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DOCKET NO. 50-285 OPERATING LICENSE DPR-40 

Annual Radiological Effluent Release Report 

This report is submitted in accordance wtth Section 5.9.4.a of the 

Technical Specffica1ions of Fort Cathoun Station Unit No. 1, Facility 

Operating License DPR..-40 for the period January 1, 2018 through 

December 31, 2018. The Effluent Report is presented in the format 

outlined in Regulatory Gutde 1.21, Revision 2. 

In addition, this report provides the results of quarterly dose calculations 

performed in accordance with the OffSite Dose Calculation Manual. 

Results are presented by quarter for the period January 1, 2018 through 

December 31, 2018. 

Descriptions of any changes made during the preceding twelve months to 

the Offsite Dose Calculation Manual and/or the Process Control Program 

for the Fort Calhoun Station are presented. 
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1.0 INTRODUCTION 

This Annual Radiological Effluent Release Report, for Fort Calhoun 
Station Unit No. 1 ~ is submitted as required by Technical Specification 
5.9.4.a for the period January 1, 2018 through December 31. 2018. 

1.1 Executive Summary 

The Radioactive Effluent Monitoring program for the year 2018 was 
conducted as described in the following report. Major efforts were 
made to maintain the release of radioactive effluents to the 
environment as low as reasonably achievable. 

The total airborne activity released from noble gas was 0.00 curies. 
This was a decre,ase from the 2017 activity of 1.88 E-4 curies. This 
decrease was due to decrease in RCS source from plant shutdown. 

The total airborne activity from 1-131, 1 .. 133t and pa,rticulates with 
haH-Iives > 8 days in 2018 was 0.00 curies. This is a continuation 
from the 2017 activity of 0.00 curies. This was due to decrease in 
RCS source from plant shutdown and zero particulate reJease from 
decommissioning activities. 

The 1otal airborne activity from Tritium was 0.672 curies. This was 
an increase from the 2017 activity of 0.393 curies. This increase 
was due to maintaining the Auxiliary Building at a higher 
temperature than in the past, which added to the evaporation of the 
tritium 

The total airborne activity from C-14 was 0.00 curies. This is a 
continuation from the 2017 activity ofO.OO curies. Airborne activity 
from C-14 is included in the 2018 annual report, per Regulatory 
Guide 1.21, Revision 2. This is a calculated value based on power 
generation and days of operation. Critical organ doses from C-14 
were calculated using a ratio of 15°A, as C02. This ratio was 
determined during an NRC in-plant source term study conducted at 
the Fort Cathoun Station between 1976 and 1977, NUREG/CR-
0140. Since Fort Calhoun Station ceased power operations, C-14 
is no longer being produced. Any C-14 released from gas tanks or 
decommissioning activities was previously accounted for in reports 
which had power history. 

Dose contributions from airborne effluents at the unrestricted area 
boundary were; 0.00 mRad gamma air dose, 0.00 mRad beta air 
dose, 7.74E-04 mRem total body dose, and 7.74E-04 mRem critical 
organ dose. Gamma and beta dose showed a decrease from 2017 
levels of 1.13 E-09 mRad gamma air dose and 1.28..07 mRad beta 



air dose, from not releasing iodines and a reduction in gas source 
term plant shutdown. VVhole body and critical organ doses 
increased from 2017 tevels of 5.47E-04 mRem total body dose and 
5.47E-04 mRem critical organ dose. This increase is due to the 
increase in the tritium released. 

Total water activity (excluding tritium, dissolved gases; and alpha) 
released in 2018 in liquid effluents was 1.38E-04 curies. This was a 
decrease from the 2017 activity of 2.23E-03 curies. This decrease 
was due to a substantial decrease in liquid waste generated and 
reduced source tenn from cessation of operations. 

The total water tritium activity released ih 2018 in liquid effluents 
was 7 .83E-02 curies. This was a decrease from the 2017 ,activity of 
2.2 curies. This decrease was due to a substantial decrease in 
liquid waste generated and reduced source term from cessation of 
operations. 

The calculated whole body dose due to liquid effluents at the site 
discharge from all sources in 2018 was 2.72E-02 mRem which was 
0.91°~ of the annual dose limit. This was a decrease from the 2017 
dose of 2.80-01 mRem, which was 9.33°/o of the annual dose limit. 
Dose decreased due to a decrease in volume and activity released. 

The calculated critical organ dose due to liquid effluents at the site 
discharge from all sources in 2018 was 4.31E-02 mRem. This was 
a decrease from the 2017 dose of 4.39E-01 mRem. This decrease 
was previously described. 

The Fort Calhoun Station meteorological system had a cumulative 
recovery rate of 95.17o/o from the station meteorological tower with 
the remaining 4.83o/o provided by the National Weather Service, for 
the joint frequency parameters required by Regulatory Guide 1.23 
for wind speed, wind direction, and delta temperature. 

There were no abnormal releases during 2018. 

During 2018 there were one change to the Off-site Dose 
Calculations ,Manual (ODCM), CH-ODCM-0001 and two changes to 
the Process Control Program, RP-5101 . 
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For 2018, the total volume of solid radwaste released from the unit 
was 149.39 cubic meters. This was a decrease from the 
260.24 cubic meters of solid waste released from the unit in 2017. 
The decrease was attributed to the four filter shipments were small 
waste volumes and a reduct;on in disposal of resin and dry 
compressible waste. 

The total activity released from the unit for 2018 was 202.39 curies, 
187.7 curies from spent resin, 9.84 curies from dry compressible, 
4.85 curies from irradiated components and 5.76E ... Q6 curies from 
other. This was an increase from the 2017 value of 212.18 curies. 
Overall, the effluent monjtoring program was conducted in a 
manner to ensure the activity released and dose to the public were 
maintained as low as reasonably achievable. 

2.0 SUPPLEMENTAL INFORMATION 

2.1 Regulatory limits 

The ODCM Radiological Effluent Control Specifications applicable 
to the release of radioactive material in liquid and gaseous effluents 
are described in the following sections. 

2.1.1 Fission and Activation Gases (Noble Gases> 

The release rate of radioactive material in airborne effluents 
shall be controlled such that the insta.ntaneous 
concentrations of radionuclides do not exceed the values 
specified in 10 CFR 20 for airborne effluents at the 
unrestricted area boundary. To support plant operations, 
Chemistry supervision may increase this limit up to the limits 
specified in Technical Specification 5.16.1.g. 

Technical Specification 5.16.1.g establishes the 
administrative control limit on the concentration resulting from 
radioactive material, other than noble gases, released in 
gaseous effluents to unrestricted areas conforming to ten 
times 10 CFR 20.1001-20.2401, Appendix B. Table 2, 
Column 1. For noble gasest the concentration shall be 
limited to five times 10 CFR 20.1001-20.2401, Appendix B, 
Table 21 Column 1. 
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The air dose due to noble gases released in gaseous 
effluents to areas at or beyond the unrestrided area 
boundary shall be limited to the following: 

a. During any calendar quarter: Less than or equal to 5 
mRad for gamma radiation and less than or equal to 
10 mRad for beta radiation, and 

b. During any calendar year: Less than or equal to 10 
mRad for gamma radiation and less than or equal to 
20 mRad for beta radiation. 

2.1.2 Doses from 1-131. J ... 133. C-14. Tritium. and Radioactive 
Material in Particulate Form with Half Lives Greater than 8 
Davs <Other than Noble Gases). 

a. The dose to an indMdual ot dose commitment to any 
organ of an individual in unrestricted areas due to the 
release of 1 .. 131, 1·133, c .. 14, H-3, and radioactive 
material in particulate form with half-lives greater than 
eight days (other than noble gases) in airbome 
effluents shall not exceed 7 .. 5 millirem from all 
exposure pathways during any calendar quarter. 

b. The dose to an individual or dose commitment to any 
organ of an individual in unrestricted areas due to the 
release of 1-131, 1-133, C-14, H-3. and radioactive 
materials in particulate fonn with half-lives greater than 
eight days (other than noble gases) in airborne 
effluents shall not exceed 15 millirem from all exposure 
pathways during any calendar year. 

2.1.3 Liauid Effluents 

The release rate of radioactive material in liquid eff1uents 
shall be controlled such that the instantaneous concentrations 
for radionucJides, other than dissolved or entrained noble 
gases, do not exceed the values specified in 10 CFR 20 for 
liquid effluents at site discharge. To support plant operations, 
Chemistry supervision may increase this limit up to the limit 
specified in Technical Specifications 5.16.1.b. 

Technical Specification 5~ 16. 1.b establishes the 
administrative control limit on concentration of radioactive 
material. other than dissolved or entrained noble gases. 
released in liquid effluents to unrestricted areas conforming to 
ten times 10 CFR 20.1001 .. 20.2401 , Appendix B, Table 2, 



Column 2. For dissolved or entrained noble gases, the 
concentration shall be limited to 2.0E-04 fJCilmL totat activity. 

The dose or dose commitment to a MEMBER OF THE 
PUBLIC from radioactive materials in liquid effluents released 
to unrestricted areas shall be limited to: 

a. During any calendar quarter: Less than or equal to 1.5 
mRem to the whole body and less than or equal to 5 
mRem to any organ, and 

b. During any calendar year: Less than or equal to 3 
mRem to the whole body and less than or equal to 10 
mRem to any organ. 

2.1.4 Total Dose-Uranium Fuel Cvcle 

The dose to any individual from uranium fuel cycle sources 
shall be limited to =S 25 mRem to the total body or any organ 
(except the thyroid, which shall be limited to s 75 mRem) 
during each calendar year. 

2.2 Effluent Concentration Limits lECL) 

2.2.1 Ugu;d Efftuen~ 

The values specified in 10 CFR Part 20, Appendix 8, Column 
2 are used as the ECL for liquid radioactive effluents released 
to unres1ricted areas. A value of 2.0E-04 ~Cilml is used as 
the ECL for dissolved and entrained noble gases in Uquid 
effluents. 

2.2.2 Gaseous Effluents 

The values specified in 10 CFR Part 20, Appendix B. Column 
1 are used as the ECL for gaseous radioactive effluents 
released to unrestricted areas. 

2.3 Measurements and Approximations of Total Radioactivity 

Measurements of total radioactivity in liquid and gaseous radioactive 
effluents were accomplished in accordance with the sampling and 
analysis requirements of Tables 3.1 and 3.2 of Part I of the ODCM. 
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2.3.1 Liquid Radioactive Effluents 

Each batch was sampled and analyzed for gamma emitting 
radionuclides using gamma spectroscopy, prior to release. 
Composite samples were analyzed monthly and quarterly for 
the Monitor Tanks. Composite samples were analyzed 
monthly in the onsite laboratory for tritium and gross alpha 
radioactivity, using liquid scintillation and proportional 
counting techniques respectively. Composite samples were 
analyzed quarterly for Sr-89, Sr-90~ Fe-55, Ni-63, and Gross 
Alpha by a contract laboratory (Teledyne Brown Engineering, 
Inc.). A software program was used to project the total body 
and eritical organ dose contribution at the unrestricted area 
boundary for each release and the percent contribution to the 
annual objective dose. 

2.3.2 Gaseous Radioactive Effluents 

Each gaseous batch release was sampled and analyzed for 
radioactivity prior to release. A software program was 
devetoped and installed that can project the total body and 
critical organ dose contribution at the unrestricted area 
boundary for each release and the percent contribution to the 
annual objective dose. This program also adds the projected 
dose to the current actual dose totals in a temporary file, until 
it is updated with actual release data at the completion of a 
purge. 

Continuous release effluent pathways were continuously 
sampled using charcoal and particulate fitters and analyzed 
weekly for gamma emitting radionuclides using gamma 
spectroscopy. Weekly particulate filters were analyzed for 
gross alpha radioactivity in the onsite laboratory using 
proportional counting techniques. Quarterly composites of 
particulate filters were analyzed for Sr-89, Sr-90~ and Gross 
Alpha by a contract laboratory (Teledyne Brown Engineering, 
Inc.). 
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2.4 Estimation of Total Percent Error 

The estimated total percent error is calculated as foJiows: 

Total Percent Error = (E12 + E22 + E32 + ... + En2)0·5 

'Where En= percent error associated with each contributing parameter. 

Sample counting error is estimated by the Canberra Genie System 
Software for samples analyzed by gamma spectroscopy. This 
calculation can include the error associated with peak area 
determination, gamma ray abundance, efficiency and half-life. 
Systematic error is estimated for gaseous and liquid effluent 
analyses and dilution and wastewater volume. 

2.5 Batch Releases 

A summary of information for liquid and gaseous batch releases is 
included in Table 111.1 . 

2.6 Abnormal Releases 

Abnormal Releases are defined as unplanned and unmonitored 
releases of radioactive material from the site. 

A summary of information for liquid and gaseous abnormal releases 
is included in Table 111.2. 

3.0 GASEOUS .EFFLUENTS 

The quantities of radioactive material released in gaseous effluents are 
summarized in Tables 111.3, 111.4 and lll.5. AU radioactive materials released 
in gaseous form are considered to be ground level releases. 

4.0 LIQUID EFFLUENTS 

The quantities of radioactive material released in liquid effluents are 
summarized in Tables llt6, 111.7 and 111.8. 



5.0 SOLJD WASTES 

The quantities of radioactive material released as solid effluents are 
summarized in Section VI. 

6.0 RELATED INFORMATION 

6.1 Operability of Uguid and Gaseous Monitoring lnstrumentation 

During the reporting period there was 1 instrument used to monitor 
radioactive effluent releases that failed to meet the minimum 
reportable instrument operability requirements listed in the ODCM 
during the reporting period. 

RM-063. Post Acciden1 Radiation Monitor, was inoperable for 98 
days (1/1/2018.-4/9/2018) due to a failure of a circuit board. Multiple 
attempts to obtain new and modified boards did not address the 
issue. NRC was notified after 7 days of the monitor being 
unavaUable as required by station Emergency Planning procedures. 
The ability to perform grab sampling per CH-SMP-PA-0005 in the 
event of an emergency was the required compensatory action 
during the monitor,s unavailabifity. 

6.2 Changes to the Offslte Dose Calculation Manual (ODCM) and/or 
Process Control Program (PCP) 

During 2018, one revision was made to the ODCM on March 19, 
2018 and two changes were made to the PCP on May 30, 2018 and 
June 27 ~ 2018. 

• The following change was made to the ODCM: 
c To align with a Technical Specification change .. 

• Changed Operable-Operability to Functional
Functionality. 

• Removed Steam Generator Slowdown, 
Containment, Waste Gas Decay Tanks and 
Condenser Off Gas as release points. 

• Removed 1-131 sampling and analysis 
requirements. 

• Removed section related to primary coolant 
exceeding the tim its of Technical Specification 
2J.3. 

• Removed RM-063. 
• Changed Updated Safety Analysis Report to 

Defueled Safety Analysis Report. 
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., Removed correction factor assoc'iated with 
VIAS and increased the correction factor 
associated with detector sensitivity. 

• Replaced "Plane with "Facility!' to align with the 
current terminology. 

a Revised Supervisor-System Chemistry to Chemistry 
supervision. 

a Added Distance and direction to Sample location. 
o Revised title of reportability manual from SO-R-1 to 

LS-FC-1 010. 
o Removed circulating water and warm water recirc as 

release options. 
o Revjsed the normal and maximum flow for monitor 

tank discharges. 
o Added parameter definitions for muftjpJe equations. 

• The following changes were made to the PCP: 
o Revision 1 : 

• Added note to the definition section to clarify 
applicability and scope. 

o Revision 2: 
• Added revision bars indicating all changes 

made in Revision 0 and 1. 

6.3 New Locations or Modifications for Dose Calculations or 
Environmental Monitoring 

None 

8.4 Noncompliance with Radiological Effluent Control Requirements 

This section provides a list of any event that d4d not comply with the 
applicable requirements of the Radiological Effluent Controls given 
in the Offsite Dose Calculation Manual (ODCM). Detailed 
documentat1on concerning the evaluations and corrective actions is 
maintained onsite. 

6.4 .1 Abnormal Gaseous and Uguid Releases 

No abnormal releases were made during the calendar year of 
2018. 

6.4.2 Failure to Meet Specified Sampling Requirements 

During 2018, there were no instances in which specified 
sampling requirements were not met. 
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6.5 Modifications to Liquid and Gaseous Waste Treatment and 
Ventilation Exhaust Systems 

During the reporting period no design modifications were approved 
nor implemented involving major changes 1o the Liquid and 
Gaseous Waste Treatment Systems. 

6.6 Meteorological Monitoring Proaram 

A summary of hourly meteorological data, collected during 2018, is 
retained onsite and is maintained as documentation as required by 
Regulatory Guide 1.21 Rev 2. This data is available for review by 
the Nuclear Regulatory Commission upon request. Joint Frequency 
tables are included in Section VU, Attachment 2 

Real time hourly meteoro1ogical data is used to calculate the annual 
air effluent dose to individuals. For quarterly estimates during the 
year an annual average X/Q is used, which is an average of the 
highest XJQ•s calculated for each of the previous two years. 

6. 7 Assessment of Doses 

6.7.1 Doses Due to Liauid Effluents 

Total body, skin, and organ dose for liquid releases were 
calculated in mRem tor all significant liquid pathways using 
the annual configuration of the LAD TAP II program. The site 
discharge location was chosen to present a most 
conservative estimate of dose for an average adult, 
teenager, child, and infant A conservative approach is also 
presented by the assumption that Omaha and Council Bluffs 
receive aU drinking water from the Missouri River. 

The LADTAP II program in its annual configuration was atso 
used to calculate the total body and organ doses for the 
population of 950,006 within a 50-mile radius of the plant 
(based on the 2010 census). The results of the calculations 
are listed in Section V. 

The doses due to liquid effluents for total body and critical 
organ are a1so calculated quarterly using the methods in the 
ODCM. The resuHs are listed in Section II. 

6. 7.2 Doses Due to Gaseous Effluents 

Tota'l body. skin and organ doses from ground releases were 
calculated in mRem to an average adult, teenager, child. and 
infant in each receptor using the annual configuration of the 
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GASPAR II program. Also, the doses to the same groups~ in 
units of mR.ad due to gamma and beta radiation carried by 
air, were computed using GASPAR II. 

The GASPAR U program in its annual configuration was also 
used to calculate the ALARA integrated population dose 
summary for the total body, skin and organ doses in person
rem for all individuals within a 50-mile radius. The results of 
the calculations are shown in Section IV. 

The doses due to gaseous effluents for total body gamma 
and beta noble gas air dose are calculated quarterly using the 
methods in the ODCM with an annual average XIQ. The 
results are listed in Section II. 

6.7.3 Doses Due to 1-131. 1-133. C-14. H-3. and Particulates with 
Half Lives Greater than 8 davs. 

The doses due to 1-131, 1-133, C-14, H-3, and Particulates 
with half-lives greater than B days for total bOdy and critical 
organ dose are catculated quarterly using the highest of infant 
or child dose factors and an annual average X/Q. The results 
are listed in Section II for inhalation, ground and food. 

6. 7.4 Direct Radiation Dose to Individuals and Populations 

Ojrect radiation doses attributed to the gamma radiation 
emitted from the containment structure were not observed 
above local background at any TLD sample locations for this 
annual period. 

64 7.5 40 CFR .190 Dose Evaluation 

ODCM Radiological Effluent. Controls require dose 
evaluations and a special report to demonstrate compliance 
with 40 CFR Part 190 only if calculated yearly doses exceed 
two times the annual design objectives for liquid and/or 
gaseous effluents. At no time during 2018 were any of these 
limits exceeded; therefore, no special report per Tech 
Specification 5.16 was required. 

1-11 



The external Total Body Dose is comprised of: 

1) Total Body Dose due to noble gas radionuclides 
In gaseous effluents 

2) Dose due to radioactive waste and the ISFSI 
3) Total Body Dose due to radioactivity deposited 

on the ground (this dose is accounted for in the 
determination of the non-noble gas dose and is 
not considered here) 

The Total Body Dose, external is given by: 
Dext = Dtb + Oosf 

Where Dext is the exte.mal dose 
Dtb is the total body dose 
o.osf is the dose from on-site storage 

The Total Dose is then given by: 
Dtot = Dext + Dliq + Dnng 

Where Dtot is the total dose 
Dext is the external dose 
OUq is the dose from liquid effluents 
Dnng is the dose from non-noble gases 

Dose Limits 
Total Body. annual 
Thyroid, annual 
Other Organs, annual 
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Quarter 1 
Quarter2 
Quarter3 
Quarter4 
Dex1 

Calculation using REMP TLD Comparison 

Indicating TLD station {OTD-1 K-(l)}t c1osest to on site storage. in 
mremlweek minus REMP environmental control {OTD-L-(C}}, in 
mremlweek 

OTD-1K-(I) OTD-L-(C) Net Weekslqtr Qtr Dose 
mremlwk mremlwk mrem/wk mrem/qtr 

1.9 1.3 0.6 13 7.8 
1.5 1.3 0.2 13 2;6 
1.9 1.3 0.6 13 7.8 
1.6 1.4 0.2 13 2.6 

20.8 

Dext = 20.8 mrem 

Maximum offsite doses from report 

Dtbwb = 7 .74E-04 mrem. Dtbco = 7 .74E-04 mrem 

Dliqwb = 2. 72E-02 mrem Dtiqco = 4.31 E-02 mrem 

Dtot wholebody = 20.8 + 7.74E..04 + 2.72E-02 = 20.83 mrem 

Dtot critical organ = 20.8 + 7 .74E-04 + 4.31 E-02 = 20.84 mrem 

These reported doses are bounding cases demonstrating 
compliance. Actual REMP TLD readings do not show any deviation 
from historical averages for this location, both pre and post 
construction of the SG storage mausoleum and ISFSI. on .. site 
TLD's used for dose monitoring at onsite rad storage facilities do not 
have identical counterparts at the site boundary or actual offsite 
receptors. Additionally the liquid dose pathway, since it is 
downstream of the indicator location and is not hydro-geologically 
connected, would produce very conservative results compared to 
calculating actual dose. 
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6.8 Groundwater Monitoring Program and Observations 

OPPD conducted groundwater sampling from 19 wells, 2 surface 
water sites, and 4 storm water headers within the site property 
per NEI 07-07. Additionally Nebraska requirements regarding 
avoidance of snow runoff were deleted, so storm water 
sampling is now performed quarterly r if available. 

No new monitoring wells were added to the sampling program during 
2018. Additional radiological surveys were performed during 
decommissioning characterization, no plant related nuclides were 
discovered in soil. Ten sample locations in sectors experiencing 
significant (>10%) wind direction were established to assess potential 
atmospheric deposition. After an initial sampling regime in all ten 
sectors displayed no detectable tritiumJ the sampling program was 
switched to 2 affected sectors per rain event and an upwind 
background test. Four rain sampling events were conducted. No 
tritium activity in excess of the vendor's Minimum Detectable Activity 
(MDA) was reported. No tritium activity in excess of the vendor's 
Minimum Detectable Activity (MDA} was reported in collected storm 
water or rain sampling. 

• One monitoring well (MW-6) had tritium in excess of the vendors 
Minimum Detectable Activity (MDA) (285 pCifL) reported in Table 
111.9 at values between 323 pCill +/- 200 pCi/L. MW-6 detection 
was below any reporting thresholds. This well is sampled 
quarterly for the entire HTD suite of analyses. No other analyses 
had detected activity. MW-6 had tritium identified with activity 
<MDA (275 pCi/L) during 2 quarterly samples, at 241 pCi/L +/-
197 and 225 pCi/L +/- 186. These results were not reduced due 
to station trends for this location. This well is hydrogeology 
connected to the Missouri River downstream of the plant 
discharge and is influenced by high river levels and station 
discharge. The third quarter result for the East Sewage Lagoon 
had tritium in excess of the vendor·s Minimum Detectable Activity 
(MDA) (284 pCill) reported in Table 111.9 at values between 328 
pCiiL +J .. 199 pCill. There is well documented industry OE of 
false positives in sewage samples. Since 1he 4th quarter sample 
had been drawn with the irrigation end of season sampte when 
the vendor result had returned, that sample was ana1yzed vice 
reana1ysis of a potentially bad matrix. The fourth quarter sample 
had no detection aligning with established trends. One Sr-90 
result identified < MDA (0.555 pCVL) was retained during 
statistical data review based on historical station shallow well 
trends (MW-5A 0.375 pCi/L). Some hard to detect nuclides, 
were reduced to an annual sample frequency { Ni.-63. Fe-55, Sr .. 
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90 in deep wells) based on 2 years of quarterly sampling with no 
detections above MDA. During the 3"' quarterwells MW-12A & 
128, station background wells, were not sampled due to 
localized flooding which covered these wells. 

• The Fort Calhoun REMP sampling did not detect tritium in 
samples within the Missouri River downstream at the site 
boundary or at the nearest municipal drinking water facility. No 
groundwater drinking pathway exists on site. Groundwater 
monitoring of neighboring drinking wells is performed to have 
data, if a plume were identified on site. No state or federal 
drinking water limits, and no site groundwater protection program 
administrative limits were exceeded. 
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Quarterly Dose Calculation Results 

January 1, 2018 through December 31 , 2018 

\Nith the implementation of the Fort Calhoun Station Radiological Effluent 

Technical Specifications (RETS) on October 1. 1985, radiation doses in 

the unrestricted area from liquid and gaseous effluents must be calculated 

on a quarterly basis in accordance with the Offsite Dose Calculation 

Manual (ODCM). These calculations are performed to ensure the annual 

dose limits de1ineated in Appendix I of 10 CFR 50 and implemented by 

RETS are not exceeded. If the results of the quarterly calculations exceed 

fifty percent (50%) of the annual limits of Appendix I, actions are taken to 

reduce effluents so that the resultant doses do not exceed the annual 

limits during the remainder of the year and a special report is submitted to 

the Nudear Regulatory Commission. No special reports were required for 

2018 calculated doses. 

This section presents the .results of the quarterly dose calculations 

performed during the period January 1J 2018 through December 31.2018. 

Details are shown as to the types, sources and resultant doses from the 

effluents, the annual limits and a comparison to the annual limits. 
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TABLE lti . l 

BATCH LIQUID AND GASEOUS RELEASE SUMMARY 

JANUARY THROUGH DECEMBER 2018 

A. Liquid Releases Al l Sources 

1 . Number of Batch Releases: 
2 . Total Time Period for Batch Releases(min) : 
3. Maximum Time Period for Batch Releases(min): 
4. Average Time Period for Batch Releases(min}: 
5. Minimum Time Period for Batch Relcases(min) · 
6. Average Dilution Stream Flow During Periods 

of Release into the Missouri River(mls/min}: 

B. Gaseous Releases All Sources 

1 . Number of Batch Releases: 
2 . Total 'rime Period for Batch Rele.ases(min): 

Maximum TimE 
Average Tim~ 
Minimum Tim~ 

! Period for Batch Releases(min) : 
! Period for Batch Releases(min): 
~ Period for Batch Releases (min) : 

1st Qtr 

3 
1,422 

7 63 

474 
178 

2 . 731E+07 

1st Qtr 

III - 2 

2nd Qtr 

2nd Qtr 

Jrd Qtr 

3rd Qtr 

4t h Qcr Year 

;: s 
295 1,717 
163 763 

148 343 
132 132 

2 739!+07 2 . 734E+07 

4th Qtr 

1 
8,'795 
8,795 
8,795 
8,795 

Year 

1 
8,795 
8,795 
8,795 
8 , 795 



TABLE III 2 

ABNORMAL BATCH LIQUID AND GASEOUS RELEASE SUMMARY 

JANUARY THROUGH DECEMBER 2018 

A. Liquid Releases All Sou:rces 

Number of Releases ; 

Total Activity Releases (Ci): 

B. Gaseous Re l eases All Sources 

Number of Releases: 

Total Ac tivity Releases (Ci ) 

1st Qtr 

0 

O.OOE+-00 

1st Otr 

0 

O. OOE+OO 

[J I -3 

2nd Qtr 

0 

O.OOE+OO 

2nd Qtr 

t) 

O. OOE+OO 

3rd Qtr 

0 

0 00:8+00 

3rd Qtr 

0 

O. OOE+OO 

4th Qtr. 

0 

O.OOE+OO 

4t.h Qtr 

0 

O.OOE+OO 

Year 

0 

O.OOE+OO 

Year 

0 

O, OOE+OO 



TABLE ItT 3 

GASEOUS E:FFt.tTENTS- -SUM!v1.AT10N OF ALL RELEASES 

J.ANUARY THROUGH DECEMBER 2018 

1st Quarter and Quarter 3rd Quart_~r 4th Quarter 
A. 

B 

c 

Fission & Activatit)n Gases 
Tat.t:~l Release (Ci); 
Average Release Rate (uCi/sec): 
Total Error ( %); 21.2 

Iodines 
Total Release (Ci) : 
Average Release Rate (uCi/sec l : 
Total Error (%): 21.2 

?articulates 
Total Release {Ci): 
1\verage Release Rate (uCi/sec ) ! 

Total Error (%) : ~JLJ?2 

Gross Alpha: 
Total Error (%): _ 20.62 

0 . Tritium 

Total Release (Ci ) : 
Average Release Rate (uCi / sec 
Total Error (%) : 25. 08 

E.. car.bon-11 
Total Release (C:i) : 
Average Release Rate (uCi/sec ) : 
Total Error (~) : 20 .g 

O.OOE+OO 
O.OOF.-'-00 

O. OOE+OO 
O. OOE+OO 

0 OOE+OO 
O. OOEtOO 

l.31E-06 

6 .49E-02 
6 . 4 9E- 0·1 

O.OOE +OO 
O.OOE+OO 

O.OOKo~OO 

0.011E+00 

O. OOE+OO 
O.OOE+OO 

O. OOE+OO 
O.OOB+OO 

l . SBE-06 

1. 36E-01 
1 . 35E-03 

O. OOE+OO 
O.OOE+OO 

O, OOE+OO 
O.OOE+OO 

O.OOE-1-00 
O.OOE+OO 

0.001!:+00 
O.OOE+OO 

l .S OE - 06 

2 . 13E - 01 
2.08B·03 

O. OOE.J-00 

O.OOE+OO 

NOTE: Values reported as ~ero are determined to bt2 below the Lower Limit of 
Detection t t.LD) 

III - 4 

O.OOE.f-00 
O. OOE+OO 

0 OOE+OO 
O. OOE+OO 

O.OOE+OO 
0 OOE~· OO 

9.5SE-0'7 

2 . 59£-01 
2.3se-o3 

0 00RJ.00 

O.OOE+OO 

Year 

O.OOE•OO 
O.OOE+OO 

0 OOE+OO 
O.OOE+OO 

O.OOE+OO 
0 . OOE~- 00 

5.35E- 06 

6 . 72E-01 
1 . 61E-03 

O. OOE+OO 
O.OOE+OO 



~l;y;lides (Ci) 

Fission & Activation Gases 
Totals for Period : 

I odines 

Totals for Period! 

Pal·ticulates 

Totals for Period~ 

Tritium and Gross Alpha 
H- 3 

TABLE III 4. 

GASEOUS EFFLUENTS--GROUND LEVEL RELEASES 

JANUARY THROUGH DECEMBER 2018 
Batch Mode 

1st Quarr:er :?.nd Qi.JartP.r 3rd Quarter 4th Q1.1arter 

O.OOE+OO -·-·-a·. OOE+OO O.OOE+-00 O.OOB+OO 

O. OOE+OO O.OOE+OO O.OOE+OO 0.00.8+00 

O.OOE+OO O.OOEtOO 0. OOE+OO --O:OOE-j:""Q() 

0. OOE·I 00 0. OOE-tOO 0 . 00'8+00 9.11E-07 

NOTE : Values reported as zero are determ i ned t.;) be below the Lower r.:i.mit of 
Detectio11. (LLD) 

III - 5 

YEAR 

O.OOE.!-00 

fJ.OOE+OO 

0 OOE+OO 

9 . 11E-07 



~ucli~e.s (9i ) 

Fission & Ac t i vation Gases 
Totals for Period: 

lodines 
Totals for Period: 

Particulates 
Totals for Period: 

TABLE III 5 
GASEOUS EFFLUENTS--GROUND LEVEL RELEASES 

JANUARY THROUGH DECEMBER 2018 
Continuous Mode 

ls,t ... Q\la,~ter ?.E~ .. Q~.£1-rter ~~9 __ Qua_:r;:~er 

O_OOE+-00 O. OOE+OO (f~ ·OE+OO 

O.OOE+OO O. OOE+OO o . ocYrf •. oo-

O. OOE!+OO O.OOE+OO if. OOE+OO , 

l . SOE-06 
/..13E-Ol 

4th Ql.:.arter 

O.OOE+OO 

O.OOF.+OO 

- 0. OOE.+Oc)·-

9 . 55E - 07 

2 . 59E-01 

NOTE : Values repo.rted as zero are determined to be below t.be Lower Limit of 
Detection (LLD} . 

III-6 

Year 

O.OOEt-00 

O.OOE+OO 

O.OOE+OO 



TABLE III . 6 

LIQUID EFFLUENTS--SUMMATION OF ALL RELEASES 

JANUARY THROUGH DECF:MBER 2018 

A Flssion &. Actividtinn Prod7 1c·~a 

'I'otal -~~leas~ !No H-J,Gas,Alpha} <r::.U : 
Ayera.ge Diluted Co:ncentrauon (uCi/r:>T.~): 

10 CFR 20, App F.! Mmit J-.00£;.0_§ tuCi/mt,) 
P~rce:nt of Limit 11;) ~ 

'l'o'-al Err.·or C ";) · 19,.&!1 

B Tritium 

Total Release (Ci ): 
Aveta.ge Di 1 uted Concentra~1on (1.11:1./mL ! : 

10 CF'P. :20 1 App. R r. i m.iL L00!&-01(uCi/ml .. } 

Percent of :.im:it (% ) : 
1'ota: Error (!1;-l ; 

c . Di :'lt-.:uJ Ved & Rnt.ra ined Gases 

'tor.al Rele:a.se (C:iJ: 

AYerage O:i !tlt-sd Cont:~nt. rat i!':m en~'\ /mtd · 

ODC:-: Limi.t 2.: .. 22!'':_.-04 {uCi/mL~ : 

P~rc:P.:tt. of I"imit :%) ; 

2:.. OB 

Tot~l Error !~J : 1~-j~---

D. f;ross A1 pha. Radioactivity 

8. 

F. 

'I'o1:.al Release (Ci \ ~ 

Tat<'! l [<;n-or ( \1 

volume of vsastc Released 
Prior ~o DjluLioP (Liters ! : 

Volume of Dilut.ioo Water 
During Releases (i, H:.crs} : 

~!7 . 2~ 

1st Quarter 

1.06E-04 

8.21E-09 

8 . 21E- Ol 

l!.11E-02 

3.41E·06 

3 . 41E-Ol 

O. OOE+OO 
O. OOE+OO 

O.OOE-tOO 

O.OOE+OO 

S 95E+04 

3. 88E-+07 

2nd Quarter 

O. OOB+OO 
O. OOE+OO 

O.OOE+OO 

O.OOE+OO 
O. OOE+OO 

O. OOF:+OO 

O. OOE.:t-00 
O. OOE+OO 

O. OOE-..00 

O.OOE+OO 

0 OOE+OO 

NOTE: Va.lues retJorted as zcrc arc determined to b""! below the Lowe::: Lind ~ of Det.ect-.ion (L:.D _I 

III ·· 7 

3rd Quarter 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

O . OOE"'"OO 

O. OOE+OO 

O.OOE+OO 

O. OOE+OO 

0. 0011:+00 

O. OOEtOO 

0.008+0 0 

0 OOE+OO 

4 t.h Quart~_:r 

3 . 21£-05 

7.96E-09 

7.96E-Ol 

3 . 43E-02 

B .49E- 06 

8.491!:-01 

O. OOE+OO 
O. OOE+OO 

O. OOE+OO 

0 . OOE+t)O 

3 . 89E+04 

8 . 04E!-06 

y~ 

l.38E-04 

1.48E:-OS 

1.4BE!-OO 

7.83E-02 

8.3SR-06 

8 . 3SE- 01 

O. OOE+OO 
O,OOE+OO 

O,OOE+OO 

O.OOE-'"00 

9.85E+04 

4 . 68E+07 



TABLE JII.7 

hfQUlD I:H•'FLUENTS 

JANUARY THROUGH DECEMBER 2 018 

Batch Mode 

NtH:-. Ide$ \C1) .1st. Quart.:-:- 2nd Quarter ~.!!L_Quarter 

Ft ~s icn 5 AclivaL ion G~R~s 

C~-.111 

GS .. l34 
C0-60 

Tota1s for Pf;!riod~ 

nls~o]ved K EntT~ined G~P~~ 

Tr.;~~··ds for Period: 

'I'rit.ittf'l and Gross Alph<'l 

H~3 

1. OC•E· 04 C•. 00£:4-00 
2.33E·07 O.OOE+OO 
5.93E-06 O.OOE+OO 

-T:-<f6E:.04 - ·-· - .OOE-tOO 
_....__ .... _ ... 

· ·--o·-:-aoE+oo -- 0.00£+00 

4.4lt!:-Q2 r: .Mi'F.i·OO 

NOTE : Valu12s reported as z.~ro a-re determined tc• b~ b"!lr:iw the L<;:owP.r f, rr•it. of 
De.t.P.cti.or. (LrJD) val•ms. 

0 OIJE+OO 

O. OOE+Citl 
O.OOE+OO 

.00'1::+00 

o . oc-F..oo 

fJ . OCE-.OrJ 

Reported Alpha activ-Lty was attribllted to nCJtu;:~l short-lived radionuclid~s. Th : s 
;..•as confi!:':lle..:l. J:JY quart:e.rly ::lffsitie v.;.ndcr analysi~ 

IJI - 8 

~_h_Quart,eE 

2.65r.-os 
c;_ oor ... oo 
~.64E-06 

3. 21E>O!;, 

---o-. O'oF.+oo- -

3.43E·02 

Y~<t_!. 

l. :!717;-()4 
'2.33E-117 
l.l6E-O~ 

1. HE--04 

o . oo·E + 0 Cl- . 

7.83E'-02 



~!.::~h 

'i':r;. t . .::.Uil 

:F£-55 
Nl-63 
S!:-~0 

Total Ga,:.u,.o 

!'riti··..u:. 
FE-~:, 

N:-G3 
Sr-9C 
1\::rra: .;i"...ll'J:Ie 

Ul-63 
Sr-f-0 
r:·otal G.arron•t;t 

Tn. 'tiurr. 
FE-:·5 
~~ L- 63 
sr-30 
1'•::~:~: Ga1o:71c; 

Tritium 
r:::-:.;. 
zn-o 
Sr-9(. 
Total Ga.mn.a 

':'~"l.t.LI.lr." 

:r·E-~~ 

1~.:-63 

Sr--S:Cl 
·: ot al t:,.;:..:nw ~ 

'J'!:it.i\1!''; 
J'l-55 
!H-6:::
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SECTION IV 

DOSE FROM GASEOUS EFFLUENTS 

Technical Specification 5.9.4.a 

GASPAR II OUTPUT 

January 1l 2018- December 31, 2018 
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Radioactive Effluent Releases .. First, Second, Third and Fourth Quarters 2018 

GASEOUS EFFLUENTS 

No radioactive inert gas releases were released during the reporting period from 

gaseous effluent discharges. 

No radioactive halogens releases were released during the reporting period from 

gaseous effluent discharges. 

No radioactive particulates with hatf ... Jives g realer that eight days were released during 

the reporting period from gaseous effluent discharges. 

Radioactive tritium released during the reporting period totaled 6.72E-01 curies. 

Carbon-14 released for the reporting period totaled 0.00 curiest this is a calculated 
value based on reactor power and days of operation. The Fort Calhoun estimate of 
0.00 curies carbon-14 with a normalized C-14 production rate and 15°/0 carbon dioxide 
fraction. 

Off-site vendor analysis of weekly composite samples indicated that no gross alpha 
radioactivity was released during the reporting period. 
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POTENTIAL DOSES TO INDIVIDUALS AND POPULATIONS 

A. Potential Annual Doses to Individuals from Gaseous Releases 

Total body, skin. and organ doses from ground releases were calculated in 
mRem to an average adult. teenager, child, and infant using the annual 
configuration of the GASPAR II program. Results to each receptor are shown in 
Tables IV-A-1 through IV-A-40. Also, the doses to the same groups, 
Table IV-B-1. in units of mRadf due to gamma and beta radiation carried by air, 
was computed using GASPAR II. In its annual configuration, GASPAR 11 
assumes that all release rates are entered in curies per year (Ci/yr). 

The inputs to GASPAR II for the annual period from January 1, 2018 through 
December 31, 2018 were as follows: 

( 1) All gaseous effluents 

(2) Entrained gases (Ar-41, Xe-131M, Xe-133M. Xe-133.tXe-135M, Xe-135, 
Kr-85M, Kr·B7, and Kr-88) from liquid effluents. 

(3) Annual XJQ at the actual receptor locations, which are corrected for open 
terrain and plume depletion, are calculated according to Regulatory 
Guide 1.111. Also included are annual deposition rates corrected for the 
open terrain factor. 

(4) The production, intake and grazing fractions were as follows: 1.0 for leafy 
vegetables grown in garden of interest, 0. 76 for produce grown in garden 
of interest, 0.5 for the .pasture grazing season of the milk animal; 1.0 for 
pasture grazing season of the meat animal~ and 8 g/m3 for the air water 
(humidity) concentrations. 

(5) Atl dose factors, transport times from receptor to individual, and usage 
factors are defined by Regulatory Guide 1.109 and NUREG-0172. 

(6) Site specific information, within a frve-mile radius of the plant, on types of 
receptors located in each sector was used. That is, if a cow was not 
present in a sedor, then the milk pathway for that sector was not 
considered. If it was present, then the actual sector distance was used. 
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(7) Using approved methodologies the C-14 doses to the .site specific 
pathways (e.g. inhalation, milk. meati and vegetation pathways) age group 
and organs are based upon airborne composition rather than ground 
deposition. For this reason, XJQ is utilized to calculate doses from Carbon-
14 effluent releases 

. 
These inputs introduce a most conservative approach for the following reasons; 

( 1) The open terrain and deposition corrections increase annual X/Q by a 
factor ranging between 1.0 and 4.0 

(2) The production, intake, and grazing fractions, as defined in the input 
definition statement, represent the environment in an extremely 
conservative manner. 

B. Potential Semiannual Doses to Population from Gaseous Releases 

The GASPAR II program in its annual configuration was also used to calculate 
the ALARA integrated population dose summary for the total body, skin, and 
organ doses in man-rem for all individuals within a 50-mile radius. The 
population-integrated dose is the summation of the dose received by all 
individuals and has units of man-thyroid-rem when applied to the summation of 
thyroid doses. The same inputs were used as in the individual case with the 
addition of the following: 

(1) A total population of 950;006 (based on the 2010 census) was used to 
define the sector segments within a 5o-mile radius of the p!ant. 

(2) Production of milk~ meat~ and vegetation is based on 1973 annual data for 
Nebraska as recommended by the Nuclear Regulatory Commission for 
use in GASPAR It 
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':ABLi!: IV-A- l 

FORT CALHOUN- .1\N:NUAL 2018 , :JOSE PROJECTIONS 
SPECIAL LOCATION NO . 1 RES 

AT 4. 36 MI.LES ~~J 

ANNUAL BP.TA AIR DOSE = O.OOF.+OO MTI.I.RADS 
- - -

ANNUAL GM.ft.1A 1-~IR DOSt.. = 0 .001:!:+00 MilLRADS 

PA1'HWA.Y 'f.BODY GI-TRACT BONE LIVER KIDNEY 1'HYROID LUNG S?\IN 
---------+----------+-------- --+-- - -------+----------+----------+-------- - ·-+----· -- - --~-----------~ 

PLUME : O.OOE+OO : O.OOE+OO : O.OOE+OO : 0.00£~00 : O.OOE+OO : O.OOE+OO : O.OOE+OO : 0.00£+00 : 
---------- ----------+----------+----------+----------+---------- + -----~----+----------+---------- + 
GROUND : O.OOE+OO : O.OOE+OO : O.OCE+OO : O.OOF+OO : O.OOE+CO : O.OOE+CO : O.OOE+OO : O.OOE~OO : 
--- ----- - +--- -·- ----- ~---- ------+----------+-- ---- ----+- ---------+-- ~·------- ..... ----- --- -· -· +- .... -------- + 
INHAJ, 

ADULT : 1.68E-06 : 1.68~-06 : O.OOE+OO : 1.68E-06 : 1.68£-06 : 1 . 68E-06 : 1.68~-06 : 1.68E-06 : 
---------+----------+--------- - +----------+----------+--- - ------+-- --------+----------+---------- 1 

1'F.SN : 1.70E-06 : 1 .708-06 : O.OOF.+OO : 1.70F.:-06 : 1.703-06 : 1.70E-C6 : 1.70E-06 : 1.70E-06 ; 
- --------+- ------ ---+ ----------+---~------+----------+ ----- - ----+-- --------~----------~------- ---+ 
CEIL~ : l.SOE-0£ : l.SOE-06 : O.OOF+OO : 1.50E-06 : 1.50E-06 : l.SOE-06 : l.SOE-06 : l.SOE-06 : 

---------+----------+----------+-------~--+----------+----------+----------+----------! ---------- + 

INFANT : 8.63E-01 : 8.63E-07 : O.OOE+OO : 8.63E-07 : 8.63E-07 : 8.63E-07 : 8.63E - 07 : 8.63E-07 : 
- ---- ----+----------+------- --- +----------+--- -------+----------+--------- -+-- --- -----~---- -- ---- + 

rv- s 



TABLE IV - .A- 2 

FORT CALHOUN .l\N~UAT, 2018, :JOSE PROJECTIONS 
SPECIAT1 LOCATION NO ~ RES 

AT 1.g3 MILES KNE 

ANNUAL BETl\ l\IR DOSE = O. OOF.+OO MILLRl\DS 
- - -

ANNU.1\L GAMMA l\.IR DOSE - 0. OOE+OO MILLRADS - - -

PATHWAY T.BODY GI-TRACT BONE LIVER KIDN~Y THYROI D LUNG SKIN 
--------- +---------- 1----------+---------- !--------- -+ ----------+----------+---- ------+---------- + 
PLUME : 0.00~+00 : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE~OO : O.OOE~OO : 0.00Ef00 : 
-------- -+---------- ·-~-- -------- -+----- ----- ·! ----- -----+-- - .. ··--- ··-+------- ---+------- --- !- -- -------- ~ 

GROUND : O.OOE+OC : O.OOE.j.QQ : O.OOE+OO : O.OOE+OO : O.OOE+OO : 0.00~+00 : O.OOE+OO : O.OOE+OO : 
-- -------+· ·- --------+---- --- ·---+----·------+----------+--------- - +----------+"-·- ·· .. ·- .. . .. . .1. - -- -------- + 
JNFAL 

ADULT : 8.73~-06 : 8.73E-06 : O.OOE+OO : 8.73E-06 : 8.73E-06 : 8.73E-06 : 8. 7 3E-06 : 8.73E-0 6 : 
---------+---------- +------- ---+----------+----------+----------+------- - - - -+---------- + ~--------- + 

TEEN : 8.81£-06 : B.BlE- 06 : O.OOE-00 : 8.81E-06 : 8 . 81E-06 : B.BlE-06 : B.BlE-06 : B.SlE-06 : 
- -·- - -----+----------+- --- ---·- -- l -- - ------- ·I----------+----------+--------···-+----------+-····---- ··----+ 

CHILD : 7.78E-06 : 7.78£-06 : O.OOE~OO : 7.78E-06 : 7.78E-06 : 1.78B- 06 : 7.78E-06 : 7.78E-06 : 
-------- -+- - --------+---------- + ----------+---------~+----------!--- -------+----------~--- - ------+ 

INFANT : 4.47E-06 : 4.47E- 06 : O . OOE~oo : 4.47E-06 : 4.47R-06 : 4.47E-06 : 4.47E-06 : 4.478-06 : 
------- - -+- ---- - - -·-- ·f- --- - ·- - - - -+-·----- --- - +- - - - ·------+----- ·--·-·· ·-·+·--- - ----- ·· +· ··· ----- ·--- 1 - ---· • • -·---I 
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SPECIAL LOCAT:ON NO 
AT 1. 52 f-1ILES NE 

TllBLE IV -l\- 3 

FORT Cl\LHOUN ANNUAL 2 018, DOSE PROJEC'riONS 
3 RES 

ANNUA.L BETA AIR DOSE ··. 0. OOE+OO MTLLRADS - -
ANNUAL GM1MA AIR DOSE = 0. OOE+OO .MILLRADS - . 

PATflV'lAY 'r.BODY GI-TRACT BONE. LIVER KID~Y THYROID LUNG SKIN 
--------- ~ ---------- +---------- + ------- -- - +---- ------+---------- ~- ---------+----------+---- ----- - + 

PLOM3 : O.OOE+OO : O.OOE+OO : O.OOE+OO : C.OOE~OO : 0.00!+00 : O.OOE+OO : O.OOE+OO : O.OOE+OO : 
---- - --- -+- ~--------~---------- +-------- -~ +----------+---------- +----------~----------+----------+ 

GROUND : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : 
---------+-- --------+----------+ ---~------+----------+----------+----------+----------~----------~ 

INHAI. 
ADULT : 1.03F.-05 : 1.03E-05 : O.OOE ..;.. OO : l.OJE-05 : l.03E-05 : 1 .0 3E-05 : 1.03E-05 : 1.038-05 : 

---------+----------+------ --- - + -·-- ----- -·- +------ ----+ - - - ------ - +---- --·-- --+--·---·------+-· -------· ·-+ 
TEEN : 1.04E-05 : 1.04E-05 : 0.00£+00 : 1.04E-05 : 1 . 04E-05 : 1.04E-05 : 1.04E-OS : 1.04E-05 : 

--------- + --- -------+----------+- ------ --- + - --- - -----+--------- -+ --------- -+----------+---------- ~ 
CHILD : 9.11E-06 : 9 . 14E-06 : 0.00~+00 : 9.143-06 : 9.14B-06 : 9.14E-06 : 9.14E-06 : 9.14E-06 : 

---------+~---------~----------+- ------ ---+----------+----------+----------+--- -------~----------~ 
INFANT : 5.25E-06 : 5.26E-06 : O.OOF:-~OO : 5.26F-06 : 5.26E-06 : 5.26"E-06 : 5.26E-06 : :..26E-06 : 

---------~ ---------- ~- ---------+ ------- ---+--- -------+---------- ~ - ---- ---- - +---- ------+-------- -- + 
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TABLF. IV-A- 4 

.FOR'r CALHOUN 1\..NNUAL 2018, ::>OSE PROJEC'fTONS 
SPECIAL. LOCATION NO . 4 HES 

AT 4.79 MILES B~E 

ANNUAT, BETA AIF. DOSE = 0 . OOE+OO NT l.t.RADS - - -
ANNUAL GAMMA ATR DOSE = 0 . OOE+OO MILT.JRADS - . -
PATI-iWAY T.BODY GI-TRACT BONE LIVER KIDNSY THYROID LUNG SKIN 
----- --- -· + ------- ---+----------+----- . ---- ·I --- - ------+ - - -·-------+--------- - +--·--~----- ..._ - .--·-------+ 
PLUME : O.OOE+OO : O.OOEiOO : O.OOE.a..oo : O.OOE+OO : O. OOE+OO ~ O.OOE+OO : O.OOE+OO : O.OOE+OO : 
---------+----------+----------+----------+----------+----------+----------+-- --------+---- ------+ 
GROUND : O.OOE+OO : O.OOE+OO : O •. DOE+OO : O.OOE+OO : O.OOE+OO : O.OOEtOO : O.GOE+OO : O.OOE+OO : 
-- - ---- - -+----------+----- - ----+------- ---+----------+----------+----------+----------+-- -·-------+ 
IN HAL 

ADULT : 8.~2E-07 : 8.12E-07 : O .OOE~OO : 8.12E-07 : 8.12E-07 : 8.12E-07 : 8.i2E-07 : 8.12E-07 : 

--- ---- --~--- ------- +-------- --+ - ---------+------- ---+---- ------+----------+----------+---- - - · ----· 
TEEN : 8.19E-07 : 8.19E-07 : O.OOE+OO : 8.19E - 07 : 8.l9E-07 : 8.19E-07 : 8.19E-07 : 8.19E-07 : 

---------~----------+----------+----------+---------- ! ----------+----------+----------~----------+ 

CHILD : 7.23E-0 7 : 7 . 23E-07 : O. O C~+OO : 7.23E-0 7 : 7.23S-07 : 7.23E-C7 : 7.23E-07 : 7.23E-07 : 

---------+----------~----------t----------+--- -------+----------+---------------------+----------1 
INI!'ANT : 4.16E-0/ : 4 .16E-07 : O.OOE+OO : 4.16E-07 : 4 . 16E-07 : 4.16E-07 : 1.16E-07 : 4.16E-07 : 

----- ---- ~------ ---- l -------- -- +----------+------ -- -- 1 -- - - - -----+----------~-----------+----------+ 
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TABLE IV-A- 5 

FORT CAT·HOUN ANKUAL 2018, DOSE PROJECTIONS 
SPECIAL LOCJ\TION KO. 5 RF.S 

AT 4. 67 f'.U.LES E 

ANNUAL BETA AIR DOSE '"' 0. 00r:+OI1 MILi-RADS - - -
AKNUAl, GAMMA AIR DOSE = 0. COF.+OO MILLRADS -- ··-

PATHWAY T.BODY GI-TRACT BONE LIVER KIDNEY THYROID LUNG SKIN 
--------- ~ - ---------+----------l----------+----------~----------~----------~------- ~--1------- --- + 

PLU~lE : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : 0.00~+00 : O.OOE+OO : 
----- ----~----------+----------+----------+----------+----------+----------~----------+--- --- --- --+ 
GROUND = O.OOE+OO : O~OOE+OO : O.OOE+OO : O.OOEtOO : O.OOEo~-OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : 
-------- -+- ---------+-------- --.j.----------+----------+-- --------+----------+----------+----------+ 
INRP.TJ 

l\DULT : l.OlF.-06 : l.OlE-06 : O.OOE+OO : 1.01E-06 ~ l.OlE-06 : l.OJE-06 : l.OlE-06 : l.OlE-06 : 
----------1-- ---------+-~--------+- --~-------t·----- ~--- ·-+ --------- -+ ·~-- ----- --+=~-----··--+-----·---- ·-+ 

TEEN : 1.02E-06 : 1.02£-06 : O.OOE+OO : :.02E-06 : 1 . 02E-06 : 1.02£-06 : 1.02E-06 : 1.02£-06 : 
~ ---- -· -- - +--- - ---- -- !- -- - ------ -+- -- ---- --- -~ --------- - +-----~ ~ ~--+-------- -·- +-------- ~-+··. -·------·- - + 

CHILD : 9.00~-07 : 9.00E-07 : O.OOE+OO : 9.00F.-07 : 9.00E-07 : 9.00E-07 : 9.00E-07 : 9.00E-07 : 
---------1 ----------+ ----------+----------f----------+----------+----------~ ----------+----------+ 

INFANT : 5.18E-07 : 5.18F.-07 : O.OOE+OO : 5.18E-07 : 5.18E-0'/ : 5.18£-07 : 5.18E-07 : 5.18E-O'I : 
--------- 1 ----------+ -- ------ - -+~---------+----------+----------+---------- -----+----------+ 

IV - 0 



TABLE J V-."A- 6 

FOR'T' CALHOUN ANNUA.L 2 0 1 8, DOSF. PROJECTIONS 
SPECIAL 10CAT10N ~0. 6 RES 

AT 4.22 M!LES ESE 

ANNUAL BETA AIR DOSE ,_- 0 . OOEfOO MILT,RADS - - -
ANNUAL GAMMA ATR DOSE = O.OOE+OO MILLRAOS - -

PATHWAY T.BODY GI-TRAC'I BONE LIV~R KIDNEY THYROID LUNG SK::N 
---------+----------+----------+----------+----------+---------- 4----------+----------+----------+ 
PLUME : O.OOE+OO : O.OOt+OO : O.OOE+OO : O.OOEtOO : O.OOE+OO : O.OOE+OO : O.OOE+OO : 0.00£~00 : 
-------- -- ----------+---------- +----------+------ - ---+----------+ ----------~----------+----------+ 
GROUND : 0.00~+00 : O.OOE+OO : O.OOB~OO : O. OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.QOE+OO : 
---------+-------------------- -+----------+- ---------+----------+---------- +----------+----------+ 
INHAL 

ADULT : 1 . 68E-06 : 1.68E-06 : O.OOE+OO : 1.68E-06 : 1. 68E-06 : 1.68E-06 : 1 .68E-06 : l.68E-06 : 
---------+----------+---------- + ----------+----------+----------+----------+-----------~ - ---------+ 

TEEN : 1.70E-06 : 1.70E-06 : O.OOE+OO : 1.70E-06 : 1.70E-06 : 1.70E-06 : 1.70E-06 : 1.70E-06 : 
---------+---------- f----------+---------- l----------+----------+----------+----------+----------+ 

CEIL~ : 1 .5QE- 06 ~ l.SOE-06 : O.OOE+OO : l.SOE-06 : l.SOE-06 : l.SOE-06 : l .SOE-06 : 1 .50~-06 : 
---------+---- - -----·-- --- - ---- +---------- · ----------+----------~----------+----------~----------+ 

::NFAN':' : 8. 63C-07 : 8. 63E-0./ : 0. OOE-1 00 : 8. 63E-07 : 8. 63E-07 : 8. 63E-07 : 8. 63E-07 : 8. 63E-O'l : 
---------+ ---- --- -- -+- - - ----- - - 1 ----------+----------~-- --------+----------+---------- ~ ----------+ 

I V- 10 



TA.-=iT1F. 1\f-- A- 7 

FORT CALHOUN ANNUAL 2018, DOSE PROtJECTIONS 
S PEC TAL LOCATION l'~O. 7 RES 

AT 1. ~7 MILE~ S SE. 

ANNUAL BETA J\IR DOSE = O.OCE+OO MlLLRADS 
A.WNUAL GAr-iMA AIR DOSE = 0. OOE+OO MILLRADS - - -
PATHWAY T.BODY GI-TRACT BONE LIVER KIDNEY THYROID LUNG SKIN 
-------- -~ - ---------+-------- -- 1 ---~------+----------+---------- ~ ----------+----------+--------- -+ 
PLUME : 0. OOE+OO : 0. OOE+OO : 0. OOE+OO : 0. OOE~ 00 : 0. OOS+OO : C. OOE+OO : 0. OOEi 00 : 0. OOJ•:;-oo : 
--- ------+--------- - ~ - -- - ------~----------+----------+----------+ ----------~· --- - ------+----------~ 
GROUND ; O.OOR~OO : O.OOE+OO : D.OOE+OO : O.OOE+OO : O. OOE+OO : O.OOE+OO : O.OOE+:JO : O.OCE+OO : 
-~------- +----·------+---------- + ---------~+---- --- -·- -+-- ... ----- --+----------+-~•~ - ------+ ----~~-- --+ 

INEl\T.. 
ADULT : 1 . 13E-05 : 1~13E-05 : O.OOE+OO : 1.13E-05 : l. l 3R-05 : 1.13E-05 : 1.13E-05 : 1 .13E-0~ : 

---- -- --- +-------~--+--- -------+------- -- -+ - -------- - +-- ------ --~ ---------- 1 ----------+--------- -+ 
TEEN : 1.11E-05 : l*l4E-05 : O.OOE+OO : 1. 14E-05 : 1 . 14E-05 : 1.14E-05 : 1.14E-05 : 1.14E-05 : 

---- - ·----+-------- - ~I ___ , ______ --+------- - --+- -~- ~----·- -+--- -~-----+-----~-----+-···---------+----------+ 

CHfLD : 1.01R-05 : 1 . 01£-05 : O.OOE+OO : l. OlE-05 : 1 .OlE-05 : l.OlE-0~ : 1.01~-0~ : l .OlE-05 : 
--------- f ---------- +- --------- + ----------+---------- 1 ---------- ~ ----------l----------+----------+ 

INFANT : ~.81E-06 : S.BlE-06 : O.OOE~OO : 5.81E-06 : S.BlE-06 : S.BlE-06 : b.BlE-06 : S.BIE-06 : 
--- ----- -..1.-- - ------- 1-----------+----------+-------- -- l -- -·-------+----------+·----------+----·----·-- I 

lV- 1] 



TABLE IV-A- 8 

FORT C .AI.~OUN ANNUAL 2018, DOSE PROJECTiONS 
SPECTAL LOCATION NO . 8 RE:S 

AT 0.65 ~ILES SSE 

ANNU.i\T, BETA. ltiR DOSE = 0. OOE+OO MII,LRADS 
- ···~ 

:!\~NU.Z\T GAMfvlA A!R DOSE - 0. 00~+00 MILLRAD3 

PATHWAY T.BODY GI-TRACT BONE LIVER KIDNEY THYROID LUNG SK I N 
--------- +----------~--------- -+----------+--- ------- 4 --------- -+---------- +- - - -------+-- --- --- - -+ 

PLUME : O.OOE+OO : O.OOE~OO : O.DOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.GOE+OC : 0.00£+00 : 
------ ---+- - - -- -----+----- - ----~------~---+----------+----------~ - ---------+-- - ---- ---+----------+ 

GROUND : O.OOE+OO : 0.00~4 00 : O.OOE+O O : O.OOE+OO : O.OOB+OO : O.OOE~OO : O.OOE+OO : O.OOE+OO : 
---------+- - ---------+----------+----------+----------~----------+----------+---- --- - --+ ----------+ 

JNHAJ. 
ADULT : l.l6E-04 : 1.16£-04 ~ O. OOE+OO : 1 .16E-04 : 1.l6E-04 : 1.16E-04 : 1.16~-04 : l.l6E-D4 : 

---------+----------+--------- -+---- ------+--------- - +--------- - + - ------- --~----------+----------+ 

TEEN : 1.17E-04 : 1.17E-04 : O.ODE+OO : 1.17E-01 : 1.17E-04 : 1.17E-0 4 : 1.17E-04 : 1.17E-04 : 
----·----------·-·- ---- -+ ----------4 ----------+ ---------- +- -·--------+----------4------ -----+------- ----+ 

CHTl~ : 1.04E-04 : 1.04E-04 : O.OOE+OO : 1 .04E-04 : 1.04£-04 : 1.04E-04 : 1.04E-04 : 1.04R-04 : 
---- - ----~----------~----------4----------+----------+----------+----------+---------- +----------+ 

INFANT : S.96E-05 : 5.96E-05 : O.OOE+OO : 5.96E-05 : 5.96S-05 : 5.96E-05 : 5.96E-05 : 5.96E-05 : 
- ----· - --- i· - -- -------·+ --- · ----- - -+---------- I - - ··----·---+---------- +- - -- ----------"---- - -· -- ----- ~ ---------- -t 

rv- : 2 



Tl\.BLE IV-A- 9 

FORT CALHOUN ANNUAJ-' 2018, DOSE PROJECTIONS 
SPF.CIAL LGCATIGN NO. 9 RES 

AT 0.73 NILES S 

AKNUAJ. BFTJ\ AIR 110SE ~ 0 ~ OOE+OO tHLLRADS 
·- . 

Al\'NUAJ, GAMMA AIR. DOSE == 0. OOE+OO MILLRADS -- - -

PATHWAY T.BODY GI ·-TRACT BONE LIVER KIDNEY THYROID LUNG SKIN 
---------+----------+- ---------+----------+----------+---------- +- ----- - ---+---------- 1------- - - - + 
PLUNE : O.OOE+OO: Cl.OOE+OO: O.OOE+OO: O.OOE+OO: O.OOE+OO: O.OOE+OO: O.OOE-100 : O.OOE+OO : 
-------- -+ ----------+----------+----------+----------+----------+----------+----------+----------+ 
GHOUND : O.OOE+OO : O.OOF:+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : 
---------~----------+----------+---- ------+--------- -+----------+----------+----------+--·--------+ 
I~HAT. 

~DULT : 5.51E-05 : S.S~E-05 : 0.00Et00 : 5.51E-05 : 5.51S-05 : S.SlE-05 : S.SlE-05 : S.SlE-05 : 
-- -------+------- -- - -~------ --- -+----------+----------+-------- --+·- ----------+ -- ---------- -· ·---------- -+ 

TEEN : 5.56E-05 : 5.S6E-05 : O.OOE+OO : S.S~E-05 : 5.56E-05 : S.SGE-05 : 5.56E-05 : 5.56E-05 : 
---------+----------~----------4---------- l ----------+----------+----------+---------- -+ ----------+ 

CHILD : 4.9JR-05 : 4.91E-05 : O.OOE+OO ; ~ . 91E-05 : 4.91E-05 : 4.91E-05 : 1.91E·-05 : 1.91E-05 : 
--------- 1---------- + ----------+---------- + ----------+----------~----------+----------+----------+ 

INFANT : 2.83E-05 : 2.83E-05 : O.OOE+DO : 2. 83E-05 : 2.83E-05 : 2.83E-05 : 2.83E-05 : 2.83E-05 : 
---------+----------+ - + ---- ------+----- - ---- ~ --- -- - ---- 1 --- -------+----------+ 

IV- 1 3 



TABLE IV-A-10 

FORT CALHOUN ANNUAL 2018; :lOSE PROJECTIONS 
SPECil\L LOCl\.TION NO. 10 RES 

AT 0.65 MILES SSW 

ANNUAl.~ BETA ..l\IR DOSE = O.OOB+OO NTLLRADS 
ANNUAL GAMM.~ AIR DOSE "" 0. OOE+OO MILLR.~DS 

PATH~IAY T.BODY GI-TRACT BOKF. LIVER K!DNEY THYHOID LUNG SKIN 
--------- ----------- 1----------t-------- --+-- -------- l----------+----------+----------+--------- -+ 
PLUME : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE·tOO : 
---------+----------+-----------+----------+----------+----------+----------+----------+ - --------+ 
GROUND : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.O~E+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : 
---------+----------+----------+----------+----------+----------+----------+----------+----------4 
TN HAL 

ADULT : 7.35E-05 : 7.3SE-05 : O. OOE+OO : 7 . 35E-05 : 7.35E- 05 : 7.35E-05 : 7.35E-05 : 7.35E-05 : 
---------+----------+----------+----------+----------+-----------+----------+----------+----------+ 

TEE~ : 7.42E-05 : 7.42E-05 : O.OOE~O O : 7.42E-05 : 7.42E-05 : 7.42E-05 : 7.42E-05 : 7.42E-05 : 
---------·----------+----------+----------+----------+----------+----------+----------+----------+ 

CHILD : 6.55E-05 : 6.55E-05 : 0. 00£+00 : 6.55E-05 : 6.55E- 05 : 6.55E-05 : 6.55E-05 : 6.55E-05 : 
---------+----------+----------+----------+----------+----------+----------+----------+----------+ 

INFANT : 3.77E-05 : 3.77E-05 : O.OOE+OO : 3.77E-05 : 3.77E-05 : 3.77E-05 : 3.77E-05 : 3.7.7E-05 
________ ,_ _ +- - -+----------+-----------+----------+ ---- ·----- --+---- -- - - -------- +.:... ·-

IV- 14 



Tl\Bl.E 7..V-l\ - :1 

FORT CALHOUN ANNUAL /018, DOSE PROJECTIONS 
SPECIAL LOCJ\.'T'"':ON NO . 1 1 RES 

AT 0.73 M:LES S\'1 

ANNUAl. BETA_AIR~DOS~ = O. OOE400 MILLRADS 
ANNUAL GAMIYlA AIR DOSF. - 0. OOE+OO r-1ILT.RADS 

PATHWAY '1. BODY GI-1'RACT BONE ~IVER KIDNEY THYROI D LUNG S3:1N 
---------+----------+----------~----------1- - --------+----------+----------+----------+----------+ 
PLUME : O.OOE+DO : O.OOE+O O : O.OOE+OO : O.OOE+OO : O.OOE+OO ; O.OOE+OO ! O.OOS+OO : O.OOE+OO : 
----- -· -- -+-----------+- -- -=----- +--- -··-----+----- ~-·--- t--- ----- -----+-------- --+----- ----- -+- ----------1 
GROUND : O.OOE+OO : O.OOE+OO : O.OCE+OO : O.OOS+OO : O.OOE+OO ~ O.OOE+OO : O.OOE+OO : O.OOF +OO : 
---------+ - ---------+----------+----~-----+ ----------+----------+---------- +----------~ +---------- 1 
INRAL 

ADULT : 3.98E-05 : 3.98E-05 : O.OOE+OO : 3 . 98E-05 : 3.98E-05 : 3.98E-C5 : 3.98E-05 : 3.98E-05 : 
-------- -+--- -------~----------t----------+----------+----------~ ----------~----------~----------+ 

TEEN : 4.02E-05 : 4.02E-05 : 0.00£+00 : 4.02E-03 : 1.02E-05 : 4.02E - 05 : 4.02E-05 : 4.02E-05 : 
---------~----------+----------+----------+----------+----------+------- ---+--------- -+----------+ 

CHILD : 3.55~-05 : 3.55E-05 ; O.OOEtOO : 3.558-05 : 3.55E-05 : 3.55E-05 : 3.5SE-05 : 3.55E-05 : 
---------+----------+---------- 1----------+----------+----------+----------+·---------+----------+ 

INFANT : 2.04E-05 : 2.04E-05 : O.OOE+OO : 2.048-05 : ~.04E-05 : 2.04E-0~ : 2.04E-05 : 2.04E-OS : 
---------+----------+------- --- 4 --- -------+---------- l-- -- -- -- --+------ - ---+----------~---------- - l 

lV-15 



TABLE IV~A- 12 

FORT CA.LHOTJN ANNUAL 201 8, DOSE ?ROJF.CTIONS 
S PECIAT1 LOCATION NO. 12 RF:S 

AT 1.06 MI~ES WSW 

ANNUAL_BETA_AIR_DOSE _,_ 0. OOE+OO MILLRADS 

A0Jt-VU.AL GAMMA AIR DOSE "" 0. OOF.+OC MIILRADS - - -

PATHWAY T.BODY GI-TRACT BONE L..IVER KIDNEY THYROID LUNG SKit\ 
---------+----------+---------- 4 ---------- ~ ---------- f ----------+----------+--- · ------+----------+ 

PLUME : O.OOE+OO : O.COELOO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : 
-------- - +----------+----------+----------+ ---------~+ ---------- + --------- -+----------+----------+ 

GROUND : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE~OO : 
---------+----------+----------+----------+----------+--- ------ -+----------+----------+-----------+ 
I N HAL 
AD~LT : 2.30E-05 : 2 . 10£-05 : O .OOE~Oo : 2.30E-05 : 2.30E-05 : 2.30B-05 : 2.30E-05 : 2.30E-05 : 

- --------+----------+- ---------+------ - ---+----------+----------+----------+----------+----------+ 
TEEN : 2.32E-05 : 2.32E-05 : O.OOEiOO : 2.32£-05 : 2.32E-05 : 2.32E-05 : 2.32E-05 : 2.32E-05 : 

----------- ":" --------·--+------- ---+----------+----------+---------- t·--------- --1---- ---- ···--+ --- --------+ 
CPTLD : 2.05E-05 : 7:.05E-OS : O.OOF+O O : 2.05E-·05 ; 2.05E-05 : 2.05E-05 : 2.0SE-05 : 2.0SE-05 : 

---------~- --------- +---------- +----- -----+----------i----------+----------+----------~----------+ 
IN~ANT: 1.::..8E-05: l.lSE-05: O.OOE+QO: l.lS:S-05: 1.18E-05: 1.181~-0S: 1.18E-O~: 1.18E-05: 

-- - ----- -~----------+----------1----------i----------+----------+ - --------- ~ - --- ------ ~ - - ---- ----+ 

IV- 16 



'l'ABLE :! V-J'l.- 13 

FORT CALHOUN ANNOAL 20 18, DOSE PROJECTIONS 
SPECIAL LOCATION NO. 13 RSS 

AT 1 . 2 0 M I l.E S ~~ 

ANNUA.L BETA. AIR DOSE ., 0.00£+00 HILLRADS . - -
ANNUAL GAMMA AIR DOSE ~ O. OOE+OO MILLRADS - - - -

PATHWAY T.BODY GI-TRACT BONE LIVER KIDNEY THYROID LUNG SKIN 
---------+---------- ~ ----------·~----------+- ---------+------~---+----------f ----------·----------+ 
PLUMZ ; O.OOE+OO : O.OOE+OO : 0.00£+00 : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : 
---------+----------+----------+----------+----------+----------+------- ---+----------+----------+ 
GROUND : O.OOE+OO : O.OOt~OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : 
--------- +- ---------~----------+---------- +--- -------+----------+-----~----+----------+------- -· --+ 
INHAJ_, 

ADULT ; 1 .99E-05 : 1.99E-05 : O.OOE+OO : 1.99E-05 : 1.99E-05 : 1.99E-05 : 1.99E-05 : l .99E-05 : 
---------r----------+----------+----------+----------+-~--------+--- -----~-+---------~ + ----------+ 

TEEN : 2.01E-05 : 2.01E-05 : O.OOE+OO : 2.01E-05 : 2.01E-05 : 2.01E-05 : 2.01E-05 : 2.01E-05 : 
---------+----------+- ---------+----------+----------+ ----- -----+----------+- ---------+----------~ 

CHJLD : l.77E-05 : 1.77E-OS : O.OOE+OO : 1 .77~-05 : 1.77E- 05 : J .77E-05 : 1.77E-05 : 1 .77E-05 : 
- --------+----------+--------- - ~ ----------+----------+--- -------+----------+----------~----------+ 

INFANT : 1.02E-05 : l.C2E-05 ; O.OOE~OO : l.02E-05 : 1.02E-05 : 1.02E-05 : 1.02E-05 : 1.02E-05 : 
- ~--- - --·- , ----- ----- - - 1 ---- - --- - -+------~--- r- ----·-·---- ; ----------+- ------ ----+---------~+-·------ ---+ 

IV -:1. ·1 



TABL:t.~ IV-A-14 

FORT CALHOUf'.! ANNUAL ? 0 1 8, DOSE PROJECTIONS 
SPECIAL. LOCATION NO . 1 4 RES 

AT 2.60 ~ILES WNW 

ANNUAIJ BETA AIR DOSP. = 0. COF:+OO HILLRADS - - -
ANNUAL GAMMA AIR DOSF: :-: O.OOE+OO MILLRADS 

PATHWAY T.BQDY GI-TRACT BONE. LIVER KIDNEY THYROID LUNG SKIN 
---------+---------- ~ ----------+ - ---------+---------- f --- - - - -----+----------+----------+------ -- --~ 

P~UME : 0. OOE+OO : 0. OOE+OO : 0. OOE+OO : 0. OOS~OO : 0. OOE+OO ; 0. OOE+OO : 0. OOE-t 00 ! 0. 00~~ l 00 : 
-------- ·-+-----------+ ·---------- + - - ------ --+- ····- - - - -- ·--+------- ---- + ----- ·- ·----- ·r ----- ------+------- ---+ 
GROUND : O.OOB+OO : O.OOE+OO : O.OOE+OO ; O.OOE+OO : O.OOE+OO : O.OOE+OC : O.OOE+OO : O.OOE+OO : 
---------~--- ---- ---+--------- - ~----------+ ---- ------+----------+---------- ~ -- --------+--------- -+ 
I:-JHAL 

1\DUT.T : 4.44-E-06 : 4 . 44E-06 : O.OOE+OO : 4.44E-06 ! 4.44E-06 : 4.44E-06 : 4.44F>·06 : 4.tl 4E-06 -: 
---------+---------- + ----------+-------- --+----------+-- - -------+------ - ---+--- - ------~----------4 

TEEN : 4.48E-06 : 4 . 48E-06 : O.OOEIOO : 4.48E-06 : 4.48E-06 : 4.48E- 06 : 1.18E-06 : 4.48E-06 : 
--------- +----------+------- ---1 - ---------+----- -----+--- - ------+---------- +----------+------ -----+ 

CEILD : 3.96E-06 : 3.96E-06 : O.OOB+OO : 3.96E-C6 : 3.96E-06 : 3.96E-06 : 3.96E-06 : 3 . 96F-06 : 
---------~----------+----------+----------+----------+----------+----------+------ ---- · ----------+ 

:NFANT : 2.28E-06 : 2.28E- 0 6 : O.OOE~oo : 2.28E-06 : 2.28E-06 : 2.28E-06 : 2. 2 8E-06 : 2.28E-06 : 
---------+----- ------+-------- --+-------- ·---f ----- -'----+----·-·-----+-------- --- ~ ------ ----+-- ·- ----·-- ·- ·1 

IV-1 8 



TABLE ::V-A-15 

FORT CAI,HOUN ANNUAT, 20 1 8, DOSE PROJECTIONS 
SPECIAL LOCATION NO . 15 RES 

AT 2. 40 MIL~3 Nl'l 

ANNUAL BETA AIR DOSE= O. OOE+OO MILLRADS 
... - -

ANNfJAL GAMMA AIR DOSE "" 0. OOE+OO HILI.RADS 

PATHW.AY T.BODY GI-TRAC'I' BONE LIVER KTDNEY THYROI D LuNG SKIN 
---------1-- --------+ - --------- + ----------~---------- · - - --------+----------+----------+ - ---------~ 
PLUME : O.OOE+OO : O.OOE+OO : 0.00~ - 00 : O.OOE+OO : O.OOE+OO : O.OOE+OO : 0.00~+00 : O.OOE+OO : 
---------+----------+----------+----------+----------+ ---- - -----~----------+----------+----------+ 
GROUND : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE-00 ! 

---------+----------+----------+----------+----------+----------+----------+---------~+----------+ 
!NHAL 

ADULT : 7.20E-06 : 7.20E-06 : O.OOE+OO : 7.2 0~- 06 : 7.20E-06 : 7.20E-C6 : 7.20E-06 : 7.20E-06 : 
--------- +--- ------ -~ ----------+----------+--- -------+----------+----------+-------- --+--- ·------+ 

TEEN : / .26E-06 : 7.26E-06 : O.OOE+OO : '/.26E-06 : 7.26E-06 : /.26E-06 : 7.26E-06 : 1.26E-06 : 
---------!- --~·------+--- -- ------+- ~ ~· -~ ----~-+--- ----- -~·+----~--- --+- --------- '- - ·---------+- -- --------+ 

CHIT. D : 6 . 4 1 E- 0 6 : 6 • 4 :E- 0 6 ~ 0 • 0 0 E + 0 0 : 6 • 41 E-0 6 : 6 . 4 J E- 0 6 : 6 . 4 1 E- 0 6 : 6 . 4 j_ E-0 6 : 6 . 11 E- 0 6 ! 

---------+----------4----------+----------+----------+----------+---------- ~ ----------+----------+ 
INFANT : 3 . 69E-06 : 3.69E-06 : O.OOE+OO : 3.69E-06 : 3.69E-06 : 3.69E-06 : 3.69E-06 : 3.69E-06 : 

-- --- - ----~- - --------+---------- 1 ------- ---+----------+----------~--- -------+----------~---------- + 

I V- 1 9 



TABLE IV-A- 16 

FORT CALHOUN 1\NNUAL 20 18, ;)OSE PROJECTIONS 
SPECIAL LOCATION NO . 16 RSS 

AT 2.08 ~ILES NNW 

ANNUAL BETA AIR DOSE ·~ 0 . OOE+ OO MII.LRAD3 - - -
ANNUAL GAMM.A AIF DOSE - 0~ OOE+OO MILLRADS 

"" ..... ,_ 

PA'~HWAY T. BODY GI-TRACT BONE LIVER KIDNEY THYROID LUNG SKIN 
---------+- -------- - + ---------- ~ ---------- +----------+---------- i ----------+----------+------ ----+ 
PLUME : O. OOE+OO : O.OOE+OO : O.OOE+OO : 0.00~100 : O.OOE+OO : O.OOE+OO : O.OOE+OC : O.OOE~oo : 
---------+---- ·-·-----+ - ---------+- ---------+ ----------+---------- +----------+----------+----------+ 
GROUND : O.OOE+OO : O.OOE~OO : O.OOE~OO : 0.00£+00 : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : 
---------~----------+----------~----------+----------+----------+----------+----------+----------+ 
INHAL 

ADULT : 9.03E-06 : 9.03E-06 : O.OCE+OO : 9.03E-06 : 9.03~-06 : 9.03~-06 : 9.03E-06 : 9.03E-06 : 
- --------+------- --- + --- -------+----------+----------+----------+--~-------+----------+------- ·- -+ 

TREN : 9.12E-06 : 9.12E-06 : O.OOE+OO : 9.12E-06 : 9.12E-06 : 9.12E-06 : 9.12£-06 : 9.12E-06 : 
---------+---------------------~----------+----------+----------l----------+----------+----------1 

CHILD : 8.05R-06 : B.OSE-06 : O.OOE+OO : S.OSE - 06 : R.OSE-06 : 8.05E-06 : 8.05E-D6 ~ B.OSE-06 : 
---------~----------+----------·----------+----------+----------+----------+----------+----------+ 

INFA~T : 4 . 63E-06 : 4.63E - 06 : 0.00£+00 : 4.63E-06 : 4.63E-06 : 4.63E-06 : 4.63E-06 : 4.63E-06 : 
------ --- ~ --------- -~ - ---------+-- - -------~----- - ----+----------+---------- 1 ------~---+--- ----- - - l 
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'TARI E TV - .A~ 1 7 

FO::<T CAT,HOUN ANNt1AL ?. 018, DOSE PRO,JF.C'fTONS 
SPECIAl, L·OCJ\TION NO . 1 7 VF.G 

AT 2.23 MILES NNE 

AKNUAL BETA AIR DOSE = 0. OOE+OO MILT,RADS - - -
Jt1\NUAI, GAMMA AIR DOSE = 0. OOE~OO MILLRADS 

PATHrliJAY T.BODY GI~TRACT BONE LIVER KIDNEY TH:"ROID LUNG SKIN 
--------- +----------+----------+- ---------+----------+--------- -+ ----------+---------- 1---------- t 
PLUMF: : O.OOE+OO : O.OOE.;_OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : 
--------- +--- - - - - - - - +-- - - - - - -- - +------ - ---+----------·----------+----------+-- ---------+---------- t 
GROUND : O.OOE+OO : 0.00Ef00 : O.OOE+OO : O.OOEtOO : O.OOE+OO : O.OOE+OO : O. OOE+OO : O.OOE+OO : 
----~-- -- t----------+-- ------ ----+----------+ ----------+-·---------+--------- -+------- ---+ 
VEGE'l' 

ADULT : 1 .OSE~OS : l.OSE-05 O. OOE+OO : l . 05E-05 : l.OSE-05 : l.OSE-05 : l.OSE-05 : l.OSE-05 : 
---------+----------+----------+----------+----------+----------+----------+----------+----------+ 

TEEN : 1.21E-O~ : 1.21E-O~ : O. OOE+OO : 1.21E-05 : 1.21E-05 : 1.21E-05: 1 . 21E-05: 1.21E-05 : 
---------+-------- --+------- - --~----------·---------- 1 ----------+----------+- - --------+----------+ 

CHTL~ : 1.87E-05 : 1 .87F - 05 : O.OOE+OO : 1.87E-05 : 1.87E-05 : 1.87E-05 : 1.87E-05 : 1.87E-05 : 
-- ------- ~ ----------+ ---------- +----------~------ ----+----------+----------+----------+------ - ---+ 
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7ABJ .. E: IV-/-\-18 

FORT CALnOUN ANNUAl. 20 1 8, DOSE PRO,JECTIONS 
.S PECIAL LOCAT:70N NO . 18 VEG 

AT 3 .20 MILES NE 

ANNUAl_~ BETA AIR DOSE ,.. 0. OOE+OO Mil.LRADS 
ANNUAL. GAt1MA A:R DOSE = 0. OOE+OO r-tlLLRADS 

PATHWAY T.BODY GI-'L'RACT BONE Z..IVER KlDNEY THYROID LUNG SKTN 
---------+- -------- - · ----------+--- - ------ +----------+---------- t----------+-----------~--------- --i 
PLUME : O.OOE+OO : O.OOE+OO ~ O.OOE+OO : O.OOE+OO : O.OOE+OO ; O.OOE+OO : O.OOE+OO : O.OOE+OO : 
---------+----------+---------- +---------- +----------+--- -------+-- --------+----------+----------~ 

G~UND : O.OOE+OO : O.OOE+OO : O.OOELOQ : O.OOE+OO : O. OOE+OO : O.CDE+OO : O.OCE+OO : O.OOE+OO : 
---------+-- - -------+ ----------+- --------- +----------+---- ------~----------+----------+----------+ 
VEGET 

ADULT : ~.05E-06 : 3.05E-0~ : D.OQELOO : 3.05E-06 : 3.05E-06 : 3.05E-06 : 3.05E-06 : 3.05E-0~ : 
----- ----~----------+--- - ------+ ---------- i----------+----------+------~---+----------+--- ---- ---+ 

TEEN : 3 . 49E-06 : 3.49E-06 : O.OOE+OO : 3.49E-06 : 3.498-06 : 3.49E-06 : 3.49E-06 : 3.49E- 06 : 
------ - --+---------- L ~ ------- - -+---------- +----------+---------- +----------+----------+---------- + 

CHILD : 5.42E-06 : 5.42E-06 : O.OOR+OO : 5.42E-06 : 5.42E-06 : 5.42E-06 : 5.42E-Q6 : 5.42E-06 : 

---------·----------+---------- l --~-------+----------+------ ---- ~---------- 4 --------- -+----------l 
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T.A3LE IV-A-19 

FORT CALHOUN ANNUAL 2018, DOSE PROJECTIONS 
SPECIAL LOCATION NO. 19 VEG 

AT 4. 7 9 .t-GLF.S ENE 

ANNUAL BE'l'l\ 7\TR DOSE =- O.OOE+OO MTLLRADS 
ANNUAL GAM£.1A AIF.. DOSE ,... 0. OOE+OO Mij,i_.RADS 

PATP.WAt T.BODY GI-THACT BONE LIVER KIDN.5Y THYROID LUNG SKIN 
---------+ ---------- f ----------+- -------- -+----------+----------+---------- ~ - ---- ------+-··------- -+ 
PLUME : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OG : O.COE+OO : O.OOE+OO : O.OOE+OO : 
---------+----------+---------- +----------+----------+----------+----------+----------+----------+ 
GROUND : O.OOE+OO : O.OOB+OO : O.OOE+OO : C.OOE+OO : 0.003+00 : O.OOE+OO : D.OOE+OO : O.OOE+OO : 
---------+----------+----------+----------+---- ------ +----------+-- --------+----~-----+---------- t 
VEGET 

ADULT ; l.47E-06 : 1.47E-06 : O.OOR+OO : 1.47E-06 : 1.47E-06 : 1.47E-06 : 1.47E-06 : 1.47£-06 : 
---------+----------+----------+----------+----------+----------+----------+----------~----------+ 

TEEN : 1 . 68E-06 : 1.68E-06 : O.OOE+OO : 1.68E-06: 1.68E-06: 1.68E-06 : 1.68E-06: 1.68E-06 : 
---------+----------~----------+-----------~----------+----------+----------~----------+----------+ 
CHTI~ : 7.61E-06 : 2.61E-06 : O.OOE+OO : 2.61S-06 : 2.61~-06 : 2.61E-06 : 2.61E-06 : ?.61R-06 : 

--------- · ----------+----------~----------+----------+----------+----------+----------~---- - -----+ 
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TABLE IV-1\-2 0 

FORT CALHOUN ANNUA.L 20 1 8, DOSE PROJEC1'IONS 
SPECIAL LOCATION NO . 2 0 V3G 

AT 4.22 MlL~S ESE 

ANNUAL BETA AIR DOSE = O.OOE+OO MILI.RADS - - -
l\NNUAT, GA~lMA AIR DOSE = 0. OOE+OO MILLRADS 

PATHWAY r.BODY GI-TRACT BONE LTVER KIDNEY TEYROlD LUNG SKIN 
------ -- - t -- ----- ·- - - - I - - -- - - - --- -+ ~--- -- - ---"""' + - -- ----- - - -t ---- ------ t- ···· ·· ... -- - - -- t --------- - +·----- ---,....-+ 
PLUH:S : O.OOE+OO : O.OOE+OO : O.OOE+-00 : O.OOE+OO : O.OOE+OO : O.O OE+OO : O.OOE+OO : O. OOE+OO : 
---------+----------+----------+----------+----------+----------+---- - -----+---··------+ - ---------+ 
GROUND : O.OOE+OO : O.OOE~OO : 0 . 00£+00 : O. OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE~OO : O . OOE~OO : 
---------- 1----------- +------ -----+- -- ---- -- -+-- --------+----------+----------+. ------- ----+----------+ 
VF.GET 

AD~LT : 3 . 05E-06 ; 3.05E-06 : O.OOE~OO : 3.05F-06 : 3 . 05E-06 : 3.05E-06 : 3.05E-06 : 3.05E-06 : 
-- ------- ·· --------- -+----------+-- --------+----------+----------+---- --·-·- --+------ ----+ -----------~+ 

TEEN : 3.49E-06 : 3.49£-06 : O.OOE+OO : 3.19E-06 : 3.49E-06 : 3.49E-C6 : 3.49E-06 : 3.49E-06 : 
----- - --- l ----------+---------- 1----------+----------+----------+----------------------+----------+ 

CHILD : 5.42E-06 : 5.42E-06 : O.OOE+OO : 5.12E-06 : 5.42E-06 : 5.42E-06 : 5.42E-06 : 5.42E-06 : 
--------- 4----------+----------+----------+----------r----------+----------+----------+----------+ 

IV-2tl 



TABLi IV-/i-21 

FORT CALHOU:t; ANNUAl. 20J8, DOSF. PRO.JECTIO?~S 

SPECIAL LOCATION NO. 21 VEG 
AT 2.15 MILES SE 

ANNUAl, BETA AIR DOSE = 0. OOE+OO t1JT,LRA DS 
A:'Jl'~UAJ_ GAM-"il\ A:R DOSE = 0. 00::+00 t--11 LLHADS - -

PATHWAY T.BODY GI-TRACT BONE .LIVER KIDNEY THYROID LUNG SKH\ 

---------+----------+--------- - f ----------+--------- - +---- ------~- - --------+----------+----------- + 
PLUME : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : 0.00~+00 : 0.00~+00 : O.OOE~OO : 
---------+----------+----------+-----~----+--~------~+---- -~----+----------+-------~~-~----------+ 
GROUND : O.OOE+OO : O.COETOO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OC : O.OOE~OO : O.OOE~oo : 
---------+----------+----------+----------+----------+----------+----------+----------+----------+ 
VEGE'r 
ADUl~ : l.OSE-05 : 1.05E-05 : O.OCE+OO: ~ . OSE-05 : 1.05~-05 : l.OSE-05 : l.O~E-05 : l.OSE-05 : 

---------+ - - --------T----------+--- --- ----+---------- f ----------+- --------·-+----------+----------f 
TEEN : 1 . 21E-05 : 1.21E-05 : O.OOE+OO : 1 . 21E-05 : 1.21E-05 : 1.21E-05 : 1.21E-05 : 1.21E-05 : 

--------- 1 ----------~----------+---------- t----------+----------~----------~----------~--------- - ~ 
CHIT.C : 1. 87E-05 : 1. 87E-05 : 0. OOF+OO : 1. 87E-05 : 1. 87E-05 : J • 87!<:-05 : 1. a·JE-05 : 1 . 87E-05 ! 

---------+----------+----- - ----·~----------+----------+----------+----------+----------+--------- -+ 
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' I.' ABLE '!..V-11- 22 

FORT CAl1HOUN i\~NUAL 2018, DOSE PROJECTIONS 
SPECIAL LOCATION NO . ~2 VEG 

AT 0.94 ~ILES SSE 

ANNUAI._BETA_ AIR_ DOSE "" 0 . OOE+OO MILT,RADS 
ANNU.Z'\1. GAMMll. AIR DOSF. -=- 0 . OOE+CO Mil.LRADS 

PATHWAY T.BODY GI-TRACT BONE LIVZR KIDNEY THYROID LUNG S?<IN 
---------~---------- 1 ----------+----------~----------+--------- -+ ---------- +----------+--------- -+ 
PLUME : O.OOE+OO : O.OOE+OO : O.OOE~oo : 0.00£+00 : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOB+OO : 
-- - ---- --+-------- --+----------+----------+----------+- ---------+----------+----------+-- ·--------+ 
GROUND : O.OOE+OO : O.OOE+OO : 0.00£+00 : O.OOE+OO : O.OOE+OO : O. OOE+OO : O.OOE+OO : O.OOE~oo : 
---------~- ---------+-------- -- +----------+----------+----------+ --- -------+----------+-- --------+ 

VEGE'f 
~DULT : 9.16E~05 : 9.16E-05 : O.OOE+ OO : 9.16E-05 : 9.16£-05 : 9 . 16E-05 : 9.16E-05 : 9.16E-OS : 

---------+----------+----------+----------+----------+----------+----------+----------+----------+ 
TEEN : l.OSE-01 : l.OSE-04 : O.OOEIOO : l.OSE-04 : l.OSE-04 : l.OSE-04 : l.O~E-04 : l.OSE-04 : 

---------~--- - ------1----------+----------+----- - ----+----------+----------+----------+---------- + 

CHtLD : 1.63£-04 : 1.63E-04 : O.OOE+OO : 1.63B-04 : 1~63E-04 : 1 .63E-04 : 1.63E-04 : 1.63E-04 : 
----- ---- + ----------+----------1----------+---------- l----------+----------~-- -------- l ---------- + 
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TABLE : V-A-23 

FORT CALHOON ANNUZ\T . ?0 18, DOSE PROJECTTONS 
.SPECLl\1 J,OCAT TON NO. 23 VEG 

AT 0.73 Ml.LE3 S 

ANNU_AL BE'T'A AIR DOSE = 0. OOEtOO T'11LLAADS -- -
A~KUAL GAMMA A.:LR DOSE -= 0. OOE-t 00 ~1ILLRADS 

PATHWAY T.BODY GI-TRACT BONE Ll \8R KIDNEY THYROID LUNG SKIK 

---------+------ ---- - - ---------~-- --------~ --- --------+ ----------+--- -------+-- ------ --+---------- ~ 
PLUME : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : 0.008+00 : O.OOE+OO : O.OOE+OO : 
---------~----------+---------- +----------+----------+ ----------+----------+----------+----------+ 
GROUN~ : O.OOE+OO : O.OOE+~O : O. OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE~OO : O. OOE+OO : O.OOE+OO : 
---------+----------T----------+----------+-----------+----------·-- --------+---------------------+ 
VEGET 

ADULT : 9.99E-05 : 9.99F-05 : O.OOE+OO : 9.99E-05 : 9.99E-05 : 9.99R-05 : 9 . 99E-05 : 9.99£-05 : 
---------+----------+----------+----------+- - --------+ --------- -+----------+----------~ - -----~---+ 

TEEN : 1 .14£-04 : 1.14E-04 : O.OOE+OQ : 1.14E~ 04 : 1.14E-04 : 1.14E-04 : 1.14£-0~ : 1.14E-04 : 
--------- +- ---------+----------+----------+---------- +---- ------+----------+----------+---------- ~ 

~HILD : 1 .77E-04 : 1.77E-04 : 0.00~~00 : ~.77E-04 : l .77F.-04 : l.77E-04 : 1 .77E-04 : 1.7/E-04 : 
---------+----------+---------- i ----------+- ---------1----------+---------- : ----------+---------- ~ 
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Tli.BL E IV-A-24 

FORT CAt.HOUN .1\NNUAT., 2018, DOSE ?ROJF.CTIONS 
SPECIAL LOCATION NO . 24 V2G 

AT 0.99 M:L~S SSW 

A.NNUAL BETA AIR DOSE ...,, 0. OOE+O O J1ILI.rtJ\.DS - -
ANNUA!... GAM!-1A AIR DOSE = 0 .. OOF.+OO MILLRADS 

.PA'-~'HWAY T.BODY GI-TRACT BONE LIVER K::;:DNf<~Y THYROID LUNG SKIN 
---------+----------+---- ------+----------+----------+---------- +------- ---+ -··--------+------ ----1 
PLUME : O.OOE+OO : O. OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : 0.00£+00 : O.OQE+OO : O.OOE~ oo : 
---------+----------+----------+----------+- ---------+----------+----------+----------+----------+ 
GROUND : O.OOE+OO : O.OOE+OO : O.OOB+OO : O.OOE+OO : O.OOE+CO : O.OOE+OO ! O.OOE+OO : O. OOE-00 : 
---------+----------~----------~-------- --+----------+----------+------ - ---+ - --------· +----------+ 
VEGET 

ADUTIT : 5.27E-05 : 5.77E~OS : O. OOE+OO : 5. 27E-05 : 5 . 27E-05 : 5~27E~·()5 : 5.27E-05 : 5.27E-05 ; 
- ---- --- -+ - ---- -----~---------- +----------+ ---- - --- - -+--- -------+----------+------··---~ ---------- + 

TEEN : 6.03E-O~ : 6.03E-05 : O.OOE+OO : 6.03£-05 : 6 . 03E-05 : 6.03E-05 : 6.C~E-0~ : 6.03E-05 : 
---------·- --------- +--------- -+----- - ----+----------t----------+----------+----------+----- - ----+ 

CHILD : 9.36E-05 : 9.36E-05 : O.OOE+OO : 9.36E-05 : 9.36E- 05 : 9.36E-05 : 9.36E-05 : 9.36E-05 : 
---------+----------+--------- - +---------- 1- ----- ----+----------+----------t----------+----------+ 
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'l'A3L£ l V-A-25 

FORT CALHOUN ANNUAI1 2 018, DOSE ?ROJ'ECT IONS 
SPECIAL LOCATION NO. 25 VEG 

AT 1.43 MILES SW 

ANNUAL BETA AIR DOSE = O.OOE+OO MILLMDS 
ANNUAL GAMHA AIR DOSE = O.OOE+OO MILLRADS - - -

PATHWAY T.BODY Gl-TRACT BOl\E LIV.SR KIDNEY THYROID LUNG SKIN 
---------+----------+----------+---------- 1---------- l ----------+---------- · ----------+-- --------+ 
PLUME ; O.OOE+OO : O.OOE_._OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOF.+OO : 
---------+----------+_._---------+------- ----+----------+---- ---- --+- ---------+----------+----------+ 
GROUND : O.OOE+OO : O.OOE-00 : O.OOE+OO : 0.00~+00 : O.OOE+OO : O.OOE+OO : O.OOE+OO : 0.00£+00 : 
--------- · ·· +·· ·····---~ ------ -+ --------- -+----·--- - ·- -· +- ·- ---·-- ----+----------+----·------+- - ---------·- --+----------+ 
VEGET 

AO~LT : 1.39E-05 : 1.39E-05 : O.OOE+OO : 1.39F-05 : 1.39£-05 : 1.39E-05 : 1.39E-05 : 1.39B-05 : 
---------+-----------+----------+----------+----------+----------+ ----------+----------+----------+ 

TEEN : 1.59E-05 : l.59E-05 : O.OOE+OO : 1 . 59E-05 : l.S9E-0~ : 1.~9E-0~ : l.SgE-05 : 1.59E-05 : 
-- ---------+----------! ----------1--------·-- 1----------1·----------+--- -------+---- ·------+ ··-·····--·----·· ·-+ 

CHI LD : 7.46~-05 : 2.46K-05 : O.OOE-00 : ?.46E-0~ : ?.46~-05 : ~.46E-05 : ~.46E-05 : 2.46E-05 : 
------ ---+----------+----------+----------+----------+----------+- ---------+----------+--------- -+ 
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TABLE IV-A-26 

FORT CAl.HOUN l\NNUAL 2018 1 :JOSE PROJECTIONS 
SPECIAL LOCATION 1\~0 . 26 V-:::G 

AT 1 .13 MII£S WSW 

ANNUAL BETA AIR DOSE = O. OOE+OO MILLRADS 
- - -

ANNUAL GAMHA ATR DOSS - O.OOE+OO MILLRADS 

PATEtii}AY T.BODY GI-TRACT BONE LIVER KIDNEY 'l'HYROID LUNG SKJ N 
---------+------ ---- +------ -· ----+------ ----+--~-- -- -- -~ ----- -- -·---+-- -------- + - -- ·------·-+ ·- . ·------- ~-

PLU~1:S : 0. OOE+OO ; 0. OOE+OO : 0. OOE+OO : [). OO:t:+OO : 0. OOE+OO ; 0. OOE+OO : 0 . OOE+OO : 0. OOE+OO : 
---------+----------~--------- -+------ - ---+----------+----------+----------+----------+--------- -+ 

GROUND : 0. OOE+OO : 0. OOE+OO : 0. OOE+OO : 0 . OO.E+OO : 0. OOE+OO : 0. OOE+OO : 0. 001'~+00 : 0. OOf;+OO : 
---------+----------+- - ------- -+---- - - ----~----------+----------+----------+-- ------- - -+-------- --+ 
VEGET 

AD;JLT : 3. 33F.-05 : 3. 33E-OS : 0. OOE+OO : 3. 33E-05 : 3. 33E-05 : 3. 33E-05 : 3. 33E-05 : 1 . 3JF.-05 : 
_________ ..._ ___ __ -----+---------- + ------ -· ~--+- - - --- ----+ ------ - ---+--- ---- ---+-------~ ··- - - +-- ·-- ---- --f 

TEEN : 3.81E-0S : 3.81E-0~ : O.OOE+OO : 3.81E-05 : 3.81E-OS : 3.81E-05 : 3.81B-05 : 3.81E-05 : 
---------+ ---------- 1---------- + ----------+----------~- ---------+----------~----------+-----------t 

CHILD : 5.91£-05 : 5. 91E-05 : O.OOE+OO : 5.913-05 : 5.91E-05 : 5.91E-05 : ~.91E-O~ : S.91E-OS : 
---------+- ---- -----~--------- -+ ---------- t- ---------+----------·---------- + ----------~----------f 
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TABLE IV-A-27 

FORT CALHOUN ANNUAL 201.8, DOSf. PROJRC1'IONS 
SPEC!A_L l.OCATION NO . 27 VF.G 

AT 1.30 MlLES W 

ANNUAL BETA AIR DOSE = 0 . OOE+OO MITJLRADS - - ............ 

ANNUAT, GAM~1A lUR DOSE = 0. OOE+OO MILLRADS 
~ -

PATHWAY T.BODY GI-TRAC'f BONE :..IVER KIDNEY TEYROlD LUNG SKIN 
-------- -f ---------- +---------- 1 ----------+-------- - -+----- --- --~---- ------+------- - -- ~ ---------- + 
PLUME : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : 
---------+-- --------+----------+----------+----------+----------+----------+----------+ ---------- ~ 

GROUND : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : C.OOE+OO : O.OOE+OO : O.OOE+OD : 
---------+----------+----------+----------+----------+----------+-------- - -+-------- -~+------- ---~ 

VEGBT 
ADULT : 2.75E-05 : 2.75E-05 : O.OOE+OO : 2.753-05 : 2.75~-05 : 2.75E-05 : 2.7SE-05 : 2.75E-05 : 

---------+-- -------------------+----------+-----~----+----------+----------+----------~----------+ 
TEEN : 3.11E-05 : 3.14E-05 : O.OOE+OO : 3.1~E-05 : 3.14E-05 : 3.14E-05 : 3.11E-05 : 3.14E-05 : 

---------+----------+----------+----------+----------+----------+----------+----------~----------+ 
CHILD : 4.BBE-05 : 1.88R-OS : Q; OOE+OO : 4.88£-05 : 4.88E-05 : 4.88E- 05 : 4.88E-05 : 4.88E-05 : 

---------+----------+----------+------ ---- ~ ----------+---- -- - ---+----------+----------+----------+ 
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TARLE JV-A-7.8 

FORT CALHOUN ANNUAL 20 J 8, JOSE PHOJr;CTIONS 
SPECIAL LOCA.TION ~0. 28 VF..G 

AT 2 . 65 MIJJES WNtAJ 

A7'JKUA.L BETA AIR DOSE = 0. OOE+OO M1LLRADS - - -
Af\~NUAL Gl\Mr\.fA P.TR DOSE = O.OOE+OO ~1IIJLRADS 

PATHWAY T.BODY GI-TRACT 30NE I,IVER KIDNEY THYROID JJUNG SKIN 
--------- · - ------------------- -+----------~-------- - -1----------+----------+----------~----------+ 
PLU~ : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : 
---------+----------+----------+----------+----------+----------+----------+----------+----------+ 
GROUND : O.OOE+OO : O. OOE+OO : O.OOE~OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : 
---------+----------+----------+-- --------+------ - ---+----------+----------+----------+- ---------+ 
VEGET 
A~LT : 7.77E-06 : 7.77E-06 : O.OOE+OO : 7.77E-06 : 7.77E-06 : 7.77E-06 : 7.17E-06 : 1.77E-06 : 

---------+----------+----------+----------+----------+----------+----------+------ --- -+---------- + 
TEEN : 8.88E-06 : 8.88E-0 6 : O.OOE+O O : 8.88E-06 : 8.88E-06 : 8.88E-06 : B.BBE-06 : B. BBE-06 : 

---------+----------+----------+----------+--- -------+----------+---------- +----------·----------+ 
CHILD : 1.38E-0~ : 1.38E-05 : O.OOE+OO : 1.38R-05 : 1.388-05 : 1 .38E-05 : 1 .38E-05 : 1.3BR-OS : 

--------- +-- -------- 1 -------- --+----------+----------+----------+----------+----------~----------+ 
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TABLE IV-A~29 

FORT CALHOUN ANNUAL 2018, DOSE PROJECTIONS 
SPECIAL LOCATION NO . 29 V'F:G 

AT 2.40 MILES NW 

ANNUAL BETA AIR DOSE = O. OOf.+OO MILLRADS - - -
ANNUA.L GA~1t-1A A:R DOSE = 0. 00?::+00 MILLRADS 

PATHWAY T.BODY t:-;I-TRACT BOi"JE LIVER KIDNEY THYROID LUNG SKIN 
--------- ----------+----- -----+----------+--- -------+----------+- --------- 1---------- +- ------- - -+ 
PLU!-1E : 0. OOE+OO : 0 . OOE+OO : 0. OOE+OO : 0. OOE+OO ~ 0. OOE+OO : 0. OOF.+OC : 0. OOE+OO : 0 . DOE 1·00 : 
---------+---------- + ----------+----------+----------+----------+--~-------+---- - -- - · --+----------+ 

GROUND : O.OOE+OO : O.OOE+OO : O.OOE+OO : C.OOE+OO : O.OOE+OO : 0.008~00 : O.OOE+OO : O.OOE+OO : 
-------- - 1 ---------- ~ ----------+---- ------+----------+----------+-- --------~---------- +-- --------- ~ 

VF.GET 
ADULT : 1.30E-05 : 1 . 30E-05 : O.OOE+OO : 1.30E-05 : 1.30£-05 : 1.30E-05 : 1.30E··OS : 1.30E-05 : 

---------+----------+----------t----------+----------+----------+----------+--------- ·· +----------+ 
TEEN : 1.49E-05 : l.49E-05 : O.OOE~OO : 1.49E-05 : 1 . 49E-05 : 1.49E-05 : 1.49~-0~ : 1.49E-05 : 

--------- 1----------+----------+---------- +----------+----------+------- ---+----------+----------+ 
CHILV : 2.32E-05 : ?.32E-05 : O.OOE+OO : 2.32£-05 : 2 . 32E-05 : 2.32E-05 : 2.32£-05 : 2.32E-05 : 

--------- l ----------+----------~----- -- ---+----------+--- ------ -+----------+---------- + --------- - 1 
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TABLE IV·-A-30 

SP£CIAL LOCATION NO . 
FORT CA.l.HOUN ANNUAL 2018, DOSE P~OJECTIONS 

30 VF.G 
AT 3. 73 t-ELES NN\IV 

ANt\UAL BETA AlE DOSE -· 0. OOE+OO t1I LLH.ADS - - _ .. 

A)TNUA1_ GAMMA AIR DOSE - 0. GOE+OC t"liLlJRADS 

PATHWAY T.BODY GI-TRACT BONE LIVER KIDNEY THYROID LUNG SKIN 
--------- +- -- ------- ~ ----------~----------+----------+----------+---------- · ----------+-------- - -1 

PLUME : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE•OO : O.OOBtOO : O.OOE~OO : O.oog~QO : O.OOE+OO : 
--------- +----------+---------- · ----------·--------- - +-··--------~----------+----------+--------- -+ 

GROUND : O.OOE+OO : O.OOE+OO : O.OOB+OO : O.OOF+OO : O.OOE+OC : O.OOE+OO : O.OOB+OO : O.OOE+OO : 
---------+---------- ~ ---- ------ +-- -- ------+----------+----------+- ---·------4-----------+--------- -+ 

VEGET 
ADULT : 4.14E-06 : 4.41E-06 : O~ODE+OO : 4 . 44E-06 : 4.14E-06 : 4.44E-06 : 4.44E-06 : 4.44E-06 : 

-- -------~ - ·---------+----------+-- ---- ----+-- -- --- -- -+----------+---------- +-- --------+- ·- ---------+ 
TEEN : S.OBE-06 : S.OBE-06 : O.OOE+OO : S.OBE-06 : S.OBE-06 : S.OSE-06 : 5.08E-06 : S.OBE-06 : 

---------+----------+--------- -+----------+--- -------+----------+----------+-- -- ------+----------+ 
CHILD : 7.88E-06 : 7.88E-06 : O.OOE+OO : 7.88E-06 : 7.88E-06 : 1.88E-06 : 7.88E-06 : 7.8RE-06 : 

---------+----------~---- ------+ ---------- +----------+--- ------- + ----------~----------~--------- -+ 
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TABLE IV-A-31 

SPECIAL LOCATION NO 

FOR'I CALHOUN ANNUAIJ 2 018 1 i::>OSE PROJECT IONS 
31 BEEF 

AT 4.72 MI LES NNB 

ANNUAL BET.ll. AIR DOSE = 0 . OOE+ 00 ~1TT,I1RADS - -- -
.UNNUAT. GAMMA AIR DOSE. "-' 0 . OOE+OO MIT.LRADS 

PATHtiJAY T.BODY GI-TRACT BONE LIVER I< I DNEY THYROID LUNG SKIN 
+---------- ---- ---- -·- -- .. +- - ---- ----+--------- -+---------- 1- ---------- + --------- -7-----··· -·------+ 

PLUME : O.OOE+OO : O.OOE+OO : O.OOE~OO : C.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : 
---------+----------+-------·---+-----------+----------+----------+-----------!.----------+-··---------+ 
GROUND : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O. OOE+OO : 0.00£+00 : O~OOE+OO : O.OOE+OO : 
---------+----------~----------+----------+----------+----------+----------~----------+----------+ 
MEAT 

ADULT : 3 . 63F. ~ 07 : 3.63E-07 : O.OOE+OO : 3.63E-07 : 3.63E.-07 : 3.63E-07 : 3 . 63E--07 : 3.63F.-07 : 
------ ---+----------~------- ---+-------~~-+----------+----------+-~-------- - --~---- ---+-----------+ 

TBEN : 2.16E- 07 : 2.16E-07 : O.OOC+OO : 2.16E-07 : 2.16E-07 : 2.16£-07 : 2. 16E-07 : 2.16E-07 : 
---------!- ----- - f -------·--- + -- - -- -----+---------·-+----------+-----·--·--·-·+ ····-- -··-- --·-·--+ 

CHI LD : 2.62E-07 2.62E-07 : O. OOE+OO : ?.6?R- 07 : 2.62E-07 : 2.62K-07 : 2.62E-07 : 2.62E-07 : 
---------+---------- ~ ---------- + ------ ----~----------1----------+--~-------+----------~----------+ 
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TABLE IV-A-32 

FORT CALHOUN ANNUAL 2018, DOSE PROJBCTTO'NS 
SPECIAL LOCATION 1\0 . 32 Rt-~F.F 

AT 4.91 MILES E 

P..NNUAI. BF.TA AIR DOSE = 0. OOF.+OO YITT.l.RA.DS 
... _ =--- ... -

ANNUAL GAMHA AIR DOSE -- 0. OOF. +OO MI1.LRADS 
. -

PATHWAY T .BODY GI-TRACT BOKE LIVEH KIDNEY THYROID LUNG SKIN 
---------+-- ------- -+- - ------ -·- +--- --- ----+--- ---------1----------- + ---------- -+ ------·-- - - +------- -- - -· + 
PI..UME : O.OOE+OO : O.OOE+OO : O.OOE+OO : Q.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOt.:t-00 : O.OOE+OO : 
------- ---+--- ----- ---!-----------+--- -·---- --+-- --------+----------+- - -- -·----- -t -- - ·- -· - ----+-- -- ------ -+ 
GROUND : O.OOE+OO : O.OOB+OO : O.OOE+OO : O. OOE+OO : O. OOE+OO : O.OOE+OO : O.OOE+OO : O.OCE+OO : 
--------- ·~----- -----4-------- - -+ - -- -------+-- ----- - --+ - ----·· ----+---------- +------·-·----+---~-- ·-----+ 
MEAT 

ADUT~ : 2.47E-07 : 2.47E-07 : O.OOE+OO ; 2.47E-07 : 2.47E-07 : 2.47E-07 : 2.47E-07 : 2.47E-07 : 
---------+----------+----------+ --------- -+----------+ ----------+------ ----~ -------- - -+----------+ 

TEEN : 1.47E-07 : 1.17E-07 : O.OOE+OO : 1.17£-07 : 1.47E-07 : 1.47E-07 : 1.47E-07 : 1.47E-07 : 
--------- +----------+---------- + ------- ---+----------+-- - - ------1----------~-- - -------·-------- - -· 

CHILD : 1.78R-07 : 1.78E-07 : O.OOE+OO : 1.78~-07 : 1.78~-07 : 1.78E-07 : 1 . 18E-07 : 1.78E-07 : 

---------+---------------------+----------4-----------+---------- l------- ---+----------+---------- l 
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TJ\BIJE l V-A-33 

FOR'T CALHOUN ANNUAL 2018, DOSE ?ROJEC'l'IONS 
SPECIAL LOCJ\'T'ION NO. 33 oESF 

AT 0.66 MILES S 

ANNUAl. BETA AIR QOSE = O.OOE!-00 MJ:LLRADS - - -
ANNUAL GAMM.A AIR DOSE = 0. OOE+OO MILLRADS -· -

PATHWAY T.BODY GI-TRACT BO~E LlVEH KIDNEY 'rHYROlD LUNG SKIN 
-------- -+---------- ~ ----------+- ------ - -- f ----------+----------+---------- +----------+----------+ 

PLUME : O.OOE+OO : O.OOE+80 : O.OOE+OO : O.ODE+OO : O.OOE+OO : O.OOE+OO : O. OOEtOO : O.OOE+OO : 
--------- i · --- - --- -- -~ ----------+ ----------+--- - ------+----------+----------+----------+---- -----~+ 

GROUND : O.OOE+OO : O.OOE+OO : O.OOE+OO : 0.00~+00 : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : 
-------- -+ ----------+---------- +----------~---------- +--------- -+----------+------- ---+-- · -------- + 

MEAT 
ADULT : 1 . 83E-05 : 1.83£-05 : O.OOE+OO : !.83E-05 : 1.83E-05 : 1.83E-05 : 1. 83£-05 : 1 .BJE-05 : 

--------- k ----------+----------+ - -------- - +----------1----~-----+----------+----------+----------+ 

TEEN : 1.09E-05 : 1.09E-05 : O.OOE+OO : 1.09E-05 : 1.09S-0~ : 1.09E-05 : 1.09E-05 : 1.09E-05 : 
---------~----------+----------+----------+----- -----+----------+----------·----------+----------+ 

CHILD : 1.32E-05 : 1.32E-05 : O.OOE+OO : 1 .32E-05 : 1 .32~-0~ : 1.32E-C5 : 1.32E-05 : 1 .32E-05 : 
---------+ ----------+---------- 1 ---------- + ----------+----------+----------+----------+---------- ~ 
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'rARTtF. ::-v-A~."~4 

FORT Cl\LHOUN ANNUAL 2018, DOSE PROJECTIONS 
SPEClAL LOCATION NO . 34 BEEF 

AT 0.76 ::.11LLS S~T 

ANNUAL BETA AIR. DOSE ,... O.OOE+OO M:LLRADS ·- - -ANNUAL GAMMA AIR DOSE = O.OOE+OO ~ILLRADS 
- -

PATHWAY T. BODY GI-TAACT BONE LIVER KIDNEY THYROID IJUKG SKIN 
-------- -+----------+----------+----------+----------+- ---------+---------- +- - --------+--- - ------ i 
PLUME : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO ! O.OOE+OO : O.OOE+OO : O.OOE+OD : O.OOE+OO : 
----·---- _ .... -·- ------ - -+-------- --+--- ----- - -+--- - ·- ·-----+---- ·-- ----+----------+----------+-------- ·--4 
GROUND : O. OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : 0.003+00 : O.OOE+OO : O.OOE+OO : O.OOE~oo : 
---------+- ---------~---------- + ----------+--------- -+----------+------- ---+----------+----------+ 

!"~AT 

ADULT : 9.57E-06 : 9.57£-06 : 0.00'£+00 : 9.5"/E-06 : 9.5"/E-06 : 9.57F.-06 : 9.57E-06 ; 9.57E-06 : 
---------+----------+-- -------- ~ ----------+----------+-- -- ·- ----- + ---------- t- --- -- --- -+------- ---4 

TEEN : ~.70E-06 : 5.70E-06 : O.OOE+ OO : 5.70E-06 : 5.78E-06 : 5.70E-06 : 5.70E-06 : 5.70E-06 : 
---------+- -- ------- ~----------+-- --------+----------+----------+----------~----------+----------+ 

CH ILD : 6.91E - 06 : 6.9:E-06 : O.OOE+OO : 6.91E-06 : 6.91E-06 : 6.91E-06 : 6.91E-06 : 6.91E-06 : 
---------+----------+----------l----------+----------+----------+----------+----------+---------- 1 
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TABLE IV-A-35 

FORT ChLHOUN ANNUAL 2018, DOSE PROJECTIONS 
SPE.CIAL LOCATION NO. 35 BEEF 

AT 3. 2 5 l'<1IT .. ES ~'T 

ANNUAL BETA AIR DOSE "'-- O.OOE+OO ~ILLRADS - - -
ANNUAl. GAMMA AIH DOSE = O. OOF.+CO MtLT.RADS 

PA'!'HttiJAY T. BODY GI -TRACT BONE LI VER KIDNEY THYROID LUNG SKIN 
------~--+ - ---------+----------t ---------- 1 ------- -- -+----------+----------~---------- +-- ---------+ 

PLUME : O.OOE+OO : O.OOE~oo : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE~Oo : O.OOE+OO : O.OOE+OO : 
---------+ ----------~----------+----------+----------+ ----------+----------+----------+----------+ 

GROUND : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : 
--~---- --+------ ____ .;,.. _ ----- ----+----- ---- -+---------- t----- --------+-- -····- ----- ..J----------- -'------------+ 
gEAT 

ADULT : 4.78E-07 : 4 . 78E-07 : O.OOE+OO : 4.78E-07 : 4.78£-07 : 4.78E-07 : 4.78E-07 : 4.78E-07 : 
-----·-··· --·-·- +·· -··- ----- --·- -··--- -·-- ··- "+- · --~-----~+----------+----------+----------+----------+-~-- · - --.. ---· -+ 

TEEN : 2.85£-07 : 2.85E-07 : O.OOE~OO : 2.85E-07 : 2.85E-07 : ?.85E-07 : 2.85E-07 : 2.85E-07 : 
---------+----------+----------+----------+----------+----------+----------~----------i----------+ 

CHTLD : 3.45E-07 : 3.45E-01 : 0.00~~00 : 3.45E-07 : 3.45E-07 : 3.45E-07 : 3.4SE-07 : 3.45E-07 : 
---------~----------+----------+----------+----------1----------l----------+----------+ - ---------+ 
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TABLE lV- A- 3 6 

FORT r,ALHOUN ANNUAL 2018, DOSE PROJECTIONS 
SPECIAl. LOCATION NO. 3 6 BEEF 

AT 4.59 MILE5 WNW 

ANNUAL BETA AIR DOSF. - O.OO.E+OO MII.LRADS 
• d -·~ 

Ai-Jt\UAL GAMMA AIR DOSE - 0.00£+00 MILLRADS - - -

PATHWAY T.BODY GI-TRACT BONE LIVER KIDNEY THYROI D LUNG SK:N 
- +--- -------+----------+---------- +----------·----------+----------~---- ~-----+---- - - - ---+ 

PLUME : O.OOE+OO : O.OCEtOG : O.OOE ~ Oo : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : O.OOE+OO : 
---- ·- - - . ' -- -·- -·--" ··-·· + -·-- --- .... - -.f. - ----------- t -- - - --------+- ----- -----+----------+----------+-----------+ 
GROUND : O.OOE+OO : O. OOE+OD : O.OOE+OO : 0.003+00 : O.OOE+OO : O.OOE+OO : 0.00~+00 : O.OOE+OO : 
--- --·--- - +---· -·-- ---- -+------- ---+------ - -- -+-·- ---- -- ·---4- ----------+-------- --+--------- -~+ - - ·------- ·---+ 
MET\T 

ADULT : 4.39E-07 : 4.39E-07 : O.OOE+OO : 4.39E-07 : 4.39E-07 : 4.39E-07 : 4.39E-07 : 4.39E-07 : 
---- ---- - +--------- -+- - -~ ------+- - --------+--------- -+-- --------+----~----- ~+-- ---- --~ ---+ ---------- -+ 

TEEN : 2 .61E-07 : 2.61E-07 : O.OOE J OQ : 2.61E-07 : 2.61E-07 : 2.61E-07 : 2.61E-07 : 2.61E-07 : 
-------- - ·I ---- ---- ---+-----------+----------+- ---- - -----+----------+-·· ·---------+-- ---------1·----------+ 

CHILD : 3.17E-07 : 3 .1 7E-07 : O.OOE+OO : 3 . 17E-07 : 3.17E-07 : 3. 1 7E-07 : 3.17E-07 : 3.17E-01 : 

--- ------ · ------- ---+----------+---------- + - ---------+ ---------- ~ ----------+----------+---------- 1 
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Tl\BLE IV-A- 37 

FORT CALHOUN ANNUJ\L 20 18, DOSE PROJECTIONS 
SPECIAL LOCATION NO . .37 GOAT 

1\T 3.44 MILES S 

ANNUAl. BETA 1UR. DOSE -- 0. OOE+OO l1 I LLRADS 
-- - -

ANNUAL GAMMA A:R DOSE = O.OOE+OO MILLRADS 

PATHWAY 'T. BODY GI-TRACT BONE LIVER KIDNEY THYROID LUNG SKIN 

--------- 1 ----------+----------~----------!----------·------ - ----+ - - · · ------- i -------- --+- - - - - ----- i 
P:LUME : O.OOE+OO: O.OOE+OO: O.OOE+OO: O.OOE+OO: O.OOE+OO: O.OOEJ-00 : O.OOr~+OO: O.OOE +OO: 
-------- -+ - --- -- -·-···- ··+- - -- ······- - - .f-- - ·· - - ··- --+---------- +--------- -+----------+----------+- ---------+ 
GROUND ; O.OOE+OO : O.OOE+OO : O.OOE..+OO : 0.00~+00 : O.OOE+OO : O.OOE+OO ! O.OOE+OO : O.OOE-~-00 : 
---------+----------+----------+----------+----------+----------+----------+----------+--------- -+ 
GOATMTI.K : 

ADULT : 1.72E-06 : ]. 72~-06 : 0.00~+00 : - .72?-06 : l.72E-06 : 1.72E-06 : 1.72E-06 : J .72E-06 : 
---------+----------+----------+----------~----------+ ----- - ----4----------t----------+----------+ 

TEEN : 2.24E-06 : 2.24E-06 : O.OOE•OO : 2.24E-06 : 2.24E-06 : 2.24E-06 : 2.24E-06 : 2.24E-06 : 
---------+---------· ·+----------+----------+----------+----------+----------+----------+--------- -+ 

CRTT~ : 3.54E-06 : 3.54E-06 : O.OOE+OO : 3.54E-06 : 3.54E-06 : 3.54E-06 : 3.54£-06 : 3 .54E-06 : 
---------+----------+----------+----------+----------+----------+ ----------+----------+----~-~---+ 

INFANT : ~.38E-06 : 5.38E-06 : O.OOE+OO : 5.38E-06 : 5.38E-06 : 5.388-06 : 5 . 38E-06 : 5~38E-06 : 
--------- !------ -··- - -- - --- ·f -- -------- -4· - ----- - --- -1- ----------+------ - -- -- - --+-- - - --- - -·-+ - ---------+ 
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Tl\.E.LE IV- R- 1 

FORT CALEOTJN 1 DOSE CONTF.TB'JTIONS FROM GASEOUS EFFl,UENTS 
U'NR~STRTCTE:0 ARE!\ BOUNDARY 

RP.Q0TRED HY TECHNICl\L SPEC1F1CA'T'TON 5.9.4.a. 
]ANUl\RY 1, 2018 TO DECEMBF.R 31, 2018 

MAXIHUM SITE ROUNDARY GAJ-W.c.A 1\lR DOSE - O. OOE+OO 

Ml\XIMUM S.I TE BO(.;NDARY B.ETA AIR ClOSE - O.OOE+OO 
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TART.~ TV-C-1 

r'ORT CALHOUK ANNUA~ 2018, DOSE PROJECTIONS 
~~LARA ANNUP..L INTEGRATED POPULATION DOSE SU~1MARY (PERSON-REM) 

?A'l'HWAY T.BODY GI-TRAC'J BON I!: LIVER KIDNEiY THYROID T.UNG SKTN 
- --------+----------+---------- + - ---------+ ------- -·- ----------- -+ ·- - ... ·-- ·----- i · -------- - --+- ----------+ 
INHAL : ~ .92E-04 : l _g7E-04 : O.OOE~OO : 1.92E-04 : 1.92£-04 : 1.92E-04 : 1.92E-04 : 1 .92E-04 : 

43.70% : 43.70% : 0.00' : 43.70~ : 43.70% : 43.70% : 43.70% : 43. 70% : 

---------+----------+----------+--- -- -----+----------+----------+----------+----------+------ --- - - ~ 
VEGE'I' : 1.74h-04 : 1.74E-04 : O.OOE+OO : 1.74E-04 : 1 . • 74£-04 : 1.14R-04 : 1.74E-04 : 1.74E-04 : 

39.52% ; 39.52 % : 0.00% : 39.52 ~ : 3~.52% : 39.52~ : 39.52% : 39.52% : 

---------~----------+----------+----------+------- ---i ----------~------ ----+-- - -------~-----------
COW MILK : 3.17E-05 : 3.11E-05 : O. OOE+O O : 3.47E-05 : 3.47E-05 : 3.47E-05 : 3.47E-05 : 3.47E-05 : 

7.87% : 7.87% : 0.00~ : 7.87' : 7.87% : 7.87% : 7.87% : 7.87% : 

---------~----------+----------+----------+----------+----------~----------+- - -------- +··---------~ 
HEAT : 3.92E-05 : 3.92E-05 : 0.00E-J00 : 3.92E-05 : 3.92E-05 : 3.92E-05 : 3.92E-05 : 3.92E-05 : 

8.9]% ; 8.91% ; 0.00% : 8.91% ; 8.91% ; 8.91% : 8.91~ ; 8.91% : 
------·---+-·---------+--- ------- ----+ - ---------+----------+----------+----------+----~-----+ 
'*"'T'O'l'AL"' : 4.40F.-Ot1 : 4 . 40F.-04 O.OOR+OO : 4.40~-04 : 4.40~-04 : 4.40E-04 : 4.40E-04 : 4.40E-04 : 
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SECTIONV 

DOSE FROM LIQUID EFFLUENTS 

lADTAP II OUTPUT 

Technical Specification 5.9.4.a 

January 1, 2018 .. December31 2018 
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Radioactive Effluent Releases - First, Second. Third. and Fourth Quarters 2018 

LIQUID EFFLUENTS 

During the reporting period. a total of 1.38E-04 curies ·Of radioactive liquid materials .. 
less tritium, dissolved noble gases, and alpha, were released to the Missouri River at an 
average concentration of 1.48E-OB 1JCi/mL. This represents 1.48E+OO percent of 1he 
limits specified in Appendix B to 10 CFR 20 (1.0E-06 JJCilmL for unrestricted areas). 
7 .B3E-02 curies of tritium were discharged at an average diluted concentration of 
8.35E-06 J,ACi/ml or 8.35E-01 percent of ECL (1.0E-03 .JJCi/ml). 

No gross alpha radioactivity was identified by Off-site vendor analysis of quarterly liquid 
composites for the reporting period .. 

Dilution water during the periods of release amounted to 4.68E+071iters, while liquid 
waste discharges consisted of 9.85E+041iters of radioactive Uquid waste. 
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A. Potential Annual Doses to Individuals from Liquid Reteases 

Total body, skin. and organ mRem for liquid releases were calculated for all 
significant liquid pathways using the annual configuration of the lADTAP II 
program. 

The inputs to LADTAP II for the annual period from January 1, 2018 through 
December 31, 2018 were as follows: 

{1} All liquid effluents were as described in Section IV except for entrained 
noble gases (Ar-41, Xe-131M, Xe-133M, Xe-133, Xe-135M, Xe-135, 
Kr-S5M, Kr-87, and Kr-88). 

(2) An average dilution stream flow during periods of release was 16.04 cubic 
feet per second (CFS) for 2018. The average discharge rate during 
releases was 16.08 cubic feet per second (CFS). 

(3) Dilution factors (inverse of the mixing ratios) were computed based on 
Regulatory Guide 1.113 {equation 7 in Section 2.a.1 of Appendix A) for a 
one dimensional transport model. 

(4) Drinking water transport times of 6.6 hours to the Omaha intake and 
7.0 hours to the Council Bluffs intake were used for dose calculations. 

(5) A shorewidth factor of 0.2 was used. 

(6) All dose factors, transport times from receptor to individual, and usage 
factors are defined by Regulatory Guide 1.109 and NUREG-0172. 

The discharge site was chosen to present the most conservative estimate of 
mRem dose for an average adult, teenager, child, and infant. A conseNative 
approach is also presented by the assumption that Omaha and Council Bluffs 
receive all drinking water from the Missouri River. 
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B. Potential Annual Doses to Population from Liquid Releases 

The LADTAP II program in its annual configuration was also used to calculate to 
total body and organ doses for the population of 950,006 within a 50-mile radius 
of the plan1 {based on the 201 0 census). The same input was used as in the 
individual cases with the addition of the following: 

{1) Dilution factors and transport times for the pathways of sport fish, 
commerc,ial fish, recreation and biota were calculated based on a distance 
of two miles downstream as approximately the distance to the nearest 
recreation facility - DeSoto National Wildlife Preserve. 

(2) The total fish harvest for both sport and commercial purposes was 
calculated using an average commercial fish catch for Nebraska. 
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LOCA'UON lS FRESHWA.TER INTAKF: 

PATHWAY 
F'ISH 
DRINKING 
SHORF.T.I NB 
SWIM:1ING 
BOATING 
TOTAL 

FISH 
DRIKKING 
SHORF.T, T NF: 
SWIMt-1ING 
BOATING 

P/\'l'H\IU\.Y 

FISH 
DRINKING 
SHORELINE 
SWlMl11:NG 
BOATING 
TOTl\L 

FlSH 
mnNKJNG 
SHORELINE 
SWJMMTNG 
BOATING 

A D U L T D 0 S E S 
_____________________ DOSE_(MREM PER YShR I NTAKE) _ _ ------

SKIN BONE I.IVER TOTAL BODY THYROID KIDNEY LUNG GI- I..LI 

6.70E-06 

6./0E-06 

USAGE (KG/YR,HR/YR) 
71.0 

730 . 0 
12.0 
12.0 
12.0 

4.04£-03 5.53E-03 3.63E-03 8.44E-07 1.88E-03 6.25E-O~ 

1.66E-05 3.06E-05 2.28E-05 7.73E-06 l.SSE-05 1.03B-05 
5.73F.-06 5.73E-06 5.73E-06 5.73E-06 5.73E-06 5.73E-06 
2.06£-08 2.06E-08 2.C6E-08 2.06E-08 2.06E-08 2.06E-08 
l . 03E-08 1 . 03£-0 A 1. 03E-08 1. 03E-08 1. 03E-08 l. 03E--08 
4 . 06£-03 5.57E-03 3.66E-03 1. 13B-OS 1.90E-03 6.41E-04 

DILUTION 
7.3 

30.8 
7.3 
7.3 
., . 3 

TIME(HR) 
24.00 
] 8 . 60 
0.00 
o.oo 
0.00 

SHOREi'IID'I'P. FACTOR""O. 2 

T EE l'l AGF.tt D 0 S F. S 

SKIN 

3.741!;-05 

3.74E- 05 

()SAG£ (KG/YR,HR/YR) 
1 6. 0 

510 . 0 
67. 0 
67 . 0 
67. 0 

BO:JE 
4.33E-03 
1 .63E-05 
3 . /.0E-05 
1.'15E-07 
5.76E-08 
4 . 37F.-03 

DILUTION 
7 . 3 

30.8 
7.3 
7.3 
7.3 

LIVE.R 
~ . . 16E-03 
2.72E-05 
3.20E-05 
l.lSE-07 
5.76E-08 
5. 82F.-03 

TIME(HR) 
24 . 00 
18 . 60 

0.00 
0.00 
0.00 

OOSE __ (~REM PER YSAR INTAKE) __________________ __ 
TOTAL BO;)Y THYROID KIDNEY LUNG 

2 . 01E-03 6 . 49E-07 1.96E-03 
1.3:E-05 5.45£-06 1.28E-05 
3 . /.0E-05 3.20E-05 3.20E-05 
l.lSE-07 l.lSE-07 l.lSE-07 
5.76E-08 5.76E-08 5.76E-08 
l . 05R-03 3 . 83E-OS 2.01E-03 

SHOREW!DTH FACTOR~0.2 

V- 6 

7 . 62E-04 
8.32E-06 
3.20E-OS 
1.15:8-07 
5.76E-08 
8 . 03E-04 

1 • 13t-OII 
8.941:;-06 
5 •. 73E-06 
2.06E-08 
1.03E-08 
l. 27E-04 

GI-LLl 
8. SBE--03 
6.24E-06 
3.20E-05 
l.lS.E-·07 
5.76E-08 
1 .24E-04 



?l'l'l'HW/\Y 
r-t.sB 
QRlNKING 
SHORF.J,::::NE 
S'IHNY;ING 
901\TINC.; 
TOTAL 

FISH 
DRTNK1NG 
SHORE;LINE 
SWI~J-HNG 

BOATING 

PATHWAY 
F:Sfl 
:JRINtUNG 
SHORET.JN'E 
TOTAL 

FISH 
IJRINKING 

::Fl LD D U 0 V. S 

-- ·--- BO~..JE SKIN 
DOSE._ (f.J?.EM PER YF:AR H..t'?A.KE) 

----I.-IV-::-F.-::-,R-. - -- TO'~'Z\L RODY TH YRO TD KIDNEY 
1. '/OF'.- OJ 
2.54.E-OS 
6. 69E-O& 
2.'11E-08 
J.20E-G8 
] • 73F.-03 

7 . 8~E-Ob 

7 . 8.1 E-06 

USAGE {KC/YR, l::R/Y3.) 
6.':l 

s:o .o 
14.0 
llJ.ft 
J 4. (! 

I t-1 ;;- A !1 T 

-----· - ·· ~-·· """'' 

$KIN 

O.OOF.:tuO 
O. COE+OO 

USAGE fl..G/fR,HH/YR.) 
0 . 0 

330 . t.l 

5.1.;5E-03 
·1. 77E-05 
6.69E·O~ 

2 .41F:-OB 
1 . /OE-(!8 
5.501:::-03 

DILC'TION 
I ' :l 

30.8 
I . 3 
7 .3 
7. '3 

D 0 S ~ S 

S.22B-03 
5.62E-O.'J 
(> . h'lE-06 
2 . 41£-08 
1 . 20E-0P 
5 . 28E;-0.3 

•r l M'S ( HP.) 
?A . 00 
18 . 60 

0.00 
0 . 00 
0.00 

·-"· - - - ·· 
BONE 

O.COE:+0G 
1.93£-D~ 

O.OOE+OO 
4.93E-C~ 

DIL\.i'l'!ON 
7 . .3 

JC.8 

l.I\ttR 
o.COF.+00 
6.81E-05 
O.OOF:+CG 
€. 81F,-05 

TTM2 (HR) 
24 .0 0 
18 . 60 

7 . 72t--0 4 
1 . 74-E--05 
6.69S-06 
2.111£-08 
1 . 20E-0€ 
7.Q68-14 

5.37E-01 
1. osr: -o~ 
6.t>qE-D6 
2. 41.2.-08 
:.20?-08 
1. ·nE-05 

SECRF.W!DTJf FACTOH=O ;> 

;)QSF. (I•lHF.~T PER YEAR lNTM<E ) 
TOTAL BODY 

0. OOb t·OO 
:..46:C:-05 
0.0(15.J..(l0 
l. 4 ?;E-C5 

v - -1 

Tli'I'KOID -----· --KIDNEY 
ll .OOE.J.OCl 
l .03E-05 
O. OOE+ OO 
l,03e-os 

~;}WH.t:W!DTf-i FACTOR:o::Q . 2 

0. OOE+M' 
2.:':!8E-05 
0 . 005-J.QO 
7 . 58E-OS 

LUNC 
6.12E-04 
L 58P. 05 
6 . &9E-06 
2 . 41E-G8 
~ . 20E~:J8 

6 . 3.:,:2;-04 

l.llNG 

O.OOE+OO 
1.65F;-05 
O. OOE+QO 
1. 65~::-os 

Gl-L[,I 
3 . . IJ 3F.-05 
l .ll.E.-05 
~.69F.-0f> 

2. 1115.-08 
·.20F-C8 
5. 22t·:-os 

G:-LLI 
O. OOE.JOO 
1.0/E-05 
O. OQE¥00 
l. 078-0b 



LOCAT!ON IS S.lTI:: LH SCHG 

PATHWAY 
FISH 
D~. INKTNG 

SHORELINE 
SNIM:~Il'\G 

BOl>.TT.NG 
TOTAL 

FISH 
DRrNKING 
SHOR~LlN.I!> 

SWH-1MlNG 
BOATTNG 

. .1', V U :.. T 

SKIN 

4 . 39E OS 

4 . 89E-05 

OSAGR (KG/'~n,AR/YR) 

21 . 0 
130 . 0 
12.0 
12 . 0 
12.0 

[) 0 s £ s 
-

BONE 
2 . 95E-02 
~.J3F.-04 

4.19E-05 
1. ~. n:-07 
-, . ~JE-08 
3.00£-02 

nn_.OTTON 
I .0 
1.0 
1.0 
1 . 0 
1. . 0 

T E E N A G !; R D 0 S E S 

PATH1'1AY 
fli:iE 
DRT"JKING 
SHOREJ.Jlf'.TE 
SWIMMING 
ROA7TNG 
TOT.~L 

FISH 
DRINfE'JG 
SH0RSL1NE 
SWTMMTNG 
BCiA'fJ..!':G 

SKi;l 

Z . 73E-04. 

2, 7 3E-tJ4 

V.SAGE (KG/YR,HR/YF} 
115.0 

s : o . o 
67.0 
6 -, . 0 
61.0 

BONE 
3.16E-02 
:, • f1.1E-04 
2.34E-04 
e.41E-07 
4.20£-07 
3.23E-02 

DlLUT IQN 
'1 . 0 
J. . 0 

1.0 
LO 
l . 0 

I.IVER 
4.04E-02 
9.11JE.-G4 
4 . 19E-05 
1 . 51£...;.07 
7 . S3.E-08 
q ":.n:~o? 

i'T:VF(P.R) 

24.00 
12 . 01) 

r) . on 
n.no 
n.oo 

DOSE (MREM PER YEAR :NTAKE) 
T01'1\L-SODY THYROI 0 --R~T~D-N-F'-.Y _____ L_U_K_G _____ GI- T,T_.. I 

2.6~E-02 6.16~-06 1 .37E-02 4 . 56E-03 8.22E-04 
7.01E-oq l.38S-01 1.76~-04 3. 17E-04 2.75£-04 
4 . 19!-05 4.19S-05 4.19E-05 ~.19E-05 4 .19E~05 
.:_ . 51E-07 l . 5lE-07 J. ':!1 F.-07 1 . SLE:-07 1 . 51E';-07 
7 . 53~-08 7.53E-OS 7.53E-08 7 . 538-08 7.53E-0R 
2 _12E'.-02 2 . 86E-04 1.42E-02 4.92E-03 1 . ~4E~03 

SHOREWIDTH l!'ACTQR:-0 • 2 

______ no;;E_ (MREf-:1 PER Y!.AR INTAKE'.) _______________ _ 

LIVER 
4.21£-02 
R.39"E-04 
2 . 34E-04 
8.41E-07 
4 . 20E-07 
4.31E-02 

1 H1E; ( HI:? ) 
21 . (10 
1 ;J. 00 

1) . OG 
0 . 00 
0 , 00 

TOTAL BODY THYROID KIDNFY. UJNG GI-.LLI 
J.47l!;-02 L74E-06 l. 43E-02 5.56F.-03 6.26E-04 
4.<1/lF.-01 
2.:34E-04 
fL 41E-07 
•1 • 20E':-0 7 
1.53E-02 

V-8 

1 . 68E-04 
2 . 34E-04 
8 . 41E-07 
•l . ?OF.-07 
4 . 07E-04 

SHORE;Wlt>tH fACTCR=O . ;?. 

3. 96£-04 2.56£-04 1.92E - 04 
2.J4R-04 2 . 34R-04 7.34R~04 

8.41K-07 8.41E-01 8 . 41E-07 
4 . 20~-07 1 .~0R-07 1 . 20K - 07 
1 . 4 9E-02 S . OtlE-·03 1 . O~E-·03 



PA':'Hlr~AY 

FISI-1 
DiUNKING 
SI~ORET ,J Nf. 
SNT~Yi!NG 

c.O.i\!1NG 
TOTl\L 

FISH 
DlUNKJ:NG 
SHORELINE 
SWL''.''HNG 
EOATING 

PATHWP,"Y 

F:Sfl 
DR[NKTNG 
SH'()REL:NE 
TOTAL 

FTSH 
JRlNKING 

C H 1 1 D D •) S E ~ 

- -----~~.·--··. 

SKlN nONE 

5 .7 0£-0~ 

5. 70F::··\15 

USAGE !?.G/YR,!~R/'i:l) 

6 . 9 
'110 . a 

14 . 0 
11;. 0 
1~.0 

t tl F A N 'f 

SKU! 

O. OOE.+OO 
C.OOE+OO 

USAG~ CKG/Y~,HR/YR) 

0 . 0 
33(;.,() 

3 . 98E-02 
1 . 117l-~ -03 

4.881!-05 
1. 7GF-07 
s . -nw-cx 
4 . UE-C2 

IJlLU'l'lON 
1 • t) 
1.0 
LQ 
1..0 
l.O 

D C S E 2 

R<:NE 
~J . UOS+ OO 

:.52::-03 
O.OOE-""00 
1 .52::.-03 

DIJ,t.JTim: 
. 0 

1 .. 0 

:.TVBR 
3.81E-0/ 
l . 73F.-01 
~.885-05 

1. ?GE-01 
S. 78E-D8 
3.99E..-02 

TD1S (HR) 
21.00 
; ~ . 00 

0.00 
0.00 
0 . 00 

T.TW.R 
v. oo::.+OO 
2 .103··03 
O.OOE+OO 
2.10'8-0J 

TUl.l:::.(flR) 
2 1l.OO 
12.00 

_](') i ;l:.: (f-.1RF:H PER YEAR INTAKE} 
TOTAL BODY THYROID 

5 .. 64E-0'3 3.9?r.-oo 
5. :nE-n4 3.22£-01! 
'2.8:8E-05 4 . 88F.-0') 
1 . 7GF:-07 1. 75E- 07 
S . 76L-08 8.78£-08 
6 .22£-03 J . 'JbE-04 

SHCRn~:OTH FACT0~.~0 . 2 

DOSI: (MP.J!.M PF.R YP.AP. INTAKE) 
:'OTAL BOD"l 

0 . 00£-l-00 
4 . 4 9f> 0'1 
O.OOE+OO 
4.49F:-04 

v-~ 

THYRO"l .D 

O.OOE-00 
3. 16F.-04 
O. OOF.-00 
3 . 16E-04 

GHORE\'H DT~l FACTOP.=O . 2 

l<lDNBY 
1.24E-02 
7.81E-04 
1.88E -G 5 
1. '/6E-07 
8.78E-OS 
1 . 3?-r.- c;: 

RIDN:;Y 
O. OOE +OO 
7 . 93F.-O ·1 
O. flOE+OO 
7.93E-04 

LUNG 
4 . 47S-03 
4.87£ .... 04 
4. 88!:.-05 
1 .7os-o7 
8.785-08 
5.012-~3 

L~G 

0 . 00~ + 00 

S . 09S-G4 
c . oo~~oo 

5 . 0 9~-01 

GI · LLI 
2.50~-04 

3.43E-04 
4. ass~o~ 
1.76£-07 
8. i8E--08 
6. OE',-lH 

GT - T.LT 
fl . Q(l£:+00 
3 . 2 9F..-04 
O. OO:S I OQ 
3 . ' 9?.-1)-1 



Sl?ORT' 1-: .l\P.V~S'I 
-·- -· ~ - -

FATHWM: AG::: (.;ROUP USAGE 30Nt~ 

FISH ADUL'l' 6.10E+01 l . 1 /F.-02 
F:sn TE.SNAG! :R 7.li'E+03 1 . 9~E-03 

F.'1 Sll ":H:: r"o 4.93E+03 3 .89E-03 
FISH tOTAL 7. 301::+0.£1 1.758-0;;' 

FISH CONSUMPTIOt-: P0Pl/7.ATTQN POSES 
P~RSUN-REM 

----------------DOSE (PEF.SON-REN) --
t.!VER TO'rAI. BC!DY THYRO!T) KIDNEY 

., . 1': E- 02 1 . 05E-02 2..451:;-06 5.45E-03 
2. . 561::-0.3 a.93E-04 2.88.1::-07 8.l?.F.-04 
3.731"':-03 .5. 51F~-01J 3.8JE-07 1.21F.-03 
? . ? 3E-02 1 . 20F~-0 ? 3.12E-06 7.541::-03 

LUN<:; 
l . BlE-03 
3 . 3qE-04 
4 . 3/E-04 
2.59E-03 

LOC11.1'::LON DlLU'l'ION CATCH TTt-\''1;", (HP.) -INCLOL'ES F0 0D PR0C:O:SSING TIME OF 1 . 682>'-02 HR 
7 , 30~100 7 . 10E40 4 J .69E+02 

AVERAGE INDIVI::>:.Jl\L CONSUHPTlON (K(:/':'R} A:JC:.,T=!i. 90F+()0 TEEN=~ . 20E+00 t:HILD=2.20E+00 

________ NEPf\ DOSSS -----
NOTE--TOTA.L NEPA JOSI!; INC:..UDSS SPORT Cl1'":'CH 

-------- --- - ----------------i)OSE (PERSON-REM)------------
PATHWAY 1\Gl:: GROUP GSAGE 30NI:: LlVt;,R TOTAL BODY TIIYROTD KIDNE '~ J,UNG 
riS:-1 ADULT L 22E+05 :2 -. 341':.:-02 3.:.:1E-!12 2 - 1 m::·.-0:). 4.90E-06 1. 09E-02 3. 63J;;-- 03 
FISH IEENAGER 1 . <i 7F.f·04 3.95F.-03 3 . l2E:-03 1.79t.:-03 5.76£-01 L 74~-03 6.78E-04 
FISH ::H: i ,1) Sl.B!::lE+03 7.77E-03 7 . 45E'-03 l. lOB-0?. 7 . 66E-1)1 :L43F.-07, 8."71E-G4 
FUm TOTAL l. 46E.f OS 3.5JF'-02 ~.47E - O? .?.31JE-02 E.24E-C6 1.su:-o2 S. lSE-03 

V - } fl 

C:l-LLl 
3.27E-04 
3.82E-05 
2.~5E-05 

3.89E · O.; 

PO ~ULATION=1 . 24!~04 

C:Z-LL: 
6.53E-O..J 
.,"€3t-fl~ 

4 . 90E-C5 
7. 781.::-011 



SU?PLI EB -Ot-1AHA 

PA.TH1r.JAY 
ORtm<ING 
DRIKKING 
DRIN~ING 

DRINKING 

AGF: GE\Ot1P 
ADU.LT 
T8ENAG(o;F:. 
::H:~D 

TQ?AL 

US.'\ G.£ 
1 . 39E+08 
1 . 5:1=:+07 
2.i!J8E+07 
1. 79E+08 

-t· POPIJIJATIOK WA!'SR CONSUHP'~'l0N nosr:s 

- ------------ - - - --------~--~DOSE (?ERSON-R£1'-1) -·--- - ---
t'\ONB LTVP.R TCY::'~L E·ODY 'T'rfYR0TD KI DNEY 

3.1/E-03 5 . 92E-0J £ . l3E-0 3 1 . 47£-03 2.94E-03 
4.85E-04 8 . 08!-04 3. 89E-04 1 .~2E-04 3.B1E-~4 
~ . 3~~-03 2 . 7~F-03 S.46E-0~ S.OBE-04 1 .23£-03 
5 . 91E-OJ 9 .J5E-~3 5.57E-03 2 . 14E-03 4.56£-03 

:..UNG 
1.9'5E-03 
Z.47E-OIJ 
7.66E-04 
2 . 9El}:-o 3 

Gl-LLI 
l . IOE:-03 
1. 85~; -04 

5.40E-04 
~ . "13B-rn 

POPtTJ.AT!ON=5. 2 9F.+O~ Dl L~TlON~3 . C8E+Ol TRl\NSTF;' TTME=3. Cl6E+ Ol HP. {INCt.UD-_NG ~ q_ HR FOR ':'.REA1'~1ENT rAC:lLltY) 

.1\\/I:.:RP.GI:: HW1Vl DUAL CONSill-'lPT:::ON (T./YR) .'\DUl.:J'=3 . 70E.J..02' TI::EN=2 . E-01-~ • 02 

-----COM~JI.l\TTVE TOTAL-----
?ATSt•tl\Y 
DRll\KJ..NC 

AGE GROUP 
CUMUL 'l'O'I'i\ ~. 

USAGE 
2 . 08E+08 

RON F. 
6.93E-03 

------· HYDROSPlilo.;RB ':'RITIUM D05;E ___ _ 

:..JV~R TOTAL BODY 
; . 09S- 02 6.4iS-03 

AVEF.ACE lNDl VIDUAi. Wl\'T'F.R CONSUMPTION = 3, 0 L/DAY 

·rHYRO:lD 
2 . · 19~-C3 

C!IJ LD-2. fOf. + O? 

KlDNI::.Y 
5 . /.9 3': -!)3 

LUNG 
J . t\6~-0 3 

Gl-LLl 
;;: • B2E:-o3 

PATHWAY 
i·1A'T'ER 

AGE GR0UP 
TOTAL 

USAGE Bm~E :.T VER TIJ'!.'\T~ BODY THYROID KIDNEY LUNG GJ-LJ,T 
2.86E~il 0 . 00~~00 ~ . 97E-07 5. 9~ E-07 5.97£-07 S.97E-07 5.97E-07 ~ . 9JE-07 

\T- il 



i<.E\.!U:A:2IQN POPUT,ATION Ci\1SES 

J,OCATIOJ.;- D\)WN STR"':AM Sli'!U1HING 

DILUTION= 7 . 50F.IOC TRANSIT T:.!.ME,.,.. 6 . 70!:: · 01 HR SWF<: Cl . ~ 

----DOSE (PERSON-REM) 
PA"!'HWAY 
$HOREL1NI.:: 

J\GJ:; GROUP 
TOTAl. POHJL 

LOCATION- DOW~J STPF.AM St~H-1MING 

tJSf\G:=: 
4 . J 0J:.:+:)7 

SKIN 
2.:?98-02 

DILUTION~ 7 . 30E+OO TRJ"\NS1'1' 'l'TME= 6. / 0E-01 HR 

PATHWAY 
S\HMMING 

AGE GROUP 
'l'O'TAL POPU:.. 

LOCATiON- D01tiN stREAM BOI\':'ING 

USAG::; 

4.10£ · 07 
S!<IN 

DILUTlON= 7.30~~00 TRA~-TSIT TI.X~- 6 70E-01 liP 

PATHWAY 
t;:.(JA'T'Tt'I."'G 

AG-S GRO:JP 
TO":'ld. .POPOL 

tJ5AGE 
4.1013+07 

DOSE ro BIOTA ,.. *' 
MRAD:; PER YEAR. 

~. :nN 

TOTAL .SOOY 1'HYROID 
1.96E-02 1.96E-02 

_ ___ !JOSE ( PI':RSO~l -1-~EM) -------
TerrAL BllDY TRY~OID 

I . OSE-05 7.05~-05 

DOSE (PERSml-l~EM) 
--;y.·OTA:. Bt>DY THYE\O_I _D ___ _ 

3.52.E~05 3 . 52E-O.'J 

BTO'l'J\. DILUT10N= l . OOF":+OO TRANSl1 ::'IME= 0. OCE+OC nR 

F13H 
-;NVF'.P.TF.RFATE 

ALG/\1:. 
!'fUSKRAT 
E.ZI.CSOON 
f!f::J_;!:)1: 

t'UCK 

IN'l'F.:.{NJ\1 
8.SuF.-02 
4.50E-Il2 
:.~ - 29E-02 
<l . SOE:-01 
1. 7'1:8-01 
2.8CE-+OCI 
4.J8E-Ol 

EXTERNAL 
l. s 3E:-01 
~L 06F:-01 
1 . 10E-04. 
l. 02F;-Ol 
7 . 64E-1)2 

1 . 1)2E-01 
1. 53£-01 

TOTAl. 
7. C.E-01 
3.:,1E~Ol 

2- 30F.-·0.-:2 
S.82E-01 
7 . 5fiE;-.()1 

?..90E+IJQ 
S.91E- 01 

V-12 



SECTION VI 

RADIOACTIVE EFFLUENT RELEASES- SOLID RADIOACTIVE WASTE 

Technical Specifications 5.9.4.a 

January 1. 2018- December 31 , 2018 

Vl-1 



VI. RADIOACTIVE EFFLUENT RELEASE- SOLID RADIOACTIVE 
WASTE EFFLUENT AND WASTE DISPOSAL REPORT 

January 1, 2018 through December 31, 2018 

SOLID WASTE AND IRRADIATED FUEL SHIPMENTS 

A. SOLID WASTE SHIPPED OFFSITE FOR BURIAL OR DISPOSAL (NOT IRRADIATED) 

Month Number of Volume Curie 
1. Tyge of Waste ShiQoed ShiQments Cu. Meter Content 
a. Spent resins, fllters1 January 0 0 0 

sludges. evaporator February 1 3.4 26.7 
bottoms, etc. March 0 0 0 

April 1 3.4 61.1 
May 1 1.56 17.3 
June 0 0 0 
Jufy 0 0 0 
August 0 0 0 
September 0 0 0 
October 2 0.57 73.0 
November 0 0 0 
December 1 0.56 9.6 

Total (Type a) 6 9.49 187.7 

b. Dry compressible, January 0 0 0 
contaminated equipment. February 0 0 0 
etc. March 1 32.9 0.205 

April 0 0 0 
May 2 8.49 0.132 
June 2 9.37 4.342 
July 0 0 0 
August 2 9.43 2.823 
September 0 0 0 
October 0 0 0 
November 2 65.8 0.008 
December 2 12.33 2.33 

Total (Type b) 11 138.32 9.84 

Vl-2 

Est. Tota\ 
%Error 
N/A 
20 

N/A 
20 
20 
N/A 
N/A 
N/A 
N/A 
20 
N/A 
20 

20 

N/A 
N/A 
20 
NIA 
20 
20 
N/A 
20 
N/A 
N/A 
20 
20 

20 



1. 
c. 

Total 

d 

Total 

VI. RADIOACTIVE EFFLUENT RELEASE- SOLID RADIOACTIVE 
WASTE EFFLUENT AND WASTE DISPOSAL REPORT 

(Continued} 

Month Number of Volume Curie 
T me of Waste ShiQ~d ShfQments Cu. Meter Content 
Irradiated components January 0 0 0 
and other categories. February 0 0 0 

March 0 0 0 
April 0 0 0 
May 0 0 0 
June 0 0 0 
July 0 0 0 
August 2 0.11 4.85 
September 0 0 0 
October 0 0 0 
November 0 0 0 
December 0 0 0 

(Type c) 2 0.11 4.85 

Other January 0 0 0 
February 0 0 0 
March 0 0 0 
April 0 0 0 
May 0 0 0 
June 0 0 0 
JuJy 0 0 0 
August 0 0 0 
September 0 0 0 
October 0 0 0 
November 0 0 0 
December 1 1.47 5.76E-06 

(Type d) 1.47 5.76E-06 

Vl-3 

Est. Total 
% G,rro[ 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
20 

N/A 
N/A 
N/A 
N/A 

20 

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
NtA 
N/A 
N/A 
N/A 
N/A 
20 

20 



Vl. RADIOACTIVE EFFLUENT RELEASE- SOLID RADIOACTIVE 
WASTE EFFLUENT AND WASTE DISPOSAL REPORT 

(Continued) 

B. ESTIMATE OF MAJOR NUCLIDE COMPOSiTION (By Type of Waste) 

1 . Percentage of Curies from Represented Isotopes 

Isotope Pertent Curies 
a. Ni-63 43.5 8.16E+01 

Co-60 23.7 4.45E+01 
Cs-137 D 17.8 3.34E+01 
Fe-55 8.1 1.53E+01 
Ag-110m 2.6 4.94E+OO 
Ni-59 1.4 2.57E+OO 
All Other Nuclides Constitute Less than 1% Each for Type a 

b. Cs-137 42.5 4.18E+03 
Co-60 28.9 2.84E+03 
Ni-63 20.7 2.04E+03 
Fe-55 5.0 4.93E+02 
All Other Nuclides Constitute Less than 1% Each for Type b 

c. Fe-55 52.9 2.56E+03 
Co-60 37.9 1.84E+03 
Ni-63 8.6 4.17E+02 
All Other Nuclides Constitute Less than 1% Each for Type c 

d. H-3 86.5 4.99E..03 
Co-60 8 .. 4 5.32E-05 
Ce& 144 D 3.6 1.23E-Q4 
Cs-137 D t3 2.79E-05 
AJI Other Nuclides Constitute Less 1han 1% Each for Type d 

C. SOLID WASTE {DISPOSITION} 

Number of Shipments 
17 
1 
1 

Transportation Mode 
Sole Use Vehicle 
Sole Use Vehicle 
Sole Use Vehicle 

D IRRADIATED FUEL SHIPMENTS (DISPOSITION) 

Number of Shipments 
N/A 

1 ransportation Mode 
N/A 

Vl-4 

Destination 
Energy Solutions, Bear Creek~ TN 
Erwin Resin SolutionsJ Erwin! TN 
Clive Disposal Site. CJive. UT 

Destination 
N/A 



SECTIONVU 

ATTACHMENT 1 

ODCM and PCP revisions for the period January 1, 2018 through December 31,2018 in 
accordance with Technical Specification 5.17 .d and 5.18.d, the radioactive effluent 
release report shall inc1ude any revisions to the Offsite Dose Calculation Manual 
(ODCM) and the Process Control Program (PCP). 

__ 1.._revision was made to the Offsite Dose Calculation Manual (ODCM). 

_ _.2---. revisions were made to the Process Control Program (PCP). 

January 1, 2018 .. December 31. 2018 

Vll-1 



Page 1 of 135 

II C -ODCM-0001 II 

: Off-Site ose Calcula ion anual { CM) 

Safety Classification : 

, I Non-Safety 

Chan e No.: 
Reason for Change: 

Pre arer: 

Revision 28 I 

I 
Usa e Level: ' 

I; Reference 1 I 
~.=::-====.:=::::='.1 i 

EC 68871 
Remove unnecessary effluent release points and 
Iodine requiements. 

, Marcellus, M. 

Fort Calhoun Station 



CH-ODCM-0001 Reference Use 
Off-Site Dose Calculation Manual (ODCM) 

Table of Contents 

PART! 

Page 2 of 135 
Revision 28 

1.0 PURPOSE AND SCOPE ............ .................. ...................................................................... 6 

1.1 Purpose ..................................................................................................................... 6 

1.2 Scope ........................................................................................................................ 6 

2.0 DEFINITIONS ........................................................... , ......................... u ................ u ••••••••• 6 

3.0 INSTRUMENTATION .................................................................................................... 10 

3.1 Radioactive Liquid Effluent Instrumentation ........................................................ ~··· 10 

3.2 Radioactive Gaseous Effluent Instrumentation .......................... ~·· ................ ~ ......... 13 

4.0 RADIOACTIVE EFFLUENTS ........................................................................................ 17 

4.1 Radioactive Liquid Effluents .................................................................................... 17 

4.2 Radioactive Gaseous Effluents ............................................................................... 23 

4.3 Uranium Fuel Cycle ..................................... ,. .......................................................... 29 

5.0 RADtOLOGICAL ENVIRONMENTAL MONITORING PROGRAM (REMP) ................. . 30 

5.1 Monitoring Program .............................................................................................. ..... 30 

5.2 Land Use Survey ......................................................... , ..................................... ~ ....... 45 

5.3 Interlaboratory Comparison Program ....................................................................... 46 

6.0 ADMINISTRATIVE CONTROLS .................................................................................... 47 

6.1 Responsibilities .................................................................. , ..................................... 47 

6.2 Radioactive Effluent Reporting Requirements ........................................................ ,. 47 

6.3 Change Mechanism ................................................................................................. 51 

6.4 Meteorological Data ................................................................................................ 51 

6.5 References ................................. .. ............................................................................ 52 

7.0 BASIS ............................................................................................................................ 54 

7.1 ln.strumentation ............ .. .... ,. "' · ..... ...... ... .... ............. ...... .................... , ........................... 54 

7.2 Radioactive Effluents ................................................................................................ 54 

7.3 Radiological Environmental Monitoring ................................................................... 61 

7.4 Abnormal Release or Abnormal Discharge Reporting ............................................. 62 



CH--ODCM-0001 Reference Use 
Off-Site Dose Calculation Manual (ODCM) 

List of Tables 
PART I 

Page 3 of 135 
Revision 28 

Table 1.2- Frequency Notation ............................................................................................... 8 

Table 1.3 - Radiological Effluent Controls Program Technical Specification Implementation .. 9 

Tab1e 3.1.1 -Radioactive Liquid Effluent Monitoring Instrumentation .................................... 11 

Table 3.1.2- Radioactive Liquid Effluent Monitoring Instrumentation SuNeiiJance 
Requirements ....................................................................................................... 12 

Table 3.2.1 -Radioactive Gaseous Effluent Monitoring Instrumentation ............................... 14 

Table 3.2.2- Radioactive Gaseous Effluent Monitoring Instrumentation 
Surveillance Requirements ......................................................................... ., ......... 16 

TabJe 4.1 - Radioactive Liquid Effluent Sampling and Analysis ............................................. 19 

Tab1e 4.2- Radioactive Airborne Effluent Sampling and Analysis u ................................ +0 ..... 24 

Table 4.3- Sampler Deposition!Transportation Correction Factors ....................................... 25 

Table .5.1 - Radiolog~cal Environmental Monitoring Program ................................................. 32 

Table 5.2- Radiological Environmental Sampling Locations And Media ............................... 35 

Table 5.3- Detection Capabilities for Environmental Sample Analysis Lower Limit of 
Detection (LLO) ................................................................................................... 43 

Table 5.4- Reporting Levels for Radioactivity Concentrations in 
Environmental Samples ...................................................................................... 44 

List of Figures 
PART I 

Figure 1 - Environmental Radiological Sampling Points ............... ............. .... ....................... 41 

Figure 2 - 40CF R 190 Sampling Points ...................... ........................................................... 42 



CH .. QDCM-0001 Reference Use 
Off-Site Dose Calculation Manual (ODCM) 

Table of Contents 

PART II 

Page 4 of 135 
Revision 28 

1.0 EFFLUENT MONITOR SETPOINTS .............................................................................. 65 

1.1 Liqu:id Effluents ............................. .. ........................................................................... 65 

1.2 Airborne Effluents .................................................................................................... 68 

2.0 EFFLUENT CONCENTRATIONS ................................................................................. 79 

2.1 Liquid Effluent Concentrations .......................... .................................................... H 79 

2.2 Airborne Effluent Concentrations .............................................................................. 79 

3.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS ............................ ,.. ..................... 81 

3.1 Liquid Effluent Dose Calculations ............................................................................. 81 

3.2 Airborne Effluent Dose Calculations .......... ... ................................ u .......................... 85 

4.0 LOWER LIMIT OF DETECTION (LLD) ........................................................................ 100 



CH-ODCM-0001 Reference Use 
Off-Site Dose Calculation Manual (ODCM) 

List of T~bles 
PART II 

Page 5 of 135 
Revision 28 

Table 1 -Allocation Factors for Simultaneous Releases ................................................. ...... 73 

Table 2 - Dose Factors for Exposure to a Semi~lnfinite Cloud of Nobte Gases ................... 101 

Table 3- Bioaccumutation Factors ...................................................................................... 102 

Table 4- Highest Potential Exposure Pathways for Estimating Dose .................................. 103 

Table 5- Stable EJement Transfer Data .............................................................................. 104 

Table 6- Recommended Values for Uap to Be Used for the Maximum Exposed 

Individual in Lieu of Site Specific Data ................................................................. 105 

Table 7- Animal Consumption Rates .................................................................................. 105 

Tabl·e 8- External Dose Factors for Standing on Contaminated Ground ............................. 106 

Table 9- Inhalation Dose Factors for AduJt ......................................................................... 109 

Table 10- Jnhalation Dose Factors for Teenager ................................................................. 112 

Table 11 - Inhalation Dose Factors for Child ....................................................................... 115 

Table 12- Inhalation Dose Factors for Infant .................................................................... : .. 118 

Table 13- Ingestion Dose Factors for Adult ........................................................................ 121 

Table 14- Ingestion Dose Factors for Teenager ................................................................. 124 

Table 15- Ingestion Dose Factors for Child ........................................................................ 127 

Table 16 • Ingestion Dose Factors for Infant ....................................................................... 130 

Table 17- Recommended Values for Other Parameters ..................................................... 133 

Table 18- Estimated Doses Received by the General Public from On-Site Exposure ........ 135 

List of Figures 
PAR1TA II 

Figure 1 -Exclusion and Site Boundary Map ........... H ............... *"' ................ . ........................ 74 

Figure 2 - Liquid Radioactive Discharge Pathways ............................................................... 75 

Figure 3- Liquid Radioactive Waste Disposal System .......................................................... 76 

Figure 4 - Airbome Effluent Discharge Pathways .................................................................. 77 

Figure 5 - Airborne Radioactive Waste Disposal System ..... ····~····· ....................................... 78 



CH-ODCM-0001 Reference Use 
Off-Site Dose Calculation Manual (ODCM) 

1.0 PURPOSE AND SCOPE 

1.1 Purpose 
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1.1 .1 Contains methodologies for and parameters necessary for calculating offsite 
doses, determination of gaseous and liquid radiation monitor set points, and 
administrative controls for effluent instrumentation, Radiological Effluent 
Tech Specs (RETS), and the Radiological Environmental Monitoring 
Program (REMP). 

1.2 Scope 

1 .2.1 Radioactive effluents are generated from station activities. These controls 
provide methodologies ensuring these effluents are properly monitored and 
quantified to promote accurate dose reporting. Additional controls ensure 
station equipment and processes are used to minimize release to the 
environment. The combination of minimizing release, accurately reporting 
dose. and monitoring the facility environs provides the basis for ensuring that 
station activities are not negatively impacting public health and the 
environment. 

2.0 DEFINITIONS 

2.1 Abnonnal Discharge- The unplanned or uncontrolled emission of an effluent (i.e., 
containing facinty~related, licensed radioactive material) into the unrestricted area 

2.2 Abnormal Release - The unplanned or uncontrolled emission of an effluent {i.e .. 
containing facility-related, licensed radioactive material). 

2.3 Channel Check~ A CHANNEL CHECK shall be the qualitative assessment of channel 
behavior during operation by observation. This determination shall include, where 
possible, comparison of the channel indication and/or status with other indications 
and/or status derived from independent instrument channels measuring the same 
parameter. 

2.4 Channel Function Test- Injection of a simulated signal into the channel to verify that it 
is functionaJ, inc~uding any alarm and/or trip initiating action. 

2.5 Effluent Concentration Limit (ECL)- Radionuclide limits listed in 10 CFR Part 20, 
Appendix B. Table 2, Column 1. 

2.6 Member(s) of the Public- Member(s) of the Public means any individual except when 
that individual is receiving occupationaJ dose. 
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2. 7 Functional-Functionality- A system: subsystem, train, component or device shall be 
FUNCTIONAL or have FUNCTIONALITY when it is capable of performing its specified 
function(s) and when all necessary attendant instrumentation, controls, normal or 
emergency electrical power sources, cooling and seal water, lubrication, and other 
auxiliary equipment that are required for the system, subsystem7 train, component, or 
device to perform its function(s) are also capable of performing their related support 
function(s). 

2.8 Residual Radioactivity .. Residual radioactivity means radioactivity in structures, 
materials~ soils, ground water, and other media at a site resulting from activities under 
the Hcensee's control. This includes radioactivity from all licensed and unlicensed 
sources used by the licensee, but it excludes background radiation. It also includes 
radioactive materia1s remaining at the site as a result of routine or accidental releases 
of radioactive material at the site and previous buriats at the site, even if those buria1s 
were made in accordance with the provisions of 10 CFR Part 20. 

2.9 Site Boundary- The Site Boundary is the line beyond which the land is neither owned, 
or leased, nor controlled by the licensee. 

2.10 Source Check- A SOURCE CHECK shall be the qualitative assessment of channel 
response when the channel sensoris exposed to a source of increased radioactivity. 

2.11 Special Liquid - Non-rout4ne release pathway in which normally non-radioactive liquid 
streams (such as Raw Water) found to contain radioactive material, are non-routine, 
and will be treated on a case specific basis if and when this occurs. 

2.12 Unrestricted Area - An UNRESTRICTED AREA shall be any area at or beyond the 
SITE BOUNDARY access to which is not controlled by the ,licensee for purposes of 
protection of individuals from exposure to radiation and radioactive materials, or any 
area within the SITE BOUNDARY used for residential quarters or for industrial, 
commercial, institutional, and/or recreational purposes. 

2.13 Venting - VENTING shall be the controlled process of discharging air or gas from a 
confinement to maintain temperature, pressure, humidity, concentration, or other 
operating condition, in such a manner that replacement air or gas is not provided or 
required during VENTING. Vent. used in system namest does not imply a VENTING 
process. 

2.14 Water Effluent Concentration (WE C)- Radionuclide limits listed in 10 CFR Part 20; 
Append1x B, Table 2, Column 2. 
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Table 1.2- Frequency Notation 

The surveillance intervals are defined as follows: 

Notation Title FrequencyA 

s Shift At least once per 12 hours 

D Daily At least once per 24 hours 

w Weekly At least once per 7 days 

BW Biweekly At least once per 14 days 

M Monthly At feast once per 31 days 

a Quarterly At least once per 92 days 
SA Semiannual At least once per 184 days 

A Annually At least once per 366 days 

R At least once per 18 months 
p Prior to Prior to each release (Performance 

within 24 hrs.) 

A Each surveillance requirement shaJI be perfot'med within the specified surveillance interval with a maximum allowable 
extemion not to exceed 25 percent ofih~ spccifiee snrvcillnnc.c intervaL 
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Table 1.3- Radiological Effluent Controts Program Technical Specification Implementation 

Technical Specification OOCtla Implementing Step 

5.16.1.a 3 • 1 .1 1 3.2 • 1 

5.16.1.b 4.1.1 
5.16.1_c Table 4.1, Table 4.2 

5.16.1.d 4.1.2 

5.16.1.e 4.1.26.1 1 4,2.28.1 

5.16.1.f 4.1.3A, 4.2.4A 

5.16.1.g 4.2.1 

5.16.1.h 4.2.2 

5.16.1.i 4.2.3 

5.16.1.j 4.3.1 

5.16.2.a 5.1.1 
5.16.2.b 5.2.1 

5.16.2.c 5.3.1 
5.17 6.3, 6.2.10 
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3.0 INSTRUMENTATION 

3.1 Radioactive Liquid Effluent lnstr'"'mentation 

3.1.1 limiting Condition for Operation 
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A. The radioactive liquid effluent monitoring instrumentation channels 
shown in Table 3.1.1 shall be FUNCTIONAL with their alarm/trip 
setpoints set to ensure that the limits of Specification 3.1.1 are not 
exceeded. The alarm/trip setpoints of these channels shall be 
determined jn accordance with Part tl .of the Off-Site Dose Calculation 
Manual. 

APPLICABILITY: At all times 

ACTION: 

1. With a radioactive liquid effluent monitoring instrumentation channel 
alarm/trip setpoint less conservative than required by the above 
specification1 immediately suspend the releases of radioactive liquid 
effluents monitored by the affected channel or declare the channel 
non-functional. 

2. With less than the minimum number of radioactive liquid effluent 
monitoring instrumentation channels functional, take the action 
shown in Table 3.1 .1. Restore non-functional effluent monitoring 
instrumentation to FUNCTIONAL status within 30 days and, if 
unsuccessful, explain in the next Annual Radiological Effluent 
Release Report why this non-functionality was not corrected in a 
timely manner. The reporting requirement is limited to the following 
instrumentation that monitors effluent stream: RM-055. 

3.1.2 Surveillance Requirements 

A. Each radioactive liquid effluent monltoring instrumentation channel shall 
be demonstrated FUNCTIONAL by performance of the CHANNEL 
CHECK, SOURCE CHECK, CALIBRATION, and CHANNEL 
FUNCTIONAL TEST at the frequencies shown in Table 3.1 ~2. 
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Table 3.1.1 -Radioactive Liquid Effluent Monitoring Instrumentation 

Minimum ! 
Channels I Instrument Functional i Action 

1. Radioactivity Monitor Providing Alarm and Automatic I 
Termination of Release. 

1.1 Liquid Radwaste Effluent Line (RM-055) 1 1,4 

2. Flow Rate Measurement Device 

2.1 Liquid Radwaste Effluent Une 1 2 

3. Radioactivity Recorder l 
i 

3.1 Liquid Radwaste Effluent Line 1 j 3 

Table Notation 
ACTION 1 With the number of channels FUNCTIONAL less than required by the Minimum 

Channels FUNCTIONAL requirement, effluent releases may continue provided 
that prior to initiating a release: 

1 . At 'east two independent samples are analyzed In accordance with 
applicable chemistry procedures. 

2. At least two qualified individuals independently verify the release rate 
calculations. 

ACTION 2 With the number of channels FUNCTIONAL less than required by the Minimum 
Channels FUNCTIONAL requirement. effluent releases may continue provided 
the flow rate is determined at least once per four hours during the actual 
retease. 

ACTfON 3 With the number of channels FUNCTIONAL less than required by the Minimum 
Channels FUNCTIONAL requirement, effluent releases may continue provided 
the radioactivity is recorded manually at least once per four hours during the 
actuaJ release. 

ACTION 4 During the performance of source checks the effluent radiation monitor is 
unable to respond, hence is considered non-functionaL Effluent reteases may 
continue uninterrupted during the performance of source checks provided the 
operator is stationed at the monitor during the check. If the effluent radiation 
monitor fails the source check, carryout the action(s) of the Off-Site Dose 
Calculation Manual for the non .. functional monitor or termlnate the effluent 
release. 
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Table 3.1.2- Radioactive Liquid Effluent Monitoring_ Instrumentation Surveillance 
Requirements 

Channel 
Channel 

Source 
Instrument Check Calibration Function Check 

Test 

1. Radioactivity Monitor Providing 
Alarm and Automatic Isolation 

1.1 RM-055 ----- R Q p 
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3.2 Radioactive Gaseous Effluent Instrumentation 

3.2.1 Limiting Condition for Operation 
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A. The radioactive gaseous effluent monitoring instrumentation channels 
shown in Table 3.2.1 shall be FUNCTIONAL with their alarm/trip 
setpoints set to ensure that the limits of Specification 3.2.1 are not 
exceeded. The alarm/trip setpoints of these channels shall be 
determined in accordance with Part II of the Off-Site Dose Calculation 
Manual. 

APPLIC.ABILITY: At aU times 

ACTION: 

1. With a radioactive gaseous effluent monitoring instrumentation 
channel alarm/trip setpoint tess conservative than required by the 
above specification, immediately suspend the releases of radioactive 
gaseous effluents monitored by the affected channel or declare the 
channel non-functional. 

2. With less than the minimum number of radioactive gaseous effluent 
monitoring instrumentation channels functional, take the action 
shown in Table 3.2.1. Restore non-functional effluent monitoring 
instrumentation to FUNCTIONAL status within 30 days and, if 
unsuccessful, explain in the next Annual Radiological Eff~uent 
Release Report why this non-functionality was not corrected in a 
timely manner. The reporting requirement is limited to the following 
instrumentation that monitors effluent streams: RM-043, RM_;062, 
and RM-052. 

3.2.2 Surveillance Requirements 

A. Each radioactive gaseous effluent monitoring instrumentation channe1 
shall be demonstrated FUNCTIONAL by performance of the CHANNEL 
CHECK, SOURCE CHECK, CALIBRATION, and CHANNEL 
FUNCTIONAL TEST at the frequencies shown in Table 3.2.2. 
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Table 3.2.1 - Radioactive Gaseous Effluent Monitoring Instrumentation 

Minimum 
Instrument Channels Action 

Functional 
1. Auxiliary B1dg. Exhaust Stack (RM-052, RM-062) 

1.1 Noble Gas 1 117,8 

1.2 Particulate 1 2, 7,8 

2. Laboratory and Radwaste Processing Building Stack 
(RM-043) 

2.1 Noble Gns 1 "'.\ 7 -, . 

2.2 Particulate 1 4, 7 

3. Flow Rate Measurement Devices 

3.1 Auxiliary Building Exhaust Stack 1 5 

3.2 Laboratory and Radwaste Processing Building Stack 1 5 

4. Radioactivity Chart Re-corders 

4.1 Auxiliary Building Exhaust Stack 1 6 
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Table 3.2.1 Radioactive Gaseous Effluent Monitoring Instrumentation 

Tabie Notation 
ACTION 1 If the Auxiliary Building Exhaust Stack Noble Gas Monitor is non-functional, 

ventilation of the auxiliary building via the Auxiliary Building Exhaust Stack may 
continue provided grab samptes are taken once per 12 hours. (See Table 4.2) 

ACTION 2 If the Auxiliary Building Exhaust Stack Particulate Sampler is non-functional, 
ventilation of the Auxiliary Building may continue through the Auxiliary Building 
Exhaust Stack provided samp~e collection in accordance with Tabie 4.2 using 
auxiliary sample collection equipment is initiated within 2 hours of the 
declaration of non-functionality by the Shift Manager. 

ACTION 3 If the Noble Gas Monitor is non-functional, ventilation of the LRWPB may 
continue via the LRWPB stack provided grab samples are taken at least once 
per 12 hours. (See Table 4.2) 

ACT!ON4 If the Particulate Sampler is non-functional. ventilation of the LRWPB may 
continue via the LRWPB Stack provided sample collection using auxiliary 
sample collection equipment is initiated within 2 hours of the declaration of 
non-functionality, by the Shift ManagerJ in accordance with Tabte 4.2. 

ACTION 5 With the number of channels FUNCTIONAL less than required by the Minimum 
Channels FUNCTIONAL requirementJ effluent releases may continue provided 
the flowrate is estimated or recorded manually at least once per four hours 
during the actual release. 

ACTION 6 With the number of channels FUNCTIONAL less than required by the Minimum 
Channels FUNCT,ONAL requirement, effluent releases may continue provided 
the radioactivity level is recorded manually at least once per four hours during 
the actual release. 

ACTION 7 During the performance of source checks the effluent radiation monitor is 
unable to respond, hence is considered non-functional. Effluent releases may 
continue uninterrupted during the performance of source checks provided the 
operator is stationed at the monitor during the check. If the effluent radiation 
monitor fails the source check, carryout the Action(s) of the Off-Site Dose 
Calculation Manual for the non-functional monitor or terminate the effluent 
release. 

ACTION 8 During the ventilation of airborne effluents from the Auxiliary Building Exhaust 
Stack at least one Auxiliary Building Exhaust fan shall be in operation. 
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Table 3.2.2- Radioactive Gaseous Effluent Monitoring Instrumentation 
Surveillance Requirements 

Channel Channel 
Source Instrument Check Calibration Function Check Test 

1. Radioactivity Monitors Providing 
Alarm and Automatic Isolation 

1.1 RM-043 D R Q M 

1.2 RM-062 D R Q M 
1.3 RM-052 D R Q M 

2. Flowrate Monitors 

2.1 RM-043 Sampler D R Q ----
2.2 RM-062 Sampler D R a _ .. __ 

2 .3 RM-052 Sampler 0 R Q --
2.4 Auxiliary Bldg Exhaust Stack D R a --
2.5 laboratory and Radwaste 

Process Bldg Exhaust Stack D R Q __ .,. .. 

Operations Check Air Flow Calibration 
3. Environmental Monitors 

3.1 RM-023 .. Sample Station #40 M A 
3.2 RM-024 - Sample Station #41 M A 
3 .3 RM-025 - Sample Station #28 ----- --·-
3.4 RM-026 - Sample Station #36 ---- ---
3.5 RM-027- Sample Station #37 M A 

3.6 RM-028 - Sample Station #38 ---- -----
3.7 RM-029 - Sample Station #39 --- ---
3.8 RM-035 - Sample Station #1 _.,.,..,. ... ----
3.9 RM-036 - Sample Station #2 M A 
3.10 RM-037 - Sample Station #3 ---- ----
3.11 RM-038- Sample Station #4 M A 
3.12 RM-039 - Sample Station #5 ---- ----
3.13 RM-040 - Sample Station #32 M A 
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4.0 RADIOACTIVE EFFLUENTS 

4.1 Radioactive Liquid Effluents 

4 .1. 1 Concentration 

A. Limiting Condition for Operation 
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1. The release rate of radioactive material in liquid effluents shaH be 
controlled such that the instantaneous concentrations for 
radionuclides, other than dissolved or entrained noble gases, do not 
exceed the values specified in 1 0 CFR Part 20 for liquid effluents at 
site discharge. To support facility operations, Chemistry supervision 
may increase this limit up to the limit specified in Technical 
Specifications 5.16.1.b. For dissolved or entrained noble gases, the 
concentration shaU be limited to 2.0E-04 t.~Ci/ml, total activity. 

2. Technical Specification 5.16.1.b establishes the administrative 
control limit on concentration of radioactive material, other than 
dissolved or entrained noble gases~ released in liquid effluents to 
unrestricted areas conforming to ten times 1 0 CFR 
Part 20.1001-20.2401, Appendix B, Table 2, Column 2. For 
dissolved or entrained noble gasest the concentration shall be limited 
to 2.0E-04 J,JCi/ml total activity. 

APPLICABILITY: At all times 

ACTION: 

a. When the concentration of radioactive material released at site 
discharge exceeds the above limits, appropriate corrective 
actions shall be taken immediately to restore concentrations 
within the above limits. 
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B. Surveillance Requirements 

1. . I NOTE I 
~ 1 J Radioactive liquid waste includes water used for fire suppression in areas .of • 

I 
1 j'the f .. a. cilit.y that ma. y c.onta ... in .rad.ioactivity. These liquids are required to be 
L----~--m~o_n~it_o_~_d~p_.r_io_r_to __ re~le_a_s_e_i~n_a_c_co_r_d_a_nc_e_w __ ith __ S_O_-G __ -2_8_. ______________ ~--~ 

1. Radioactive liquid waste shall be sampled and analyzed according to 
the sampling and analysis program in Table 4.1. 

2. The results of the radioactivity analysis shall be used with the 
calculational methods in Part n of the Off-Site Dose Calculation 
Manual. 

3. To assure that the concentration at the point of release is maintained 
within the limits of Technicai Specification 5.16.1.b. 

4. Records shall be maintained of the radioactive concentrations and 
volume before dilution of each batch of liquid effluent released and of 
the average dilution flow and length of time over which each 
discharge occurred. Analytical results shall be submitted to the 
Commission in accordance with Part I. Section 6.0 of the Off-Site 
Dose Calculation Manual. 
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Table 4.1 - Radioactive Liquid Effluent Sampling and Analysis 

A 
""'• M H IW onttor, • ote ..• aste T k & S . I L. d R I an s ~pec1a 1qui ! e eases 

Sampling Frequency Type of Activity Analysis 
Lower Limit of Detection 

(LLD) (J,~Cifml) A 

Each Batch Principal Gamma Emitters 8 5.0E-07 

Dissolved Noble Gases 
Each Batch (Gamma Emitters) 8 1.0E-05 
Monthly Composite c H-3 1.0E-05 

Monthty Composite c Gross AJpha 1.0E-07 

Quarterly Composite c Sr-89~ Sr-90 S.OE-08 
Quarterly Composite c Fe-55 1.0E-06 

NOTES: 
A. LLD is defined in Part H of the Off-Site Dose Calcuiation ManuaL 
B. The principal gamma emitters for which the LLD specification applies exclusively are the 

following radjonuctides: Kr-87, Kr-88, Xe-133, Xe-133m, Xe-135, and Xe-138 for dissolved 
or entrained gases and Mn-54. Fe-59, Co-58, Co-60, Zn-651 Mo-99i Cs-134, Cs-137, and 
Ce-141 for fission and corrosion products. Ce-144 shaJI also be measured, but with a LLD 
of S.OE-06. 

C. To be representative of the average quantities and concentrations of radioactive materials 
in Uquid effluents, samples should be collected in proportion to the rate of flow of the 
efftuent stream. Prior to analyses, aH samples taken for the composite should be mixed in 
order for the composite sample to be representative of the average effluent release. 
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4 . 1.2 Dose from Radioactive Liquid Effluents 

l>~ . Limiting Condition for Operation 
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1. The dose or dose commitment to an individual in unrestricted areas 
from radioactive materials rn liquid effluents shalf be limited to the 
following: 

a. During any calendar quarter: Less than or equal to 1.5 mrem to 
the total body and 5 mrem to any organ; and 

b. During any calendar year: Less than or equal to 3 mrem to the 
total body and 10 mrem to any organ. 

APPLICABILITY: At all times 

ACTION: 

a. Jf the dose contribution, due to the cumulative release of 
radioactive materials in liquid effluents, exceeds the annual or 
quarterly dose objectives, submit a Special Report to the NRC, 
per Section 6.2.3. within 30 days. 

8. Surveillance Requirements 

1. Cumulative dose contributions from liquid effluents for the current 
calendar quarter and the current calendar year shall be determined 
in accordance with the methodology and parameters in Part IJ of the 
Off-Site Dose Calculation Manual at least once per quarter. 
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4.1.3 Liquid Radwaste Treatment 

A. Limiting Condition for Operation 
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1. The Liquid Radwaste Treatment System shall be FUNCTIONAL, and 
appropriate portions of these systems shall be used to reduce 
releases of radioactivity when the projected doses due to the liquid 
effluent, from each unit, to UNRESTRICTED AREAS would exceed 
0.06 mrem to the whole body or 0.2 mrem to any organ in a 31-day 
period. 

APPLICABtLITY: At aU times 

ACTION: 

a. With radioactive liquid waste being discharged Without 
treatment and in excess of the above limits and any portion of 
the Liquid Radwaste Treatment System not in operation, 
prepare and submit to the Nucfear Regulatory Commission 
within 30 days, pursuant to 10 CFR 50, Appendix I, a Speciaf 
Report that includes the following information: 

1 ) Explanation of why tiquid radwaste was being discharged 
without treatment, identification of equ1pment or 
subsystem(s) not functiona' and reasons for non· 
functionality. 

2) Action(s) taken to restore the non-functional equipment to 
functional status. 

3) Summary description of action(s) taken to prevent a 
recurrence. 

B. Surveillance Requirements 

1. Dose due to liquid releases shall be projected frequently and at least 
once per quarter~ in accordance with the methodology and 
parameters in Part tl of the Off-Site Dose Calculation Manual, when 
Liquid Radwaste Treatment Systems are not fully FUNCTIONAL. 

2. FUNCTIONAL is defined as follows: 

a. A filtration/ion exchange (FIX) system will be utilized for 
processing liquid radwaste. The system consists of a booster 
pump, charcoal pretreatment filter~ and pressure vessets 
containing organic/inorganic resins, which can be configured for 
optimum performance. The effluent from the FIX system is 
directed lo the n1onitor tanks for release. 
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b. Waste filters (WD-17 A and WD-178) are used onty on those 
occasions when considered necessary, otherwise the flows 
from 1he low activity fluids may bypass the filters. No credit for 
decontamination factors (iodines, Cs, Rb, others) was taken for 
these filters during the 10 CFR Part 50 Appendix I dose design 
objective evaluation; therefore, the non-functionality of these 
filters does not affect the dose contributions to any jndividual in 
the unrestricted areas via liquid pathways. The non
functionality of waste filters Will not be considered a reportable 
event in accordance with the Action listed above. 

4 .1.4 Liquid Holdup Tanks 

Tanks included in this Specification are those outdoor tanks thai are not 
surrounded by liners, dikes. or walls capable of holding the tanks contents 
and that do not have tank overflows and surrounding area drains connected 
to the liquid radwaste treatment system. 

A. Limiting Condition for Operation 

1. The quantity of radioactive material contained in each unprotected 
outdoor hquid holdup tank shall not exceed 10 curies, excluding 
tratum and dissolved or entrained noble gases. 

APPLICABILITY: At all times 

ACTION: 

a. When the quantity of radioactive materia~ in any unprotected 
outdoor 1iquid holdup tank exceeds 1 0 curies, excluding tritium 
and dissolved or entrained noble gasses, immediateJy suspend 
all additions of radioactive material to the tank and within 
48 hours reduce the tank contents to within the Hmit. 

B. Surveillance Requirements 

1_ The quantity of radioactive material contained in each outdoor ltquid 
holdup tank shall be determined to be within the above limit by 
analyzing a representative sample of the tanks contents at least 
once per 7 days when radioactive material is being added to the 
tank. 
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4.2 Radioactive Gaseous Effluents 

• 
I 

4.2 1 Concentration 

A. Limiting Condition for Operation 

1. The release rate of radioactive material in airborne effluents shall be 
controlled such that the instantaneous concentrations of 
radionuclides does not exceed the values specified in 10 CFR 
Part 20 for airborne effluents at the unrestricted area boundary. To 
support facility operations, Chemistry supervision may increase this 
limit up to the limits specified in Technica~ Specification 5.16.1.g. 

2. Technical Specification 5.16.1.g establishes the administrative 
control limit on the concentration resulting from radjoactive material~ 
other than noble gases, released in gaseous effluents to unrestricted 
areas conforming to ten times 10 CFR Part 20.1001-20.2401, 
Appendix B. Table 2, Column 1. For noble gases, the concentration 
shall be limited to five times 1 0 C FR Part 20.1001-20.2401, 
Appendix 8, Table 2, Column 1. 

APPLICABILITY: At all tim.es 

ACTION: 

a. When the concentration of radioactive material released to 
unrestricted areas exceeds the above limits, appropriate 
corrective actions shall be taken immediately to restore 
concentrations within the above limits. 

B. Surveillance Requirements 

I NOTE I 
• Radioactive gaseous wastes include atmospheres in areas where gaseous I • 

fire suppression systems are utmzed or where smoke is produced as a result 1 
of fire in areas of the facility that may contain radioactivity. These 
atmospheres are required to be monitored prior to gaseous release to 
·unrestricted areas in accordance with SO-G-28. 

1. Radioactive gaseous wastes shaH be sampled and analyzed 
according to the sampling and analysis program of Table 4.2. The 
results of the radioactivity analysis shall be used to assure the limits 
in Step 4.2.1A are not exceeded. 
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Table 4.2- Radioactive Airborne Effluent Sampling and Analysis 

A. Auxiliary Building Exhaust Stack 0 

Sampling Frequency Type of Activity Analysis Lower Limit of Detection 
(LLD) (pCilml) A 

Weekly 
(Particulate Sample) Principal Gamma Emitters 8 1.0E-11 

Weekly (Noble Gases) Principal Gamma Emitters 8 1.0E-4 

Weekly Tritium (H-3) 1.0E-06 

Monthly Composite c Gross Alpha 1.0E-11 

Quarterly Composite 
(Particulate Samples) Sr-89, Sr-90 1.0E-11 

B. Laboratory and Radwaste Building Exhaust Stack 0 

Sampling Frequency · Type of Activity Analysis Lower Limit of Detection 
(LLD) (JJCi/ml) A 

Weekly 
(Particulate Sample) Principal Gamma Emitters 8 1.0E-11 

Weekly 
{Noble Gases) Principal Gamma Emitters 6 1.0E-4 

Monthly Composite c Gross Alpha 1.0E-11 

Quarterly Composite 
(Particulate Sample) Sr-89, Sr-90 1.0E-11 

NOTES: 
A. LLD is defined in Part II of the Off-Site Dose Calculation Manual. 

B. The principal gamma emitters for which the LLD specification applies exclusively are the 
fol1owing radionuclides: Kr-871 Kr-88, Xe-133, Xe-133m1 Xe-135, and Xe-138 for noble 
gas releases and Mn-54, Fe-59, Co-58, Co-60, Zn-65, Mo·99, Cs-134, Cs-137, Ce-141, 
and Ce-144 for particulate releases. 

C. Frequency requirement may be satisfied using ·weekly gross alpha results from 
particulate sampling media. 

D. Particulate samples shall be corrected for sampler deposition/transportation efficiency by 
using the approved software programs or by multiplying the activity obtained by the 
associated sampler multiplication factor (See Table 4.3). 
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Tab'e 4.3- Sampler Deposition/Transportation Correction Factors 

Sampler Sample 
Particulate 

OF 

RM-062 AB 0.411 

RM-052 AB 0.638 

RM-043 LRWPB 0.809 

ACRONYM DEFINITIONS: 

AB -Auxiliary Building Exhaust Stack 
LRWPB - Laboratory and Rad Waste Processing Building 
DF - Deposition Factor 
ACTMULT- Activity multiplication factor to correct for sample Joss. 

ACTMULT 

2.433 

1.567 

1.236 
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4.2.2 Dose - Noble Gases 

A. Limiting Condition for Operation 
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1. The dose or dose commitment to an individual at the site boundary 
from release of noble gases in airborne effJuents shall be limited to 
the foUowing: 

a. During any calendar quarter: Less than or equal to 5 mrads for 
gamma radiation and less than or equal to 10 mrads for beta 
radiation; and 

b. During any calendar year: Less than or equal to 10 mrads for 
gamma radiation and less than or equal to 20 mrads for beta 
radiation. 

APPLICABILITY: At all times 

ACTION: 

a. tf the dose contribution, due to the cumulative release of noble 
gases in airborne effluents, exceeds the .annual or quarterly 
dose objectives, submit a Special Report to the NRC, per 
Section 6.2.3, within 30 days. 

B. Surveillance Requirements 

1. The radiation dose contributions from radioactive noble gases in 
airborne effluents shaU be determined, in accordance with the 
methodologies and parameters of Part II of the Off-Site Dose 
Calculation Manual, on a quarterly basis. 

4.2.3 Dose - H-3, C-14, and Radioactive Material in Particulate Form with 
Half-Lives Greater than 8 Days (Other than Noble Gases) 

A. Limiting Condition for Operation 

1.. The dose to an individual or dose commitment to any organ of an 
individual in unrestricted areas due to the release of H-3, C-14, and 
rad]oactive mater4als in particulate form with half-lives greater than 
eight days (excluding noble gases) in airborne effluents shaH be 
limited to the following: 

a. During any caJendar quarter: less than or equal to 7.5 mrem to 
any organ; and 
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b. During any calendar year: Less than or equal to 15 mrem to 
any organ. 

APPLICABILITY: At aU times 

ACTION: 

a. If the dose contribution, due to the cumulative release of H-3, 
C-14, and radioactive materials in particulate form with 
half-lives greater than eight days; exceeds the annual or 
quarterly dose objectives, submit a Special Report to the NRC 
per Section 6.2.3J within 30 days. 

B. Surveillance Requirements 

1. The radiation dose contributions from H-3. C-14 and radioactive 
materials in particulate form with half-lives greater than eight days 
(excluding noble ga~es) in airborne effluents shall be determined, in 
accordance with the methodologies and parameters of Part II of the 
Off-Site Dose Calculation Manual! on a quarterly basis. 

4.2.4 Gaseous Radwaste Treatment 

A. Limiting Condition for Operation 

1. In accordance with Technical Specification 5.16.1.f, the Ventilation 
Exhaust Systems shall be FUNCTIONAL, and appropriate portions 
of these systems shall be used to reduce the releases of radioactivity 
when the projected doses in 31 days due to gaseous effluent 
releases to areas at and beyond the SITE BOUNDARY would 
exceed: 

a. 0.2 mrad to air from gamma radiation, or 

b. 0.4 mtad to air from beta radiation, or 

c. 0.3 mrem to any organ of a MEMBER OF THE PUBLIC 
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4.2.4A.1 (continued) 

APPLICABILlTY: A1 all times 

ACTION: 

a. Witfl radioactive gaseous waste being discharged without 
treatment and in excess of the above limjts* prepare and submit 
a report to the Nuclear Regulatory Commission within 30 days,. 
pursuant to 10 CFR 50) Appendix I, a special report that 
includes the foUowing information~ 

1) Identification of equipment or subsystem(s) not functional 
and reasons for non-functionality. 

2) Action(s) taken to restore the non-functional equipment to 
functional status. 

3) Summary description of action(s) taken to prevent a 
recurrence. 

B. Surveillance Requirements 

1. Dose due to gaseous releases shall be projected frequently and at 
least once per quarter, in accordance with the methodology and 
parameters in Part II of the Off-Site Dose Calculation Manual, when 
Ventilation Exhaust Systems are not fully FUNCTIONAL. 

2. FUNCTIONAL is defined as follows: 

a. Ventilation Exhaust Systems 

1) The radioactive effluents from the controlled access area 
of the auxiliary building are filtered by the HEPA filters in 
the auxiliary building ventilation system. If the radioactive 
effluents are discharged without the HEPA filters and it is 
confirmed that one half of the annual dose objective will 
be exceeded during the calendar quarter, a special report 
shall be submitted to the Commission pursuant to Section 
4.2.4A,. 
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4.3 Uranium FueJ Cycle 

4.3.1 Total Dose-Uranium Fuel Cyc!e 

A. Limiting Condition for Operation 

1 The dose to any real individual from uranium fuel cycle sources shall 
be limited to s 25 mrem to the total body or any organ (except the 
thyroid~ which shall be limited to~ 75 mrem) during each calendar 
year. 

APPLICABILITY: At all times 

ACTION: 

a. With the calculated dose from the release of radioactive 
materials in liquid or gaseous effluents exceeding twice the 
limtts of specifications 4.1.2A, 4.2.2A, or 4.2.3A, calcuJations 
shall be made inctuding direct radiation contribution from the 
facility and outside storage tanks to determine whether the 
above limits have been exceeded. tf such is the case, in lieu of 
any other report required by Section 6.2, prepare and submit a 
Special Report to the Commission pursuant to Technical 
Specification 5.16 that defines the corrective action to be taken 
to reduce subsequent releases to prevent recurrence of 
exceeding the above limits and includes the schedule for 
achieving conformance with the above limits. This Special 
Report, as defined ln 10 CFR Part 20.2203{a)(4) and 
20.2203(b), shaU include an analysis that estimates the 
radiation exposure (dose) to a MEMBER OF THE PUBLIC from 
uranium fuel cycle sources, including aJI effluent pathways and 
direct radiation, for the calendar year that includes the 
release(s) covered by this report. tt shall also describe levels of 
radiation and concentration of radioactive material involved, 
and the cause of exposure levels or concentrations. If the 
estimated dose(s) exceeds the above limits, and if the release 
condition resulting in the violation of 40 CFR Part 190 or 10 
CFR Part 72.104 has not already been corrected, the Special 
Report shall include a request for a varjance in accordance with 
the provisions of 40 CFR Part 190 or 10 CFR Part 72.104. 
Submittal of the report is considered a timely request, and a 
variance is granted until staff action on the request is complete. 
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B. Surveillance Requirements 
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1 , Cumulative dose contributions from liquid and gaseous effluents 
shall be determined in accordance with surveiUance requirements 
4.1.28, 4.2.28 and 4.2.38 and in accordance with the methodology 
and parameters in Part II of the Off-Site Dose Calculation Manual. 

5.0 RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM CREMP) 

5.1 Monitoring Program 

5.1.1 limiting Condition for Operation 

A. The Radiological Environmental Monitoring Program shall be conducted 
as specified in Table 5.1. 

APPLICABILITY: At all times 

ACTION: 

1. Analytical results of this program and deviations from the sampling 
schedule shall be reported to the Nuclear Regulatory Commission in 
the Annual Radiological Environmental Operating Report 
(Section 6.2). 

2. If the leve~ of radioactivity from calculated doses leads to a higher 
exposure pathway to individuals, this pathway shall be added to the 
Radiological Environmental Monitoring Program. Modifications to 
the program shalt be reported in the Annual Radiological 
Environmental Operating Report to the Nuclear Regulatory 
Commission. 

3. If the level of radioactivity in an environmental sampling medium 
exceeds the reporting level specified in Table 5.4, and the activity is 
attributable to facil.ity operation, a Special Report shalt be prepared 
and submitted to the Nuclear Regulatory Commission within 30 days 
(Section 6.2.3). The detection capabilities of the equipment used for 
the analysis of environmental samples must meet the requirements 
of Table 5.3 for Lower Level of Detection (LLD}. 
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4 . If the level of radioactivity in a sample from either an on site or offsite 
well, performed per the Site Groundwater Protection Program, 
exceeds the reporting level specified in Table 5.4, and the activity is 
attributable to facility operation, a Special Report shall be prepared 
and submitted to the Nuc1ear Regulatory Commission within 30 days 
(Section 6.2.3). The detection capabilities of the equipment used for 
the analysis of environmental samptes must meet the requirements 
of Table 5.3 for Lower Level of Detection (LLD). Copies of the 
Special Report will be forwarded to State/Local authorities. 
[AR 39127] 

5. If the level of radioactivity from either an onsite or offsite well, 
performed per the Site Groundwater Protection Program exceeds the 
reporting level specified in Table 5.4, and the activity is attributable to 
facility ope~ations, state and iocai authorities shan be notified by the 
end of the next business day. NRC shall be notified per LS-FC-
1020, Reportability Tables and Decision Tree. [AR 39127] 

6. Radiologjcal environmental sampling locations and the media that is 
utilized for analysis are presented in Table 5.2. Sampling locations 
are also illustrated on the map~ Figure 1. Details of the quarterly 
emergency TLO locations are contained in surveillance test 
CH-ST -RV-0003, Environmental Sample Collection -
Quarterly/Environmental Dosimeters (TLDs ). Each TLD sample 
location contains one dosimeter that is exchanged quarterly for 
REMP sampling and as needed for Emergency Planning Zone 
monitoring. 

7. Deviations from the monitoring program, presented in this section 
and detailed in Table 5.2, are permitted if specimens are 
unobtainable due to mitigating circumstances such as hazardous 
conditions, seasonal unavaUability, malfunction of equipment, or if a 
person discontinues participation in the program, etc. If the 
equipment malfunctions~ corrective acUons wm be completed as 
soon as practicable. If a person no longer supplies samples, a 
replacement will be made if possible. All deviations from the 
sampling schedule will be described in the Annual Radiological 
Environmental Operating Report~ pursuant to Section 6.2. 

5.1.2 Surveillance Requirements 

A. The Radiological Environmental Monitoring Program (REMP) samples 
shall be collected and analyzed in accordance with Tables 5.1 , 5.2, and 
5.3. 
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Table 5.1 - Radiological Environmental Monitoring Program 
Exposure Pathway Collection Site A Type of Analysis 8 

andlor Sample 

1. Direct Radiation A. 14 TLD Indicator stations, one Gamma dose 
background stationF, total of 15. 

B. An inner-ring of 16 stations, one 
in each cardinal sector in the Gamma dose 
general area of the unrestricted 
area boundary and within 
2.5 miles .. 

C. An outer-ring of 16 stations, one 
in each cardlnat sector located Gamma dose 
outside of the inner-ring, but no 
more distant than approximately 
5miles. 

D . Other TLDs may b~ placed at Gamma dose 
special interest locations beyond 
the Restricted Area where either 
a MEMBER OF THE PUBLIC or 
Om.aha Public Power District 
employees have routine access. 

2. Air Monitoring A. Indicator Stations Filter for Gross Beta c 

1. Three stations in the general Filter for Gamma Isotopic 
area of the unrestricted area 
boundary 

2. City of Blair 

3. Desoto Township 

B. One background station F 

3. Water A. Missouri River at nearest Gamma Isotopic, H~3 
downstream drinking watet 
intake 

8. Missouri River downstream near 
the mixing zone. 

c. Missouri River upstream of 
Facility intake (background)F. 

4. Milk 0 A. Nearest milk animal (cow or Gamma isotopic 
goat) within 5 mites 

B. Milk animal (cow or goat) 
between 5 miles and 
18.75 miles (background)F. 

5. Fish A. Four fish samples within vicinity Gamma Isotopic 
of Facility discharge. 

B. One background sample 
upstream of Facility discharge. 
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Frequency 

Quarterly 

Quarterly 

Quarterly 

Quarterly 

Weekly 

Quarterly 
composite 
of weekly filters 

Monthly for 
Gamma 
isotopic 
analysis . 

Quarterly 
composite for 
H-3 Analysis 

Biweekly 
grazing season 
(May to 
October), 
monthty at 
other times 

Once per 
seasoh 
(May to 
October) 
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Table 5.1 - Radiological Environmental Monitoring Program 
Exposure Pathway Collection Site A Type of Analysis e 

and/or Sample 

6. Sediment A. One sample from downstream Gamma Isotopic 
area on the station side of the 
Missouri River. 

B. One sample from upstream of 
Facility Intake (background)f. 

7. Vegetables or A. One sample in the highest Gamma Isotopic 
Food Products E exposure pathway. 

B. One sample from onstte crop 
field 

c. One sample outside of 5 miles 
(backgtound}"". 

8. Groundwater A. Three samples from sources H3, Gross Ret~. Gamma 
potentially affected by facility Isotopic, Sr-90 
operations. 

B. One sample outside of 5 miles 
(background)F . 

9. Vegetation in lieu A. One sample at the highest Gamma Isotopic 
of milk annual average D/Q offsite 

location. 

B. One sample at the second 
highest annual average DIQ 
offsite focation. 

C. One sample outside of 5 miles 
(background) r. 
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Frequency 

Semiannually 

Once per 
season 
(May to 
October) 

Quarterly 

Monthly (when 
available) 
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A. See Table 5.3 for required detection limits. 
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B. The Lower Limit of DeteCtion (LLD) for analysis is defined 1n the Uff-S1te Dose Calculation Manual in 
accordance with the wording of N UREG..;1301. 

C. When a gross beta count indicates radioactivity greater than 2.5E-13 J,JCi/ml or 0.25 pCi/m3, (ten times the 
yearly mean), a gamma spectral analysis will be performed. 

D. tf milk samples are temporarily not available at a sampling site due to mitigating circumstances, then 
vegetation (broadleaf, pasture grassJ etc.) shall be collected as an alternate sample at the site. If there are 
no milk producers within the entire 5-mile radius of the facility, then vegetation shall be collected monthly. 
when available, at two offslte locations having the highest calculated annuat average ground level D/Q and 
a background locale. (Reference Off-Site Dose Calculation Manual , Part II, Table 4 "Highest Potenfial 
Exposure Pathways for Estimating Dose") 

E. Samp1es should be collected from garden plots of 500 ft2 or more. (Reference Reg. Guide 4.8 
"Environmental Technical Specifications for Nucl.ear Power Plants,'* Dec. 1975). 

F. This sample may not be located in the least prevalent wind direction. The Branch Techn1ca1 Position paper~ 
Table 1, subnote "d 11 says this regarding background infonnationl or control locations. "The purpose of this 
sample Js to obtain background informatlon.lf it Is not practical to establish eontrollocatlons in 
accordance with the distance and wind direction criteria, ·other sites which provide valid background 
data may oe substituted". 
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Table 5.2- Radiological Environmental Sampling Locations And Media 

Approximate Approximate Air Distance 
Sample Appro;dmate from Center Direction Monitoring Sedi-Station Collection Sites of 

{degrees Sector TLD Water Milk 
ment Fish 

No. Containment from true Airborne 
(mites) 

north) Particulate 

Onsite Station. 
11 0-meter weather 

1 tower 0.53 293.,MINW p X 

Onsite Station, adjacent 
2C.E to old plant access road 0.59 207"/SSW K X X 

Offsite Station, 
Intersection of Hwy. 75 

3 and farm access road 0.94 145°/SE G X 

4 Blair OPPD office 2.86 305°/NW a X X 

SA 

Fort Calhou1, NE City 
6 Han 5.18 150"/SSE H X 

Fence around intake 
gate, Desoto Wildlife 

7 Refuge 2.07 102"/ESE F X 

Onsite Station. 
entrance. to Plant Site 

8 from Hwy. 75 0.55 191 t'I/S J X 

Onsite Station, NW of 
9 Plant 0.68 305°/N\N 0 X 

Onsite Station. WSW of 
10 Plant 0.61 242"NVSW M X 

Offsite Station, SE of 
11 Plant 1.07 39"/SE G X 

--- -- ... • ......... .. 

Vegetables 
Ground-and Food water Products 

I 

~- -· ·-·---· 
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Table 5.2 .. Radiological Environmental Sampling Locations And Media 

Approximate 
Approximate Air Distance Sam pre Approximate from Center Direction Monitoring 

Sedi-
Station 

Colfection Sites of (degrees Sector TLD Water Milk 
ment 

No. Containment 
from true Airbome 

(miles) north) Particulate 

Metropolitan Utifities 
Dist.. Ftorence 
Treatment Pia nt 

12 North omaha, NE 14.3 1544/SSE H X 

West bank Missouri 
River, downstream from 

13 Plant discharge 0.45 108°/ESE F X X 

Upstream from Intake 
14° Bldg, west bank of river 0.09 4"/N A X X 

15 Smith Farm 1.99 134"/SE G 

16A 
17A 

18A 

19A 

20° Mohr Dairy 9.86 186G/S J B.f 

21A 

Fish Sampling Area, 0.08 
22 Missouri River (R.M. 645.0) 6"/N A 

Fish Sampling Area~ 17.9 
23° Missouri River (R.M. 666.0) 358"/N A 
24A 

25A 

26A 

27A 

Vegetables 
Ground-Fish and Food 

water Products 

X 

I 

X X I 

X I 

X 

I 

I 

I 
-~ . 
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Table 5.2 - Radiological Environmental Sampling Locations And Media 
Approximate Approxlmatf! Air Distance Sample Approximate from Center Direction Moniiorli!g Sedi-

Stat Jon Colfec:tJon Slles of (degrees Sector TLD Water Milk ment Fish 
No. Containment 

from true 
Airborne 

~miles) 
notth) Particulate 

28A. --·---
29" ·-
30~' 

31" 

32° Valley Substation #902 196 221./SW L X X 

3JA 

34" 

35 Onsrte Fatnl Field 0.52 118"/ESE F 
-·- ~-·-·--- · I-

Offsite Station 
Jntersectton Hwy 751Co. 

36 Rd. P37 0.75 227"fSW L X 

Offsite Station Desoto 
37 Township 1.57 144o-/SE G X X 

38A 
f- . 

39" 
1---· 

40•' 
41C Oov-ller Acreaae 0.73 175"'/S J X X ~r; 

. .':"~-- ___..__ ._. 

42 Sector A-1 1,94 0"/NORTH A X 
r-· - -- -·- _ __ ........_ _ --·--~-

43 Sector B-1 1.97 16"/NNE B X -
44 Se-ctor C-1 1.56 41"/NE c X 

45 Seclor0-1 1_34 71"/ENE 0 X 
,__~= -·""'---

,.___.._ ________ 
·-- ··- ·· - -

1.54 90"/~~~ ·--~Y- · 46 SectorE-1 X 

47 Sector F-1 X 0.45 108°/ESE F 
-- - -·· ----·-~ ····- '--· ---'--· 

Ve• 
ar 
Pt 

~ 

-··-
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Table 5.2 - Radiological Environmental Sampling Locations And Media 

Approximate Approximate Air Distance 
Sample 

Approximate from Center 
Dtrectlon Monitoring 

Sed I· StatJon Colfectlon Sites of 
(degrees Sector TLO Water Milk 

tnt~nt 
Fish 

No. COtttalnment from true Airborne 
(milos) 

north) Particulate 

48 SectorG-1 1.99 134./SE: G X 

49 SectorH·1 1.04 15£r/SSE H X 

50 SectorJ-1 0.71 179./SOUTH J X 

51 SectorK-1 061 205'*/SSW K X 

52 Sectorl-1 0.74 229 .. /SW L X 

53 Sector M-1 0.93 248"/WSW M X ---r---~---"--" · 

54 SectorN·1 1.31 266~/WEST N X 

55 Sector P-1 0.60 291°/WNW p X 

56 SectorQ-1 0.67 3()7"'/NW 0 X 
-~· --·-

57 Sector R-1 2~32 328"/NNW R X - .- ........ 

58 Sector A-2 4.54 3!;0'/NORTH A X 
-· 

59 SectorB-2 2.95 26./NNE B X 
f----· ------ ._._. 

60 Sector C-2 3.32 so·INE c X 

61 Sector 0·2 3.11 rs•tENE D X 

62 SectorE-2 2.51 90°/EAST E X 
!-----· 

63 SectorF-2 2.91 110~/ESE F X ----
64 S~ctorG-2 3 .00 140./SE G X 

~ ·· · -· · · ·~ ~ ---· ·· - - -- ·-- -- r-- -- 1-- · - · , .. - f- ' --
65 SectorH-2 2.58 154"/SSE H X 

------···· - ·· --1- ~-.-~ --
_ ... -- - -

66 SectorJ·-2 3.53 181 -·JSOUTH J X 

67 Sector K-2 2.52 205'/SSW K X --- ----· 
68 Sector l-2 2.n 214•1sw L X 

69 Seclor M-2 2.86 243c/WSW M X ______ ..__ ___ ---· 
-"----- . 

Ve1 
at 
p, 

-

-

r-

1---
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Tabfe 5.2 • Radiological Environmental Sampling Locations And Media 
Approximate Approximate Alt Otfltance 

Sample Appro.Jdl'lulte f'remCentet Direction Monitoring Sedi-StatlC)n 
Coll&ctlon SltGs of 

(degref!s Sector TLO Water Mltk ment No. Containment from true Altbome 
(mtles) north) Parttcutate 

70 SectorN~2 2.54 263./WEST N X -
71 SectorP-2 2.99 299"'fWNW p X 

72 Sector0-2 3.37 311./NW 0 X 

73 SectorR-2 3.81 328"/NNW R X -
74 D. Miller Farm 0.65 203./SSW K 

75C Lomp Acreage 0.65 163"/SSE H X X nc 

76 Stangl Farm 3.40 169°/S J X 
-· 

77G RiverN-1 0.11 328"/NNW R X 

]8G Rtvers-1 0.14 as•fEAsT E X 

79G Lagoon S-1 0.24 131"/SE G X 
-· ·-·- 1--eoa Patklhg S-1 0.27 158"/SSE H X --- -

81 13 Training W-1 0.28 194./SSW K X - - · -
gzc Switchyard S-1 021 2:19"/SW l X 
~· 

83G Switchyard SE-1 0.14 231"/SW L X 

84(:, Swltchyatd NE·1 0.18 256°NISW M X ,,, 
85(; $Witchyard ~-1 ().29 233.MIEST L X 

86G· SWitchyatd N-1 0.24 262.M'ESi N X 
>:.£·-

87G Range S-1 0.20 286"/VI/NW p X 
r---· 

ea.:. Mausoleum E-1 0.37 216'/SW L X 
~~ -

Vej 
Fish ar 

PI 

· -
-- -

·--~ 

·- -
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A. Location is either not in use or currently discontinued and is documented in the table for reference only. 
B. If milk samples are temporarily not available at a sampling site due to mitigating circumstances, then vegetation (broadfeaf, pasture grass. etc.) shall be 

collected .as an alternate sample at the site. If there are no milk producers within the entire 5-mile radius of the facility. then vegetation shall be colfected 
monthly, when available. at two offsite locations having the nighest calculated annual average ground level D/Q and a background locale.. (Reference Off
Site Dose Calculation Manuat, Part II, Table 4 "Highest Potential Exposure Pathways for Estimating Dose") 

C. Locations repreSE!nt highest potential exposure pathways as determined by the biennial Land Use Survey, performed in accordance with Part I, Section 7.3.2. 
of the Off-Site Dose Calculation Manual and are monitored >lS such. 

D. Background location (controf)- All other locations are indicators. 
E. Location for monitoring Sector K High Exposure Pathway Resident Receptor for inhalation. 
F. When broad leaf {pasture grasses) are being collected in lieu of milk. background broad 'eaf samples will be collected at a background locale. 
G. location for special interest monitoring general dose to the public per 40CFR190 (Figure 2) 
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Figure 1 - Environmental Radiologicaf Sampling Points 

Q 

('*) Locations currently discontinued are not illustrated. 
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Figure 2- 40CFR190 Sampling Points 
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Table 5.3- Detectton CapabiHUes for Environmental Sample Analysis Lower Limit of Detection (LLD) A. 9· c 

Gross Co-58. Ba-140 
Sample Units Beta H-3 Mn-54 Fe·59 Co·60 Zn-65 Zr-95 Nb·95 Cs-134 Cs-137 La-140 

Water pCfll 4 2.0E+03 1.5E+01 3.0E+01 1.5E+01 3.0E•01 1.5E+01 1.5E+01 1.5E+01 1.8E+01 1.5E+01 
pCi/kg 

Fish (wet) - --- 1.3E+02 2.6E+02 1.3E+02 2.6E+02 -- --- 1.3E+02 1.5E+02 ---
Milk pCi!L - -- --- -- -- -- -- --- 1.5E+01 1.8E+01 1.5E+01 
Airborne 
Particulates or 
Gases pCi/m3 1.0E-02 -- --- --- - -- -- --- 1.0E-02 1.0E-02 --

pCilkg 
Sediment (dry) -- -- -- __ ..., -- -- -- -- 1.5E+02 1.8E+02 -
Grass or Broad 
Leaf 
Vegetation/ 
Vegetables or pCi/kg 
Food Products (wet) --- - -- -- -- -- -- --- 6.0E+01 8.0E+01 --

A; This list does not mean that only these nuclides arc to be considered. Other peaks that are identifiable as Facility effluents, together with those of the above 
nudides, shall also be analyzed and roported in the Annual Radiological Environmental Operating Report pursuant to Part r. Section 6.2, of the Off-51te Dose 
Calculation Manual. 

B. Required detection capabilities for thermoluminescent dosimeters used for environmental measurements shall be in accordance with the recommendations of 
Regulatory Guide 4.13. 

C. The LLO is defined in Part It of the Off~Site Dose Calculation Manual 
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Table 5.4 - Reporting Levels for Radioactivity Concentrations in Environmental Samples A 

Sample Units H·3 Mn-54 Fe-59 Co-58 Co-60 Zn-65 Zt-95 Nb-95 Cs·134 Cs-137 

Water pCiiL 2.0E+04 1 OE+03 4.0E+02 1.0E+03 3.0E+02 3.0E+02 4.DE+02 4.0E+02 3.0E+01 5.0E+01 

Fish pCilkg 
(wet) -- 3.0E+04 1 .. 0E+04 3.0E+04 1.0E+04 2,0E+04 -- -- 1.0E+03 2.0E+03 

Milk pCr/L -- -~ -~- -- -- --- -- -- 6.0E+01 7.0E+01 
Airborne 
Particulates or pCi/m 3 

Gases - --- ---- --- --- -- -- --- 1 .OE+01 2.0E+01 
Grass or Broad 
Leaf 
Vegetation/ 
Vegetables or pCi/kg 
Food Products (wet} - - - ---- - - - -- 1.0E+03 2.0E+03 

• -'---- - - ----- ~ 

Ba-140 
La-140 

2.0E+02 

---
3.0E+02 

--

_..__ 
----·-- -~-------

A. A Non-routine report shall be submitted when more than one of the radio nuclides listed above are detected In the sampling medium and 

Concentration 1 Concc>ntration 2 Concentration 3 
. . . l + . . . l 2 + · L • ... + · · '· ?; l.O eportmg Le11e 1 Reporting l.eve Reportmg eve 

When radlonuclides other than those listed above ate detected and are the result of Facility ef~ueots, this report shall be submltted if the potential annual dose 
to a member of the general public is equal to or greater than the dose objectives of Part I, Section 4.1 and 4.2, of the Off-Site Dose Calculation Manual. This 
report is not required if the measured level of radioactivity was not the result of Facility effluents; however, in such an event1 the condition shall be reported 
and described in the Annual Radiological Environmental Operating Report. 
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5.2 Land Use Survey 

5.2.1 Limiting Condition for Operation 

A. A Land Use Survey shall identify the location of the nearest milk animal. 
nearest meat animal, nearest veg,etable garden, nearest groundwater 
source and the nearest resid,ence in each of the 16 cardinal sectors 
within a distance of five miles. The survey shall be conducted under the 
following conditions: 

1, Within a one-mile radius from the Facility site, enumeration by 
door-to-door or equivalent counting techniques. 

2. Within a Five-mite radius, enumeration may be conducted 
door-to-door or by using referenced information from county 
agrlcultural agents or other reHable sources. 

APPLICABILITY: At all times 

ACTION: 

a. If it is learned from this survey that milk animals, vegetable 
gardens and resident receptors are present at a location which 
yields a calculated dose greater than 20% from previously 
sampled location(s), the new location(s) shall be added to the 
monitoring program. Milk and vegetable garden sampling 
location(s) having the lowest calculated dose may then be 
dropped from the monitoring program at the end of the grazing 
and/or growing season during which the survey was conducted 
and the new location added to the monitoring program. 
Groundwater monitoring is based on a determination if 
source(s) are potentially affected by facility operations. 
Modifications to the air monitoring locations. vegetable garden 
sampling locations, and milk sam:pling locations will be made as 
soon as practicable. The Nuclear Regulatory Commission shall 
be notified of modifications to the program in the Annual 
Radiological Environmental Operating Report (Section 6.2). 
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b. lf it is learned from this survey that a pathway for dose to a 
MEMBER OF THE GENERAL PUBUC no Ienger exists, an 
additionaJ pathway has been identified or site specific factors 
affecting the dose calculations for a pathway have changed! 
then this information should be documented in the Land Use 
Survey, the Annual Radiotogjcal Environmental Operating 
Report and the Annual Radioactive Effluent Release Report. 
This information can be used to increase the accuracy of the 
dose models for the Annual Radioactlve Effluent Release 
Report as well as dose estimates perfonned during the 
reporting period (i.e., quarterly dose estimates). 

5.2.2 Surveillance Requirements 

A. A land use survey shall be conducted once per 24 months between the 
dates of June 1 and October 1. The results of the land use survey shall 
be submitted to the Nuclear Regulatory Commission in the Annual 
Radiological Environmental Operating Report (Section 6.2) for the year it 
was performed. 

5.3 Interlaboratory Comparison Program 

5.3.1 Limiting Condition for Operation 

A. Analyses shall be performed on radioactive materials as part of an 
Interlaboratory Comparison Program that has been approved by the 
Nuclear Regulatory Commission. 

APPLICABILITY: At all times 

ACTION: 

1. With analysis not being performed as required above; report the 
corrective actions taken to prevent a recurrence to the Commission 
tn the Annual Radiological Environmental Operating Report 
(Section 6.2). 

5.3.2 Surveillance Requirements 

A. The results of these analyses shall be included in the Annual 
Radiological Environmental Operating Report {Section 6.2). 
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6.1 Responsjbilities 
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6.1.1 FCS Chemistry Department is responsible for the implementation and 
maintenance of the Off-Site Dose Calculation Manual. 

6.1.2 FCS Operations Department is responsible for the compliance with the 
Off-Site Dose Calculation Manual In the operation of Fort Calhoun Station. 

6.2 Radioactive Effluent Reporting Requirements 

The reporting requirements for radioactive effluents stated in this Section are to 
provide assurance that the limits set forth in Part I of the Off·Site Dose Catculation 
Manual are complied with. These reports will meet the requirements for 
documentation of radioactive effluents contained in 10 CFR Part 50.36a; Reg. 
Guide 1.21, Rev. 2; Reg. Guide4.8, TabJe 1; and Reg. Guide 1.109, Rev.1. 

6.2.1 Annual Radioactive Effluent Release Report 

A report covering the operation of the Fort Calhoun Station during the 
prevjous calendar year shall be submitted prior to May 1 of each year per the 
requirements of Technical Specifications 5.9.4.a. and 10 CFR Part 50. 

The Radioactive Effluent Retease Report shall include: 

A. A summary of the quantities of radioactive liquid and airborne effluents 
and solid waste released from the facility as outlined in Regulatory 
Guide 1.21l Revision 2. 

8. A summary of the annual meteoroJogical data that provides joint 
frequency distributions of wind direction and wind speed by atmospheric 
stability class will be included in the annual .report. In addition, hourly 
meteorological data is recorded and retained on site as outlined in 
Regulatory Guide 1.21, Revision 2. 

C. An assessment of radiation doses from the radioactive Uquid and 
airborne effluents released from the unit during each calendar quarter as 
outlined in Regulatory Guide 1.21; Revision 2. The assessment of 
radiation doses shall be performed in accordance with calculational 
methodology of the Regulatory Guide 1.1 09, Revis·ion 1, 

D. Changes to the Process Contro1 Program (PCP) or to the Offsite Dose 
Calculation Manua1 (ODCM) made during the reporting period. Each 
change shall be identified by markings in the margin of the affected 
pages clearly indicating the area of the page that was changed and shall 
indicate the date the change was implemented. 
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E. A list and description of abnormal releases or abnormal discharges from 
the site to unrestricted areas of radioactive mat~rials in gaseous and 
liquid effluents made during the reporting period. 

F. An explanation of why instrumentation designated in Part I, 
Sections 3.1.1 and 3.2, of the Off-Site Dose Calculation Manual. was not 
restored to FUNCTIONAL status within 30 days. 

G. A description of any major design changes or modifications made to the 
Liquid and/or Gaseous Radwaste Treatment Systems or Ventilation 
Exhaust Systems during the reporting period. 

H. An explanation of why the liquid and/or gaseous radwaste treatment 
systems were not FUNCTIONAL, causing the limits of specifications 
4.1.3A and 4.2.4A to be exceeded. 

I. The results of sampling from offsite and onsite groundwater wells per the 
Site Groundwater Protection Plan. [AR 39127] 

J. Non-routine planned discharges (e.g., discharges from remediation 
efforts like pumping contaminated groundwater from a leak). 

6.2.2 Annual Radiological Environmental Operating Report 

The Annual Radiological Environmental Operating Report for the previous 
one year of operation shall be submitted prior to May 1 of each year. This 
report contains the data gathered from the Radiological Environmantal 
Monitoring Program. The content of the report shall include: 

A. Summarized and tabulated results of the radiological environmental 
sampling/analysis activities following the format of Regulatory Guide 4.8, 
Table 1. In the event that some results are not available, the report shall 
be submitted noting and explaining the reasons for the missing results. 
The missing data shan be submitted as soon as possible in a 
supplementary report. 

B. Interpretations and statistical evaluation of the results, including an 
assessment of the observed impacts of the facility operation and 
environment. 

C. The results of participation in a NRC approved Interlaboratory 
Comparison Program. 

D. The results of land use survey required by Section 5.2. 

E. A map of the current environmental monitoring sample locations. 
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lf the limits or requirements of Sections 4.1.2A, 4.1.3A, 4.2.2A, 4.2.3A, 
4.2.4A, 4.3.1A, and/or 5.1.1A.3 and/or 5.1.1A.4 are exceeded, a Special 
Report shall be issued to the Commission, pursuant to Technical 
Specification 5.16. This report shall include: [AR 39127] 

A. The results of an investigation to identify the causes for exceeding the 
specification. 

8. Define and initiate a program of action to reduce levels to within the 
specification limits. 

C. The report shall also include an evaluation of any release conditions. 
environmental factors1 or other aspects necessary to explain the 
condition. 

6.2.4 EPA 40 CFR Part 190 Reporting Requirements 

With the calculated dose from the release of radioactive materials in liquid or 
gaseous effluents exceeding twice the 1imits of dose from 
specifications 4.1.2A, 4.2.2A, or 4.2.3A, calculations shall be made including 
direct radiation calculations~ to prepare and submit a special report to the 
Commission within 30 days and limit the subsequent releases such that the 
dose to any real individual from uranium fuel cycle sources is limited to 
s 25 mrem to the total body or any organ (except thyroid, which is limited to 
~ 75 mrem) over the calendar year. This special report shall include an 
analysis which demonstrates that radiation exposures to any member of the 
public from uranium fuel cycle sources (including all effluent pathways and 
direct radiation} are less than the 40 CFR Part 190 standard. Otherwise~ 
obtain a variance from the Commission to permit releases which exceed the 
40 CFR Part 190 standard. The submittal of the report is to be considered a 
timely request and a variance is granted pending the final action on the 
variance request from the Commission. 

6.2.5 ISFSl 10 CFR Part 72.104 Reporting Requirements 

The regulatory requirements of 1 OCFR20. 1 OCFR72 and 40CFR 190 each limit 
total dose to individual members of the public without regard to specific 
pathways. The only significant exposure pathways for light water reactors 
included in 10CFR20, 10CFR72 and 40CFR190 not addressed by 10CFR50 
Appendix I are the direct radiation pathway and exposure from on-site activity 
by members of the public. 
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The 10CFR72.104 dose limits are the same as those specified in 40CFR190. 
ISFSI dose contribution is in the form of direct radiation as no liquid or gas 
releases are expected to occur. 1f the dose limits of 40CFR 190 or 
10CFR72.104 are exceeded, a special report to the NRC, as well as an 
appropriate request for exemption/variance, is required to be submitted to the 
NRC. 

The requirement that the dose limits of 1 OCFR72.1 04 apply to any ~real 
individual' is controlled for ISFSI activities in the ISFSI 72.212 report. 
Therefore. for the purposes of analyzing dose from the ISFSI, the member of 
the pubiic as defined in 40CFR190 is the same as for the 'real individual'. 

The report of the annual direct radiation required by 1 OCFR72 shan be 
submitted prior to 60 days from January 1 of each year. 

The external Total Body Dose is comprised of: 
1) Total Body Dose due to noble gas radionuc1ides in gaseous effluents 
2) Dose due to radioactive waste and the ISFSI 
3) Total Body Dose due to radioactivity deposited on the ground (this 

dose is accounted for in the determinatjon of the non~noble gas dose 
and is not considered here) 

The Total Body Ooset external is given by: 
D,ext = D,tb + D,osf 

WhereDtext is the external! dose 
D,tb is the total body dose 
O,osf is the dose from on-site storage 

The Total Dose is then given by: 
D,tot == D,ext + D.liq + D,nng 

Dose Limits 

Where D, tot is the tota I dose 
D ,ext is the external dose 
D,liq is the dose from liquid effluents 
D,nng is the dose from non-noble gases 

Total Body, annual 
Thyroid, annual 
Other Organs, annual 

25 mrem 
75 mrem 
25 mrem 
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The Off-Site Dose Calculation Manual is the controlling document for all radioactive 
effluent releases. U is defined as a procedure under the guidance of Technical 
Specification 5.8. 1t will be revised and .reviewed by the Plant Operations Review 
Committee and approved by the Plant Manager in accordance with Technical 
Specification 5.17. AU changes to the Off-Site Dose Calculation Manual will be 
forwarded to the Nuctear Regulatory Commission during the next reporting period for 
the Annual Radioactive Effluent Release Report in accordance with the requirements 
of Technical Specification 5.17. 

6.4 Meteorologicat Data 

The Annual Average XIQ is utilized to determine the concentrations of radionuclides at 
the unrestricted area boundary. It is also the factor used in conjunction with the 
parameters and methodologies in Part U, of the Off-Site Dose Calculation Manual to 
determine unrestricted area dose on a quarterty bases or as needed. It is based on an 
average of the highest calculated sector x!Q values, using all 16 sectors for each of 
the three previous year Annual Radioactive Effluent ReJease Reports, and the 
XOQDOQ pJume trajectory model. An additional 10 percent will be added to the 
average for unrestricted area dose estimates performed quarterly or as needed for 
conservatism. When calculating x/Q data for the Annual Radiological Effluent Release 
Report, if the highest calculated xlQ for the reporting period is observed to be greater 
than ± 10o/o of the Annual Average XIO previously calculated, contact Chemistry 
supervision for further instructions. This model conforms with the Nuclear Regulatory 
Commissions Regulatory Guide 1 .111. 

Current year meteorological data will be utilized in the preparation of the Annual 
Radioactive Effluent Release Report. This data is used to calculate the joint frequency 
table. the dispersion coefficients and deposition factors in al116 sectors. These are 
used in the calculation of doses to Individuals in unrestricted areas as a result of the 
operation of Fort Calhoun Station. The models used, GASPAR 2 and LADTAP 2, 
meet the intent of Nuclear Regulatory Commissions Reg. Guide 1.109 and 1.21 for the 
reporting of doses due to routine radioactive effluent releases. 
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6.5.1 Regulatory Guide 1.109, Rev. 1- Calculation of Annual Dose to man from 
Routjne Releases of Reactor Effluents for the purpose of evaluation 
compliance with 10 CFR Part 50. Appendix I 

6.5.2 Regulatory Guide 1.111, Rev. 1 - Methods for Estimating Atmospheric 
Transport and Dispersion of Gaseous Effluents in Routine Releases from 
Light-Water-Cooled Reactors. 

6.5.3 Regulatory Guide 1.113, Rev. 1 -Estimating Aquatic Dispersion of Effluents 
from Accidental and Routine Releases for the purpose of Implementing 
Appendix I. 

6.5.4 Regulatory Guide 4.8, Environmental Technical Specification for Nuclear 
Power Plants. 

6.5.5 NRC Branch Technical Posittoni March 1978 

6.5.6 NUREG-0133 -Preparation of Radiological Effluent Technical Specifications 
furNu~earPowerP~n~. 

6.5. 7 NUREG-1301 - Offsite Dose Calcu,ation Manual Guidance. 

6.5.8 Regulatory Guide 1.21, Rev. 2 - Measuring, Evaluating, and Reporting 
Radioactivity in solid wastes and Releases of Radioactivity Materials in 
Liquid and Gaseous Effluents from Light-Water-Cooled Nuclear Power 
Plants. 

6.5 9 Code of Federal Regulations. Title 10, Part 20 

6.5.10 Code of Federal Regulations, Title 10, Part 50 

6.5.11 Code of Federal Regulations, Title 40, Part 190 

6.5.12 Fort Calhoun Revised Environmental Report (Unit No. 1 )-1972 

6.5.13 Fort Calhoun Technical Specifications (Unit No. 1) 

6.5.14 Defueled Safety Analysis Report 

6.5.15 AR 12357, Implement Recommendations of Memo FC-0133-92, Part I, 
Table 3.2.1 Action 4, of the Off-Site Calculation Manual 

6.5.16 AR 39127, NEI Industry Initiative on Groundwater Protection 
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6.5.17 Regulatory Guide 4.1, Rev. 2- Radiologicat Environmental Monitoring for 
Nuclear Power Plants 

6.5.18 SO-G-28- Station Fire Ptan 
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7.0 BASIS 

7.1 Instrumentation 

7.1.1 Radioactive Liquid Effluent .Instrumentation 

The Radioactive liquid effluent instrumentation is provided to monitor and 
control, as applicable, the releases of radioactive material in liquid effluents 
during actual or potentiat releases of liquid effluents. The Atannffrip 
setpoints for these instruments shall be calculated in accordance with Part II 
of the Offsite Dose Calculation Manual to ensure that the alarm/trip will occur 
prior to exceeding the limits of 10 CFR Part 20. The FUNCTIONALITY and 
use of this instrumentation is consistent with the requirements of General 
Design Criteria 60, 63 and 64 of Appendix A to 1 0 CFR Part 50 .. 

7 .1.2 Radioactive Gaseous Effluent Instrumentation 

The Radioactive gaseous effluent instrumentation is provided to monitor and 
control, as applicable., the releases of radioactive material in gaseous 
effluents during actual or potential releases of gaseous effluents. The 
Alarm/Trip setpoints for these instruments shalt be calculated in accordance 
with Part II of the Offsite Dose Calculation Manual to ensure that the 
alarm/trip will occur prior to exceeding the limits of 1 0 CFR Part 20. The 
FUNCTIONALiTY and use of this instrumentation is consistent with the 
requirements of General Design Criteria 60, 63 and 64 of Appendix A to 
10 CFR Part 50. 

7.2 Radioactive Effluents 

7 .2.1 Radioactive Uquid Effluents 

A. Concentration 

This specification is provided to ensure that the concentration of 
radioactive materials released in liquid waste effluents from the site to 
unrestricted areas will be tess than 1 0 times the concentration levels 
specified in 10 CFR Part 20, Appendix 8, Table II, Column 2. This 
limitation provides additional assurance that the levels of radioactive 
materials in bodies of water outside the site will result in exposures within 
(1) the Section ti.A design objectives of Appendix I, 10 CFR Part 50, and 
(2) the limits of 10 CFR Part 20.1001-20.2401 to the population. The 
concentration limit for dissolved or entrained noble gases is based upon 
the assumption that Xe-133 is the controlling isotope and its effluent 
concentration in air (submersion) was converted to an equivalent 
concentration in water. 
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B. Dose 
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This specification is provided to implement the requirements of 
Sections II.A, lii.A and IV.A of Appendix I, 10 CFR Part 50. The Limiting 
Condition for Operation implements the guides set forth in Section II.A of 
Appendix I. The ACTION statements provide the required operating 
flexibility and at the same time implement the guides set forth in 
Section IV.A of Appendix Ito assure that the releases of radioactive 
material in liquid effluents wilt be kept "as low as is reasonably 
achievable". Also, with fresh water sites with drinking water supplies 
which can be potentiany affected by facility operations, there is 
reasonable assurance that the operation of the facility will not result in 
radionuclide concentrations in the finished drinking water that are in 
excess of the requirements of 40 CFR Part 141. The dose calculation 
methodology and parameters in Part II of the Off-Site Dose Calculation 
Manual, implement the requirements in Section III.A that conformance 
with the guides of Appendix I is to be shown by calculational procedures 
tJHsed on n1odels and data such that the actual exposure of an individual 
through appropriate pathways is unlikely to be substantially 
underestimated. The equations specified in Part II of the Off-Site Dose 
Calculation Manual, for calculating the doses due to the actual release 
rates of radioactive material in liquid effluents ate consistent with the 
methodology provided in Regulatory Guide 1.1 09. "Calculation of Annual 
Doses to Man from Routine Releases of Reactor Effluents for the 
Purpose ofEvaluating Compliance wi1h 10 CFR Part 50, Appendix 1," 
Revision 1, October 1977, and Regulatory Guide 1.113, "Estimating 
Aquatic Dispersion of Effluents from Accidental and Routine Reactor 
Releases for the Purpose of Implementing Appendix 1," April1977. 

C. Liquid Waste Treatment System 

The FUNCTIONALITY of the liquid radwaste treatment system ensures 
that this system will be available for use whenever liquid effluents require 
treatment prior to release to the environment. The requirement that 
appropriate portions of this system be used when specified provides 
assurance that the releases of radioactive materials in liquid effluents will 
be kept "as low as is reasonably achievable". This specification 
implements the requirements of 10 CFR Part 50.36a, General Design 
Criterion 60 of Appendix A to 1 0 CFR Part 50 and design objective and 
in Section II.D of Appendjx I to 10 CFR Part 50. The specified limits 
governing the use of appropriate portions of the liquid radwaste 
treatment system were specified to ensure the design objectives set forth 
in Section ll.A of Appendix J, 10 CFR Part 50 for liquid effluents are not 
exceeded. 
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Restricting the quantity of radioactive material contained in the specified 
tanks provides assurance that in the event of an uncontrolled release of 
the tanks' contents, the resulting concentrations would be less than the 
limits of 10 CFR Part 20, Appendix 8, Table II, Column 2, at the nearest 
potable water supply and the nearest surface water supply in an 
unrestricted area. 

7.2.2 Radioactive Gaseous Effluents 

A. Concentration 

This specificaHon, in conjunction with Steps 4.2.2A and 4.2.3A, is 
provided to ensure that the dose at or beyond the Site Boundary from 
gaseous effluents will be within the annual dose limits of 10 CFR Part 20 
for MEMBERS OF THE PUBLIC. The release rate of radioactive 
rTlalerial in airborne effluents shall be controlled such that the 
instantaneous concentrations for these radionuclides do not exceed the 
values specified in 10 CFR Part 20 for airborne effluents at the 
unrestricted area boundary. To support facility operations, Chemistry 
supervision m.ay increase this limit up to the limits specified in Technical 
Specifications 5.16.1.g. Technical Specification 5.16.1.g. establishes the 
administrative control limit on the concentration resulting from radioactive 
material, other than noble gases, released in gaseous effluents to 
unrestricted areas conforming to ten times 10 CFR 
Part 20.1 001·20.2401, Appendix B, Table 2, Column 1. For noble gases~ 
the concentration shall be limited to five times 10 CFR 
Part 20.1001-20.2401, Appendix B, TabJe 2, Column 1. Because these 
concentrations are applied on an instantaneous basis and because of 
the overriding 1 0 CFR Part 50 Appendix I cumulative dose limitations, 
these limits provide reasonable assurance that radioactive material 
discharged in gaseous effluents will not result in the exposure of a 
MEMBER OF THE PUBLIC either within or outside the Site Boundary, to 
annual average concentrations that would result in exceeding the annual 
total effective dose eQuivalent limit specified in 10 CFR Part 20.1301(a). 
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This specification is provided to impfement the requirements of 
Sections 11.8, III.A and IV.A of Appendix I, 10 CFR Part 50. The Limiting 
Condition For Operation implements the guides set forth in Section 11.8 
of Appendix I. The ACTION statements provide the required operating 
flexibility and at the same time implement the guides set forth in 
Section lV.A of Appendix I assure that the releases of radioactive 
material in gaseous effluents wnl be kept as low as is reasonably 
achievable. The surveillance requirements implement the requirements 
in Section III.A of Appendix f that conform with the guides of Appendix I 
to be shown by calculational procedures based on models and data such 
that the actual exposure of an individual through the appropriate 
pathways is unlikely to be substantialty underestimated. The dose 
calcuiation .methodoiogy and parameters established in Part ii of the Off
Site Dose Calculation Manu at for calculating the doses due to actual 
release rates of radioactive noble gases in gaseous effluents are 
consistent with the methodology provided in Regulatory Guide 1.109, 
Calculation of Annual Doses to Man from Routine Releases of Reactor 
Effluents for the Purpose of Evaluating Compliance with 10 CFR Part 50, 
Appendix I, Revision 11 October 1977 and Regulatory Guide 1.1111 
Methods for Estimating Atmospheric Transport and Dispersion of 
Gaseous Effluents in Routine Releases from Ught ... water-Cooled 
Reactors, Revision 1, July 1977. The Off-Site Dose Ca1culation Manual. 
equations provided for determining the air doses at the site boundary are 
consistent with Regulatory Guides 1.109 and 1.111 . 
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C. Dose- R~dioactive Material in Particulate Form with Half-Lives Greater 
than Eight Days (Other than Noble Gases} and Tritium 

This specification is provided to 1mp1ement the requirements of 
Sections ll.C, HI.A and IV.A of Appendix I, 10 CFR Part 50. The Limiting 
Condition For Operation implements the guides set forth in Section ti.C 
of Appendix I. The ACTJON statements provide the required operating 
nexibility and at the same time implement the guides set forth in 
Section IV.A of Appendix I assure that the releases of radioactive 
material in gaseous effluents will be kept as low as is reasonably 
achievable. The surveillance requirements implement the requirements 
in Section liLA of Appendix l that conform with the guides of Appendix t 
to be shown by calculational procedures based on mode1s and data such 
that the actual exposure of an individual through the appropriate 
pathways is unlikely to be substantially underestimated. The do~e 
calculation methodology and parameters established in Part II of the Off
Site Calculation Manuat for calculating the doses due to actuaf release 
rates of radioactive noble gases in gaseous effluents are consistent with 
the methodology provided in Regulatory Guide 1.1 09, Calculation of 
Annual Doses to Man from Routine Releases of Reactor Effluents for the 
Purpose of Evaluating Compliance with 10 CFR Part 50, Appendix I, 
Revision 1 j October 1977 and Regulatory Guide 1. 111, Methods for 
Estimating Atmospheric Transport and Dispersion of Gaseous Effluents 
in Routine Releases from Light-Water-Cooled Reactors, Revision 1, Juty 
1977. The release rate specification for radioactive material in 
particulate form with half-lives greater than eight days (other than nobJe 
gases} and tritium are dependent on the existing radionuclide pathways 
to man in the areas at or beyond the site boundary. The pathways that 
were examined in the development of these calculations were: 
1) individual inhalation of airborne radionuclides, 2) deposition of 
radlonuclides onto green leafy vegetation with subsequent consumption 
by manJ 3) deposition onto grassy areas where milk animals and meat 
producing animals graze with consumption of the milk and meat by man, 
and 4) deposition on the ground with subsequent exposure of man. 
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The FUNCTIONALITY of the ventilation exhaust treatment systems 
ensures that the systems will be available for use whenever gaseous 
effluents require treatment prior to release to the environment. The 
requirement that appropriate portions of this system be used when 
specified provides assurance that the releases of radioactive materials in 
gaseous effluents will be kept as low as is reasonably achievable . This 
specification implements the requirements of 10 CFR Part 50.36a, 
General Design Criterion 60 of Appendix A to 1 0 CFR Part 50 and 
design objective and in Section 11.0 of Appendix 1 to 10 CFR Part 50. 
The specified limits governing the use of appropriate portions of the 
systems were specified to ensure the design objectives set forth in 
Section H.B and li.C of Appendix 1. 10 CFR Part 50 for gaseous effluents 
are not exceeded. 



CH-ODCM-0001 Reference Use 
Off-Site Dose Calculation Manual (ODCM) 

7.2.2 (continued) 

E. Total Dose .. Uranium Fuel Cycle 

Page 60 of 135 
Revision 28 

Thjs specification is provided to meet the dose limitations of 40 CFR Part 
190 that have been incorporated into 10 CFR Part 20.1301 (d). This 
requires the preparation and submittal of a Special Report whenever the 
calculated doses due to releases of radioactivity and to radiation from 
uranium fuel cycle sources exceed 25 mRems to the total body or any 
organ, except the thyroid, which shall be timited to less than or equal to 
75 mRems. It is highly unlikely that the resultant dose to a MEMBER OF 
THE PUBLIC wiH exceed the dose limits of 40 CFR Part 190 if the facility 
remains within twice the dose design objectives of Appendix I, 10 CFR 
Part 50, and if djrect radiation doses (including outside storage tanks, 
etc.) are kept small. The Special Report shall describe a course of 
action that should result in the limitation of the annual dose to a 
MEMBER OF THE PUBLiC to within the 40 CFR Part 190 limits. For 
purposes of the Special Report, it may be assumed that the dose 
commitment to the MEMBER OF THE PUBLIC from other uranium fuel 
cycle sources is negligible, with the exception that dose contributions 
from other nuclear fuel cycle facilities at the same site or within a radius 
of 8 km must be considered. If the dose to any MEMBER OF THE 
PUBLIC is estimated to exceed the requirements of 40 CFR Part 190. 
the Special Report, with a request for a variance (provided the release 
conditions resulting in violation of 40 CFR Part 190 have not already 
been corrected), in accordance with the provisions of 40 CFR Part 
190.11 and 10 CFR Part 20.2203(a)(4) and 20.2203(b) is considered to 
be a timely request and futfills the requirements 40 CFR Part 190 unti~ 
NRC staff action is completed. The variance only relates to the limits of 
40 CFR Part 190, and does not apply in any way to the other 
requirements for dose limitation of 10 CFR Part 20. An individual is not 
considered a MEMBER OF THE PUBLIC during any period in which 
he/she is engaged in carrying out any operation that is part of the nuclear 
fuel cycle. Demonstration of compliance with the limits of 40 CFR Part 
190 or with the design objectives of Appendix I to 10 CFR Part 50 will be 
considered to demonstrate compliance with the 0.1 rem limit of 10 CFR 
Part 20.1301 . 
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The radiological environmental monitoring program required by this 
specification provides measurements of radiation and radioactive materials in 
those exposure pathways and for radionuclides which lead to the highest 
potential radiation exposures of individuals resulting from the station 
operation. This monitoring program thereby supplements the radiological 
effluent monitoring program by verifying that the measurable concentrations 
of radioactive materials and levels of radiation are not higher than expected 
on the basis of the effluent measurements and modeling of the 
environmental exposure pathways. The initially specified monitoring program 
was effective for at least the first three years of commercial operation. 
Following this period, program changes are initiated based on operational 
experience. 

7 .3.2 Land Use Survey 

This specification is provided to ensure that changes in the use of 
unrestricted areas are identified and that modifications to the monitoring 
program are made if required by the results of this survey. The frequency of 
the Land Use Survey has been reduced to a biennial requirement in site 
procedures because persons knowledgeable in land use census monitor 
usage characteristics perform routine REMP sampling. This approach allows 
knowledge gained during sample collection to be integrated into the program, 
maintaining its effectiveness. The best survey information from door to door, 
aerial or consulting with local agricultural authorities, or equivalent, shall be 
used. This survey satisfies the requirements of Section IV.B.3 of Appendix I 
to 10 CFR Part 50. Restricting the survey to gardens of greater than 
500 square feet provides assurance that significant exposure pathways via 
leafy vegetables will be identified and monitored since a garden of this size is 
the minimum required to produce the quantity (26 kg/year) of leafy 
vegetables assumed in Regulatory Guide 1.109 for consumption by a child. 
To determine this minimum garden size, the following assumptions were 
used, 1) that 20% of the garden was used for growing broad leaf vegetation 
(i.e., similar to lettuce and cabbage), and 2) a vegetation yield of 2 kg/m2. 

For milk, the survey is restricted to only milk animals (cow or goat) producing 
milk for human consumption. Air monitoring stations are strategically located 
to monitor the resident receptors who could potentially receive the highest 
doses from airborne radioactive material. For groundwater, samples shall be 
taken when sources are determined to potentially be affected by facility 
operations, and when sources are tapped for drinking or irrigation purposes 
in areas where the hydraulic gradient or recharge properties are suitable for 
contamination. Guidance provided in the Branch Technical Position and 
Technical Specification 5.16.2 is used to meet the intent of NUREG-1301. 
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The requirement for participation in an Interlaboratory Comparison Program 
is provided to ensure that independent checks on the precision and accuracy 
of the measurements of radioactive material in environmental sample 
matrices are performed as part of a quality assurance program for 
environmental monitoring in order to demonstrate that the results are 
reasonably vatid for the purposes of Section IV .B.2 of Appendix I to 1 0 CFR 
Part 50. 

7.4 Abnormal Release or Abnormal Discharge Reporting 

7.4.1 Specific information should be reported concerning abnormat (airborne 
and/or liquid) releases on stte and abnormal discharges to the unrestricted 
area. The report should descrjbe each event in a way that would enable the 
NRC to adequately understand how the material was released and if there 
was a discharge to the unrestricted area. The report should describe the 
potential impact on the ingestion exposure pathway involving surface water 
and ground water, as applicabfe. The report should also. describe the impact 
(if any) on other affected exposure pathways (e.g.j inhalation from pond 
evaporation). 

7 .4.2 The fo:llowing are the thresholds for reporting abnormal re~eases and 
abnormal discharges in the supplemental information section: 

A. Abnormal release or Abnormal Discharges that are voluntarHy reported 
to local authorities under NEI 07-07, Industry Ground Water Protection 
tnitiative. [AR 39127] 

B. Abnormal release or AbnormaJ discharges estimated to exceed 
1 00 gallons of radioactive liquid where the presence of licensed 
radioactive material is positively identified (either in the on-site envjrons 
or in the source of the leak or spill) as greater than the minimum 
detectable activity for the laboratory instrumentation. 

C. Abnormal reJeases to on-site areas.that result in detectable residual 
radioactivity after remediation. 

D. Abnonnal releases that result in a high effluent radiation alarm without an 
anticipated trip occurring. 

E. Abnormal discharges to an unrestricted area. 
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7.4.3 Information on Abnormal releases or Abnormal discharges should include the 
following, as applicable: 

e Date and duration 
• Location 
• Volume 
• Estimated activity of each radionuclide 
• Effluent monitoring results (if any) 
~ On-site monitoring results (is any) 
• Depth to the locaJ water table 
• Classificatjon(s) .of subsurface aquifer(s) {e.g ., drinking water. unfit for 

drinking water, not used for drinking water) 
e Size and extent of any ground water plume 
• Expected movement/mobility of any ground water plume 
• land use characteristics (e.g., water used for irrigation) 
~ Remediai aclions considered or taken and results obtained 

Calculated member of the public dose attributable to the release 
• Catculated member of the public dose attributable to the discharge 
• Actions taken to prevent recurrence, as applicable 
• Whether the NRC was notified, the date(s), and the contact organization 
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1.0 EFFLUENT MONITOR SETPOINTS 

1. 1 Liquid Effluents 
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1.1.1 There is one liquid discharge pathway to the Missouri River. The pathway 
originates with the radioactive liquid waste processing system (monitor or 
hotel tanks). This pathway empties into the circulating water system which 
discharges to the Missouri River (see Figure 1 ). Figure 2 depicts the liquid 
discharge pathway and associated radiation monitor. Figure 3 depicts the 
methods of liquid effluent treatment. 

1.1 ;2 The flowrate for dilution water varies with the number raw water pumps in 
service 

1.1.3 Technical Specification 5.16.1.b establishes the administrative controllimft 
on concentration of radioactive material. other than dissolved or entrained 
noble gases, released in liquid effluents to unrestricted areas conforming to 
ten times 10 CFR Part 20.1001-20.2401, Appendix B, Table 2, Column 2. 
For dissolved or entrained noble gases, the concentration shall be limited to 
2.0 E·04 ~Ci/ml total activity. 

1.'1.4 The liquid effluent monitoring instrumentation ALERT setpoints shall be 
established low enough to ensure that the concentration of radioactive 
material released in liquid effluents at site discharge will be less than the 
concentrations specified in 10 CFR Part 20, Appendix B. Table 2, Column 2. 

1.1.5 The tiquid eff.luent monitoring instrumentation HIGH ALARM setpoints shall 
be established low enough to ensure that the concentration of radioactive 
material released in liquid effluents at site discharge will be less than 10 
times the concentrations specified in 10 CFR Part 20, Appendix B, Table 2, 
Column 2. 

1.1.6 Cs-137 is used to calibrate the liquid effluent monitors. 


