 0.0250 3.571E+15
 
Am-243 1.4921E-Q6 42,958.501 85,917.002 O.ooE+OO 6.41E_Q2 1.28E-01 0.0375 3.295E+15
 

-:::Cc.--l"'4=--- 5"'.C'72~44~Ec.:-0"'9'-----____C472'::,95~8?~50~1'-----_;;8~5,'=9-'-'17;.:.Oo:~0;;=2 O.ooE+OO 2.46E-04 4.92E-Q4 0.0575 3.240E+15
 
~C,I.::-36'-;;-:;_;;_------__;1"'.3"'1"'2"'4~E-_;;3~2---____;'42?,"'95~8"'.5"'Oc;l--_8;;:5=',9~1c;7;';.00:~2 O.ooE+OO 5.64E-28 1.13E-27 0.0850 2.066E+15
 

-:::C"'m'-'-2:o-43:7- 2;=:.~36?7:::6"'Ec.:-0"'7---____C4"'2'::,9~58?5~0~1:_ __.:c.85,917.oo2 O.ooE+OO 1.02E_Q2 2.03E_Q2 0.1250 1.789E+15 
Crn-244 5.2042E-05 42,958.501 85,917.002 O.ooE+OO 2.24E+OO 4.47E+OO 

~:~:.::--_--;,:.::~:,:~,,~,,~+'-+;:.::.: 
-';.C,o-6O,~.,___-------37."'82:::08~Ec.:-Q;:;5---____C4"'2,'::9~58"'.5~0"'1:_--_;;85;=:,,,,,91,,,7;:;.002 O.ooE+OO 1.64E+OO 3.28E+OO 
Cs-l34 4.8693E_Ql 42,958.501 85,917.002 O.ooE+OO 2.09E+04 4.18E+04 0.5750 1.164E+16
 
Cs-l35 3.4477E-06 42,958.501 85,917.002 O.ooE+OO 1.48E-Ol 2.96E-Ol 0.8500 1.630E+15
 
-';.C:.::S-c.:l_;;377-----------'2:::.8'='7"'3~1:;::E+OO_':C:::'-----____C4"'2,"=9~58"'.5O~1:_--~85,",,,,,91c_;7;:;.002 O.ooE+OO 1.23E+05 2.47E+05 1.2500 3.033E+14
 
"'E:"u--;1~54;:-------__,8;;:.;;2.05~3"'E_;-Q22---___"4"'2,';;9'.C58;;:.5~0"'1:__-_~85~,;:,91~7".00"~2 O.ooE+OO 3.52E+03 7.05E+03 1.7500 1.272E+13
 
Eu-155 3.9134E_Q2 42,958.501 85,917.002 O.ooE+OO 1.68E+03 3.36E+03 2.2500 2.668E+13
 
Fe-55 6.7429E_Q3 42,958.501 85,917.002 O.ooE+OO 2.90E+02 5.79E+02 2.7500 1.535E+11
 

-;-H';;-3~-------:_1:;'.~05:::9;:::9"'E-;-Q:=2---____C472,"'9~58"'.5~0"'1---_;;850",,,,,91,,,7,,,.002 O.OOE+OO 4.55E+02 9.11 E+02 3.5000 1.703E+10
 
1-129 7.5300E-07 42,958.501 85,917.002 O.ooE+OO 3.23E-02 6.47E_Q2 5.oooo::---__--:;5.:.:.1-o:09"'EO'+-o:04_=_ 
Kr-85 2.8595E-Ol 42,958.501 85,917.002 O.ooE+OO 1.23E+04 2.46E+04 7.ססOO 5.697E+03
 
Np-237 9.5479E-Q6 42,958.501 85,917.002 O.ooE+Oo 4.10E-Ol 8.20E-01 11.ססOO 6.422E+02
 
=Pa"--'=23"'1=----------c8"'.9o;2c:;9C'7E=---'.10"------:;'42?,"'958~.5O=1------'8",5~,9~17.oo2 O.ooE+OO 3.84E-05 7.67E-05 
Pb-21 0 3.7609E-12 42,958.501 85,917.002 O.ooE+OO 1.62E-07 3.23E_Q7 
Pm-147 2.5452E+OO 42,958.501 85,917.002 O.ooE+OO 1.09E+05 2.19E+05 
"'PC'U--;;2;;,36;<--- ~2"'.0;;:5"'5O~E-;-Q2;7_---.:.:4;c2,';;95~8~.5;c;0"'1---~85"',"'917.oo2 O.ooE+OO 8.83E+02 1.77E+03 
.;;P.=.U--;;2':-39:o--------:_4;;c.:;:2836~"'E~-Q4:7__---c.:4'=2,"=9"'58:::.5O~1---~85,",~91",,7•.oo2 O.ooE+OO 1.84E+Ol 3.68E+Ol 
-;P"'Uc.;-2;.:;40:;--- ~2."'440~1"'E:-;-Q4~----.:;422';:,958:;s;.~50"'1;__--~8~5,,;;9",17~.:o002 O.ooE+OO 1.05E+Ol 2.10E+Ol 
Pu-241 6.8764E_Q2 42,958.501 85,917.002 O.ooE+OO 2.95E+03 5.91E+03 
.;;P·=.U--;;2-;,42~--------,3"'.63=2e:;9"'E~_Q:=7-------;'4;c2,"=95:::8~.5~0~1----=85?,~91'7.oo2 O.ooE+OO 1.56E-02 3.12E-02 
Ra-226 3.8045E-ll 42,958.501 85,917.002 O.ooE+OO l.63E-06 3.27E-06 

=Ra:=--::22"'8:o-- --'2?990=:-o2"'E--;1=5 ---;4'=2,"=958==='.5=0~1---~85o",,,,91,,,7:,-.00:=2 O.ooE+OO 1.28E-l0 2.57E-l0 
Ru-l06 1.9055E_Ql 42,958.501 85,917.oo2--0~.i>oE+OO 8.19E+03 1.64E+04 
5e-79 1.2936E-Q5 42,958.501 85,917.002 O.OOE+OO 5.58E_Ql 1.11E+OO 
5n-126 1.1574E-05 42,958.501 85,917.002 0.00E-+l)() 4.97E-Ol 9.94E_Ql 
5r-90 2.7505E+OO 42,958.501 85,917.002 O.ooE+OO 1.18E+05 2.36E+05 
Tc-99 4.2239E-Q4 42,958.501 85,917.002 O.ooE+OO 1.81E+Ol 3.63E+Ol 
Th-229 1.8848E-12 42,958.501 85,917.002 O.ooE+OO 8.10E_Q8 1.62E_Q7 
Th-230 1.7042E-Q8 42,958.501 85,917.002 O.ooE+OO 7.32E-Q4 1.46E-03 
~Th,,-;;;2"'32c_-------77.':-81;;;3;;:2"'E:_;-1;;;5---_;4"'2"',9;o58:::.~5O"'1:_-_ _;;8O"5,-=9~17.oo2 O.ooE+OO 3.36E-l0 6.71E-l0 
11-208 4.4063E-Q8 42,958.501 85,917.002 O.ooE+OO 1.89E-03 3.79E_Q3 
U-232 1.3151E_Q7 42,958.501 85,917.002 O.ooE+OO 5.65E_Q3 1.13E_Q2 Thermal Power 

7U"'-2:;;33;:;'- "'1.~95:264s:E_;-0"'9'-----___"4"'2';;,958~.5~0"'1:__--~85~,;:,91~7.oo2 O.ooE+OO 8.40E-Q5 1.68E-Q4 Nominal Heat Bounding 
U-234 1.8371E-Q4 42,958.501 85,917.002 O.ooE+OO 7.89E+OO 1.58E+Ol Output Heat Output 
U-235 -2.7235E-Q6 42,958.501 0.000 1.49E_Ql 3.15E-02 1.49E_Ql /Watts! /Watts! 
U-236 1.5493E_Q5 42,958.501 85,917.002 O.ooE+OO 6.68E-Ol 1.33E+OO 2.1815+03 4.38E+03 
U-238 -4.2851E-Q9 42,958.501 0.000 9.24E_Q2 9.22E_Q2 9.24E_Q2 TOlal TOlal 
Y-90 2.7505E+OO 42,958.501 85,917.002 O.ooE+OO 1.18E+05 2.36E+05 
Other Radionuclides 2.21 E+05 4.42E+05 

Template Selection Summary 
From SFD Used Basis for Parameter Differences: 

Reactor Moderator:t-_U=.G~HT'::-:W_;;A7T-=E:.cR_--+_--=UG_=.:.:HT':cW~AT:.cE=.R'----tThis;,,·Template was used for the following reasons: 
Fuel Cladding: ALUM ALUM This fuel matches on all panuneters e,ceplenrichment 

BOL HM eonstltuents: U3S12 U 
BOL Enrichment %:t--::;:20;;-.0000005~~:;:5;:--t----:;60~tO='1:;:00;:---l 

Burnup Summary (MWd)' Basis for burnup used in estimate: 
From SFO Estimated

Nomlnal:I +--I --::42?-,9~58:=::.5O~1::t:NominaJbumup caJaJla:ed from the heavy melal mass destroyed. 
Boundlng:1 I 85.917.002 Sounding bumup assumed to be twice nominal bumup. 

Checks 
Estimated Bumupl'

BumuD MultiDlier Given Bumup Es:lrnded EOL HMfGlven EOL HM 
Nomlnal:1 0.40 I 1.011 

Bounding: 0.79 ,
Reactor shutdown, cora removal, storage, shipping or other date conflnnlng that IlTadiatlon ceased for fuel.
 

1"otal bumup for all fuel associated with this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWd'MT).
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Fuel Radionuclide Inventory Worksheet 
I. Fuel aUtl T/lQIJIlate Inf_liOn 

Fuel N.me: FRR PIN CLUSTER (So. KOREA) 1Fuel decay start date: 2010 
SNFID#: 293 Estimates as of: 2010 

Fuel Units & Oeser: 48 - MULTI-PIN CLUSTER Template: ATR (Ught Water, Alum .• 60 to 100'}o, U) 

Estimated 
Canister usage: 

18"x15' 
I 4.00 I 

He.vy MetaJ M.ss: BOl=59.52kg : EOl=52.14kg 'remplals Bumup(MWd): 367.2 
ROO 51O<.ge 51...: 5RS Tempi.... BOl Heavy Metal M.ss (MT): 0.00116689 

Templals Decay Time: 5 years 

II. Estimates m x" x. b y" y. 

CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel 
Radionuclide Template Fuel Burnup (MWd)' Bumup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) 
Ac-227 1.4545E-l0 6,991.276 13,982.553 O.ooE+OO 1.02E-OG 2.03E-OG 
Am-241 1.1190E-03 6,991.276 13,982.553 O.ooE+OO 7.82E+OO 1.56E+Dl 
Am-242m 4.5425E-07 6,991.276 13,982.553 O.ooE+OO 3.18E-03 6.35E-03 
Am-243 1.4921E-OG 6,991.276 13,982.553 O.ooE+OO 1.04E-02 2.09E-Q2 
C-14 5.7244E-09 6,991.276 13,982.553 O.ooE+OO 4.ooE-05 8.ooE-Q5 
CI-36 1.3124E-32 6,991.276 13,982.553 O.ooE+OO 9.18E-29 1.84E-28  
Cm-243 2.3676E-07 6,991.276 13,982.553 O.ooE+OO 1.66E-Q3 3.31E-03 
Cm-244 5.2042E-05 6,991.276 13,982.553 O.ooE+OO 3.84E-Ol 7.28E-Ol 
Co-6O 3.8208E-05 6,991.276 13,982.553 O.ooE+OO 2.67E-Ol 5.34E-Ol 
Cs-l34 4.8693E-Ql 6,991.276 13,982.553 O.ooE+OO 3.40E+03 6.81E+03 
CS-135 3.4477E-OG 6,991.276 13,982.553 O.ooE+OO 2.41E-02 4.82E-02  Cs-137 2.8731E+OO 6,991.276 13,982.553 O.ooE+OO 2.01E+04 4.02E+04 
EU-l54 8.2053E-02 6,991.276 13,982.553 O.ooE+OO 5.74E+D2 1.15E+03 
EU-155 3.9134E-Q2 6,991.276 13,982.553 O.ooE+OO 2.74E+D2 5.47E+D2 
Fe-55 6.7429E-03 6,991.276 13,982.553 O.ooE+OO 4.71E+Ol 9.43E+Dl 
H-3 1.0599E-Q2 6,991276 13,982.553 O.ooE+OO 7.41E+Dl 1.48E+D2 
1-129 7.5300E-Q7 6,991.276 13,982.553 O.ooE+OO 526E-03 1.05E-02  Kr-85 2.8595E-01 6,991.276 13,982.553 O.ooE+OO 2.ooE+D3 4.OOE+D3 
Np-237 9.5479E-OG 6,991276 13,982.553 O.ooE+OO 6.68E-02 1.34E-Ol 
Pa-231 8.9297E-l0 6,991.276 13,982.553 O.ooE+OO 624E-OG 1.25E-05 
Pb-21 0 3.7609E-12 6,991.276 13,982.553 O.ooE+OO 2.63E-Q8 5.26E-08 
Pm-147 2.5452E+OO 6,991.276 13,982.553 O.ooE+OO 1.78E+04 3.56E+04 
Pu-238 2.0550E-Q2 6,991.276 13,982.553 O.ooE+OO 1.44E+D2 2.87E+D2  Pu-239 4.2838E-Q4 6,991.276 13,982.553 O.ooE+OO 2.99E+OO 5.99E+OO 
Pu-240 2.4401E-04 6,991.276 13.982.553 O.ooE+OO 1.71E+OO 3.41E+OO 
Pu-241 6.8784E-02 6,991.276 13,982.553 O.ooE+OO 4.81E+D2 9.61E+D2 
PU-242 3.6329E-Q7 6,991.276 13,982.553 O.ooE+OO 2.54E-Q3 5.08E-03 
Ra-226 3.8045E-ll 6,991.276 13,982.553 O.ooE+OO 2.66E-07 5.32E-07 
Ra-228 2.9902E-15 6,991276 13,982.553 O.ooE+OO 2.09E-ll 4.18E-ll  
RU-1OG 1.9055E-Ql 6,991.276 13,982.553 O.ooE+OO 1.33E+03 2.66E+D3 
Se-79 1.2938E-Q5 6,991.276 13,982.553 O.ooE+OO 9.04E-02 1.81E-Ol 
Sn-126 1.1574E-05 6,991276 13,982,553 O.ooE+OO 8.09E-02 1.62E-Ql 
5r-90 2.7505E+OO 6,991.276 13,982.553 O.ooE+OO 1.92E+04 3.85E+04 
Tc-99 4.2239E-04 6,991.276 13,982.553 O.ooE+OO 2.95E+OO 5.91E+OO  Th-229 1.8848E-12 6,991.276 13,982.553 O.ooE+OO 1.32E-Q8 2.64E-08 
Th-230 1.7042E-08 6,991.276 13,982.553 O.ooE+OO 1.19E-Q4 2.38E-Q4 
Th-232 7.8132E-15 6,991.276 13,982.553 O.ooE+OO 5.48E-ll 1.09E-l0 
T1-208 4.4063E-08 6,991.276 13,982.553 O.ooE+OO 3.08E-Q4 6.16E-Q4 
U-232 1.3151E-Q7 6,991276 13,982.553 O.ooE+OO 9.19E-04 1.84E-Q3 
U-233 1.9584E-Q9 6,991.276 13,982.553 O.ooE+OO 1.37E-05 2.74E-Q5  U-234 1.8371E-Q4 6,991.276 13,982.553 O.ooE+OO 1.28E+OO 2.57E+OO 
U-235 -2.7235E-OG 6,991276 0.000 2.57E-Q2 6.68E-Q3 2.57E-Q2 
U-236 1.5493E-Q5 6,991.276 13,982.553 O.ooE+OO 1.08E-Ql 2.17E-Ql 
U-238 -4.2851 E-Q9 6,991.276 0.000 1.60E-02 1.60E-Q2 1.60E-Q2 
V-90 2.7505E+OO 6,991.276 13,982.553 O.ooE+OO 1.92E+04 3.85E+04  Other Radionuclides 3.60E+04 7.19E+04 
m. TellllllateSdedllm $unulla....;Buno .aIldC~ 
Template selection Summary 

From5FD Used Basis lor Parameter Differences:
Rea_Moderator: UGHTWATER UGHTWATEA This Templale was used for the following reasons:
 

Fuel C1.ddln9:1--__;cAl~U~M;c_--1_--"Al_;U:"M"---I:~~
matd1es ATR Template on all but one parameter (enrichment) making ATR • roasonabIe  
BO~~M=:..'7~f--O:19:-.9999995=:U3"-'S"'12=2:---+-----=60:-tc=~=-:17oo:---4 

BumupSumma~(MWd)· Basis for bumup used in estimate: 
From5FD Estimated 

Nomln.I:1 I 6,991.276 NorrinaJ bumup cal<:ulated from the hea1/}' malal mass destroyed. 
Bounding: 13.982.553 Bounding bumup assumed to be twice nominal bumup. 

Checks 

Estimated Bumupl 
Bumup Multiplier Given Bumup Estimaled EOl HMlGiven EOl HM 

Nomln.I:1 0.37 I 1.011 
Bounding: 0.75 , 

Reactor shutdown, core removal, storage, shlPJ)'ng or other dale confmnlng that Irradiation ceased for fuel.
 

~olal bumup for all fuel associated with this worksheet must be divided by BOl heavy metal mass to get specific bumup values (MWd/MT).
  

Gamma Sources 
Photon Total 
Energy Photons/see 
Group (bounding) 

Avg. MeV 
0.0150 2.698E+15 
0.0250 5.812E+14 
0.0375 5.363E+14 
0.0575 5.273E+14 
0.0850 3.362E+14 
0.1250 2.911E+14 
0.2250 2.849E+14 
0.3750 1.379E+14 
0.5750 1.894E+15 
0.8500 2.653E+14 
1.2500 4.936E+13 
1.7500 2.070E+12 
2.2500 4.342E+12 
2.7500 2.498E+10 
3.5000 2.nlE+09 
 OO 8.317E+03סס.5
 OO 9.274E+02סס.7
 OO 1.045E+02סס.11

Thennal Power 
Nominal Heal Bounding 

Output Heal Output 
/Wattsl /Watts) 

3.54E+02 7.09E+02 
Total Total 

I

I

I

I

I

I

I

I

I 

I

I
 

I 

I
 
I
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Fuel Radionuclide Inventory Wor[(sheet 
1. Fuel and Template tnfonnation Estimated 

Fuel Name: FRR SLOWPOKE (CANADA) 'Fuel decay start date: 2010 Canister usage: 
SNF 10 41: 666 Estimates as of: 2010 18"xl0' 

Fuel Units & Desc~': 2 - 297 ROD ARRAY Template: ATR (Ught Water, Alum., 60 to 100~o. U) 0.50
 
Heavy Metal Masn: BO~l.nkg ; EO~1.74kg 'Templale Bumup(MWd): 367.2
 
ROD Storage Site: SRS Templale BOl Heavy Metal Mass (MT): 0.00116689
 

Template Decay Time- 5 years
 
U. Estimates m b y" y. Gamma Sources

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Burnup (MWd)' Burnup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 __c:l..':.4,-,54=5~E-c:l",0 ___;;2",8,,=.2C;40;:-_--_5=6~,.480 O.OOE+OO 4.11 :=E--;o;;;9:--__~8;;'.22E-09 Avg. ~_v ~ 
Am-241----- 1.1190E-Q3 28.240 56.480-----0.00E+OO---3:16E-02 6.32E-Q2 0.0150 1.090E+13 
Am-242m 4.5425E-Q7 28.240 56.480 O:OOE+OO 1.28E-Q5 2.57E;:---':0=5--+--:0:."0:,:2"50=-----~2"'.348~"'E"+-"'12 
Am-243 1.4921E-06 28.240 56.480 O.ooE+OO 4.21E-05 8.43E-Q5 0.0375 2.166E+12 
C-14 5.7244E-Q9 28.240 56.480- --- O.OOE+OO 1.62E-07 3.23E-07 0.0575 2.130E+12 
CI-36 1.3124E-32 28.240 56.480 O.()(JE+OO 3.71"'E'-;-3"1:----~7".4"'1:=E-;-3;-;1--1t---,O"'.0;;::850 1.358E+12 
Cm-243 2.3676E-Q7 28.240 56.480- O.ooE+OO 6.69E-06 1.34E-Q5 0.1250 1.176E+12 
Cm-244 5.2042E-Q5 28.240 56.480 O.ooE+OO 1.47E-03 2.94E-03 0.2250 1.151E+12 
(;0:60 3.8206E-05 28.240 56.480 O.ooE+OO 1.08E-Q3 2.16E-Q3 0.3750 5.571E+11 
Cs-l34 4.8693E-Ol 28.240 56.480 ~-o.oOE+OO 1.36E+Ol 2.75E+Ol 0.5750 7.652E+12 
Cs-135 3.4477E-06 28.240 56.480 O.OOE+OO 9.74E-05 1.95E-04 0.8500 1.072E+12 
Cs-137 2.8731E+OO 28.240 56.480 O.OOE+OO 8.11E+Ol 1.62E+02 1.2500 1.994E+l1 
Eu-l54 8.2053E-02 28.240 56.480 O.OOE+OO 2.32E+OO 4.63E+OO 1.7500 8.362E+09 
Eu-155 3.9134E-02 28.240 56.480 O.ooE+OO 1.11E+OO 2.21E+OO 2.2500 1.754E+l0 
Fe-55 6.7429E-03 28.240 56.480 O.OOE+OO 1.90E-Ol 3.81E-Ol 2.7500 1.009E+08 
H-3 1.0599E-Q2 28.240 56.480 O.OOE+OO 2.99E-Ol 5.99E-Ql 3.5000 1.119E+07 
1-129 7.5300E-07 28.240 56.480 O.OOE+OO 2.13E-Q5 4.25E-Q5 5.0000 3.359E+Ol 
~K'rc-"'85;O----------2"'.=85"='95~;E~-0=1:-------;;28=.=24O=----=56=.480-:-: O.ooE+OO 8.08E+OO 1.62E+Ol 7.0000 3.745E+OO 
Np-237 9.5479E-06 28.240 56.480 O.OOE+OO 2.iOE-Q4 5.39E-04 11.0000 4.221E-01 
Pa-231 8.9297E-l0 28.240 56.480 0.00E+OO=-__----o2.::::.5;=2~E-oB~----:;:5:':.04~E_;-oB7_____l1 
Pb-21 0 3.7609E-12 28.240 56.480 O.OO-E+OO 1.06E-l0 2.12E-l0 
Pm-147 2.5452E+OO 28.240 56.480 O.ooE+OO 7.19E+Ol 1.44E+02 
Pu-238 2.0550E-02 28.240 56.480 O.ooE+OO 5.80E-Ql 1.16E+OO 
PU-239 4.2838E-Q4 28.240 56.480 O.OOE+OO 1.21 E-Q2 2.42E-Q2 
Pu-24O 2.4401 E-Q4 28.240 56.480 O.ooE+OO 6.89E-03 1.38E-Q2 
Pu-241 6.8764E-Q2 28.240 56.480 O.OOE+OO 1.94E+OO 3.88E+OO 
Pu-242 3.6329E-07 28.240 56.480 O.OOE+OO 1.03E-Q5 2.05E-05 
Ra-226 3.8045E-ll 28.240 56.480 O.OOE+OO 1.07E-Q9 2.15E-Q9 
Ra-228 2.9902E-15 28.240 56.480 O.ooE+OO 8.44E-14 1.69E-13 
-Ru-l06 1.9055E-Ql 28.240 56.480 O.ooE+OO 5.38E+OO 1.08E+Ol 
-Se-79 12936E-05 28.240 56.480 O.OOE+OO 3.65E-Q4 7.31E-Q4 
Sn-126 1.1574E-Q5 28.240 56.480 O.ooE+OO 3.27E-04 6.54E-Q4 
Sr-90 2.7505E+OO 28.240 56.480 O.ooE+OO 7.77E+Ol 1.55E+02 
Tc-99 4.2239E-04 28.240 56.480 O.ooE+OO 1.19E-Q2 2.39E-Q2 
Th-229 1.8848E-12 28.240 56.480 O.ooE+OO 5.32E-ll 1.06E-l0 
Th-230 1.7042E_oB 28.240 56.480 O.OOE+OO 4.81 E-Q7 9.63E-Q7 
Th-232 7.8132E-15 28.240 56.480 O.ooE+OO 2.21E-13 4.41E-13 
T1-208 4.4063E_oB 28.240 56.480 O.ooE+OO 1.24~E~-Q6~---~2.:.;4~9E~-Q6~-+---:=====--
U-232 1.3151E-Q7 28.240 56.480 O.OOE+OO 3.71E-06 7.43E-Q6 Thermal Power 
U-233 1.9564E-Q9 28240 56.480 o.06E+OO 5.52E-oB 1.10E-Q7 Nominal Heat Bounding 
U-234 1.8371 E-Q4 28.240 56.480 O.ooE+OO 5.19E-Q3 1.04E-Q2 Output Heat Output 
U-235 -2.7235E-Q6 28.240 0.000 3.57E-03 3.49E-03 3.57E-Q3 /Wattsl /Wattsl 
U-236 1.5493E-Q5 28.240 56.480 O.ooE+OO 4.38E-Q4 8.75E-04 1.43E+OO 2.86E+OO 
U-238 -4.2851E-Q9 28.240 0.000 4.10E-Q5 4.09E-Q5 4.10E-Q5 Total Total 
Y-90 2.7505E+OO 28.240 56.480 O.ooE+OO 7.77E+Ol 1.55E+02 
Other Radionuclides 1.45E+02 2.90E+02 
Ill. Template Selection Summarv, Buntu , and Cbed<s 
Template Selection Summary 

From SFD Used Basis for Parameter Differences: 
Reactor MocIer'att.Ir: UGHT WATER UGHT WATER 

Fuel C1adding:/----="'A;-;LU7.Mc;:..:::.:....--j---=:-;A7l'"'UM;.;:.:::.:...--1 

BO~o~=:=:f-----=-93"."~~~"':-::.:4'"'1=-5--+---c:60-=--=t~"-1"00-=------1 

Bumup Summary (MWd) Basis for bumup used in estimate: 
FromSFD Estimated 

Nomlnal:1 I 28.240 Nominal bumup calculal:ed from the heavy metal mass destroyed. 
Boundlng:1 I 56.480 Bounding bumup assumed 10 be twice nominal bumup. 

Checks 
Estimated Bumupl

Bumup Multiplier Given Bumup Estimated EOl HMlGlven EOl HM 
Nomll'lal: 0.05 1 1.001 

Bounding: 0.10 ,
Reactor shutdown. core removal. storage, shlpptng or other date confllT1'ung that Irradiation ceased for fuel. 

~otal bumup for all fuel associated with this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWdIMT). 
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Fuel Radionuclide Inventory Worksheet 
I. Fud and Template WormatlOD Estimated 

Fuel Name: FRR SLOWPOKE (CANADA) 1Fuel decay start date: 2010 Canister usage: 
SNF 10#: 665 Estimates as of: 2010 l8"xl0' 

Fuel Units & Oeser: 2 - 297 ROD ARRAY Template: ATR (Ught Water, Alum.• 60 to 100%, U) 0.50 
_vy Metal Ma••: BOl=1.77k9 ; EOl=1.74k9 'Tamplat. Bumup(MWd): 367.2 
ROD Storage Site: SRS Telnplate BOl _vy Metal Ma•• (MT): 0.00116689 

Template Decay Time· 5 years 
ll. Estimates m x. x. b y. y. Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Bumup (MWd)' Bumup (MWd)' (Ci) Inventories<Ci) Inventories(Ci) Group (bounding) 
Ac-227 1.4545E-l0 28.240 56.480 O.ooE+OO 4.llE-09 8.22E-09 Avg.MeV 
Am-241 1.1l90E-03 28.240 56.480 O.ooE+OO 3.16E-02 6.32E-Q2 0.0150 1.090E+13 
Am-242m 4.5425E-07 28.240 56.480 O.ooE+OO 1.28E-05 2.57E-05 0.0250 2.348E+12 
Am-243 1.4921E-Q6 28240 56.480 O.ooE+OO 4.21E-05 8.43E-Q5 0.0375 2.166E+12 
C-14 5.7244E-09 28.240 56.480 O.ooE+OO 1.62E-07 3.23E-07 0.0575 2.130E+12 
CI-36 1.3124E-32 28.240 56.480 O.ooE+OO 3.71E-31 7.41E-31 0.0850 1.358E+12 
Cm-243 2.3676E-07 28.240 56.480 O.ooE+OO 6.69E-Q6 1.34E-05 0.1250 1.176E+12 
Cm-244 5.2042E-05 28.240 56.480 O.ooE+OO 1.47E-03 2.94E-03 0.2250 1.151E+12 
Co-6O 3.82OBE-05 28.240 56.480 O.ooE+OO 1.OBE-03 2.16E-03 0.3750 5.571E+l1 
Cs-l34 4.8693E-Ol 28.240 56.480 O.ooE+OO 1.36E+Ol 2.75E+Ol 0.5750 7.652E+12 
Cs-l35 3.4477E-OO 28.240 56.480 O.ooE+OO 9.74E-05 1.95E-Q4 0.8500 1.072E+12 
Cs-137 2.8731E+OO 28.240 56.480 O.ooE+OO 8.11E+Ol 1.62E+02 1.2500 1.994E+l1 
Eu-l54 8.2053E-02 28.240 56.480 O.ooE+OO 2.32E+OO 4.63E+OO 1.7500 8.362E+09 
Eu-155 3.9134E-Q2 28.240 56.480 O.ooE+OO l.l1E+OO 2.21E+OO 2.2500 1.754E+l0 
Fe-55 6.7429E-Q3 28.240 56.480 O.ooE+OO 1.90E-Ol 3.81E-Ol 2.7500 1.009E+08 
H-3 1.0599E-Q2 28.240 56.480 O.ooE+OO 2.99E-Ol 5.99E-Ol 3.5000 1.119E+07 
1-129 7.5300E-Q7 28.240 56.480 O.ooE+OO 2.13E-Q5 4.25E-05 5.ססOO 3.359E+Ol 
Kr-85 2.8595E-Ol 28.240 56.480 O.ooE+OO 8.OBE+OO 1.62E+Ol 7.ססOO 3.745E+OO 
Np-237 9.5479E-OO 28.240 56.480 O.ooE+OO 2.70E-Q4 5.39E-04 11.ססOO 4.221E-Ol 
Pa-231 8.9297E-l0 28.240 56.480 O.ooE+OO 2.52E-OB 5.04E-oB 
Pb-210 3.7609E-12 28.240 56.480 O.ooE+OO l.OOE-l0 2.12E-l0 
Pm-147 2.5452E+OO 28.240 56.480 O.ooE+OO 7.19E+Ol 1.44E+02 
Pu-238 2.0550E-02 28.240 56.480 O.ooE+OO 5.80E-Ol 1.16E+OO 
Pu-239 4.2838E-Q4 28.240 56.480 O.ooE+OO 1.21E-02 2.42E-Q2 
Pu-240 2.4401E-04 28.240 56.480 O.ooE+OO 6.89E-Q3 1.38E-02 
Pu-241 6.8764E-Q2 28.240 56.480 O.ooE+OO 1.94E+OO 3.88E+OO 
Pu-242 3.6329E-07 28.240 56.480 O.ooE+OO 1.03E-Q5 2.05E-Q5 
Ra-226 3.8045E-ll 28.240 56.480 O.ooE+OO 1.07E-09 2.15E-09 
Ra-228 2.9902E-15 28.240 56.480 O.ooE+OO 8.44E-14 1.69E-13 
Ru-lOO 1.9055E-Ql 28.240 56.480 O.ooE+OO 5.38E+OO 1.OBE+Ol 
Se-79 1.2936E-05 28240 56.480 O.ooE+OO 3.65E-04 7.31E-Q4 
Sn-126 1.1574E-Q5 28.240 56.480 O.ooE+OO 3.27E-04 6.54E-Q4 
Sr-90 2.7505E+OO 28.240 56.480 O.ooE+OO 7.77E+Ol 1.55E+02 
Tc-99 4.2239E-04 28.240 56.480 O.OOE+OO 1.19E-02 2.39E-02 
Th-229 1.8848E-12 28.240 56.480 O.ooE+OO 5.32E-ll 1.OOE-l0 
Th-230 1.7042E-OB 28240 56.480 O.ooE+OO 4.81E-07 9.63E-07 
Th-232 7.8l32E-15 28.240 56.480 O.ooE+OO 2.21E-13 4.41E-13 
TI-2OB 4.4063E-OB 28.240 56.480 O.ooE+OO 1.24E-OO 2.49E-Q6 
U-232 1.3l51E-Q7 28.240 56.480 O.ooE+OO 3.71E-OO 7.43E-Q6 Thermal Power 
U-233 1.9564E-09 28.240 56.480 O.ooE+OO 5.52E-oB 1.l0E-07 Nominal Heat Bounding 
U-234 1.8371E-Q4 28.240 56.480 O.ooE+OO 5.19E-03 1.04E-Q2 Output Heat Output 
U-235 -2.7235E-OO 28.240 0.000 3.57E-Q3 3.49E-Q3 3.57E-03 /Wattsl /Watts) 
U-236 1.5493E-Q5 28.240 56.480 O.ooE+OO 4.38E-04 8.75E-Q4 1.43E+OO 2.86E+OO 
U-238 -4.2851 E-09 28.240 0.000 4.10E-Q5 4.09E-Q5 4.10E-05 Total Total 
V-90 2.7505E+OO 28.240 56.480 O.ooE+OO 7.77E+Ol 1.55E+02 
Other Radlonuclides 1.45E+02 2.90E+02 ,1lI.T.-Iate SekCtlon SW--l.'Y.1l and Ch<!d<s 
Templa1e Selection Summary 

FromSFO Used Basis for Parameter Differences: 
Reactor_: UGHTWATER UGHTWATER 

Fuel Cladding: ALUM ALUM 
SOL HM Constituents: U-ALX U 

BOl Enrichment %: 93.11512415 60 to 100 

BumupSumma~(MWd) Basis for bumup used in estima1e: 
FromSFD I Estimated 

Nomlnol:1 I 28.240 Nominal bumup calculated from the heavy metal mass destroyed. 
Boundlng:1 56.480 Bounding bumup assumed to be twice nominal bumup. 

Checks 

Estimated 8umupl 
Bumup Multiplier Given Bumup Estimated EOl HMlGlven EOl HM 

Nominal: 0.05 I 1.001 
Bounding:1 0.10 , 

Reactor shutdolM'l, core removal, storage, shipping or other date conflrmmg that Irradiation ceased for fuel.
 

2Tolal bumup for aU fuel associated with this worksheet must be divided by SOL heavy metal mass to gel specific bumup values (MWd'MT).
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Template lnf<>nJIlItion Estimated 

Fuel Name: FRR SLOWPOKE (CANADA) t Fuel decay start date: 2010 Canister usage: 
SNF 10 V; 669 Estimates as of: 2010 18".10' 

Fuel Units & Oeser: 2 - 297 ROD ARRAY Template: ATR (Ught Water, Alum., 60 to 100%. U) 0.50
 
Heavy Metal Mas", BOl.=1.771<9 ; EOl.=1.74k9 "Template Bumup(MWd): 367.2
 
ROD Storage Site: SRS Template BOL Heavy Metal Mass (MI): 0.00116689
 

"I"emplate Decay Time" 5 years 

n. Estimates m b Yn Yb Gamma Sources 
Photon Total 

CUMWd From Nominal Bounding Fuel Initial ActiVity Nominal Fuel Bounding Fuel Energy Photons/sec 
Radionuclide Template Fuel Bumup (MWd)' Bumup (MW<l)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 1.4545E-l0 28.221 56.442 O.OOE+OO 4.10~E_,,-09",------,::8:=.2:~I~E-O-0~9---lf.--:A:::vg .....Mec:.V-_-----,-==-c~ 
-~A:.:,m:-:-2:;,4;.;:1cc-_- -_':-:'-=-I'o.;90~E:-:-0,,3;_-_----:2~80':.2~2;.;1-_-_ ____::5:;;6'c.44:-;-:2-----~-O'OOE+OO-------:l.16E-Q2 6.32E-02 0.0150 1.089E+13 
Am-242m 4.5425E_Q7 28.221 56.442 O.OOE+OO 1.28E-OS 2.56E-05 0.0250 2.346E+12 

-oAmi'7-;C243'-"- -=-'."'4"'92~I;.;E~-06~-----2;;:8"'.;;:22:;,1;_---___;5,,6".44~2c O.OOE+OO 4.21 E_Q5 8.42E-05 0.0375 2.165E+12 
C-14 5.7244E-09 28.221 56.442 O.OOE+OO 1.62E-07 3.23E:~ 0.0575 2.129E+12 
"C""I-'=36Co---·---------"'1.":3"-12°--4"E~-3:c2;-------'2='8:::.22=,'---------'5~6"-.44'--":2'------- O:-OOE+OO 3.70"'E=_-"'3-=-1------;7:':.4"";.;E'c-3;;:1;_---I;~~_=0:c-.':_0"'8i50~~~~~~~~11;::·.3,~57:c75EE=-++'--'1,-=22 
Cm-243 ---'2"'.36:?C':7-:::6E=--'-'0-=-7 _"2?:8c::;.2~2__c1----_"5c=6'__'.44.2 O.OOE+OO 6.68E-06 1.34E_Q5 0.1250 
Cm-244 5.2042E-05 28.221 56.442 O.OOE+OO 1.47E·03 2.94E-03 0.2250 1.150E+12 
Co-6O 3.82OSE-Q5 28.221 56.442 O.OOE+OO I.OSE_Q3 2.16E_Q3 0.3750 5.567E+ll 
CS-l34 4.8693E-01 28.221 56.442 O.OOE+OO 1.37E+Ol 2.75E+01 0.5750 7.647E+12 
Cs-135 3.4477E·06 28.221 56.442 O.OOE+OO 9.73E-05 1.95E-Q4 0.8500 1.071E+12 
Cs-137 2.8731E+OO 28.221 56.442 O.OOE+OO 8.11E+Ol 1.62E+02 1.2500 1.992E+l1 
Eu-l54 8.2053E-02 28.221 56.442 O.OOE+OO 2.32E+OO 4.63E+OO 1.7500 8.356E+09 
Eu-155 3.9134E_Q2 28.221 56.442 O.OOE+OO 1.10E+OO 2.21E+OO 2.2500 1.753E+l0 
Fe-55 6.7429E_Q3 28.221 56.442 O.OOE+OO 1.90E_Ql 3.81E_Ql 2.7500 1.008E+08 
H-3 1.0599E-02 28.221 56.442 O.OOE+OO 2.99E-Ol 5.99E_Ql 3.5000 1.119E+07 
1-129 7.5300E-07 28.221 56.442 O.OOE+OO 2.13E_Q5 4.25E-05 5.0000 3.357E+Ol 
Kr-85 2.8595E-Ol 28.221 56.442-------------O'-OOE+oo 8.07E+OO 1.61E+Ol 7.0000 3.743E+OO 
Np-237 9.5479E-Q6 28.221 56.442 O.OOE+OO 2.69E-04 5.39E-Q4 11.0000 4.219E_Ql 
Pa-231 8.9297E-l0 28.221 56.442 O.OOE+OO 2.52E-Q8 5.04E-OS 
Pb-21 0 3.7609E-12 28.221 56.442 O.OOE+OO 1.06E-l0 2.12E-l0 
Pm-147 2.5452E+OO 28.221 56.442 O.OOE+OO 7.18E+Ol 1.44E+02 
Pu-238 2.OS50E_Q2 28.221 56.442 O.OOE+OO 5.80E_Ql 1.16E+OO 
Pu-239 4.2838E-Q4 28.221 56.442 O.OOE+OO 1.21 E-02 2.42E-Q2 
Pu-240 2.4401 E-Q4 28.221 56.442 O.OOE+OO 6.89E·03 1.38E_Q2 
Pu-241 6.8764E-02 28.221 56.442 O.OOE+OO 1.94E+OO 3.88E+OO 
Pu-242 3.6329E_Q7 28.221 56.442 O.OOE+OO 1.03E-Q5 2.OSE-Q5 
Ra-226 3.8045E-l1 28.221 56.442 O.OOE+OO 1.07E·09 2.15E_Q9 
Ra-228 2.9902E-15 28.221 56.442 O.OOE+OO 8.44E-14 1.69E-13 
Ru-l06 1.9055E_Ql 28.221 56.442 O.OOE+OO 5.38E+OO 1.OSE+01 
5e-79 1.2936E-Q5 28.221 56.442 O.OOE+OO 3.65E-Q4 7.30E-Q4 
5n-126 1.1574E-Q5 28.221 56.442 O.OOE+OO 3.27E-Q4 6.53E-Q4 
5r-90 2.7505E+OO 28.221 56.442 O.OOE+OO 7.76E+Ol 1.55E+02 
Te-99 4.2239E-Q4 28.221 56.442 O.OOE+OO 1.19E_Q2 2.38E_Q2 
Th-229 1.8848E-12 28.221 56.442 O.OOE+OO 5.32E-ll 1.06E-l0 
Th-230 1.7042E-Q8 28.221 56.442 O.OOE+OO 4.81 E-07 9.62E_Q7 
Th-232 7.8132E-15 28.221 56.442 O.OOE+OO 2.20E-13 4.41E-13 
TI-2OS 4.4063E-Q8 28.221 56.442 O.OOE+OO 1.24E-Q6 2.49E-Q6 
U-232 1.3151E.Q7 28221 56.442 O.OOE+OO 3.71E-06 7.42E-Q6 Thermal Power 
7U;-c-2"'33~-----_-.--:1:-'.95~64~E:-:-Qo-;9c_--_---:2~80,:.2;;;2c;'----____::5;_;;6'c.44;-~2-_---;00,:.OO~E:--'+OO~-_-~5.'_;5~2E~-OS~-_--:1:-'.-;;;'0~E=--Q"'7;;__;INominal Bounding Heat 
U-234 1.8371E-Q4 28.221 56.442 O.OOE+OO 5.18E_Q3 l.04E-Q2 Output Heat Output 
U-235 -2.7235E-06 28.221 0.000 3.57E-03 3.49E-03 3.57E-Q3 /Watts\ /Watts\ 
U-236 1.5493E-Q5 28.221 56.442 O.OOE+OO 4.37E-Q4 8.74E-Q4 1.43E+OO 2.86E+OO
 
U-238 -4.2851E-09 28.221 0.000 4.10E-OS 4.09E-Q5 4.10E-Q5 Total Total
 
V-90 2.75OSE+OO 28.221 56.442 O.OOE+OO 7.76E+Ol 1.55E+02
 
Other Radionuelides 1.45E+02 2.90E+02 
m. TempJlIte Selodiml Summary, BUl'RI! 
Template selection Summary 

FromSFD Used Basis for Parameter Differences: 
ReactorModerator. UGHTWATER LIGHT WATER 

Fuel Claddi,g:I--="'A:-:LU"'M-:'--"'-'-----t--=c-:AC-:L:-:U:-:Mc='-----1 

BO~~~==:I---=93:--.';':~'~-':::-:::;4:-;-1:--5--t---;60=t~=-,~OO;;;----1 

Bumup Summary (MWd) Basis for bumup used in estimate: 
FromSFO t Estimated

Nomlnal:1 I 28.221 Nominal bumup calculated from the heavy metal mass destroyed.
 
Bounding:1 I 56.442 Bounding bumup assumed to be t'Nice nominal bumup.
 

Checks 
Estimated Bumupl 

BumuD MultlDller Given Bumup Estimated EOL HMiGiven EOl HM
 
Noml::aal: 0.05
 I 1.001 

Bounding: 0.10 ,
Reactor shutdown. core removal, storage. shipping or other date confirming that Irradiation ceased for fuel. 

2Total bumup for all tuol associated with this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWdIMT). 
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Fuel Radionuclide Inventory Worksheet 
I. Fuel andT~IeW_tion Estimated 

Fuel Name: FRR SLOWPOKE (CANADA) 'Fuel decay start date: 2010 Canister usage: 
SNFID#: 668 Estimates as of: 2010 18"x10' 

Fuel Units & Oeser: 2 - 297 ROD ARRAY Template: ATR (Light Water. AJum .• 60 to 100%, U) 0.50 
Heavy Metal Mas.: BOl=l.nkg ; EOL=1.74kg 2Template Bumup(MWd): 367.2 
ROD Storage Site: SRS Template BOL Heavy Metal Mas. (MT): 0.00116689 

Template Decay Time' 5 years 
D. Esl:iJnates m x. Xb b Y. Yb Gamma Sources 

Photon Total 
CilMWdFrom Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuclide Template Fuel Burnup (MWd)' Burnup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ac-227 1.4545E-10 28.240 56.480 O.ooE+OO 4.11E-09 8.22E-09 Avg.MeV 
Am-241 1.1190E-03 28.240 56.480 O.ooE+OO 3.16E-02 6.32E-02 0.0150 1.090E+13 
Am-242m 4.5425E-07 28240 56.480 O.ooE+OO 1.28E-05 2.57E-05 0.0250 2.348E+12 
Am-243 1.4921E-OG 28.240 56.480 O.ooE+OO 4.21E-Q5 8.43E-OS 0.0375 2.166E+12 
C-14 5.7244E-09 28.240 56.480 O.OOE+OO 1.62E-07 3.23E-07 0.0575 2.130E+12 
CI-36 1.3124E-32 28.240 56.480 O.ooE+OO 3.71E-31 7.41E-31 0.0850 1.358E+12 
Cm-243 2.3676E-Q7 28.240 56.480 O.ooE+OO 6.69E-OG l.34E-OS 0.1250 1.176E+12 
Cm-244 5.2042E-05 28.240 56.480 O.OOE+OO 1.47E-03 2.94E-03 0.2250 1.151E+12 
Co-60 3.82OBE-05 28.240 56.480 O.OOE+OO l.OBE-03 2.16E-Q3 0.3750 5.571E+ll 
Cs-l34 4.8693E-Ol 28.240 56.480 O.OOE+OO l.38E+Ol 2.75E+Ol 0.5750 7.652E+12 
Cs-135 3.4477E-OG 28.240 56.480 O.ooE+OO 9.74E-Q5 l.95E-04 0.8500 1.072E+12 
Cs-137 2.8731E+OO 28.240 56.480 O.OOE+OO 8.11E+Ol 1.62E+02 1.2500 1.994E+l1 
EU-l54 8.2053E-02 28.240 56.480 O.OOE+OO 2.32E+OO 4.63E+OO 1.7500 8.362E+09 
Eu-155 3.9134E-Q2 28.240 56.480 O.ooE+OO l.l1E+OO 2.21E+OO 2.2500 1.754E+10 
Fe-55 6.7429E-03 28.240 56.480 O.ooE+OO 1.90E-Ol 3.81E-Ol 2.7500 1.009E+08 
H-3 1.0599E-Q2 28.240 56.480 O.OOE+OO 2.99E-Ol 5.99E-Ql 3.5000 1.119E+07 
1-129 7.5300E-07 28.240 56.480 O.ooE+OO 2.13E-05 4.25E-05 5.ססOO 3.359E+Ol 
Kr-85 2.8595E-01 28.240 56.480 O.OOE+OO 8.OBE+OO 1.62E+01 7.ססOO 3.745E+OO 
Np-237 9.5479E-OG 28.240 56.480 O.ooE+OO 2.70E-04 5.39E-04 11.ססOO 4.221E-Ol 
Pa-231 8.9297E-10 28.240 56.480 O.ooE+OO 2.52E-08 5.04E-OB 
Pb-210 3.7809E-12 28.240 56.480 O.ooE+OO 1.OGE-10 2.12E-10 
Pm-147 2.5452E+OO 28.240 56.480 O.ooE+OO 7.19E+Ol 1.44E+02 
Pu-238 2.OS50E-Q2 28.240 56.480 O.ooE+OO 5.80E-Ol 1.16E+OO 
PU-239 4.2838E-Q4 28.240 56.480 O.ooE+OO 1.21E-02 2.42E-02 
Pu-240 2.4401E-Q4 28.240 56.480 O.ooE+OO 6.89E-Q3 1.38E-Q2 
Pu-241 6.8764E-02 28.240 56.480 O.ooE+OO 1.94E+OO 3.88E+OO 
Pu-242 3.6329E-07 28.240 56.480 O.ooE+OO 1.03E-OS 2.05E-05 
Ra-226 3.8045E-11 28.240 56.480 O.ooE+OO 1.07E-09 2.15E-Q9 
Ra-228 2.9902E-15 28.240 56.480 O.ooE+OO 8.44E-14 1.69E-13 
Ru-1OG 1.9055E-Q1 28.240 56.480 O.ooE+OO 5.38E+OO 1.OBE+Ol 
5e-79 1.2938E-05 28.240 56.480 O.ooE+OO 3.65E-04 7.31E-Q4 
5n-126 1.1574E-Q5 28.240 56.480 O.ooE+OO 3.27E-04 6.54E-Q4 
5r-90 2.75OSE+OO 28.240 56.480 O.ooE+OO 7.77E+Ol 1.55E+02 
Tc-99 4.2239E-04 28.240 56.480 O.ooE+OO 1.19E-Q2 2.39E-Q2 
Th-229 1.8848E-12 28.240 56.480 O.ooE+OO 5.32E-ll 1.OGE-l0 
Th-230 1.7042E-Q8 28.240 56.480 O.ooE+OO 4.81E-Q7 9.63E-Q7 
Th-232 7.8132E-15 28.240 56.480 O.ooE+OO 2.21E-13 4.41E-13 
TI-2OB 4.4063E-OB 28.240 56.480 O.ooE+OO 1.24E-OG 2.49E-OG 
U-232 1.3151E-07 28.240 56.480 O.ooE+OO 3.71E-OG 7.43E-Q6 Thermal Power 
U-233 1.9564E-Q9 28.240 56.480 O.ooE+OO 5.52E-Q8 1.10E-07 Nominal Heat Bounding 
U-234 1.8371E-Q4 28.240 56.480 O.ooE+OO 5.19E-Q3 1.04E-02 Output Heat Output 
U-235 -2.7235E-OG 28.240 0.000 3.57E-Q3 3.49E-Q3 3.57E-Q3 (Watts) /Wattsl 
U-236 1.5493E-Q5 28.240 56.480 O.ooE+OO 4_38E-Q4 8.75E-Q4 1.43E+OO 2.86E+00 
U-238 -4.2851 E-Q9 28.240 0.000 4.10E-Q5 4.09E-Q5 4.10E-Q5 Total Total 
V-90 2.7505E+OO 28.240 56.480 O.ooE+OO 7.77E+Ol l.5SE+02 
Other Radionuclides 1.45E+02 2.90E+02 
m.TOJIIIlIaIe~ ~P', BUl')Ul ,and(;~ 
Template Selection Summary 

FromSFD Used Basis for Pammeter Differences: 
ReactorModerotor. UGHTWATER UGHTWATER 

Fuel Cladding: ALUM ALUM 
BOL HM Constituents: U-ALX U 

BOL Enrichment 0/..: 93.11512415 60 to 100 

Bumup Summary (MWd)' Basis for bumup used in estimate: 
FromSFD Estimated 

Nomlnal:1 I 28.240 Nominal bumup calculated from the heavy metal mass destroyed. 
Bounding:1 I 56.480 Bounding bumup assumed to be twice nominal bumup. 

Checks
 

Estimated Bumupf
 
BumUD Multil,lIer Given Bumup Estimated EOL HMlGiven EOL HM 

Nominal: 0.05 I 1.001 
Bounding: 0.10 ,

Reactor shutdown, core removal. storage. shiPping or other date confurmng that uradiatlon ceased for fuel.
 

~otal bumup for all fuel associated with this wor1tsheet must be divided by BOL heavy metal mass to get specific bumup values (MWd'MT).
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Fuel Radionuclide Inventory Wor«sheet 
I. Fuel and Templale Information Estimated 

Fuel Name: FRR SLOWPOKE (MONTREAL) , Fuel decay start date: 2010 Canister usage: 
SNF 10 I': 667 estimates as of: 2010 18"xl0' 

Fuel Units & Desc:" 2 - 2iJ7 ROD ARRAY Template: ATR (light Water, Alum., 60 to 100%, U) 0.50
 
Heavy Metal Mas.: BOl.=l.77kg ; EOl.=1.74kg "Template Bumup(MWd): 367.2
 
ROD Storage Silo: SRS Template BOL Heavy Metal Mass (MT): 0.00116689
 

Template Decay Time- 5 years 
IL Estimates m x. Xb b Y. Yb Gamma Sources 

Photon Total 
GilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radionuelide Templata Fuel Bumup (MWd)' Bumup (MWd)' (Gi) lnventories(Gi) Inventories(Gi) Group (bounding) 
Ae-227 1.4545E-10 28.240 56.480____ Cl..-ooE~___4_.11E-09 8.22E-09 AV9_MeV 
Am-241 1.1190E-03 28.240 56.480 O.ooE+OO	 3.16E-02 6.32E-02 0.0150 1.090E+13
Am-242m 4.5425E-07 28.240 56.480 O.ooE+OO	 1.28E-05 2.57E-05 0.0250 2.348E+12 
Am-243 1.4921 E-Q6 28.240 56.480 O.ooE+OO	 4.21E-05 8.43E-Q5 0.0375 2.166E+12 
C-14 5.7244E-09 28.240 56.480 O.OOE+OO	 1.62E-07 3.23E-Q7 0.0575 2.130E+12 
CI-36 1.3124E-32 28.240 56.480 O.ooE+OO	 3.71E-31 7.41E-31 0.0850 1.358E+12 
Cm-243 2.3676E-Q7 28.240 56.480 O.ooE+OO	 6.69E-OB 1.34E-Q5 0.1250 1.176E+12 
Cm-244 5.2042E-Q5 28.240 56.480 O.ooE+OO	 1.47E-03 2.94E-Q3 0.2250 1.151E+12 
Co-6O 3.82OBE-05 28.240 56.480 O.ooE+OO	 1.OBE-Q3 2.16E-03 0.3750 5.571E+11 
Cs-l34 4.8693E-01 28.240 56.480 O.ooE+OO	 1.38E+Ol 2.75E+Ol 0.5750 7.652E+12 
Cs-135 3.4477E-OB 28.240 56.480 O.ooE+OO	 9.74E-05 1.95E-04 0.8500 1.072E+12 
Cs-137 2.8731E+OO 28.240 56.480 O.ooE+OO	 8.11E+Ol 1.62E+02 1.2500 1.994E+11 
Eu-l54 8.2053E-02 28.240 56.480 O.OOE+OO	 2.32E+OO 4.63E+OO 1.7500 8.362E+09 
Eu-155 3.9134E-02 28.240 56.480 O.ooE+OO	 1.11E+OO 2.21E+OO 2.2500 1.754E+10 
Fe-55 6.7429E-Q3 28.240 56.480 O.ooE+OO	 1.90E-Ql 3.81E-Ql 2.7500 1.009E+08 
H-3 1.0599E-02 28.240 56.480 O.ooE+OO	 2.99E-Ql 5.99E-Ql 3.5000 1.119E+07 
1-129 7.5300E-07 28.240 56.480 O.ooE+OO	 2.13E-05 4.25E-05 5.ססOO 3.359E+01 
Kr-85 2.8595E-Ol 28.240 56.480 O.OOE+OO	 8.OaE+OO 1.62E+Ol 7.ססOO 3.745E+00 
Np-237 9.5479E-OB 28.240 56.480 O.ooE+OO	 2.70E-Q4 5.39E-Q4 11.ססoo 4.221E-Ql 
Pa-231 8.9297E-l0 28.240 56.480 O.ooE+OO	 2.52E-08 5.04E-Q8 
Pb-21 0 3.7609E-12 28.240 56.480 O.ooE+OO	 1.OBE-l0 2.12E-l0 
Pm-147 2.5452E+OO 28.240 56.480 O.ooE+oo	 7.19E+Ol 1.44E+02 
Pu-238 2.0550E-Q2 28.240 56.480 ci.OoE+OO	 5.60E-Ql 1.16E+OO 
Pu-239 4.2838E-Q4 28.240 56.480 O.ooE+OO	 1.21E-Q2 2.42E-Q2 
Pu-24O 2.4401E-04 28.240 56.480 O.ooE+OO	 6.89E-03 1.38E-Q2 
Pu-241 6.8764E-Q2 28.240 56.480 O.ooE+OO	 1.94E+OO 3.88E+OO 
Pu-242 3.6329E-Q7 28.240 56.480 O.ooE+OO	 1.03E-05 2.05E-05 
Ra-226 3.8045E-ll 28.240 56.480 O.ooE+OO	 1.07E-Q9 2.15E-Q9 
Ra-228 2.9902E-15 28.240 56.480 O.ooE+OO	 8.44E-14 1.69E-13 
Ru-1OB 1.9055E-Ql 28.240 56.480 O.ooE+OO	 5.38E+OO 1.08E+Ol 
S...79 1.2936E-05 28.240 56.480 O.ooE+OO	 3.65E-Q4 7.31E-04 
Sn-126 1.1574E-OS 28.240 56.480 O.OOE+OO	 3.27E-Q4 6.54E-Q4 
Sr-90 2.7505E+OO 28.240 56.480 O.ooE+OO	 7.77E+Ol 1.55E+02 
Te-99 4.2239E-Q4 28.240 56.480 O.ooE+OO	 1.19E-Q2 2.39E-02 
Th-229 1.8848E-12 28.240 56.480 O.ooE+OO	 5.32E-ll 1.OBE-l0 
Th-230 1.7042E-Q8 28.240 56.480 O.OOE+OO	 4.81E-Q7 9.63E-Q7 
Th-232 7.8132E-15 28.240 56.480 O.ooE+OO	 2.21E-13 4.41E-13 
n-208 4.4063E-Q8 28.240 56.480 O.ooE+OO	 1.24E-Q6 2.49E-Q6 
U-232 1.3151E-07 28.240 56.480 O.OOE+OO	 3.71E-Q6 7.43E-Q6 Thermal Power 
U-233 1.9564E-09 28.240 56.480 O.ooE+OO 5.52E-Q8 1.10E-<l7 Nominal Heat Bounding 
U-234 1.8371E-Q4 28.240 56_480 O.ooE+OO 5.19E-Q3 1.04E-Q2 Output Heat Output 
U-235 -2.7235E-Q6 28.240 0.000 3.57E-03	 3.49E-03 3.57E-Q3 (Watts) (Watts) 
U-236 1.5493E-05 28.240 56.480 O.ooE+OO	 4.38E-Q4 8.75E-Q4 1.43E+OO 2.86E+OO 
U-238 -4.2851 E-09 28.240 0.000 4.10E-OS	 4.09E-Q5 4.10E-Q5 Total Total 
Y-90 2.7505E+OO 28.240 56.480	 O.ooE+OO 7.77E+Ol 1.55E+02 
Other Radionuelldes 1.45E+02 2.90E+02 
W. TeJlIl)IateSeledl!m SulIImary, Ikmlul> ~,.~~ 
Template Selection Summary 

From SFD U_ Basis for Parameter Differences: 
Reactor_: UGHTWATER LIGHT WATER 

Fuel CladdIng: ALUM ALUM 
BOL HM Constituents: U-AU< U 

SOL enrichment <>/0: 93.11512415 60 to 100 

Bumup Sumrnary (MWd)' Basis for bumul> used in estimate: 
From SFD Estimated 

Nomlnal:1 I 28.240 Nominal bumup caiaJlaled from tho heavy melal mass _yo<!. 
Bounding: 56.480 Bounding bumup assumed to be twice nominal bumup. 

Checks 

Estimated Bumupl 
Bumul> MultiPlier Given Bumup Estimated EOL HMlGIven EOL HM 

Nomlnal:1 0.05 I 1.001 
Bounding: 0.10 , 

Reactor shutdown, core removal, storage, shiPping or other date conflnmng that madiation ceased for fuel.
 

1"atal bumup for all fuel associated with this worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWd'MT).
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Fuel Radionuclide Inventory Worksheet 
I. FveIaud TempJllte InfonnatioB Estimated 

Fuel Name: FRR TARGET (ARGENTINA) 1Fuel decay start date: 2010 Canister usage: 
SNFID#: 297 Estimates as of: 2010 18"xl0' 

Fuel Units & Oeser: 48 - PARTICULATE Template: Pathfinder (Light Water, SST. 60 to 100%, U) 1.33 
Heavy Metal Ma••: BOl=3.97kg : EOl=3.97kg 2Ternplate Bumup(MWd): 6.01 
ROD Storage Site: SRS Template BOl Heavy Metal Ma•• (MT): 0.00012882 

Template Decay Time' 5 years 
ll.Estimates m Xo x. b Yo Y. Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec 

Radianuelide Template Fuel Bumup (MWd)' Burnup (MWd)' (Ci) Inventories(Ci) Inventories(Ci) Group (bounding) 
Ae-227 1.9667E-09 74.997 149.995 O.OOE+OO 1.47E-07 2.95E-07 Avg. MeV 
Am-241 4.9468E-Q5 74.997 149.995 O.OOE+OO 3.71E-03 7.42E-03 0.0150 2.950E+13 
Am-242m 9.7537E-09 74.997 149.995 O.OOE+OO 7.32E-07 1.46E-Q6 0.0250 6.291E+12 
Am-243 9.8802E-l0 74.997 149.995 O.OOE+OO 7.41E-08 1.48E-07 0.0375 5.614£+12 
C-14 2.3095E-Q4 74.997 149.995 O.OOE+OO 1.73E-Q2 3.46E-02 0.0575 5.644£+12 
CI-36 1.2261E-Q6 74.997 149.995 O.OOE+OO 9.20E-05 1.84E-04 0.0850 3.SnE+12 
Cm-243 5.1581E-l0 74.997 149.995 O.OOE+OO 3.87E-OB 7.74E-OB 0.1250 2.854£+12 
Cm-244 7.3012E-Q9 74.997 149.995 O.OOE+OO 5.48E-Q7 1.10E-OB 0.2250 2.962E+12 
Co-50 3.6556E+OO 74.997 149.995 O.OOE+OO 2.74E+02 5.48E+02 0.3750 1.438£+12 
Cs-l34 7.2063E-02 74.997 149.995 O.OOE+OO 5.40E+OO 1.OBE+OI 0.5750 1.743E+13 
Cs-l35 3.0316E-05 74.997 149.995 O.OOE+OO 2.27E-03 4.55E-03 0.8500 8.438£+11 
Cs-137 2.9002E+OO 74.997 149.995 O.OOE+OO 2.18E+02 4.35E+02 1.2500 4.075E+13 
Eu-l54 7.5025E-03 74.997 149.995 O.OOE+OO 5.63E-Ql 1.13E+OO 1.7500 1.439£+10 
Eu-155 4.6123E-02 74.997 149.995 O.OOE+OO 3.48E+OO 6.92E+OO 2.2500 4.117E+l0 
Fe-55 3.8439E+OO 74.997 149.995 O.OOE+OO 2.73E+02 5.47E+02 2.7500 2.335E+08 
H-3 1.3524E-02 74.997 149.995 O.OOE+OO 1.01E+OO 2.03E+OO 3.5000 2.579E+07 
1-129 7.3195E-07 74.997 149.995 O.OOE+OO 5.49E-Q5 1.10E-04 5.ססOO 5.410£+00 
Kr-85 2.8686E-Ql 74.997 149.995 O.OOE+OO 2.15E+Ol 4.30E+Ol 7.ססOO 6.050E-Ol 
Np-237 1.1478E-Q6 74.997 149.995 O.OOE+OO 8.61E-OS 1.72E-Q4 11.ססOO 6.841E-02 
Pa-231 1.0990E-Q6 74.997 149.995 O.OOE+OO 8.24E-07 1.65E-06 
Pb-21 0 8.0782E-15 74.997 149.995 O.OOE+OO 6.06E-13 1.21E-12 
Pm-147 3.2097E+OO 74.997 149.995 O.OOE+OO 2.41E+02 4.81E+02 
Pu-238 3.7404E-Q4 74.997 149.995 O.OOE+OO 2.81E-02 5.61E-02 
Pu-239 6.6839E-Q4 74.997 149.995 O.OOE+OO 5.01E-Q2 1.00E-Ol 
Pu-240 8.7121E-05 74.997 149.995 O.OOE+OO 6.53E-03 1.31E-02 
Pu-241 3.0283E-03 74.997 149.995 O.OOE+OO 2.27E-Ql 4.54E-Ol 
Pu-242 1.9717E-09 74.997 149.995 O.OOE+OO 1.48E-Q7 2.96E-07 
Ra-226 7.3527E-14 74.997 149.995 O.OOE+OO 5.51E-12 1.10E-ll 
Ra-228 6.0965E-12 74.997 149.995 O.OOE+OO 4.57E-l0 9.14E-l0 
Ru-l06 1.6531E-Ol 74.997 149.995 O.OOE+OO 1.24E+Ol 2.48E+Ol 
5e-79 1.3228E-Q5 74.997 149.995 O.OOE+OO 9.92E-04 1.98E-Q3 
5n-126 1.1494E-Q5 74.997 149.995 O.OOE+OO 8.62E-Q4 1.72E-Q3 
$r-90 2.7854E+OO 74.997 149.995 O.OOE+OO 2.09E+02 4.18E+02 
Te-99 4.6656E-Q4 74.997 149.995 O.OOE+OO 3.50E-02 7.00E-02 
Th-229 2.9368E-12 74.997 149.995 O.OOE+OO 2.20E-l0 4.41E-l0 
Th-230 3.2662E-ll 74.997 149.995 O.OOE+OO 2.45E-Q9 4.90E-Q9 
Th-232 8.3045E-12 74.997 149.995 O.OOE+OO 6.23E-l0 1.25E-Q9 
TI-2OB 2.6722E-08 74.997 149.995 O.OOE+OO 2.00E-Q6 4.01E-Q6 
U-232 7.7720E-OB 74.997 149.995 O.OOE+OO 5.63E-Q6 1.17E-Q5 Thenmal Power 
U-233 2.9834E-Q9 74.997 149.995 O.OOE+OO 2.24E-07 4.47E-Q7 Nominal Heat Bounding 
U-234 3.5275E-Q7 74.997 149.995 O.OOE+OO 2.65E-Q5 5.29E-Q5 Output Heat Output 
U-235 -2.7761E-Q6 74.997 0.000 4.15E-Q3 3.94E-03 4.15E-03 /Wattsl /Watts) 
U-236 1.6190E-Q5 74.997 149.995 O.OOE+OO 1.21E-03 2.43E-Q3 7.96E+OO 1.59E+Ol 
U-238 -2.8547E-Q9 74.997 0.000 6.89E-Q4 6.89E-04 6.89E-04 Total Total 
Y-90 2.7870E+OO 74.997 149.995 O.OOE+OO 2.09E+02 4.18E+02 
Other Radianuelides 3.95E+02 7.89E+02 
HI. TesiauIltte ~ $unlnIarv,·1kn'B ,audC~ 
Temnlate selectinn Summary 

FromSFD Used Basis lor Parameter Differences: 
Reactor Moderator: UGHTWATER LIGHT WATER This Template was used tor the following reasons: 

Fuel Cladding: NONE SST This Iuol mal,"" Pathfinder Temp!ate except enrichment end dadclng (but substhuting Stainless 
BOL HM Constltuents: U02 U Steel is agood conservative assulllJlion). 

BOL Enrichment %: 48.34531901 6010100 

Bumup Summary (MWd) Basis for bumup used in estimate: 
FromSFD Estimated 

Nominal: 74.997 Nominal bumup assumed to be 20/0 of BOt heavy metal mass. 
Boundlng:1 149.995 Bounding bumup assumed to be twice nomina! bumup. 

Checks 

Estimated Bumupl 
BumUD MultiDiIer Given Bumup E.timated EOl HMlGlven EOl HM 

Nominal: 0.40 I 0.981 
Bounding: 0.81 ,

Reactor shutdovm. core removal, storage, shlppmg or other date contIR11Ing that irradiation ceased for fuel. 

2Total bumup for all fuel associated with this worksheet must be divided by BOl heavy metal mass to get specific bumup values (MWdIMT). 
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Fuel Radionuclide Inventory Worksheet 
I. Fuel and Template Inf_tion Estimated 

Fuel Name: FRR TARGET (CANADA) 1 Fuel decay start date: 2010 Canister usage: 
SNFID<I: 671 Estimates as of: 2010 18"x10' 

Fuel Units & Oeser: 5952 - PARTICULATE Template: Pathfinder (Ughl Water. SST. 60 to 1()(¥}o, U) 165.33
 
Heavy Metal Masn: B0l=492.23kg ; E0l=492.23kg 'Template Bumup(MWd): 6.01
 
ROD Storage Site: SRS Template BOL Heavy Metal Ma•• (MT): 0.00012882
 

Template Decay Time' 5 years 
n.Estimaft!s m b y" y. Gamma Sources 

Photon Total 
CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photonslsec 

Radionuclide Template Fuel Bumup (MWd)' Bumup (MWd)2 (Ci) Inventories(Ci) Invenlories(Ci) Group (bounding) 
AC-2:c27..,-- . lo-:.966~"'7=E-_=0'=9---~ :9~,2~99....68~5--___,1;~8,599.370 O.ooE+OO 1.83=E-_=0"'5---_=3~.68E-05 Avg. MeV 
1>:";:241 4.9468E-05 9,299:685 18:599.370--- 0:ooE+OO---4-.60E-Ol 9.20E-Ol 0.0150 3.657E+15 
Am-242m 9.7537E-09 9,299.685 18,599.370' --O.OoE+OO 9.07=E-=-0"'5-----71."'8~1 E=-04~-·-U---=0c:.0=2:::50:--- ----:07.~80~1··-:E~+-;.:-14 
Am-243 9.8802E-l0 9,299.685 18,599.370 O.ooE+OO 9.19E-06 1.84E-05 0.0375 6.961E+14 
C-14 2.3095E-04 9,299.685 18,599.370------O:00~-2:15E=+O~0----;4-;;.3O"'E=+oo~c-+--:OO.~05~7;:;5--·--:06.~99:c:8:;OE"-+I;'O'4 
CI-36 1.2261E-06 9.299.685 18,599.370 O.ooE+OO 1.14=E-o~2----2;c.:;;28~E=-o~2--l-~0::.:.0::;8;c5Oo_--__;o4.~43o;5;oE,,+~14 
-Cm~243 5.1581E-l0 9,299.685 18,599.370 --0-.0010+00 4.80E-06 9.59E-06 0.1250 3.539E+14 
Cm-244 7.3012E-09 9,299.685 18,599.370 O:OOE+OO 6.79~;E=---:05"------:1;.:.36~~E=--;;.04:;----1f----:OO.:::22=5=0'-----·-3"'.6=7o=3=E+-'-l:-04 
-;C"o-6O-'-=~;_;_-----_-_':;3._:6:;;556E+OO 9,299.685 18,599.370 O.ooE+OO 3.40E+04 6.80E+04 0.3750 1.783E+14 
Cs-l34 7.2083E-02 9,299.685 18,599.37O---O:OOE+OO 6.70:~E;:+O;;.2:C---~1".34~E-'-+O"'3;--1I--0"'.:::57::5O~------:2:::.1:-06-=lcE=-+'-:1"'5 
Cs-l35 3.0316E-05 9,299.685 18,599.370 O.ooE+OO 2.82E-Ol 5.64E-ol 0.8500 1.046E+14 
Cs-137 2.9OO2E+OO 9,299.685 18,599.370 O.ooE+OO 2.70:::E=+04'-:c:'_____-'-5"'.=39~E=-+04'=-__1~-'_:I.::.2=5OO=_----"5.'=053?:E~+~15 
Eu-l54 7.5025E-03 9,299.685 18,599.370---0:00E+oo 6.98E+Ol 1.4OE+02 175OO~~ .;cl',:,784;:;;E,,+:;;-12 
Eu-155 4.6123E-02 9,299.685 18,599.370 0.oOE+OO---4-.29E+02 8.58E+02 2:2500 5.105E+12. 
Fe-55 3.6439E+OO 9,299.685 18,599.370 lloOl=+OO 3.39E=-+04~---~6"'.7"'8E=+04~'---+-::'2.':075OO=-----=-2.:::89::6:=Ec..::+l0 
H-3 1.3524E-02 9,299.685 18,599.370 O.ooE+OO 1.26E+02 2.52E+02 3.5000 3.198E+09 
1-129 7.3195E-07 9,299.685 18,599.370 O.ooE+OO 6.81E-03 1.36E-02 5.ססOO 6.709E+02 
Kr-85 2.8686E-Ol 9,299.685 18,599.370 O.OoE+OO 2.67E+03 5.34E+03 7.ססOO 7.502E+01 
Np-237 1.1478E-06 9,299.685 18,599.370 O.ooE+OO 1.07E-02 2.13E-02 11.ססOO 8.483E+OO 
Pa-231 1.0990E-08 9,299.685 18,599.370 O.ooE+oo 1.02E-04 2.04E-04 
Pb-21 0 8.0782E-15 9,299.685 18,599.370 O.ooE+OO 7.51E-ll 1.50E-l0 
Pm-147 3.2097E+OO 9,299.685 18,599.370 O.ooE+OO 2.98E+04 5.97E+04 
PU-238 3.7404E-04 9,299.685 18,599.370 O.ooE+OO 3.48E+OO 6.96E+OO 
Pu-239 6.6839E-04 9,299.685 18,599.370 O.ooE+OO 6.22E+OO 1.24E+Ol 
Pu-24O 8.7121E-05 9,299.685 18,599.370 O.ooE+OO 8.10E-ol 1.62E+OO 
Pu-241 3.0283E-03 9,299.685 18,599.370 O.ooE+OO 2.82E+Ol 5.83E+Ol 
Pu-242 1.9717E-09 9,299.685 18,599.370 O.ooE+OO 1.83E-05 3.67E-05 
Ra-226 7.3527E-14 9,299.685 18,599.370 O.ooE+OO 6.84E-l0 1.37E-09 
Ra-228 6.0965E-12 9299.685 18,599.370 O.ooE+OO 5.67E-08 1.13E-07 
Ru-l06 1.6531E-ol 9,299.685 18,599.370 O.ooE+OO 1.54E+03 3.07E+03 
58-79 1.3228E-05 9,299.685 18,599.370 O.ooE+OO 1.23E-ol 2.48E-ol 
5n-126 1.1494E-05 9,299.685 18,599.370 O.ooE+OO 1.07E-ol 2.14E-ol 
5r-90 2.7854E+OO 9,299.685 18,599.370 O.ooE+OO 2.59E+04 5.18E+04 
Tc-99 4.6656E-04 9,299.685 18,599.370 O.ooE+OO 4.34E+OO 8.68E+OO 
Th-229 2.9368E-12 9,299.685 18,599.370 O.ooE+OO 2.73E-08 5.48E-06 
Th-23O 3.2682E-l1 9,299.685 18,599.370 O.ooE+OO 3.04E-07 6.07E-07 
Th-232 8.3045E-12 9,299.685 18,599.370 O.ooE+OO 7.72E-06 1.54E-07 
11-208 2.6722E-06 9,299.685 18,599.370 O.ooE+OO 2.49E-04 4.97E-04 
U-232 7.7720E-08 9,299.685 18,599.370 O.ooE+OO 7.23E-04 l.45E-Q3 Thermal Power 
7U;--2;o33~ -.c;:;2".9834~",E=--o~9 ;;.9',;;2;;.99:o"c;o685= ~1-:8,;'5c;o99".",3i;70~ __0""c;ooo~E=+OO,-:;::-__.:;;2c:.77",,::Ec;-05:::- c;o5.::.5;;;5::=-E~-05;;;.-_.gNominal Heat Bounding
U-234 3.5275E-07 9,299.685 18,599.370 O.ooE+OO 3.28E-Q3 6.56E-03 Output Heal Output 
U-235 -2.7761E-06 9,299.685 0.000 5.14E-ol 4.68~-,E~-o<;1 ",5,;;.1:i4E~-o-;,1i---lt--:(W~'-;;=:')!:-_~~(W'-;;=:'!:-)_ 
U-236 1.6190E-05 9,299.685 18,599.370 O.ooE+OO 1.51E-01 3.01E-ol 9.87E+02 1.97E+03 
U-238 -2.8547E-09 9,299.685 0.000 8.55E-02 8.54E-02 8.55E-02 Total Total 
Y-90 2.7870E+OO 9,299.685 18,599.370 O.ooE+OO 2.59E+04 5.18E+04 
Other Radionuclides 4.89E+04 9.78E+04 

Template Selection Summary 
From SFD Used Basis for Paramele, Differences: 

Reactor Moderator: UGHT WATER UGHT WATER This Template was usad for the following reasons: 
Fuel C1addlng:f--=';:NO-:::-::NOcE=---t---==SS=T="-'=--1This fuel 11131_ Palhlind>, T.m~ala axca~ anricllmenl and dadding (but substituting Stainless 

BOL HM Constituents: U02 U Staal is a good consaMlliva assumption). 
BOL Enrichment %: 48.34531901 60 to 100 

Bumup Summary (MWd) Basis for burnup used in estimate:
 
FromSFD I EsUmated
 

Nomlnal:1 I 9.299.685 Nominal bumup assumed to be ~k of BOl hea\oY metal mass.
 
Bounding:1 18,599.370 Bounding bumup assumed to be twice nominal bumup.
 

Checks 
Estimated Bumupl 

BumUD MulUDlIer Given Bumup EsUmated EOL HMiGiven EOL HM
 
Nominal:
 0.40 I 0.981 

Bounding: 0.81 , 
Reactor shutdown, core removal, storage, stllPPlng or other date conflrmll19 that Irradiation ceased for fuel. 

2Total bumup for aU fuel aesociated with this worKsheet must be divided by BOL heavy metal mass to get specific bumup values (MWd'MT). 




