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I SUMMARY 

The Annual Monitoring Report for the period from January 1, 2020, through December 31, 2020, 
is submitted in accordance with Point Beach Nuclear Plant (PBNP) Units 1 and 2, Technical 
Specification 5.6.2 and filed under Dockets 50-266 and 50-301 for Renewed Facility Operating 
Licenses DPR-24 and DPR-27, respectively . It also contains results of monitoring in support of 
the Independent Spent Fuel Storage Installation (ISFSI) Docket 72-005. The report presents 
the results of effluent and environmental monitoring programs, solid waste shipments, 
non-radioactive chemical releases, and circulating water system operation. 

During 2020, the following Curies (Ci) of radioactive material were released via the liquid and 
atmospheric pathways: 

Liquid Atmospheric 

Tritium (Ci) 823 87.1 
1 Particulate (Ci) 0.0483 0.0000176 
Noble Gas (Ci) 0.0289 0.885 

C-142 0.0273 11 .75 
1Atmospheric particulate includes radioiodine (1 -131 - 1-133). 
2Liquid is measured, atmospheric is calculated. 

For the purpose of compliance with the effluent design objectives of Appendix I to 10 CFR 50, 
doses from effluents are calculated for the hypothetical maximally exposed individual (MEI) for 
each age group and compared to the Appendix I objectives. Doses less than or equal to the 
Appendix I values are considered to be evidence that PBNP releases are as low as reasonably 
achievable (ALARA) and comply with the EPA's limits in 40CFR190. The maximum annual 
calculated doses in millirem (mrem) or millirad (mrad) are shown below and compared to the 
corresponding design objectives of 10 CFR 50, Appendix I. 

LIQUID RELEASES 

Dose Category 
Whole body dose 
Organ dose 

ATMOSPHERIC RELEASES 

Dose Category 
Particulate organ dose 
Noble gas beta air dose 
Noble gas gamma ray air dose 
Noble gas dose to the skin 
Noble gas dose to the whole body 

Calculated Dose 
0.00190 mrem 
0.00201 mrem 

Calculated Dose 
0.0107 mrem 

0.0000466 mrad 
0.000109 mrad 

0.000153 mrem 
0.000103 mrem 

1 

Appendix I Dose 
6 mrem 

20 mrem 

Appendix I Dose 
30 mrem 
40 mrad 
20 mrad 
30 mrem 
10 mrem 

% Appendix I 
0.032 
0.010 

% Appendix I 
0.036 
0.00012 

0.00054 
0.00051 
0.00103 
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The results show that during 2020, the doses from PBNP effluents were :o;0.036% of the 
Appendix I design objectives. This is higher than the 2019 result of 0.029%, but similar to the 
2018 results of 0.039%. Therefore, operation of the PBNP radwaste treatment system 
continues to be ALARA. 

A survey of land use with respect to the location of dairy cattle was made pursuant to 
Section 12.2.5 of the PBNP ODCM . As in previous years, no dairy cattle were found to be 
grazing at the site boundary. Therefore, the assumption that cattle graze at the site boundary 
used in the evaluation of doses from PBNP effluents remains conservative. Of the sixteen 
compass sectors around PBNP, six are over Lake Michigan. A land use census (LUC) of the 
remaining ten sectors over land identifies any changes in the closest garden, occupied dwelling, 
and dairy in each sector. The 2020 LUC results confirm the assumption that, for the purpose of 
calculating effluent doses, the maximally exposed person lives at the site boundary remains 
conservative. 

The 2020 Radiological Environmental Monitoring Program (REMP) collected 741 individual 
samples for radiological analyses. Quarterly composites of weekly air particulate filters 
generated an additional 24 samples and quarterly composites of monthly lake water samples 
resulted in a further 14 samples. This yielded a total of 779 samples. The ambient radiation 
measurements in the vicinity of PBNP and the ISFSI were conducted using 148 sets of 
thermoluminescent dosimeters (TLDs). 

Air monitoring from six different sites did not reveal any effect from Point Beach effluents. 

Terrestrial monitoring consisting of soil, vegetation, and milk found no influence from PBNP. 
Similarly, samples from the aquatic environment, consisting of lake and well water, and fish 
revealed no buildup of PBNP radionuclides released in liquid effluents. Therefore, the data 
shows no environmental effect from plant operation . 

No new dry storage units were added to the ISFSI in 2020. The total number is 50 dry storage 
casks: 16 ventilated, vertical storage casks (VSC-24) and 34 NUHOMS®, horizontally stacked 
storage modules. The subset of the PBNP REMP samples used to evaluate the environmental 
impact of the PBNP ISFSI showed no environmental impact from its operation . 

The environmental monitoring conducted during 2020 confi rmed that the effluent control 
program at PBNP ensured a minimal impact on the environment. 

One-hundred-sixty-eight (168) samples were analyzed for tritium as part of the groundwater 
protection program (GWPP). These samples came from drinking water wells, monitoring wells, 
yard drain outfalls, yard manholes, surface water on site, the sump for the subsurface drainage 
system (SSD - located under the plant foundation), and four groundwater foundation integrity 
monitoring wells located in the facades. The results show no substantial change in tritium from 
previous years. No drinking water wells (depth >100 feet) have any detectable tritium that is 
statistically different than zero. Tritium conti nues to be confined to the upper soil layer where 
the flow is toward the lake. Groundwater samples from wells in the vicinity of the remediated, 
former earthen retention pond continue to show low levels of tritium. Gamma scans of 
groundwater samples originating within the power block found no plant related gamma emitters. 
Fa9ade well samples had tritium results within the expected ranges (-200 pCi/L). 

The results of GWPP monitoring indicate no significant change from previous years. 
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I 
1.0 INTRODUCTION 

Part A 
EFFLUENT MONITORING 

The PBNP effluent monitoring program is designed to comply with federal regulations for 
ensuring the safe operation of PBNP with respect to releases of radioactive material to 
the environment and its subsequent impact on the public. Pursuant to 10 CFR 50.34a, 
operations should be conducted to keep the levels of radioactive material in effluents to 
unrestricted areas as low as reasonably achievable (ALARA). In 10 CFR 50, Appendix I, 
the Nuclear Regulatory Commission (NRC) provides the numerical values for what it 
considers to be the appropriate ALARA design objectives to which the licensee's 
calculated effluent doses may be compared. These doses are a small fraction of the 
dose limits specified by 10 CFR 20.1301 and lower than the Environmental Protection 
Agency (EPA) limits specified in 40 CFR 190. 

10 CFR 20.1302 directs PBNP to make the appropriate surveys of radioactive materials 
in effluents released to unrestricted and controlled areas. Liquid wastes are monitored 
by in line radiation monitors as well as by isotopic analyses of samples of the waste 
stream prior to discharge from PBNP. Airborne releases of radioactive wastes are 
monitored in a similar manner. The appropriate portions of the radwaste treatment 
systems are used as required to keep both liquid and atmospheric releases ALARA. 
Prior to release, results of isotopic analyses are used to adjust the release rate of 
discrete volumes of liquid and atmospheric wastes (from liquid waste holdup tanks and 
from gas decay tanks) such that the concentrations of radioactive material in the air and 
water beyond PBNP are below the PBNP Technical Specification concentration limits for 
liquid effluents and release rate limits for gaseous effluents. 

Solid wastes are shipped offsite for disposal at NRC licensed facilities . The amount of 
radioactivity in the solid waste is determined prior to shipment in order to determine the 
proper shipping configuration as regulated by the Department of Transportation and the 
NRC. 

10 CFR 72.210 grants a general license for an Independent Spent Fuel Storage 
Installation (ISFSI) to all nuclear power reactor sites operating under 10 CFR 50. The 
ISFSI annual reporting requirement pursuant to 1 O CFR 72.44(d)(3) is no longer 
applicable (Reference: 64 FR 33178). Any release of radioactive materials from the 
operation of the ISFSI must comply with the limits of Part 20 and Part 50 Appendix I 
design objectives. The dose criteria for effluents and direct radiation specified by 10 
CFR 72.104 states that during normal operations and anticipated occurrences, the 
annual dose equivalent to any real individual beyond the controlled area must not 
exceed 25 mrem to the whole body, 75 mrem to the thyroid , and 25 mrem to any other 
organ . The dose from naturally occurring radon and its decay products are exempt. 
Because the loading of the storage casks occurs within the primary auxiliary building of 
PBNP, the doses from effluents due to the loading process will be assessed and 
quantified as part of the PBNP Radiological Effluent Control Program. 
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2.0 RADIOACTIVE LIQUID RELEASES 

The radioactive liquid release path to the environment is via the circulating water 
discharge. A liquid waste treatment system in conjunction with administrative controls is 
used to minimize the impact on the environment and maintain doses to the public 
ALARA from the liquid releases. 

2.1 Doses From Liquid Effluent 

Doses from liquid effluent are calculated using the methodology of the Offsite 
Dose Calculation Manual (ODCM). These calculated doses use parameters 
such as the amount of radioactive material released, the total volume of liquid, 
the total volume of dilution water, and usage factors (e.g., water and fish 
consumption, shoreline and swimming factors) . These calculations produce a 
conservative estimation of the dose. For compliance with 10 CFR 50, Appendix I 
design objectives, the annual dose is calculated to the hypothetical maximally 
exposed individual (MEI) . The MEI is assumed to reside at the site boundary in 
the highest x/Q sector and is maximized with respect to occupancy, food 
consumption, and other uses of this area. As such, the MEI represents an 
individual with reasonable deviations from the average for the general population 
in the vicinity of PBNP. A comparison of the calculated doses to the 10 CFR 50, 
Appendix I design objectives is presented in Table 2-1. The conservatively 
calculated dose to the MEI is a very small fraction of the Appendix I design 
objective. 

Table 2-1 
Comparison of 2020 Liquid Effluent Calculated Doses to 

10 CFR 50 Appendix I Design Objectives 

Annual Limit [mrem] Highest Total Calculated Dose % of Design 
[mrem] Objective 

6 (whole body) 0.00190 0.032 
20 (anv orqan) 0.00201 0.010 

2.2 2020 Circulating Water Radionuclide Release Summary 

Radioactive liquid releases via the circulating water discharge are summarized 
by individual source and total curies released on a monthly basis, semi-annual 
and annual totals (Table 2-2). These releases are composed of processed 
waste, wastewater effluent, and blowdown from Units 1 and 2. The wastewater 
effluent consists of liquid from turbine hall sumps, plant well house backwashes, 
sewage treatment plant effluent, water treatment plant backwashes, the Unit 1 
and 2 facade sumps and the subsurface drainage system sump. 

2.3 2020 Isotopic Composition of Circulating Water Discharges 

The isotopic composition of circulating water discharges during the current 
reporting period is presented in Table 2-3. The noble gases released in liquids 
are reported with the airborne releases in Section 3. 

4 



The 2020 processed waste volume (Table 2-2) increased from 2019 (5.93E+05 
gallons to 7.91 E+05 gallons), which is consistent with water processing 
requirements during a two outage year. The total isotopic curie distribution of 
gamma emitters plus hard-to-detects from 2020 was 7.56E-02 Ci which is lower 
than what was observed in 2019 (9.61 E-02 Ci). The total antimony in 2020 
increased to 4.08E-03 Ci in comparison to 2019 (8.21 E-04 Ci). By contrast, Zr
Nb decreased to 5.50E-04 Ci in 2020 when compared to the 1.04E-03 Ci 
observed in 2019. A change was noted in the observed tin isotopes Sn-
113/117m, due to the discovery of a new effluent isotope Te-123m which shares 
a similar energy with Sn-117m. Tin isotopes (Sn-113/Sn-117m) totals decreased 
from 9.28E-04 Ci in 2019 to 6.72E-05 Ci in 2020, while subsequently the newly 
observed isotope Te-123m was documented at 7.41 E-03 Ci in 2020. The 2020 
C-14 decreased to 2.73E-02 Ci from the 2019 C-14 value of 3.40E-02 Ci. No Sr-
89 or Sr-90 was discharged in 2020, while Sr-92 was observed in only one month 
at 2.45E-06 Ci. Tritium increased to 823 Ci in 2020 in comparison to 630 Ci in 
2019. 

2.4 Beach Drain System Releases Tritium Summary 

Beach drain is the term used to describe the point at which the site yard drainage 
system empties onto the beach of Lake Michigan. These outfalls carry yard and 
roof drain runoff to the beach. The plant foundation has a subsurface drainage 
system (SSD) around the external base of the foundation . This SSD relieves 
hydrostatic pressure on the foundation by draining water away from the 
foundation. The drainage pipes empty out onto the beach. In 2014, the SSD 
outfalls, designated as S-12 and S-13, were added to the beach drain sampling 
program. Their quarterly results are presented with the other beach drains. 

The quarterly results from the monthly beach drain and SSD samples are 
presented in Table 2-4. The total monthly flow is calculated assuming that the 
flow rate at the time of sampling persists for the whole month. In 2020, no tritium 
was observed at the effluent LLDs. Tritium found in the beach drains is not 
included in the effluent totals unless it can be shown to be the result of a spill or 
similar event. Because the source of beach drain tritium has been determined to 
be recapture, including beach drain tritium in the effluent totals would be double 
counting (NRC RIS 2008-03, Return/re-use of previously discharged radioactive 
effluents). 

The principle source of water for the beach drains is the yard drain system. 
Yard drain water sources are rain and snow melt containing recaptured tritium. 
During the winter natural melting is the principle source. Additionally, various 
roof drains connect to the yard drain system. In addition to precipitation, the roof 
drains also carry condensate from various building AC units. A secondary 
source may be groundwater in leakage. This is evidenced by flow during periods 
of no precipitation . Because there are no external storage tanks or piping that 
carries radioactive liquids, the main source of radioactivity for this system is 
recapture/washout of airborne tritium discharges via the yard drain system. 
Because of these various recapture sources, the beach drains also are sampled 
as part of the groundwater monitoring program. These results and other 
groundwater monitoring results are presented in Part D of this Annual Monitoring 
Report. 
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Jan Feb Mar 

Total Activity Released (Ci) 
l.:iamma ::scan\+H 1 USJ 4.00E-03 1.29E-02 1.05E-02 

Gross Alpha ND ND ND 

Tritium 9.59E+01 1.03E+02 3.75E+01 

Strontium (89/90/92) ND ND ND 

Noble Gases 1.37E-03 3.26E-03 5.73E-04 

Total Vol Released (gal) 

Processed Waste 3.50E+04 6.77E+04 7.66E+04 

Waste Water Effluent 4.21E+06 3.77E+06 9.31E+06 

U1 SG Slowdown 2.79E+06 3.29E+06 3.57E+06 

U2 SG Slowdown 2.64E+06 2.49E+06 1.17E+06 

Total Gallons 9.67E+06 9.62E+06 1.41 E+07 

Total cc 3.66E+10 3.64E+10 5.35E+10 

u11ut1on vol(ccr 7.91E+13 7.40E+13 5.95E+13 

Avg diluted discharge cone (µCi/cc) 
l.:iamma ::scan (+n 1 usJ 5.06E-11 1.75E-10 1.76E-10 

Gross Alpha ND ND ND 

Tritium 1.21 E-06 1.39E-06 6.30E-07 

Strontium (89/90/92) ND ND ND 

Noble Gases 1.74E-11 4.40E-11 9.63E-12 

Max Batch Discharge Cone (µCi/cc) 

Tritium 3.50E-05 3.41 E-05 2.12E-05 

Gamma Scan 2.32E-10 1.18E-09 3.66E-09 

Table 2-2 
Summary of Circulating Water Discharge 
January 1, 2020 through December 31, 2020 

Total 

Apr May Jun Jan-Jun Jul Aug 

1.27E-02 9.52E-03 5.22E-03 5.49E-02 4.06E-03 3.63E-03 

ND ND ND ND ND ND 

8.82E+01 9.52E+OO 8.36E+01 4.17E+02 1.16E+02 5.70E+01 

ND ND 2.45E-06 2.45E-06 ND ND 

1.48E-03 O.OOE+OO 5.86E-04 7.27E-03 1.36E-03 2.52E-03 

1.41 E+05 1.56E+04 3.22E+04 3.68E+05 4.89E+04 3.82E+04 

3.40E+06 3.71E+06 3.77E+06 2.82E+07 3.99E+06 4.00E+06 

3.68E+06 3.90E+06 3.36E+06 2.06E+07 3.50E+06 3.83E+06 

3.79E+06 3.12E+06 2.59E+06 1.58E+07 2.65E+06 2.77E+06 

1.1 OE+07 1.07E+07 9.75E+06 6.49E+07 1.02E+07 1.06E+07 

4.17E+10 4.07E+10 3.69E+10 2.46E+11 3.86E+10 4.02E+10 

1.12E+14 1.27E+14 1.23E+14 5.74E+14 1.27E+14 1.27E+14 

1.13E-10 7.50E-11 4.25E-11 3.20E-11 2.86E-11 

ND ND ND ND ND 

7.86E-07 7.50E-08 6.81 E-07 9.13E-07 4.49E-07 

ND ND 2.00E-14 ND ND 

1.31E-11 O.OOE+OO 4.77E-12 1.07E-11 1.99E-11 

3.17E-05 8.89E-06 2.79E-05 3.56E-05 3.68E-05 

8.83E-09 4.58E-10 3.21E-10 2.1 OE-10 7.50E-11 

1 HTDs include Fe-55, C-14, Ni-63, and Tc-99. Does not include strontium which is totaled separately. 
2 Circulating water discharge from both units. 

Total 

Sep Oct Nov Dec July-Dec 

2.60E-03 3.84E-03 4.27E-03 2.35E-03 2.08E-02 

ND ND ND ND ND 

1.10E+02 5.25E+01 5.72E+01 1.33E+01 4.06E+02 

ND ND ND ND ND 

1.35E-02 1.99E-03 2.24E-03 7.56E-05 2.16E-02 

7.73E+04 1.43E+05 9.63E+04 2.00E+04 4.24E+05 

3.26E+06 3.06E+06 3.41 E+06 3.65E+06 2.14E+07 

3.65E+06 1.16E+06 6.01E+06 6.12E+06 2.43E+07 

2.57E+06 2.70E+06 2.54E+06 2.65E+06 1.59E+07 

9.56E+06 7.07E+06 1.21 E+07 1.24E+07 6.19E+07 

3.62E+10 2.68E+10 4.56E+10 4.71E+10 2.34E+11 

1.23E+14 8.01 E+13 1.21E+14 1.00E+14 6.77E+14 

2.12E-11 4.80E-11 3.54E-11 2.35E-11 

ND ND ND ND 

8.93E-07 6.55E-07 4.74E-07 1.33E-07 

ND ND ND ND 

1.10E-10 2.49E-11 1.85E-11 7.56E-13 

3.05E-05 2.16E-05 2.21 E-05 1.58E-05 

1.28E-10 1.69E-09 3.76E-10 2.95E-10 

ND: means that the radionuclide was not identified in any samples and all analyses were performed with instrumentation meeting the lower limit of detection as required by the PBNP Offsite Dose 
Calculation Manual. 
NR: means No Release during that month 
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Annual 

Total 

7.56E-02 

ND 

8.23E+02 

2.45E-06 

2.89E-02 

7.91E+05 

4.95E+07 

4.49E+07 

3.17E+07 

1.27E+08 

4.80E+11 

1.25E+15 



Nuclide Jan Feb Mar Apr 
H-3 9.59E+01 1.03E+02 3.75E+01 8.82E+01 

C-14 2.65E-03 1.08E-02 4.93E-03 1.65E-03 
F-18 1.03E-03 9.41 E-04 1.14E-03 1.22E-03 
Cr-51 ND ND ND 1.16E-03 
Mn-54 ND ND ND 2.41 E-05 
Fe-55 ND ND ND ND 
Fe-59 ND ND ND 3.74E-05 
Co-57 ND 6.91 E-06 2.69E-06 ND 
Co-58 1.47E-05 8.73E-05 7.57E-05 7.1 3E-04 
Co-60 9.84E-05 5.91E-04 3.16E-04 4.45E-04 
Ni-63 7.02E-05 5.12E-04 1.62E-03 2.87E-04 
Zn-65 ND ND ND ND 
Se-75 ND 1.03E-05 8.00E-06 ND 
As-76 ND ND ND 4.06E-05 
Sr-90 ND ND ND ND 
Sr-92 ND ND ND ND 
Nb-95 ND ND ND 2.85E-04 
Nb-97 ND ND 2.48E-06 6.95E-06 
Zr-95 ND ND ND 1.66E-04 
Zr-97 ND ND ND ND 
Tc-99 1.29E-04 2.82E-05 1.16E-04 1.54E-04 

Ag-110m ND ND ND 2.73E-05 
Sn-113 ND ND ND 3.25E-05 

Sn-117m ND ND ND ND 
Sb-122 ND ND ND ND 
Sb-124 ND ND 3.41 E-05 1.68E-04 
Sb-125 ND ND 1.55E-03 2.20E-03 
1-131 ND ND ND ND 
1-132 ND ND ND 1.29E-05 

Te-123m 8.92E-06 ND 6.64E-04 4.09E-03 
Te-132 ND ND ND ND 
Cs-136 ND ND ND ND 
Cs-137 ND 4.23E-06 ND ND 
Cs-138 ND ND ND ND 
La-140 ND ND ND ND 

Xe-131 m ND ND ND ND 
Xe-133 1.35E-03 3.20E-03 5.73E-04 1.44E-03 

Xe-133m ND 8.86E-06 ND ND 
Xe-135 2.00E-05 4.56E-05 ND 3.17E-05 

Table 2-3 
Isotopic Composition of Circulating Water Discharges (Ci) 

January, 2020 through December 31 , 2020 

Total 
May Jun Jan-Jun Jul Aug Sep Oct 

9.52E+OO 8.36E+01 4.17E+02 1.16E+02 5.70E+01 1.10E+02 5.25E+01 
ND 6.09E-04 2.06E-02 1.31 E-03 2.17E-03 1.17E-03 ND 

1.25E-03 1.19E-03 6.78E-03 1.26E-03 1.18E-03 9.71 E-04 5.03E-05 
ND ND 1.16E-03 ND ND ND 3.94E-04 
ND ND 2.41 E-05 ND ND ND ND 
ND ND ND ND ND ND 4.55E-04 
ND ND 3.74E-05 ND ND ND 7.21 E-05 
ND ND 9.60E-06 ND ND ND ND 

2.44E-04 1.42E-04 1.28E-03 1.43E-04 2.61 E-05 6.60E-06 7.64E-04 
2.68E-04 1.45E-04 1.86E-03 1.47E-04 7.17E-05 5.91E-05 4.50E-04 
7.68E-03 3.04E-03 1.32E-02 6.29E-04 8.97E-05 ND 2.65E-04 

ND ND ND ND ND ND ND 
2.64E-05 ND 4.47E-05 ND ND ND ND 

ND ND 4.06E-05 ND ND ND ND 
ND ND ND ND ND ND ND 
ND 2.45E-06 2.45E-06 ND ND ND ND 
ND ND 2.85E-04 ND ND ND 4.92E-05 
ND ND 9.44E-06 ND ND ND ND 
ND ND 1.66E-04 ND ND ND 4.07E-05 
ND ND ND ND ND ND ND 

7.09E-06 5.60E-05 4.90E-04 4.26E-04 1.32E-05 4.10E-05 6.50E-06 
1.30E-05 ND 4.03E-05 ND ND ND ND 

ND ND 3.25E-05 ND ND ND 3.48E-05 
ND ND ND ND ND ND ND 
ND ND ND ND ND ND ND 
ND 1.59E-05 2.18E-04 ND ND ND 7.89E-06 
ND 7.43E-06 3.76E-03 ND ND ND ND 
ND ND ND ND ND ND ND 
ND ND 1.29E-05 ND ND ND 2.82E-05 
ND ND 4.77E-03 1.41 E-04 6.36E-05 3.46E-04 1.22E-03 
ND ND ND ND ND ND ND 
ND ND ND ND ND ND ND 

3.24E-05 5.51 E-06 4.22E-05 3.21E-06 1.16E-05 6.30E-06 4.83E-06 
ND ND ND ND ND ND ND 
ND ND ND ND ND ND ND 
ND ND ND ND ND ND ND 
ND 5.81 E-04 7.15E-03 1.35E-03 2.43E-03 1.29E-02 1.99E-03 
ND ND 8.86E-06 ND 3.51 E-05 2.19E-04 ND 
ND 5. 13E-06 1.03E-04 6.01E-06 6.35E-05 3.1 7E-04 ND 

Total Annual 
Nov Dec July-Dec Total 

5.72E+01 1.33E+01 4.06E+02 8.23E+02 
1.75E-03 3.19E-04 6.72E-03 2.73E-02 
1.1 OE-03 1.58E-03 6.14E-03 1.29E-02 
1.87E-05 ND 4.13E-04 1.57E-03 

ND ND ND 2.41 E-05 
ND ND 4.55E-04 4.55E-04 

3.73E-06 ND 7.59E-05 1.13E-04 
ND ND ND 9.60E-06 

2.10E-04 1.69E-04 1.32E-03 2.59E-03 
1.11 E-04 7.27E-05 9.12E-04 2.78E-03 
2.11 E-04 6.60E-05 1.26E-03 1.45E-02 

ND ND ND ND 
ND ND ND 4.47E-05 

2.98E-05 ND 2.98E-05 7.03E-05 
ND ND ND ND 
ND ND ND 2.45E-06 
ND ND 4.92E-05 3.34E-04 
ND ND ND 9.44E-06 
ND ND 4.07E-05 2.06E-04 
ND ND ND ND 

1.1 3E-05 6.90E-07 4.98E-04 9.88E-04 
ND ND ND 4.03E-05 
ND ND 3.48E-05 6.72E-05 
ND ND ND ND 
ND ND ND ND 
ND 2.81 E-05 3.60E-05 2.54E-04 
ND 7.19E-05 7.19E-05 3.83E-03 
ND ND ND ND 
ND ND 2.82E-05 4.12E-05 

8.28E-04 4.92E-05 2.65E-03 7.41 E-03 
ND ND ND ND 
ND ND ND ND 

2.52E-06 ND 2.84E-05 7.06E-05 
ND ND ND ND 
ND ND ND ND 
ND ND ND ND 

2.13E-03 7.34E-05 2.09E-02 2.81E-02 
ND ND 2.54E-04 2.63E-04 

1.06E-04 2.16E-06 4.95E-04 5.97E-04 

ND: means that the radionuclide was not identified in any samples and all analyses were performed with instrumentation meeting the lower limit of detection as required by the PBNP Offsite Dose 

Calculation Manual. 

7 



S-1 
1st Qtr 
H-3 (Ci) O.OOE+OO 
Flow (gal) 4.55E+05 
2nd Qtr 
H-3 (Ci) O.OOE+OO 
Flow (gal) 6.07E+05 
3rd Qtr 
H-3 (Ci) O.OOE+OO 
Flow (gal) 1.55E+05 
4th Qtr 
H-3 (Ci) O.OOE+OO 
Flow (gal) 2.33E+05 

Table 2-4 
Beach and Subsoil System Drains - Tritium Summary 

January 1, 2020 through December 31, 2020 

S-3 S-7 S-8 S-9 S-10 S-12 

O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
1.08E+05 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 5.44E+04 

O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
1.66E+05 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 1.04E+05 

O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
1.18E+05 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 1.67E+04 

O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO 
6.62E+04 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 2.16E+04 

S-13 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 
O.OOE+OO 

O.OOE+OO 
O.OOE+OO 

2.6 Land Application of Sewage Sludge and Wastewater 

In 1988, pursuant to 10 CFR 20.302(a), Point Beach received NRC approval for the 
disposal of sewage sludge, which may contain trace amounts of radionuclides, by land 
application on acreage within the site . Land application of sewage sludge is regulated 
by the Wisconsin Department of Natural Resources. Point Beach has not land applied 
sewage sludge for over a decade. Therefore , Point Beach has not renewed its WI 
DNR permit to dispose of sewage sludge in this manner. 

There were no sludge or equalization basin disposals by land application during 2020. 
All disposals from the PBNP sewage treatment plant (STP) were done at the 
Manitowoc Sewage Treatment Plant. A total of 97 ,000 gallons in 19 sh ipments were 
sent to Manitowoc. All sludge and equalization basin discharges were analyzed to 
environmental LLDs. Naturally occurring radionuclides such as Ra-226 and K-40 were 
present in all samples. For the shipments in 2020 the total Ra-226 and K-40 were 
44.4 µCi and 52.5 µCi , respectively . Small concentrations of H-3 (not detectable - 894 
pCi/L) were found in seventeen (17) of the shipments for a total of 121 .0 µCi. Based 
on the daily flow at the Manitowoc plant, the H-3 discharge concentration would be on 
the order of 0.317 pCi/L or 63,000 times lower than the EPA drinking water limit of 
20,000 pCi/L. 

The STP H-3 is attributable to groundwater in-leakage at the STP lift station whose 
volume is known to increase after a heavy rain or snow melt event. The STP is in the 
groundwater flow path from the retention pond area and the lake. The STP H-3 
concentrations are comparable to those found in the retention pond area monitoring 
wells . 
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2.7 Carbon-14 

Carbon-14 (C-14) is a naturally occurring radionuclide. Nuclear weapons testing in the 
1950s and 1960s significantly increased the amount of C-14 in the atmosphere. Small 
amounts of C-14 also are produced by nuclear reactors, but the amounts produced are 
less than C-14 produced by weapons testing or that occurs naturally. Based on 
information from the NRC obtained at industry sponsored workshops, Point Beach 
began evaluating C-14 liquid discharges in 2009, prior to the issuance of 
Regulatory Guide 1.21[RG1 .21], Rev 2 in June of 2009. Point Beach continues to 
analyze batch liquid waste discharges for C-14 and reporting the results in the Annual 
Monitoring Report. 

The NRC requested that all nuclear plants report C-14 emissions beginning with 
the 2010 monitoring reports. Pursuant to NRC guidance in RG 1.21 (Rev 2), 
evaluation of C-14 in liquid wastes is not required because the quantity released 
via this pathway is much less than that contributed by gaseous emissions. 
However, as stated above, Point Beach began C-14 analyses and reporting prior 
to the issuance of RG 1.21 (Rev 2). RG 1.21 states that a radionuclide is a 
principal effluent component if it contributes greater than 1 % of the Appendix I 
design objective dose compared to the other radionuclides in the effluent type, 
or, if it is greater than 1 % of the activity of all radionuclides in the effluent type. In 
this case, C-14 is compared to other (non-tritium or noble gases) radionuclides 
discharged in liquids. 

For 2020, the monthly and total C-14 (2.73E-02 Ci) in liquid discharges is 
documented in Table 2-3. The 2020 amount of C-14 released makes up about 
36% of the non-tritium radionuclides released in liquids (2.73E-02/7.56E-02). 

The liquid C-14 dose contribution is included in the doses calculated for the 
hypothetically, maximally exposed individual (Table 2-1 ). Under the parameters 
and pathways used for the dose calculations, the C-14 dose contribution to the 
infant age group ranges from 0.115 to 0.116% of the dose to the whole body and 
the applicable organs except for bone, for which C-14 contributes 7.87% of the 
total dose. For the remaining age groups, the C-14 contributes roughly 66.3% of 
the bone dose and 9 - 17.5% of the dose to the whole body and to other organs 
specified in RG 1.109. 
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3.0 RADIOACTIVE AIRBORNE RELEASES 

The release paths to the environment contributing to radioactive airborne release totals during 
this reporting period were the auxiliary building vent stack, the drumming area vent stack, the 
letdown gas stripper, the Unit 1 containment purge stack, and the Unit 2 containment purge 
stack. A gaseous radioactive effluent treatment system in conjunction with administrative 
controls is used to minimize the impact on the environment from the airborne releases and 
maintain doses to the public ALARA. 

3.1 Doses from Airborne Effluent 

Doses from airborne effluent are calculated for the maximum exposed individual (MEI) 
following the methodology contained in the PBNP ODCM. These calculated doses use 
parameters such as the amount of radioactive material released, the concentration at 
and beyond the site boundary, the average site weather conditions, and usage factors 
(e.g., breathing rates, food consumption) . In addition to the MEI doses, the energy 
deposited in the air by noble gas beta particles and gamma rays is calculated and 
compared to the corresponding Appendix I design objectives. A comparison of the 
annual Appendix I design objectives for atmospheric effluents to the highest organ dose 
and the noble gas doses calculated using ODCM methodology is listed in Table 3-1. 
C-14 is not included in the Appendix I calculations because it is not an Appendix I 
radionuclide. The C-14 dose calculation has been required since 2010 (see 
Sections 3.4 through 3.6, below, for a more detailed description) and is treated 
separately. The comparison between airborne effluent doses with and without C-14 is 
shown in Table 3-4. The highest Appendix I dose is 1.07E-02 mrem for the child age 
group thyroid . Had C-14 been included, the child-bone dose would have been the 
highest at 2.43E-01 mrem. Even with the inclusion of C-14 the doses demonstrate that 
releases from PBNP to the atmosphere continue to be ALARA at 0.8% of the dose 
objective. 

3.2 Radioactive Airborne Release Summary 

Radioactivity released in airborne effluents for 2020 is summarized in Table 3-2. 
The particulate total decreased from 3.90E-05 Ci in 2019 to 1.76E-05 Ci in 2020. 
Tritium increased in 2020 to 87.1 Ci from 70.1 Ci in 2019. Noble gases 
increased to 8.85E-01 Ci in 2020 from 5.41 E-01 Ci in 2019. 

3.3 Isotopic Airborne Releases 

The monthly isotopic airborne releases for 2020, from which the airborne doses 
were calculated, are presented in Table 3-3. Carbon-14 is not included in 
Table 3-3 because it was calculated and not measured. C-14 is discussed in the 
following sections. 

As in previous years the outage impact of the isotopic mixture is demonstrated in 
the comparison of the non-outage particulate releases . During the outages in 
March and October, seven different particulates were identified in the airborne 
effluent. Most were released via the open hatch on the 66-foot elevation of 
containment. The convective flow through the open hatch during purge is 
unfiltered. Although the flow is into the fa9ade, there are two circumferential 
gaps around the fa9ade. It is assumed that the release into fa9ade is transferred 
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to the outside and therefore is treated as a release to the environment. Four 
other particulate isotopes were identified in 2020, two of them being identified in 
a quarterly composite sample. As was stated in Section 3.2, the total particulate 
curies observed decreased in 2020 when compared to 2019. 

3.4 Carbon-14 

C-14 is a naturally occurring radionuclide. Nuclear weapons testing of the 1950s 
and 1960s significantly increased the amount of C-14 in the atmosphere. Small 
amounts of C-14 also are produced by nuclear reactors as neutrons interact with 
the dissolved oxygen and nitrogen in the primary coolant. However, the amount 
produced by nuclear reactors is much less than that produced by weapons 
testing or that occur naturally. 

The NRC has requested that nuclear plants report C-14 emissions. C-14 is a 
hard-to-detect radionuclide. It is not a gamma emitter and must be chemically 
separated from the effluent stream before it can be measured. Because nuclear 
plants currently are not equipped to perform this type of sampling, RG 1.21 
allows for calculating C-14 discharges based on fission rates . 

The Electric Power Research Institute (EPRI) developed the methodology for 
calculating C-14 generation and releases for the nuclear industry. The results 
were published as Technical Report 1021106 (December 2010), "Estimation of 
Carbon-14 in Nuclear Power Plant Gaseous Effluents." In addition to neutron 
flux, the percent oxygen and nitrogen in the VCTs is used in the C-14 calculation 
as both gases contribute to the generation of C-14. Pursuant to NRC guidance 
(Regulatory Guide 1.21, Rev 2, p. 16, June 2009), most of the C-14 emissions 
from nuclear plant occur in the gaseous phase. 

The Point Beach C-14 generation for 2020 was calculated using the EPRI 
guidance and the current core parameters resulting from the power uprate. The 
calculated amounts were 5.90 Ci for Unit 1 and 5.86 Ci for Unit 2 yielding a total 
of 11 . 75 Ci which is statistically the same as 2016 through 2019. The 2020 
calculated total 11 .75 Ci is roughly 430 times higher than the 2.73E-02 Ci of C-14 
determined by analyses of composites from liquid waste batch discharges, steam 
generator blowdown, and other waste streams. 

3.5 C-14 Airborne Effluent Dose Calculation 

The dose from the airborne C-14 is dependent on its chemical form . The C-14 
released to the atmosphere consists of both organic and inorganic species . Both 
the inorganic and organic C-14 contribute to the inhalation dose. Only the 
inorganic 14C02 species contributes to the dose from the ingestion of 
photosynthetically incorporated C-14. The organic forms such as methane, CH4, 
are not photosynthetically active. For PWRs such as PBNP most of the gaseous 
C-14 occurs as methane, 14CH4, not as carbon dioxide, 14C02. 

The amount of 14C02 present in the PBNP airborne effluent has not been 
measured. However, such measurements have been made at a comparable 
PWR site similar to the PBNP design. The Ginna nuclear generating station is of 
similar design to PBNP. It is a Westinghouse 2-loop PWR of the same vintage 
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as PBNP and approximately the same power (prior to the PBNP power uprate). 
Measurements at Ginna for 18 months in 1980 - 1981 (Kunz, "Measurement of 
14C Production and Discharge From the Ginna Nuclear Power Reactor," 1982) 
found that ten percent of the C-14 was discharged as 14C02. Therefore, 10% of 
the 11.75 Ci of the calculated C-14 for PBNP will be used in the ingestion dose 
calculations. 

C-14 dose calculations were made using the dose factors and the methodology 
of Regulatory Guide 1.109. In 2018 the inhalation dose factors were updated to 
reflect a change in the x/Q value in the Point Beach ODCM Rev. 20. The 
inhalation dose was calculated using all forms of C-14. All forms of the C-14 are 
used because regardless of whether the C-14 is in the form of 14C02 or an 
organic form, such as CH4, both would be inhaled and contribute to a lung dose. 

For the other existing pathways, milk, meat, and produce, the dose depends 
upon the amount incorporated into biomass consumed by cattle and people: 
forage for cattle and produce for humans. Incorporation only occurs via 
photosynthesis. Photosynthesis only incorporates 14C02 and hence the use only 
of the 10% fraction of the total C-14 release for these pathways. 

The airborne effluent C-14 dose calculations were made as described above. 
They were made for the MEI as explained in Section 2.1. This approach utilizes 
all the pathways that are applicable to a hypothetical person residing at the site 
boundary. Because C-14 is present as a gas, the pathways are milk, meat, and 
produce (vegetables, fruit, and grain) and the Regulatory Guide 1.109, Table E-5 
usage factors applied to the calculation. As such, the resulting dose will be 
conservative in that the produce usage factor includes grain and fruit and these 
pathways do not exist in the vicinity of the point for which the C-14 doses are 
calculated. Furthermore, because leafy vegetables are included in the produce 
pathway, they are not used as a separate pathway because that would result in 
double accounting for leafy vegetable dose contribution. 

Carbon-14 is not an Appendix I radionuclide. Therefore, airborne C-14 is not 
summed with the other airborne radioactive effluents for comparison of airborne 
effluent dose to the Appendix I dose objectives. However, the C-14 doses are 
presented and compared to the other radionuclide doses in Table 3-4. 

3.6 C-14 Measurements 

No C-14 measurements were made of PBNP airborne effluents. In 2010, C-14 
was measured in crops grown on fields in the owner controlled area located in 
the highest x/Q sector at the site's south boundary. One field was leased for 
feed corn by a dairy south of the plant. That dairy is part of the REMP. In an 
adjacent field soybeans were grown by another farmer. These two crops were 
sampled in this sector and as well as in a background location about 17 miles 
SW of the plant. Based on the measurement error, there was no statistical 
difference between the results obtained on site in the highest x/Q sector as 
compared to the background site some 17 miles away (2013 AMR, Table 10-3). 
These results demonstrated that the dose from C-14 in Point Beach airborne 
effluents should not measurably increase the C-14 dose compared to that 
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received from naturally occurring C-14 in plants (1 mrem: NCRP Report 93, 
Ionizing Radiation Exposure of the Population of the United States, 1987, p.12). 
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Table 3-1 
Comparison of 2020 Airborne Effluent Calculated Doses to 10 CFR 50 Appendix I Design Objectives 

Total Noble Gas (Ci)1 

Total Radioiodines (Ci)2 

Total Particulate (Ci)3 

Alpha (Ci) 

Strontium(Ci) 

All other beta + gamma (Ci) 

Total Tritium (Ci) 

Max NG H'rly Rel.(Ci/sec) 

Category 
Particulate 
Noble gas 
Noble gas 
Noble gas 
Noble gas 

Jan Feb 

5.05E-02 4.65E-02 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

1.06E+01 8.44E+OO 

9.74E-08 5.20E-08 

Annual Appendix I Design 
Objective 

30 mrem/organ 
40 mrad (beta air) 

20 mrad (gamma air) 
30 mrem (skin) 

10 mrem (whole body) 

January-December 
Calculated Dose 

0.0107 mrem 
0.0000466 mrad 
0.000109 mrad 
0.000153 mrem 
0.000103 mrem 

Table 3-2 

Percent of Appendix I 
Design Objective 

0.036 
0.00012 
0.00054 
0.00051 
0.00103 

Radioactive Airborne Effluent Release Summary 
January 1, 2020 through December 31 , 2020 

Total 

Mar Apr May Jun Jan-Jun Jul Aug Sep Oct 

3.87E-02 4.18E-02 4.20E-02 4.24E-02 2.62E-01 4.42E-02 4.61E-02 7.17E-02 3.17E-01 

ND ND ND ND ND ND ND 9.37E-06 4.42E-06 

6.55E-07 ND ND ND 6.55E-07 9.37E-08 9.37E-08 1.01 E-07 1.90E-06 

ND ND ND ND ND ND ND ND ND 

ND ND ND ND ND ND ND ND ND 

6.55E-07 ND ND ND 6.55E-07 9.37E-08 9.37E-08 1.01 E-07 1.90E-06 

1.03E+01 6.08E+OO 5.05E+OO 3.01E+OO 4.35E+01 6.23E+OO 1.02E+01 5.23E+OO 8.36E+OO 

1.54E-07 3.88E-08 4.45E-08 4.22E-08 4.58E-08 5.09E-08 6.97E-07 2.99E-07 

Nov 

7.12E-02 

ND 

6.21E-08 

ND 

ND 

6.21E-08 

7.39E+OO 

5.99E-08 

Dec 

7.22E-02 

ND 

9.04E-07 

ND 

ND 

9.04E-07 

6.17E+OO 

5.50E-08 

1 Total noble gas (airborne releases) and activation gas Ar-41. It does not include the activation gas F-18 because of its short T112 and because it is not an Appendix I radionuclide. 

Total 

July-Dec 

6.23E-01 

1.38E-05 

3.16E-06 

ND 

ND 

3.16E-06 

4.36E+01 

2 Airborne radioiodines only include 1-131 and 1-133. Although for dose calculations iodines are grouped with particulates, for this reporting table they are separated from the particulate group. 
3 Total Particulate is the sum of alpha, strontium, and others. It does not include radioiodines or C-14. C-14 was calculated for the year and no monthly values are available. 

ND: means that the radionuclide was not identified in any samples and all analyses were performed with instrumentation meeting the lower limit of detection as required by the PBNP 
Offsite Dose Calculation Manual. 

14 

Annual 

Total 

8.85E-01 

1.38E-05 

3.81E-06 

ND 

ND 

3.81E-06 

8.71E+01 



Jan Feb Mar Apr May 
Nuclide (Ci) (Ci) (Ci) (Ci) (Ci) 

H-3 1.06E+01 8.44E+OO 1.03E+01 6.08E+OO 5.05E+OO 
F-18 1.29E-06 ND ND 1.00E-06 ND 

Ar-41 4.43E-02 4.40E-02 3.40E-02 3.95E-02 3.91E-02 
Kr-85 ND ND ND ND ND 

Kr-85m ND ND ND ND ND 
Kr-87 ND ND ND ND ND 
Kr-88 ND ND ND ND ND 

Xe-131m ND ND ND ND ND 
Xe-133 6.20E-03 2.45E-03 4.70E-03 2.30E-03 2.92E-03 

Xe-133m ND ND ND ND ND 
Xe-135 ND ND 2.63E-06 ND ND 

Xe-135m ND ND ND ND ND 
Xe-138 ND ND ND ND ND 
Na-24 ND ND ND ND ND 
Cr-51 ND ND 2.70E-07 ND ND 
Mn-54 ND ND ND ND ND 
Fe-59 ND ND ND ND ND 
Co-57 ND ND ND ND ND 
Co-58 ND ND 8.24E-08 ND ND 
Co-60 ND ND 2.50E-07 ND ND 
Zn-65 ND ND ND ND ND 
Nb-95 ND ND 5.24E-08 ND ND 
Zr-95 ND ND ND ND ND 
1-131 ND ND ND ND ND 
1-132 ND ND ND ND ND 
1-133 ND ND ND ND ND 

Sb-124 ND ND ND ND ND 
Sb-125 ND ND ND ND ND 
Cs-137 ND ND ND ND ND 
Fe-55 ND ND ND ND ND 
Ni-63 ND ND ND ND ND 
Tc-99 ND ND ND ND ND 
Sr-89 ND ND ND ND ND 
Sr-90 ND ND ND ND ND 

Sn-113 ND ND ND ND ND 
Sn-117m ND ND ND ND ND 

Br-82 ND ND ND ND ND 

TABLE 3-3 
Isotopic Composition of Airborne Releases 

January 1, 2020 through December 31 , 2020 

Jun Total Jul Aug Sep 
(Ci) Jan-Jun (Ci) (Ci) (Ci) 

3.01E+OO 4.35E+01 6.23E+OO 1.02E+01 5.23E+OO 

ND 2.29E-06 ND 6.98E-09 ND 
3.77E-02 2.39E-01 3.72E-02 3.54E-02 4.17E-02 

ND ND ND ND ND 
ND ND ND ND ND 
ND ND ND ND ND 
ND ND ND ND ND 
ND ND ND ND 3.18E-04 

4.69E-03 2.33E-02 6.64E-03 9.98E-03 2.88E-02 
ND ND ND ND 9.41 E-05 
ND 2.63E-06 3.54E-04 7.42E-04 7.24E-04 
ND ND ND ND ND 
ND ND ND ND ND 
ND ND ND ND 1.04E-08 
ND 2.70E-07 ND ND ND 
ND ND ND ND ND 
ND ND ND ND ND 
ND ND ND ND ND 
ND 8.24E-08 ND ND ND 
ND 2.50E-07 ND ND ND 
ND ND ND ND ND 
ND 5.24E-08 ND ND ND 
ND ND ND ND ND 
ND ND ND ND ND 
ND ND ND ND ND 
ND ND ND ND 9.37E-06 
ND ND ND ND ND 
ND ND ND ND ND 
ND ND ND ND ND 
ND ND ND ND ND 
ND ND 6.08E-08 6.08E-08 5.88E-08 
ND ND 3.29E-08 3.29E-08 3.18E-08 
ND ND ND ND ND 
ND ND ND ND ND 
ND ND ND ND ND 
ND ND ND ND ND 
ND ND ND ND ND 

Oct Nov Dec Total Annual 
(Ci) (Ci) (Ci) July-Dec Total 

8.36E+OO 7.39E+OO 6.17E+OO 4.36E+01 8.71E+01 

ND ND ND 6.98E-09 2.29E-06 
3.41 E-02 5.45E-02 5.72E-02 2.60E-01 4.99E-01 

ND ND ND ND ND 
ND ND ND ND ND 
ND ND ND ND ND 
ND ND ND ND ND 
ND ND ND 3.18E-04 3.18E-04 

2.76E-01 1.64E-02 1.50E-02 3.52E-01 3.76E-01 
ND ND ND 9.41 E-05 9.41 E-05 

7.83E-03 2.67E-04 ND 9.91 E-03 9.92E-03 
ND ND ND ND ND 
ND ND ND ND ND 
ND ND ND 1.04E-08 1.04E-08 
ND ND ND ND 2.70E-07 

3.38E-08 ND ND 3.38E-08 3.38E-08 
ND ND ND ND ND 
ND ND ND ND ND 

1.05E-06 ND ND 1.05E-06 1.14E-06 
5.35E-07 ND ND 5.35E-07 7.86E-07 

ND ND ND ND ND 
1.46E-07 ND ND 1.46E-07 1.98E-07 

ND ND ND ND ND 
1.95E-06 ND ND 1.95E-06 1.95E-06 

ND ND ND ND ND 
2.47E-06 ND ND 1.18E-05 1.18E-05 

ND ND ND ND ND 
ND ND ND ND ND 
ND ND ND ND ND 
ND ND ND ND ND 

1.35E-07 ND ND 3.15E-07 3.15E-07 
ND ND ND 9.75E-08 9.75E-08 
ND ND ND ND ND 
ND ND ND ND ND 
ND ND ND ND ND 
ND ND ND ND ND 
ND 6.21E-08 9.04E-07 9.67E-07 9.67E-07 

ND: means that the radionuclide was not identified in any samples and all analyses were performed with instrumentation meeting the lower limit of detection as required by the PBNP Offsite Dose 
Calculation Manual. 
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Table 3-4 
Comparison of Airborne Effluent Doses (Appendix I and C-14) 

2020 Appendix I (Airborne Particulate +Tritium) Dose (mrem) 
Bone 

Adult 5.36E-06 
Teen 5.83E-06 
Child 9.13E-06 
Infant 5.23E-06 

Ann.Limit 3.00E+01 
% Ann Lim 3.58E-02 

Bone 
Adult 6.76E-02 
Teen 1.06E-01 
Child 2.43E-01 
Infant 1.24E-01 

Liver 
6.87E-03 
7.57E-03 
1.0?E-02 
4.64E-03 

Liver 
1.34E-02 
2.11E-02 
4.85E-02 
2.64E-02 

T-WB Thyroid Kidney Lung GI-LU 
6.87E-03 6.89E-03 6.87E-03 6.87E-03 6.88E-03 
7.57E-03 7.59E-03 7.57E-03 7.57E-03 7.57E-03 
1.0?E-02 1.0?E-02 1.0?E-02 1.0?E-02 1.0?E-02 
4.64E-03 4.69E-03 4.64E-03 4.64E-03 4.64E-03 

2020 Carbon-14 Dose (mrem) 
T.Body Thyroid Kidney Lungs GI-LU 
1.34E-02 1.34E-02 1.34E-02 1.34E-02 1.34E-02 
2.11 E-02 2.11 E-02 2.11E-02 2.11E-02 2.11 E-02 
4.85E-02 4.85E-02 4.85E-02 4.85E-02 4.85E-02 
2.64E-02 2.64E-02 2.64E-02 2.64E-02 2.64E-02 

2020 Total Airborne Non-Noble Gas Dose [Particulate+ H-3 + C-14 (mrem)] 
Bone Liver T-WB Thyroid Kidney Lung GI-LU 

Adult 6.76E-02 2.03E-02 2.03E-02 2.03E-02 2.03E-02 2.03E-02 2.03E-02 
Teen 1.06E-01 2.86E-02 2.86E-02 2.86E-02 2.86E-02 2.86E-02 2.86E-02 
Child 2.43E-01 5.92E-02 5.92E-02 5.93E-02 5.92E-02 5.92E-02 5.92E-02 
Infant 1.24E-01 3.10E-02 3.1 OE-02 3.11 E-02 3.10E-02 3.1 OE-02 3.10E-02 

Ann.Limit 3.00E+01 
% Limit 8.12E-01 

The percent of limit is calculated using the highest total dose, the Child Age Group. 
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Skin 
4.39E-09 
4.39E-09 
4.39E-09 
4.39E-09 

Skin 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

Skin 
4.39E-09 
4.39E-09 
4.39E-09 
4.39E-09 



4.0 RADIOACTIVE SOLID WASTE SHIPMENTS 

4.1 Types, Volumes, and Activity of Shipped Solid Waste 

The following types, volumes, and activity of solid waste were shipped from PBNP for 
offsite disposal or burial during 2020. No Types C or D wastes were shipped. No 
irradiated fuel was shipped offsite. The volume, activity and type of waste are listed in 
Table 4-1. 

Table 4-1 
Quantities and Types of Waste Shipped from PBNP in 2020 

Type of Waste Quantity Activity 
A Spent resins, filter sludqe, evaporator bottoms, etc. 5.9 m3 6.550 Ci 

207.4 ft
3 

B. Dry compressible waste, contaminated equipment, etc 197.7 m3 0.524 Ci 
6980.0 ft

3 

C. Irradiated components, control rods, etc. 0.00 m3 N/A Ci 
ft3 

D. Other 0.0 m3 N/A Ci 

4.2 Solid Waste Disposition 

There were four solid waste shipments from PBNP during 2020. The dates and 
destinations are shown in Table 4-2. 

Table 4-2 

2020 PBNP Radioactive Waste Shipments 
Date Destination 

03/25/20 Oak Ridge, TN 

10/14/20 Oak Ridge , TN 

10/23/20 Oak Ridge, TN 

11/10/20 Clive, UT 

4.3 Major Nuclide Composition (by Type of Waste) 

The major radionuclide content of the 2020 solid waste was determined by gamma 
isotopic analysis and the application of scaling factors for certain indicator radionuclides 
based on the measured isotopic content of representative waste stream samples . The 
estimated isotopic content is presented in Table 4-3. Only those radionuclides with 
detectable activity are listed. 
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Table 4-3 
2020 Estimated Solid Waste Major Radionuclide Composition 

T~[>e A T~[>e B 
Activi~ Percent Activi~ Percent 

Nuclide (mCi) Abundance Nuclide (mCi) Abundance 
Total Activity 6.54E+03 100.00% Total Activity 5.25E+02 100.00% 

Ni-63 4.20E+03 64.22% Co-60 2.31E+02 43.90% 
Co-60 1.32E+03 20.18% Cr-51 7.60E+01 14.47% 
C-14 2.42E+02 3.70% Fe-55 6.68E+01 12.72% 

Sb-125 2.32E+02 3.55% Co-58 3.24E+01 6.18% 
Fe-55 1.64E+02 2.51% Nb-95 2.70E+01 5.14% 

H-3 1.56E+02 2.39% Mn-54 2.34E+01 4.45% 
Cs-137 6.14E+01 0.94% Ni-63 2.09E+01 3.99% 
Co-58 5.84E+01 0.89% Zr-95 1.25E+01 2.37% 
Ni-59 4.40E+01 0.67% Ag-110m 9.81E+OO 1.87% 
Co-57 2.39E+01 0.37% Sn-117m 8.02E+OO 1.53% 
Mn-54 1.89E+01 0.29% Sb-125 5.11E+OO 0.97% 

Ag-110m 1.11E+01 0.17% Sb-124 3.39E+OO 0.65% 
Ce-144 5.14E+OO 0.08% Sn-113 3.19E+OO 0.61% 
Sr-90 1.19E+OO 0.02% H-3 1.47E+OO 0.28% 
Tc-99 9.81 E-01 0.02% Te-123m 1.00E+OO 0.19% 

Pu-241 4.62E-01 0.01% Ce-144 8.29E-01 0.16% 
Am-241 2.41 E-01 0.00% Co-57 7.97E-01 0.15% 
Puy-238 6.16E-02 0.00% Pu-241 6.74E-01 0.13% 
Cm-243 4.91E-02 0.00% Nb-94 4.00E-01 0.08% 
Pu-239 4.17E-02 0.00% Tc-99 3.08E-01 0.06% 
Cm-242 3.72E-02 0.00% Cs-137 2. 97E-01 0.06% 

Ni-59 1.91E-01 0.04% 
Sr-90 2.59E-02 0.00% 

Am-241 2.53E-02 0.00% 
C-14 2.00E-02 0.00% 

Pu-238 6.97E-03 0.00% 
Pu-239 6.72E-03 0.00% 
Cm-243 4.15E-03 0.00% 
Cm-242 2.73E-03 0.00% 
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5.0 NONRADIOACTIVE CHEMICAL RELEASES 

5.1 Scheduled Chemical Waste Releases 

Scheduled chemical waste releases to the circulating water system from 
January 1, 2020, to June 30, 2020, included 1.04E+04 gallons of neutralized 
wastewater. The wastewater contained 1.2 lbs. of suspended solids and 396.0 
lbs. of dissolved solids. 

There were no scheduled chemical releases of neutralized wastewater to the 
circulating water system from July 1, 2020, to December 31, 2020. 

Scheduled chemical waste releases are based on the average analytical results 
obtained from sampling a representative number of neutralizing tanks. 

5.2 Miscellaneous Chemical Waste Releases 

Miscellaneous chemical waste releases from the wastewater effluent (based on 
effluent analyses) to the circulating water for January 1, 2020, to June 30, 2020, 
included 2.32E+07 gallons of clarified effluent. The wastewater contained 
3.63E+03 lbs. of suspended solids. 

Miscellaneous chemical waste releases from the wastewater effluent (based on 
effluent analyses) to the circulating water for July 1, 2020, to December 31, 2020, 
included 2.17E+07 gallons of clarified effluent. The wastewater contained 
3.36E+03 lbs. of suspended solids. 

Miscellaneous chemical waste released directly to the circulating water, based on 
amount of chemicals used from January 1, 2020, to June 30, 2020, included 
6.43E+05 lbs. of sodium bisulfite solution (2.44E+05 lbs . sodium bisulfite), 
6.71 E+05 lbs. of Sodium Hypochlorite Solution (8.39E+04 lbs. sodium 
hypochlorite), 2.14E+04 lbs. Acti-Brom 1338 (9.61 E+03 lbs. sodium bromide). 
6.67E+03 lbs. of biodetergent, and 4.20E+04 lbs. of silt dispersant. 

Miscellaneous chemical waste released directly to the circulating water, based on 
amount of chemicals used from July 1, 2020, to December 31, 2020, included 
7.71 E+05 lbs. of sodium bisulfite solution (2 .93E+05 lbs. sodium bisulfite), 
7.42E+05 lbs. Sodium Hypochlorite Solution (9.27E+04 lbs. sodium 
hypochlorite) , 1.80E+04 lbs. Acti-Brom 1338 (8.1 OE+03 lbs. sodium bromide), 
4.89E+03 lbs. of biodetergent, and 5.52E+04 lbs. of silt dispersant. 
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6.0 CIRCULATING WATER SYSTEM OPERATION 

The circulating water system operation during this reporting period for periods of plant 
operation is described in Table 6-1. 

Table 6-1 
Circulating Water System Operation for 2020 

Average Volume Cooling 
Water Discharge [million gal/day]* 
Average Cooling Water 

Intake Temperature [°F] 
Average Cooling Water 
Discharge Temperature [°F] 

Average Ambient Lake Temperature (°F] 

* For days with cooling water discharge flow. 
** U2 outage 3/15/2020 - 410212020 

UNIT JAN FEB 

1 346.7 348.5 
2 346.7 348.5 

1 39 39 

2 40 40 

1 71 70 

2 71 71 

34 35 

Table 6-1(continued) 

MAR** APR** 

362.3 490.5 
167.8 521.1 

38 43 

38 44 
69 66 

63 58 

37 41 

Circulating Water System Operation for 2020 

Average Volume Cooling* 
Water Discharge (million gal/day] 

Average Cooling Water 

Intake Temperature (°F] 

Average Cooling Water 

Discharge Temperature (°F] 

Averaqe Ambient Lake Temperature [°F] 
* For days with cooling water discharge flow. 
*** U 1 outage 10/4/2020-10/25/2020 

UNIT JUL 

1 551 .5 
2 552.9 

1 61 
2 61 

1 80 
2 78 

54 

20 

AUG SEP OCT*** 

551.5 551.5 124.6 
552.9 552.9 577.5 

60 55 49 
60 55 49 

79 74 56 
78 72 65 

56 54 47 

MAY JUN 

551 .5 551.5 
552.9 552.9 

48 51 

48 52 

67 70 

65 69 

45 48 

NOV DEC 

538.0 437.9 
552.1 437.4 

45 40 
45 40 

63 66 
63 66 

43 38 



Part B 
Miscellaneous Reporting Requirements 

7.0 ADDITIONAL REPORTING REQUIREMENTS 

7 .1 Revisions to the PBNP Effluent and Environmental Programs 

The ODCM (attached) was revised twice in 2020. Revision 22 was issued on 
5/18/2020 and Revision 23 was issued on 12/16/2020. 

Revision 22 ODCM changes included updating the location of the E-06 Lake 
Water sample to allow for flexibility due to shoreline access. Updating the name 
of the control location (E-20) to Holy Family College due to a name change. 
Removing the Slowdown Evaporator from Figure 4-1 (EC 283847) . Removing a 
reference to TS 5.6.3 as it was deleted as part of the implementation of Improved 
Standard Tech Specs. Other editorial enhancements to allow for streamlined 
records submittal and correction FSAR section references. 

The Radiological Environmental Monitoring Program (REMP) requirements were 
updated to reflect identified programmatic reductions to sample type, sample 
frequency, and sample locations. NUREG 1301 was used to guide the type and 
quantity of sample locations required . Regulatory Guide 4.1 Revision 2 was 
used in a similar fashion to allow for changes to the sampling and analyses 
program to be made based on operationai experience. The program history and 
sample analysis data was reviewed as part of the evaluation and as justification 
for the changes. Environmental data from 1975-Present day was reviewed as 
part of the effectiveness reduction review. Additionally, Annual Monitoring 
Report environmental assessments were reviewed from approximately 1995-
2019. Reporting requirements changed over the course of time and these 
changes were taken into account when reviewing the historical data for any 
discernable environmental impact. 

Based on an assessment that included a review of applicable guidance from the 
NRC, historical environmental data, and Annual Monitoring Report Environmental 
assessments it was determined that there will not be a reduction in effectiveness 
of the Point Beach REMP with the changes that were implemented in this 
revision . The specific programmatic changes are discussed in Section 9.5 of this 
report. 

Revision 23 ODCM changes included updates to a figure that shows the liquid 
flow paths. The updated figure includes cleaned up lines to and from the various 
tanks, added flow path alignments that occur during refueling outages and 
updated a typo on one of the systems. Other updates included adding a note to 
about performing compensatory samples, updating five typos for Sr-90 values for 
Adult/Teen Gl-LLI , and updating the E-20 control location name due to another 
change in ownership. 
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A new section was added to the ODCM in Revision 23 to capture the 
performance of the Land Use Census at Point Beach. As well, Te-123m was 
added as an isotope to the ODCM and the Liquid Dose Factors were added to 
Appendix K along with the addition of the reference documents that were used 
for calculations of Te-123m. 

7.2 lnterlaboratory Comparison Program 

ATI Environmental, Inc, Midwest Laboratory, the analytical laboratory contracted 
to perform the radioanalyses of the PBNP environmental samples, participated in 
the several interlaboratory comparison studies including those administered by 
Environmental Resources Associates (ERA) during 2020. The results of these 
comparisons can be found in Appendix A of the attached final report for 2020, 
January - December 2020 from ATI Environmental Inc. 

7.3 Special Circumstances 

No special circumstances to report regarding operation of the explosive gas 
monitor for the waste gas holdup system was needed during 2020. 
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Part C 
RADIOLOGICAL ENVIRONMENTAL MONITORING 

8.0 INTRODUCTION 

The objective of the PBNP Radiological Environmental Monitoring Program (REMP) is to 
determine whether the operation of PBNP or the ISFSI has radiologically impacted the 
environment. To accomplish this, the REMP collects and analyzes air, water, milk, soil, 
vegetation (grasses and weeds), and fish samples for radionuclides and uses 
thermoluminescent dosimeters (TLDs) to determine the ambient radiation background. 
The analyses of the various environmental media provide data on measurable levels of 
radiation and radioactive materials in the principal pathways of environmental exposure. 
These measurements also serve as a check of the efficacy of PBNP effluent controls. 

The REMP fulfills the requirements of 10 CFR 20.1302, PBNP General Design 
Criterion (GDC) 17, GDC 64 of Appendix A to 10 CFR 50, and Sections IV. B.2 and 
IV.B.3 of Appendix I to 10 CFR 50 for the operation of the plant. A subset of the PBNP 
REMP samples, consisting of air, soil and vegetation also fulfills 1 O CFR 72.44(d)(2) for 
operation of the ISFSI. Additionally, TLDs provide the means to measure changes in the 
ambient environmental radiation levels at sites near the ISFSI and at the PBNP site 
boundary to ensure that radiation levels from the ISFSI are maintained within the dose 
limits of 10 CFR 72.104. Because the ISFSI is within the PBNP site boundary, radiation 
doses from PBNP and the ISFSI , combined, must be used to assess compliance with 
1 O CFR 72.122 and 40 CFR 190. Therefore, radiological environmental monitoring for 
the ISFSI is provided by selected sampling sites, which are part of the PBNP REMP. 

For the aquatic environment, the samples include water as well as the biological 
integrators, such as fish. Because of their migratory behavior, fish are wide area 
integrators. Grab samples of lake water provide a snapshot of radionuclide 
concentrations at the time the sample is taken; whereas analysis of fish yield 
concentrations integrated over time . 

The air-grass-cow-milk exposure pathway unites the terrestrial and atmospheric 
environments. This pathway is important because of the many dairy farms around 
PBNP. Therefore, the REMP includes samples of air, general grasses, and milk from 
the PBNP environs. An annual land use survey is made to determine whether the 
assumptions on the location of dairy cattle remain conservative with respect to dose 
calculations for PBNP effluents. The dose calculations assume that the dairy cattle are 
located at the south site boundary, the highest depositional sector. In addition, soil 
samples are collected and analyzed in order to monitor the potential for long-term 
buildup of radionuclides in the vicinity of PBNP. 

For the measurement of ambient environmental radiation levels that may be affected by 
direct radiation from PBNP or by noble gas effluents, the REMP employs a series of 
TLDs situated around PBNP and the ISFSI. 
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9.0 PROGRAM DESCRIPTION 

9.1 Results Reporting Convention 

The vendor used by PBNP to analyze the environmental samples is directed to 
report analysis results as measured by a detector, which can meet the required 
lower limit of detection (LLD) as specified in Table 12-1 of the ODCM for each 
sample. The report provided by the vendor (see Appendix 1) contains values, 
which can be either negative, positive or zero plus/minus the two sigma counting 
uncertainty, which provides the 95% confidence level for the measured value. 

The LLD is an a priori concentration value that specifies the performance 
capability of the counting system used in the analyses of the REMP samples. 
The parameters for the a priori LLD are chosen such that only a five percent 
chance exists of falsely concluding a specific radionuclide is present when it is 
not present at the specified LLD. Based on detector efficiency and average 
background activity, the time needed to count the sample in order to achieve the 
desired LLD depends upon the sample size. Hence, the desired LLD may be 
achieved by adjusting various parameters. When a suite of radionuclides are 
required to be quantified in an environmental sample such as lake water, the 
count time used is that required to achieve the LLD for the radionuclide with the 
longest counting time. Therefore, in fulfilling the requirement for the most difficult 
to achieve radionuclide LLD, the probability of detecting the other radionuclides is 
increased because the counting time used is longer than that required to achieve 
the remaining radionuclide LLDs. 

The REMP results in this report are reported as averages of the measurements 
made throughout the calendar year plus/minus the associated standard 
deviation. If all net sample concentrations are equal to or less than zero, the 
result is reported as "Not Detectable" (ND), indicating no detectable level of 
activity present in the sample. If any of the net sample concentrations indicate a 
positive result statistically greater than zero , all of the data reported are used to 
generate the reported statistics. Because of the statistical nature of radioactive 
decay, when the radionuclide of iriterest is not present in the sample, negative 
and positive results centered about zero will be seen. Excluding validly 
measured concentrations, whether negative or as small positive values below the 
LLD, artificially inflates the calculated average value. Therefore, all generated 
data are used to calculate the statistical values (i.e., average, standard deviation) 
presented in this report. The calculated average may be a negative number. 

As mentioned above, radioactive decay is a statistical process which has an 
inherent uncertainty in the analytical result. No two measurements will yield 
exactly the same result. However, the results are considered equal if the results 
fall within a certain range based upon the statistical parameters involved in the 
process. The REMP analytical results are reported at the 95% confidence limit in 
which the true result may be two standard deviations above or below the 
reported result. This means that there is only a 5% chance of concluding that the 
identified radioactive atom is not there when it really is present in the sample. A 
false positive is an analytical result which statistically shows that the radionuclide 
is present in the sample when it really is not there. Typically, if the 95% 
confidence interval for a positive does not include zero, the radionuclide is 
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considered to be present. For example, the result is reported as 100 ± 90. One 
hundred minus 90 yields a positive result and therefore may be considered to be 
present. However, this may be a false positive. If the radionuclide was not in the 
plant effluent, this result would fall into that category which 5% of the time it is 
falsely concluded that the radionuclide is present when in actuality it is not. This 
usually happens at low concentrations at or near the LLD where fluctuations in 
the background during the counting process skew the results to produce a 
positive result. 

In interpreting the data, effects due to the plant must be distinguished from those 
due to other sources. A key interpretive aid in assessment of these effects is the 
design of the PBNP REMP, which is based upon the indicator-control concept. 
Most types of samples are collected at both indicator locations and at control 
locations. A plant effect would be indicated if the radiation level at an indicator 
location was significantly larger than that at the control location. The difference 
would have to be greater than could be accounted for by typical fluctuation in 
radiation levels arising from other sources. 

9.2 Sampling Parameters 

Samples are collected and analyzed at the frequency indicated in 
Table 9-1 from the locations described in Table 9-2 and shown in Figures 9-1, 
9-2 and 9-3. (The latter two figures show sampling locations not shown in 
preceding figures due to space limitations. The location of the former retention 
pond, retired and remediated to NRC unrestricted access criteria, is indicated in 
Figure 9-3). The list of PBNP REMP sampling sites used to determine 
environmental impact around the ISFSI is found in Table 9-3. The minimum 
acceptable sample size is found in Table 9-4. In addition, Table 9-1 indicates the 
collection and analysis frequency of the ISFSI fence TLDs. 

9.3 Deviations from Required Collection Frequency 

Deviations from the collection frequency given in Table 9-1 are allowed because 
of hazardous conditions, automatic sampler malfunction, seasonal unavailability, 
and other legitimate reasons (Section 12.2.2.e of the ODCM). Table 9-5 lists the 
deviations from the scheduled sampling frequency that occurred during the 
reporting period. 

9.4 Assistance to the State of Wisconsin 

The Radiation Protection Unit of the Wisconsin Department of Health and Family 
Services maintains a radiological environmental monitoring program to confirm 
the results from the PBNP REMP. As a courtesy to the State of Wisconsin, 
PBNP personnel collect certain environmental samples (Table 9-6) for the State 
from sites that are near PBNP sampling sites, or are co-located . 
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9.5 Program Modifications 

Modifications to the Radiological Environmental Monitoring Program (REMP) 
were implemented in Revision 22 of the ODCM. These changes included the 
documentation of an adjustment to the lake water and shoreline sediment sample 
location at E-06, Point Beach State Park. The E-06 location was adjusted north 
approximately 600 feet within the State Park (closer to Point Beach) due to high 
lake levels during the summer of 2019 that caused beach erosion and created 
unsafe access to this sample location. 

In Revision 22, the ODCM was updated to reflect identified programmatic 
reductions to sample type, sample frequency, and sample locations. NUREG 
1301 was used to guide the type and quantity of sample locations required. 
Regulatory Guide 4.1 Revision 2 was used in a similar fashion to allow for 
changes to the sampling and analyses program to be made based on operational 
experience. The program history and sample analysis data was reviewed as part 
of the evaluation and as justification for the changes. Environmental data from 
1975-Present day was reviewed as part of the effectiveness reduction review. 
Additionally, Annual Monitoring Report environmental assessments were 
reviewed from approximately 1995-2019. Reporting requirements changed over 
the course of time and these changes were taken into account when reviewing 
the historical data for any discernable environmental impact. 

Based on a site documented review of applicable guidance from the NRC, 
historical environmental data, and Annual Monitoring Report Environmental 
assessments it was determined that there would not be a reduction in 
effectiveness of the Point Beach REMP if the following sample 
frequencies/locations were to be reduced or eliminated from the REMP: 

• Algae was removed from the program. This was not a required sample 
location per NU REG 1301, and impacts to the aquatic environment 
continue to be monitored via lake water, fish, and shoreline sediment. 

• Vegetation (crops) were removed from the program. In 2020, the majority 
of the farmland that was used for REMP crops was converted to the 
NextEra Energy Point Beach Solar Project. The farmland in this area is 
not irrigated with Lake Michigan water where the Point Beach liquid waste 
is discharged, therefore this is not a required sample per NUREG 1301. 

• Soil was reduced by two sampling locations (E-08 and E-09). This is not 
a required sample type in NU REG 1301, but was kept for continuity with 
The Wisconsin Department of Health - Radiation Protection Section 
Environmental monitoring program. 

• Shoreline sediment was reduced by two sampling locations (E-12 and E-
33). E-12 location is no longer a representative sample point due to 
riprap installation along the shore and location E-33 is no longer 
monitored due to the decommissioning of Kewaunee Power Station 
(KPS). 
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• Lake water was reduced by one sampling location (E-33) because of the 
decommissioning of Kewaunee Power Station (KPS). Based on 
conversations with personnel at KPS, no additional liquid discharges are 
planned at the station for the foreseeable future. 

• Vegetation (grasses and weeds) was reduced by two sampling locations 
(E-08 and E-09) and the frequency decreased to two times per year. 
Point Beach maintains vegetation sampling along with monthly milk 
sampling to ensure program continuity in case a dairy farm were to cease 
operation. 

• Due to the discontinuation of shoreline sediment and lake water sampling 
at E-33 Kewaunee Power Station, the location was removed from the 
program effective June 2020. 

In Revision 22 and then subsequently in Revision 23 the control location E-20 
went through several a name changes from Silver Lake College to Holy Family 
College and is now the Holy Family Convent Property. 
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Table 9-1 
PBNP REMP Sample Analysis and Frequency 

Sample Type Sample Codes Analyses Frequency 
Environmental 
Radiation E-01 , -02, -03, -04, -05 TLD Quarterly 
Exposure -06, -07, -08, -09 , -12 

-14, -15, -16B, -17, -18, 
20, -22, -23, -24, 
-25 , -26B, -27, -28 
-29, -30, 31 , -32, -38, 
-39,-41 , -42,-43, -44 

-TC 

Vegetation E-01, -02, -03, -04, -06, Gross Beta 2x/yr as available 
-20, Gamma Isotopic Analysis 

Fish E-13 Gross Beta Quarterly as available 
Gamma Isotopic Analysis 
(Analysis of edible 

portions only) 

Well Water E-10 Gross Beta, H-3 Quarterly 
Sr-89, 90, 1-131 
Gamma Isotopic Analys is 

Lake Water E-01, -05, -06, -33* Gross Beta, Sr-89/90, H-3 Monthly I Quarterly composite of 
monthly collections 

1-131 Monthly 
Gamma Isotopic Analysis Monthly 

Milk E-11, -40, -21 Sr-89, 90 Monthly 
1-131 
Gamma Isotopic Analysis 

Air Filters E-01, -02, -03, -04, Gross Beta Weekly (particulate) 
-08, -20 1-131 Weekly (charcoal) 

Gamma Isotopic Analysis Quarterly (on composite 
particulate filters) 

Soil E-01, -02, -03, -04, Gross Beta 1x/yr 
-06, -20 Gamma Isotopic Analysis 

Shoreline Sediment E-01 , -05 , -06 Gross Beta 1x/yr 
Gamma Isotopic Analys is 

ISFSI Ambient North, East, South, 
Radiation Exposure West Fence Sections TLD Quarterly 

*Lake water sampling at E-33 ceased after May 2020. 
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Table 9-2 
PBNP REMP S I" L f amp mg oca ions 

Location Code Location Description 

E-01 Primary Meteoroloqical Tower South of the Plant 

E-02 Site Boundary Control Center - East Side of Building 

E-03 Tapawinqo Road, about 0.4 Miles West of Lakeshore Road 

E-04 North Boundary 

E-05 Two Creeks Park 
Point Beach State Park - Coast Guard Station; TLD located South of the Lighthouse on Telephone 

E-06 pole 

E-07 WPSC Substation on County V, about 0.5 Miles West of Hwy 42 

E-08 G.J. Francar Property at Southeast Corner of the Intersection of Cty. Band Zander Road 

E-09 Nature Conservancy 

E-10 PBNP Site Well 

E-11 Dairy Farm about 3.75 Miles West of Site 

E-12 Discharge Flume/Pier 

E-13 Pumphouse 

E-14 South Boundary, about 0.2 miles East of Site Boundary Control Center 

E-15 Southwest Corner of Site 

E-16B WSW, Hwy 42, a residence about 0.25 miles North of Nuclear Road 

E-17 North of Mishicot, Cty. Band Assman Road, Northeast Corner of Intersection 

E-18 Northwest of Two Creeks at Zander and Tannery Roads 

E-20 Reference Location, 17 miles Southwest, at Holy Family Convent Property 

E-21 Local Dairy Farm just South of Site on Lakeshore and Irish Roads 

E-22 West Side of Hwy 42, about 0.25 miles North of Johanek Road 

E-23 Greenfield Lane, about 4.5 Miles South of Site, 0.5 Miles East of Hwy 42 

E-24 North Side of County Rt. V, near intersection of Saxonburg Road 

E-25 South Side of County Rt. BB, about 0.5 miles West of Norman Road 

E-26B 804 Tapawingo Road, about 0.4 miles East of Cty. B, North Side of Road 

E-27 Intersection of Saxonburq and Nuclear Roads, Southwest Corner, about 4 Miles WSW 

E-28 TLD site on western most pole between the 2nd and 3rd parking lots. 

E-29 Area of North Meteorological Tower. 

E-30 NE corner at Intersection of Tapawingo and Lakeshore Roads. 

E-31 On utility pole North side of Tapawinqo Road closest to the qate at the West property line. 
E-32 On a conduit/pole located near the junction of property lines, about 500 feet east of the west gate 

in line with first designated treeline on Tapawingo Road and about 1200 feet south of Tapawingo 
Road. The location is almost under the power lines between the blue and gray transmission 
towers . (The conduit/pole is about 6 feet high). 
Lake Michigan shoreline accessed from the SE corner of KNPP parking lot. Sample South of 

E-33* creek. *Sample location discontinued in June 2020 (Revision 22 of the ODCM). 

E-38 Tree located at the West end of the area previously containinq the Retention Pond. 

E-39 Tree located at the East end of the area previously containing the Retention Pond. 

E-40 Local Dairy Farm, W side of Hwy 42, about 1.8 miles north of the Nuclear Rd intersection 

E-41 NW corner of Woodside and Nuclear Rds (Kewaunee County) 

E-42 NW corner of Church and Division, East of Mishicot 

E-43 West side of Tannery Rd south of Elmwood (7th utility pole south of Elmwood) 

E-44 Utility Pole N Side of Tapawinqo Rd near house at 5011 

E-TC Transportation Control; Reserved for TLDs 
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Table 9-3 
ISFSI Sampling Sites 

Ambient Radiation Monitorinq (TLD) Soil, Veqetation and Airborne Monitorinq 
E-03 E-02 
E-28 E-03 
E-29 E-04 
E-30 
E-31 
E-32 
E-44 

Table 9-4 
Minimum Acceptable Sample Size 

Sample Type Size 

Veqetation 100-1000 qrams 

Lake Water 8 liters 

Air Filters 250 m3 (volume of air) 

Well Water 8 liters 

Milk 8 liters 

Fish (edible portions) 1000 grams 

Soil 500-1000 qrams 

Shoreline Sediment 500-1000 qrams 
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Table 9-5 
Deviations from Scheduled Sampling and Frequency During 2020 

Sample 
Scheduled 

Reason for not conducting Plans for Preventing 
Location Collection 

Type 
Date 

REM Pas required Recurrence 

No REMP sample deviations occurred in 2020. 

Table 9-6 

Sample Collections for State of Wisconsin 

Sample Tvpe Location FreQuencv 

Lake Water E-01 Monthly 

Fish E-13 Quarterly, As Available 

Precipitation E-04 Twice a month, 

E-08 As Available 

Milk E-11 Monthly 

E-21 

Well Water E-10 Twice per year 
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9.6 Analytical Parameters 

The types of analyses and their frequencies are given in Table 9-1. The LLDs for 
the various analyses are found in Section 10 (Table 10-1) with the summary of 
the REMP results . All environmental LLDs listed in Table 12-1 of the ODCM 
(also in Table 10-1) were achieved during 2020. 

9.7 Description of Analytical Parameters in Table 9-1 

9.7.1 Gamma isotopic analysis 

Gamma isotopic analysis consists of a computerized scan of the gamma 
ray spectrum from 80 keV to 2048 keV. Specifically included in the scan 
are Mn-54, Fe-59, Co-58, Co-60, Zr-95, Nb-95, Ru-103, Ru-106, 1-131, 
Ba-La-140, Cs-134, Cs-137, Ce-141, and Ce-144. However, other 
detected nuclear power plant produced radionuclides also are noted. The 
above radionuclides detected by gamma isotopic analysis are decay 
corrected to the time of collection. Frequently detected, but not normally 
reported in the Annual Monitoring Report, are the naturally occurring 
radionuclides Ra-226, Bi-214, Pb-212, Tl-208, Ac-228, Be-7, and K-40 . 

9.7.2 Gross Beta Analysis 

Gross beta analysis is a non-specific analysis that consists of measuring 
the total beta activity of the sample. No individual radionuclides are 
identifiable by this method . Gross beta analysis is a quick method of 
screening samples for the presence of elevated activity that may require 
additional, immediate analyses . 

9.7 .3 Water Samples 

Water samples include both Lake Michigan and well water. The Lake 
Michigan samples are collected along the shoreline at two locations north 
and two locations south of PBNP. The well water is sampled from the 
on-site PBNP well. Gross beta measurements are made on the solids 
remaining after evaporation of the unfiltered sample to dryness. Gamma 
isotopic analyses are performed using 1-liter liquid samples. Strontium is 
determined by chemical separation and beta counting . 

9.7.4 Air Samples 

Particulate air filters are allowed to decay at least 72 hours before gross 
beta measurements are made in order for naturally occurring 
radionuclides to become a negligible part of the total activity. Gross beta 
measurements serve as a quick check for any unexpected activity that 
may require immediate investigation. Quarterly composites of the 
particulate air filters are analyzed for long-lived radionuclides such as 
Cs-134 and Cs-137. Charcoal cartridges for radioiodine are counted as 
soon as possible so the 1-131 will undergo only minimal decay prior to 
analyses. The weekly charcoal cartridges are screened for 1-131 by 
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counting them all at the same time to achieve a lower LLD. If a positive 
result is obtained, each cartridge is counted individually. 

In order to ensure that the air sampling pumps are operating satisfactorily, 
a gross leak check is performed weekly. The pumps are changed out 
annually for calibration and maintenance beyond what can be 
accomplished in the field. 

9.7 .5 Vegetation 

Vegetation samples consist predominantly of green, growing plant 
material (grasses and weeds most likely to be eaten by cattle if they were 
present at the sampling site). Care is taken not to include dirt associated 
with roots by cutting the vegetation off above the soil line. 

No special vegetation samples were obtained for C-14 analyses in 2020. 

9.7.6 Environmental Radiation Exposure 

The 2020 environmental radiation exposure measurements were made 
using TLD cards. The TLD card is a small passive detector, which 
integrates radiation exposure. Each TLD consists of a Teflon sheet 
coated with a crystalline, phosphorus material (calcium sulfate containing 
dysprosium) which absorbs the gamma ray energy deposited in them . 
Each TLD is read in four distinct areas to yield four exposure values 
which are averaged. Prior to the third quarter of 2001, exposure data was 
obtained using three lithium fluoride (LiF) TLD chips sealed in black 
plastic. The difference in material types can impact the amount of 
exposure measured. An evaluation of the response difference between 
the two types of TLD in 2001 demonstrated that the TLD cards produced 
a 14% higher response than the LiF chips (2011 AMR, Table 9-7, p. 36). 

The reported field exposure is the arithmetic average of the measured 
exposure values at each location minus the exposure transportation 
control TLD (exposure received while the field TLD is in storage and 
transit). The gamma rays may originate from PBNP produced 
radionuclides or from naturally occurring radionuclides. The TLDs remain 
at the monitoring site for roughly three months prior to analyses and the 
results are reported as mrem per seven days. Because the TLDs are 
constantly bombarded by naturally occurring gamma radiation, even 
during shipment to and from PBNP, the amount of exposure during 
transportation is measured using transportation controls with each 
shipment of TLDs to and from the laboratory. The doses recorded on the 
transportation controls are subtracted from the monitoring TLDs in order 
to obtain the net in situ dose. 
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9.7.7 ISFSI Ambient Radiation Exposure 

The ISFSI fence TLDs are part of the 1 OCFR72.44 monitoring and are not 
considered part of the REMP. However, their results can be used 
indirectly to determine whether the operation of the ISFSI is having an 
impact on the ambient environmental radiation beyond the site boundary. 
Impacts are determined by comparison of fence TLD results to the results 
of the monitoring at PBNP site boundary and other selected locations. 
These results are used as part of the 40CFR190 compliance 
demonstration. 
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10.0 RESULTS 

10.1 Summary of 2020 REMP Results 

Radiological environmental monitoring conducted at PBNP from 
January 1, 2020, through December 31, 2020, consisted of analysis of air filters, 
milk, lake water, well water, soil , fish, shoreline sediments, and vegetation as well 
as TLDs. The results are summarized, averages and high values, in Table 10-1 
which contain the following information: 

Sample: 
Description : 
N: 
LLD: 
Average: 
High: 
Units: 

Type of the sample medium 
Type of measurement 
Number of samples analyzed 
a priori lower limit of detection 
Average value ±the standard deviation of N samples 
Highest measured value ± it's associated 2 sigma counting error 
Units of measurement 

For certain analyses, an LLD, which is lower than that required by REMP, is used 
because the lower value derives from the counting time required to obtain the 
LLDs for radionuclides that are more difficult to detect. For these analyses, both 
LLDs are listed with the technical specification required REMP LLD given in 
parentheses. The results are discussed in the narrative portion of this report 
(Section 11 ). Blank values have not been subtracted from the results presented 
in Table 10-1. A listing of all the individual results obtained from the contracted 
analytical laboratory and the laboratory's radioanalytical quality assurance results 
and lnterlaboratory Crosscheck Program results are presented in the Appendix . 

In Table 10-1 no results are reported as less than LLD (<LLD). All results are 
reported to Point Beach by the contracted radioanalytical laboratory "as 
measured" whether positive or negative (see Section 9-1 ). Based on these 
results , a radionuclide is considered detected if it meets the criterion that the 
measured value minus its 2cr counting error is greater than zero (x-2cr >O) . An 
"ND" entry in Table 10-1 means that for this radionuclide the criterion was not 
satisfied for any of the measurements. If one analysis fulfilled the criterion , then 
all of the reported results, both positive and negative, were used in calculating 
the average shown in Table 10-1. 

The method of determining averages based on "as measured" results follows the 
recommendations made in NUREG-0475 (1978) , "Radiological Environmental 
Monitoring by NRC Licensees for Routine Operations of Nuclear Facilities Task 
Force Report, " and in Health Physics Society Committee Report HPSR-1 (1980) 
"Upgrading Environmental Radiation Data" released as document EPA 520/1-80-
012 and in more recent documents such as ANSI N42.23-1996, "Instrument 
Quality Assurance for Radioassay Laboratories; " ANSI N13.30-1996, 
"Performance Criteria for Radiobioassay; " DE91-013607, "Environmental 
Regulatory Guide for Radiological Effluent Monitoring and Environmental 
Surveillance" and NUREG-1576, "Multi-Agency Radiological Laboratory 
Analytical Protocols Manual." 
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In addition to the required radionuclides for each medium analyzed, Table 10-1 
also has an additional radionuclide listed known to originate with nuclear power 
plants. This radionuclide is either Co-60, Ru-103, or any other radionuclide 
which has the lowest LLD based on the analytical parameters needed to meet 
the LLDs required for radionuclides specified for the medium being analyzed . 
The radionuclide is identified by parentheses. 

During the analyses for those radionuclides specifically required to be identified, 
naturally occurring radionuclides such as Ra-226, Be-7 and K-40 are detected in 
many samples. Their concentrations are presented in Table 10-1 for a 
comparison to those radionuclides for which specific analyses are required by the 
regulations. There are no regulatory required LLDs for naturally occurring 
radionuclides . 

Finally, Point Beach reports the results for soil analyses. There is no regulatory 
requirement for soil analyses in standard RETS (NUREG-0472 and NUREG-
1301 ). Point Beach includes soil analyses in the REMP to be able to compare 
current results to the historical record. 

Table 10-3 contains the ISFSI fence TLD results. 
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Table 10-1 
s ummary o f R d" I a 10 og1ca I E t I M "t . R It f 2020 nv1ronmen a om ormg esu s or 

Average± 1 ~tel. 

Sample Description N LLD (a) Deviation (b) High ± 2 sigma Units 
TLD Environmental Radiation 128 1 mrem 1.16 ± 0.20 1.66 ± 0.13 mR/7davs 

Control (E-20) 4 1 mrem 1.15 ± 0.08 1.23 ± 0.09 mR/7days 

Air Gross Beta 260 0.01 0.023 ± 0.008 0.057 ± 0.005 pCi/m3 
Control (E-20) Gross beta 52 0.01 0.025 ± 0.008 0.050 ± 0.005 pCi/m3 

1-131 260 0.030 (0.07) ND - pCi/m3 
Control (E-20) 1-131 52 0.030 (0.07) ND - pCi/m3 

Cs-134 20 0.01 (0.05) ND - pCi/m3 
Control (E-20) Cs-134 4 0.01 (0.05) ND - pCi/m3 

Cs-137 20 0.01 (0.06) ND - pCi/m3 
Control (E-20) Cs-137 4 0.01 (0.06) ND - pCi/m3 

Other y emitters (Co-60) 20 0.1 0.0000 ± 0.0004 0.0005 ± 0.0004 pCi/m3 
Control (E-20) Other (Co-60) 4 0.1 ND - pCi/m3 

Natural Be-7 20 - 0.082 ± 0.020 0.111 ± 0.019 pCi/m3 
Control (E-20) Natural Be-7 4 - 0.087 ± 0.016 0.102 ± 0.017 pCi/m3 

Milk Sr-89 36 5 ND - pCi/L 
Sr-90 36 1 0.4 ± 0.2 1.0±0.4 pCi/L 
1-131 36 0.5 ND - pCi/L 

Cs-134 36 5 (15) ND - pCi/L 
Cs-137 36 5 (18) 0.0 ± 1.4 3.0 ± 2.2 pCi/L 

Ba-La-140 36 5 (15) -0.7 ± 2.5 3.1 ± 2.4 pCi/L 
Other gamma emitters(Co-60) 36 15 ND - pCi/L 

Natural K-40 36 - 1394 ± 76 1543 ± 110 pCi/L 

Well Gross beta 4 4 1.5 ± 0.6 2.3 ± 1.2 pCi/L 
Water H-3 4 200 (3000) ND - pCi/L 

Sr-89 4 5(10) ND - pCi/L 
Sr-90 4 1 (2) ND - pCi/L 
1-131 4 0.5 (2) ND - pCi/L 
Mn-54 4 10 (15) ND - pCi/L 
Fe-59 4 30 1.4 ± 2.3 4.3 ± 3.7 pCi/L 
Co-58 4 10(15) ND - pCi/L 
Co-60 4 10(15) ND - pCi/L 
Zn-65 4 30 ND - pCi/L 

Zr-Nb-95 4 15 ND - pCi/L 
Cs-134 4 10(15) ND - pCi/L 
Cs-137 4 10(18) ND - pCi/L 

Ba-La-140 4 15 ND - pCi/L 
Other gamma emitters(Ru-103) 4 30 ND - pCi/L 

NS = No Sample obtained during the year 
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Table 10-1 (continued) 
s ummary o f R d" I a 10 og1ca IE . t IM "t nv1ronmen a om ormg R It f 2020 esu s or 

Average± 1 Std. 

Sample Description N LLD (a) Deviation (b) High ± 2 sigma 

Lake Water Gross beta 41 4 1.5 ± 1.0 4.6 ± 0.8 
1-131 41 0.5 (2) ND -

Mn-54 41 10 (15) 0.1 ± 0.8 2.6 ± 2.2 
Fe-59 41 30 -0.5 ± 2.6 3.9 ± 3.5 
Co-58 41 10(15) -0.1 ± 1.1 2.3 ± 1.4 
Co-60 41 10(15) -0.1 ± 0.9 1.2 ± 1.1 
Zn-65 41 30 ND -

Zr-Nb-95 41 15 ND -
Cs-134 41 10 (15) ND -
Cs-137 41 10 (18) 0.2 ± 1.0 2.4 ± 1.8 

Ba-La-140 41 15 -2.6 ± 3.8 2.9 ± 1.7 
Other gamma (Ru-103) 41 30 ND -

Sr-89 14 5(10) 0.00 ± 0.32 0.66 - 0.56 
Sr-90 14 1 (2) 0.20 ± 0.16 0.47 ± 0.30 
H-3 14 200 (3000) 116 ± 100 408 ± 97 

Fish Mn-54 15 0.13 ND -
Fe-59 15 0.26 ND ± 
Co-58 15 0.13 ND ± 
Co-60 15 0.13 ND -
Zn-65 15 0.26 ND -

Cs-134 15 0.13 ND -
Cs-137 15 0.15 0.017 ± 0.010 0.034 ± 0.017 

Other gamma (Ru-103) 15 0.5 ND ± 
Natural K-40 15 - 2.72 ± 0.65 3.68 ± 0.42 

Shoreline Cs-134 3 0.18 ND -
Sediment Cs-137 3 0.15 0.015 ± 0.008 0.022 ± 0.011 

Natural Be-7 3 - 0.041 ± 0.061 0.099 ± 0.059 
Natural K-40 3 - 3.46 ± 1.63 5.320 ± 0.33 

Natural Ra-226 3 - 1.22 ± 1.49 2.941 ± 0.257 

Soil Cs-134 6 0.15 ND -
Cs-137 6 0.15 0.10 ± 0.05 0.198 ± 0.03 

Natural Be-7 6 - 0.147 ± 0.15 0.372 ± 0.12 
Natural K-40 6 - 16.22 ± 3.75 21.63 ± 0.88 

Natural Ra-226 6 - 0.88 ± 0.30 1.172±0.37 

Vegetation 1-131 12 0.06 ND -
Cs-134 12 0.06 -0.002 ± 0.005 0.005 ± 0.003 
Cs-137 12 0.08 0.002 ± 0.012 0.035 ± 0.020 

Other gamma emitters (Co-60) 12 0.25 0.001 ± 0.005 0.008 ± 0.006 
Natural Be-7 12 - 2.43 ± 2.23 5.30 ± 0.56 
Natural K-40 12 - 5.16 ± 1.21 7.6 ± 0.92 

(a) When two LLD values are listed, the required LLD per the PBNP REMP is enclosed in the 
parentheses. Whenever possible, PBNP uses the lower value to obtain greater sensitivity . 

Units 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 

pCi/g 
pCi/g 
pCi/g 
pCi/g 
pCi/g 
pCi/g 
pCi/g 
pCi/g 
pCi/g 

pCi/g 
pCi/g 
pCi/g 
pCi/g 
pCi/g 

pCi/g 
pCi/g 
pCi/g 
pCi/g 
pCi/g 
pCi/g 
pCi/g 
pCi/g 
pCi/g 
pCi/g 
pCi/g 

(b) "ND" indicates that the sample result is Not Detectable, i.e., sample concentrations were statistically 
equal to zero or <MDA. 
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Table 10-2 
Average ISFSI Fence TLD Results for 2020 

Fence Location Average ± Standard Deviation Units 
North 2.46 ± 0.10 mR/7 days 

East 4.19 ± 0.30 mR/7 days 

South 1.71 ± 0.24 mR/7 days 

West 4.20 ± 0.44 mR/7 days 
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11.0 DISCUSSION 

11 .1 TLD Cards 

The ambient radiation was measured in the general area of the site boundary, at an 
outer ring 4 to 5 miles from the plant, at special interest areas, and at one control 
location, roughly 17 miles southwest of the plant. The average indicator TLD is 1.16 
± 0.20 mR/7-days compared to 1.15 ± 0.08 mR/7-days at the background location. 
These two values are not significantly different from each other. Neither are the 
indicator TLD values significantly different from those observed from 2001 through 
2020 for the same type of TLD (tabulated below in Table 11-1 ). Prior to third 
quarter of 2001 TLD LiF chips were used versus the current TLD cards, see Section 
9.7.6 for additional information. The response difference between the two types of 
TLDs is evident in Table 11-1. Prior to 2001 all of the annual averages are <1 
mrem/7-days. Beginning in 2001, all are >1 mrem/7-days. 

Table 11-1 
Ave I d' t TLD R It f rage n 1ca or esu s rom 1993 2020 -

Year Average mR/7-days ± St. Dev* 
1993 0.82 ± 0.15 
1994 0.90 ± 0.12 
1995 0.87 ± 0.13 
1996 0.85 ± 0.12 
1997 0.87 ± 0.11 
1998 0.79 ± 0.13 
1999 0.79 ± 0.21 
2000 0.91 ± 0.15 
2001 1.06 ± 0.19 
2002 1.17 ± 0.21 
2003 1.10 ± 0.20 
2004 1.10 ± 0.22 
2005 1.04 ± 0.21 
2006 1.14 ± 0.21 
2007 1.08 ± 0.20 
2008 1.05 ± 0.17 
2009 1.08 ± 0.17 
2010 1.11 ± 0.15 
2011 1.14 ± 0.25 
2012 1.17 ± 0.17 
2013 1.14 ± 0.20 
2014 1.07 ± 0.19 
2015 1.18 ± 0.20 
2016 1.19 ± 0.21 
2017 1.11 ± 0.17 
2018 1. 11 ± 0.17 
2019 1.10 ± 0.20 
2020 1.16 ± 0.20 

*St. Dev = Standard Deviation 
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Table 11-2 
Average ISFSI Fence TLD Results (mR/7 days) 

TLD FENCE LOCATION 
North East South West 

1995 1.29 1.28 1.10 1.26 

1996 2.12 1.39 1.10 1.68 

1997 2 .05 1.28 1.00 1.66 

1998 2 .08 1.37 1.02 1.86 

1999 2 .57 1.84 1 .11 3.26 

2000 2 .72 2.28 1.25 5.05 

2001 2 .78 2 .54 1.36 6 .08 

2002 2 .79 2.74 1.42 6.46 

2003 2.70 2 .60 1.50 6.88 

2004 2 .61 2.12 1.41 6 .50 

2005 2 .54 2.05 1.44 5.63 

2006 2 .73 2 .35 1.38 5.80 

2007 2 .72 2 .73 1.34 5.47 

2008 2.64 2 .37 1.36 5.36 

2009 2 .36 2 .35 1.20 4 .63 

2010 2.64 3.02 1.41 5 .05 

2011 2.44 2.62 1.31 4.75 

2012 2.59 3 .27 1.40 4 .92 

2013 2.62 3 .66 1.15 4 .28 

2014 2.45 3.35 1.14 4 .24 

2015 2 .31 3.24 1.17 4 .36 

2016 2.30 3.34 1.33 4.35 

2017 2.21 3.84 1.30 4.25 

2018 2 .24 4 .21 1.49 4 .32 

2019 2.20 4 .18 1.57 4.08 

2020 2.46 4 .19 1.71 4.2 

There is no significant change in the exposure on the TLD monitoring locations 
around the ISFSI (Table 11-3). The results at E-03 and E-31 (W of the ISFSI) and 
E-32 (SW of the ISFSI) are similar to previous years (1.39, 1.18, and 1.45 
respectively) and continue to be higher than E-30 (1.06) on the east side and 
closest to the ISFSI. E-03, about equidistant between the ISFSI and the site 
boundary location E-31, continues to be slightly higher than the site boundary 
location but the difference is not statistically different. (See Figs. 9-1 and 9-2 for 
locations). 
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Although the mR/7-day results for the three TLD locations nearest the site boundary 
(E-03 1.39 ± 0.44; E-31 , 1.18 ± 0.33; E-32, 1.45 ± 0.27) are higher than at the 
background site E-20 (1 .15 ± 0.16), they are comparable at the 95% confidence 
level, indicating a small, but not significant, increase in ambient gamma radiation at 
the site boundary due to the operation of the ISFSI. In 2018, a TLD monitoring 
location was added at location E-44 TLD, directly west of E-03 and E-31 , but prior to 
the nearest resident. The average reading at E-44 is lower (1 .07 ± 0.36) than the 
observed readings at E-03, E-31, and background location E-20 (1 .39, 1.18, and 
1.15 respectively) . 

Further data supporting this conclusion is the comparison of the TLD results at 
selected locations around the ISFSI before and after the storage of spent fuel at the 
ISFSI (Figure 11 -1). As stated in Section 9.7 .6, the TLD values increased by about 
14% in the second half of 2001 when the TLD monitoring devices were changed 
from LiF chips in the first half of the 2001 to calcium sulfate impregnated TLD cards. 
After that initial change, the measured radiation exposure, as measured by the TLD 
cards, has remained fairly constant with a slight increase with the addition of stored 
fuel at the ISFSI. Each year the variations in the TLD results appear to move in 
concert with each other and with the background site, E-20, which is 17 miles south 
west of the ISFSI. 

Comparing the ISFSI TLD results to results from surrounding REMP indicator and 
background TLDs reveals minimal impact of the ISFSI on the surrounding radiation 
levels (Figure 11-2). As previously discussed, the small increase is more related to 
the switch from the LiF chips to the calcium sulfate impregnated Teflon TLD cards as 
evidenced by the synchronicity with E-20, the background site. 

LiF TLD chips were replaced with calcium sulfate impregnated Teflon TLD cards in 
the third quarter of 2001 resulting in a higher measured background values. 
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Table 11-3 
Average TLD Results Surrounding the ISFSI (mR/7 days) 

E-03 E-28 E-29 E-30 E-31 
.. 

E-32 
.. 

E-44 
.... 

E-20 
... 

Pre-Operation* 0.93 0.87 0.87 0.81 0.93 0.98 0.88 
1996 0.87 0.78 0.81 0.79 0.93 1.00 0.78 
1997 0.91 0.89 0.84 0.84 0.89 0.97 0.79 
1998 0.82 0.68 0.80 0.82 0.91 0.85 0.77 
1999 0.88 0.83 0.76 0.80 0.90 0.99 0.78 
2000 0.98 0.88 0.92 0.99 0.98 1.06 0.90 
2001 1.31 0.95 1.07 1.02 1.10 1.04 1.03 
2002 1.45 0.91 1.22 1.10 1.26 1.25 1.14 
2003 1.29 0.82 0.94 1.02 1.20 1.15 0.99 
2004 1.35 0.80 0.96 1.05 1.23 1.18 1.06 
2005 1.30 0.72 0.96 0.98 1.15 1.04 1.00 
2006 1.44 0.80 1.19 1.07 1.21 1.07 1.11 
2007 1.37 0.78 1.07 1.05 1.18 0.97 1.05 
2008 1.33 0.75 0.81 1.00 1.12 1.03 1.00 
2009 1.39 0.82 0.85 1.01 1.17 1.05 1.09 
2010 1.41 0.84 0.89 1.07 1.21 1.24 1.10 
2011 1.46 0.85 0.90 1.06 1.25 1.32 1.12 
2012 1.54 0.87 0.91 1.10 1.21 1.39 1.14 
2013 1.23 0.87 0.77 1.00 1.40 1.38 1.22 
2014 1.23 0.77 0.79 0.97 1.25 1.25 1.15 
2015 1.36 0.86 0.78 1.07 1.24 1.40 1.20 
2016 1.35 0.85 0.81 1.06 1.28 1.50 1.25 
2017 1.36 0.79 0.80 1.01 1.21 1.44 1.21 
2018 1.34 0.77 0.80 1.02 1.16 1.46 1.04 1.19 
2019 1.27 0.78 0.76 1.09 1.17 1.41 0.99 1.03 
2020 1.39 0.84 0.83 1.06 1.18 1.45 1.07 1.15 

*Pre-Operational data are the averages of the years 1992 through 3rd quarter of 1995. 
**Sites E-31 and E-32 are located at the Site Boundary to the West and South-West of the 
ISFSI. 
***E-20 is located approximately 17 miles WSW of the ISFSI. 
****E-44 Added in 2018 
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11.2 Milk 

Naturally occurring K-40 (1394 ± 76 pCi/L) continues to be the most prevalent 
radionuclide measured in milk at concentrations roughly 1300 times higher than the 
only potential plant related radionuclide, Sr-90 (1.0 ± 0.4 pCi/L), detected in milk. 
The annual average Sr-90 concentrations in milk continue to be similar to previous 
years . No positive results for Co-60, 1-131, Cs-134, or Sr-89 were obtained in 2020. 

Three low positive Cs-137 result was obtained and was below the MDC limit and 
therefore may be false positive. In the last four years, Cs-137 was discharged from 
PBNP only in March 2016 and October 2017. 

Two positive Ba-La-140 results were obtained at the E-11 and E-21 location in 
2020. The one result at E-11 was above the MDC in January 2020 (2.5 ± 2.1 pCi/L, 
MDC of 2.3 pCi/L), while the highest value was below the MDC and observed in 
June 2020 at E-21 (3.1 ± 2.4 pCi/L, MDC of 3.9 pCi/L). A review of 5 years' worth of 
airborne effluents show that no Ba-La-140 was discharged during that time. 

The 2020 average Sr-90 concentrations have not changed much over the last few 
years (Figure 11-3). A slight increase in values over at the end of the year was not 
statistically different than values observed in previous years. Over the past twenty 
years, the average has decreased from 1.2 ± 0.5 pCi/L in 1997 to 0.4 ± 0.2 pCi/L in 
2020. The graph of the annual averages displays a logarithmic decrease over time. 

The annual averages are from the monthly Sr-90 measurements from three different 
dairies (Figure 9-1). The only dairy that has been in the monitoring program over 
the entire 1997 - 2020 timespan under consideration is located at site E-21. It is 
located south of the plant. The other two, E-40 and E-11, are replacements for 
dairies which had dropped out of the program at various times during this time 
interval. The replacements were chosen to maintain, to the extent possible, the 
former sampling sites west and north of Point Beach. 

The decrease by about one-half from 1997 to 2020 indicates a Sr-90 removal half
life of about 20 years which is lower than its radiological half-life of 28.6 years. 
However, given the standard deviation of the annual averages, the actual decrease 
probably is not much different from the radiological half-life. 

Point Beach discharged no airborne Sr-90 in 2020. Since 1997, PBNP has 
discharged airborne Sr-90 only in 3 years: 1999, 2.4E-08 Ci; 2004, 3.2E-08 Ci ; and 
2011, 1.6 E-08 Ci. It is interesting to note that nine of highest Sr-90 results occur at 
E-11 located about 4.4 miles west of PBNP (Fig. 9-1 ). If the observed Sr-90 activity 
were from Point Beach the highest Sr-90 concentrations would occur at E-21, the 
dairy south of the site boundary in the highest X/Q and D/Q meteorological sector. 
This dairy grows feed corn on site and in a field across the road from the site 
boundary in the highest D/Q sectors. Feed crops are the dominant source of food 
for dairy cattle. No cattle have been seen grazing for many years. 

The major Sr-90 input to the environment is from fallout from atmospheric weapons 
testing during the early 1960s with minor inputs during the 50's, ?O's and later 
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contributions from the Chernobyl accident in the late 1980s and from Fukushima in 
2011 . The Sr-90 in milk persists due to its 28.6 year half-life and to cycling in the 
biosphere. With little or no atmospheric input to the environment, the mode of entry 
into cattle feed must be root uptake by forage crops and transfer into the milk. Over 
the time period of th is graph (1997 - 2020), these low discharges do not appear to 
impact the decreasing concentrations as they continue to decrease over time. 

It is concluded that the milk data for 2020 show no radiological effects of the plant 
operation . 
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Figure 11 -3 
Sr-90 Concentration in Milk (1997 - 2020) 
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The average annual gross beta concentrations (plus/minus the 2cr uncertainty) in 
weekly airborne particulates at the ind icator and control locations were 
0.023 ± 0.008 pCi/m3 and 0.025 ± 0.008 pCi/m3

, respectively, and are similar to 
levels observed from 1993 through 2020 (Figure 11-4). 

The 2020 weekly gross beta concentrations reveal higher winter values and lower 
summer values (Figure 11 -5). This is a repeat of the patterns seen in 2006 - 2019. 
The slight August - September peak is similar to what was observed in 2015 
(Figure 11-6). The August-September peak is observed throughout the US and 
believed to result from weather patterns impacting with naturally occurring airborne 
radionuclides . This would explain why the control and indicators are moving in 
concert. Therefore, a plant effect can be ruled out. 
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No 1-131 was detected during 2020. In 2005, the new method of evaluating 
airborne 1-131 was instituted. Instead of counting each charcoal cartridge 
separately, all six cartridges for the week are counted as one sample in a 
predetermined geometry to screen the samples for 1-131. If any airborne 
radioiodine is detected, each sample cartridge is counted individually. With no 
detectable 1-131 , the reported analytical result is the minimum detectable activity 
(MDA) conservatively calculated using the smallest of the six sample volumes. The 
reported MDAs ranged from 0.007 to 0.0.020 pCi/m3

. Because the analysis LLD is 
based on counting only one cartridge, the use of six cartridges or roughly six times 
the sample volume with the same count time as would be needed to achieve the 
desired LLD for only one sample, the actual LLD is about six times lower than the 
programmatic value given in Table 10-1. Similarly, the actual MDA is about 
one-sixth of that reported, in the range of 0.001 to 0.004 pCi/m3

. 

At each sampling location, the particulate filters are composited quarterly and 
analyzed for Cs-134, Cs-137 and any other (Co-60) detectable gamma emitters. As 
summarized in Table 10-1, the only plant effluent nuclide identified was Co-60 in 
two samples located at E-04. Location E-04 is north of the nuclear plant and not in 
the highest X/Q and D/Q meteorological sector. The samples occurred in the 1st 
and 2nd quarter of 2020. The first quarter result was slightly above the MDC 
0.0004 ± 0.0003 pCi/m3 with an MDC of 0.0003, while the second quarter was 
below the MDC of 0.0008 with a result of 0.0005 ± 0.0004 pCi/m3

. Co-60 was 
released in March 2020 during a refueling outage. The results are close to the 
MDC and may either be false positives or indicate a small influence due to the 
March 2020 releases. 

By contrast, naturally occurring Beryllium-? was found in all of the quarterly 
composites at concentrations ranging from 0.055 to 0.111 pCi/m3

. Be-7 {T112 = 53.3 
days) is produced in the atmosphere by the interaction of cosmic rays with oxygen 
and nitrogen nuclei. Its half-life is long enough to allow for it to be detected in the 
quarterly composited filters . 

In summary, the 2020 air gamma data from quarterly composites do not indicate a 
measurable environmental impact from the operation of PBNP. 

11.4 Lake Water 

For the REMP-specified gamma emitting radionuclides listed in Table 10-1, the 
reported concentrations continue to occur as small, negative and positive values 
scattered around zero, indicating no radiological impact from the operation of 
PBNP. Only 9 of the results were positive, of which, four are from north of the plant, 
sites E-33 and E-05 (see Figure 9-1 ). 

None of the nine slightly positive results were >MDC. The few indications of small , 
positive concentration were found for Mn-54, Co-58, Co-60, Fe-59, Cs-137, and 
Ba/La-140. A false positive is concluding an isotope is present when it isn't. It is 
likely that most of the slightly positive results are false positives due to the isotope 
not being released in the liquid effluents during the year or months when the isotope 
was observed (Ba/La-140) or the fact that the values were less than the MDC and 
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statistically no different than zero. False positives occur most often at the detection 
limit when the random fluctuations of the background result in lower than normal 
background activity. The result is a higher net count and hence falsely concluding 
an isotope is present when it isn't because the value is statistically above zero. 

Aliquots of the monthly samples are composited quarterly and analyzed for Sr-89/90 
and for tritium. Small amounts of Sr-90 were detected in five of the fourteen 
quarterly composites, one north and three south of the plant. All the results were 
below their statistically calculated minimum detectable concentrations (MDCs). No 
Sr-90 was discharged in 2020 or in 2012 - 2015 and 2017-2019. A small amount 
was discharged in March of 2016. Sr-90 has a 28.6 year half-life and, like Cs-137, 
is a remnant of atmospheric weapons testing in the '50s and '60s. Therefore, 
positive Sr-90 concentrations could be indicative of fallout being recycled in Lake 
Michigan. However, because the concentrations are below their MDCs, they most 
likely are false positives and there for unlikely to be the result of past PBNP 
discharges. 

Sr-89 was detected in the second quarter E-01 composite sample at 0.66 ± 0.56 
pCi/L and was below the MDC of 0.74. The second quarter sample at E-01 was 
reanalyzed, as Sr-89 has not previously been detected in lake water samples and 
was found to be -0.47 ± 0.96 pCi/L, which trended with previous results. It should 
also be noted that the Sr-90 results were reanalyzed in this exact sample and also 
changed to a more expected value during the reanalysis (-0.15 ± 0.22 pCi/L initially, 
and then 0.23 ± 0.28 pCi/L after reanalysis). No Sr-89 was discharged in 2020 or in 
previous years, and based on the reanalysis showing expected results for both Sr-
89 and Sr-90 the result from the initial analysis is considered a false positive. 

Tritium, in addition to being produced by water-cooled reactors such as PBNP, also 
is a naturally occurring radionuclide. It also was produced by atmospheric weapons 
testing . However, due to its mobility, any tritium now found in Lake Michigan at the 
concentrations typically found in monitoring programs cannot be from that time 
period. It is the result of power plant discharges. Point Beach discharges on the 
order of 600 - 1000 Ci of tritium per year. 

Fourteen quarterly lake water composites were generated from the monthly 
samples. Out of the fourteen quarterly composites, nine had positive tritium 
indications, and of those nine only three were greater than the MDC. One of these 
occurred at the E-06 Coast Guard location and two north of the site at Two Creeks 
Park. Two of the results were very similar to the observed tritium values from site 
beach drains, creeks, and groundwater monitoring wells . The 1st quarter result at E-
05 was 153 ± 80 pCi/L with an MDC of 151 and the 2nd quarter result at E-06 was 
185 ± 93 pCi/L with an MDC of 159. 

The third tritium result greater than the MDC was at E-05, Two Creeks Park, during 
the 4th quarter. The composite tritium result was 408 ± 97 pCi/L. Additional 
analysis showed that the elevated result value occurred in November 2020 with a 
concentration of 1080 ± 130 pCi/L, with all other results in the quarter being not 
detectable. All other 4th quarter composite locations showed no detectable tritium. 

Point Beach performed a liquid discharge approximately 12 hours prior to obtaining 
the lake water sample at E-05 in November. The concentration of the Point Beach 
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discharge was 1.88E+04 pCi/L. There is potential that due to the lake current there 
is a potential that the Point Beach discharge had an impact on the observed 
elevated tritium concentration. 

In conclusion, the observed tritium concentrations were well below the limit set forth 
by the EPA for drinking water standards (20,000 pCi/L). As well, based on the 
results of the gamma scans of Lake Michigan water, there is no measurable impact 
on the lake from PBNP discharges. 

11.5 Fish 

Fifteen fish were analyzed in 2020 with ten exhibiting detectable amounts of plant 
related activity. Of these, ten were positive for Cs-137 with 6 Cs-137 results >MDC. 
No other radionuclide was detected in the 2020 fish. The positive Cs-137 
concentrations ranged from 0.012 ± 0.01 Oto 0.034 ± 0.017 pCi/g. Cs-137 was 
released in low levels during 8 months of 2020 . It is likely that the Cs-137 
observed is the recycling of Cs-137 that entered Lake Michigan as fallout from 
atmospheric weapons testing in the '50s and '60s with lesser amounts from events 
at Chernobyl and Fukushima. 

The highest radionuclide concentration in fish is naturally occurring K-40 with an 
average concentration of 2.72 ± 0.65 pCi/g . 

Based on these results, it is concluded that there is little impact of PBNP discharges 
on Lake Michigan fish. 

11.6 Well Water 

All tritium results were not detectable for the 2020 well samples. One nuclide, Fe-
59, was detected in the 1st quarter 2020 sample. The result was 4.3 ± 3. 7 pCi/L 
and was less than the MDC of 6.9. This was determined to be a false positive as no 
other nuclides were identified in that sample and throughout the rest of 2020. As 
well there is no pathway for liquid effluents have interaction with the aquifer that 
supplies the drinking well. Therefore, there is no evidence of PBNP effluents 
getting into the aquifer supplying drinking water to PBNP. 

11.7 Soil 

Cs-137 is present in the soils throughout North America and the world resulting from 
the atmospheric nuclear weapons testing in the 1950s, 1960s, and 1970s and from 
the 1986 Chernobyl accident, and more recently, from the Fukushima event. Soil is 
an integrating sample media, in that it is a better indicator of long term buildup of 
Cs-137 as opposed to current deposition for local sources. In addition to erosion 
and radioactive decay, human activities can modify the soil Cs-137 concentrations. 

In 2020, Cs-137 was detected in all six soil samples obtained in September. The 
concentrations ranged from 0.059 ± 0.02 to 0.198 ± 0.03 and all were >MDC. The 
highest value for Cs-137 was found at E-06. No airborne release of Cs-137 
occurred in 2020, with the most recent release of airborne Cs-137 occurring 
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approximately three years prior in October 2017 for a total of 0.237 µCi at a 
concentration of 1.96E-08 pCi/cc. 

The values of Cs-137 observed are consistent with years past, therefore it seems 
unlikely that the observed soil Cs-137 is attributable to PBNP effluent. The most 
likely source is recycling of fallout from atmospheric weapons testing in the 50s and 
60 as well as the Chernobyl and Fukushima events and subsequently being bound 
to the soil. 

By comparison to naturally occurring radionuclides, Cs-137 continues to be present 
in soil samples at well below the levels of naturally occurring Be-7, K-40, and 
Ra-226 (see Table 10-1). 

11 .8 Shoreline Sediment 

Shoreline sediment consists of sand and other sediments washed up on the Lake 
Michigan shore. As in soil samples, the only non-naturally occurring radionuclide 
found in these samples is Cs-137. Two of the three samples obtained had Cs-137 
concentrations statistically different from zero with both results being >MDC. 

Shoreline sediment Cs-137 concentrations continue to be about one-tenth of that 
found in soils (Table 10-1 ). This is expected because Cs-137 in the geological 
media is bound to fine particles, such as clay, as opposed to the sand found on the 
beach. Lake Michigan sediments are a known reservoir of fallout Cs-137. Wave 
action suspends lake sediments depositing them on the beach. The fine particles 
deposited on the beach eventually are winnowed from the beach leaving the 
heavier sand; hence the lower Cs-137 concentrations in beach samples. In contrast 
to Cs-137, K-40, which is actually part of the minerals making up the clay and sand, 
is at a concentration about several hundred times higher than the Cs-137 that is 
attached to particle surfaces. Therefore, it is not surprising that Cs-137 is present at 
concentrations 1 % or less of the naturally occurring concentrations of K-40. 

The most likely source of the observed Cs-137 is the cycling of fallout from 
atmospheric weapons tests and event such as Chernobyl and Fukushiima in the 
Lake Michigan environment and not current PBNP discharges. As with soil , the 
naturally occurring radionuclides such as K-40, and Ra-226 are found in the 
shoreline sediment samples. Therefore, the shoreline sediment data indicate no 
radiological effects from current plant operation. 

11.9 Vegetation 

The REMP collects general vegetation, non-cultivated plants which would be 
consumed by grazing cattle. 

The naturally occurring radionuclides Be-7 and K-40 were found in all of the general 
vegetation samples (Tables 10-1 and 10-2). The source of Be-7 is atmospheric 
deposition. It is continuously formed in the atmosphere by cosmic ray spallation of 
oxygen, carbon, and nitrogen atoms. Spallation is a process whereby a cosmic ray 
breaks up the target atom's nucleus producing a radionuclide of lower mass. Be-7 
in the vegetation samples had an average of 2.43 ± 2.23 pCi/g . In general 
vegetation Be-7 concentrations were higher in the fall than in the spring and ranged 
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from 0.08 ± 0.06 to 5.30 ± 0.56 pCi/g . The average Be-7 concentrations in the 
vegetation increased from May (0.39 ± 0.22 pCi/g) to September (4.76 ± 0.82). In 
contrast, K-40 is a primordial radionuclide which is incorporated into vegetation from 
the soil during the growing process . By not being dependent upon seasonal 
atmospheric variations and plant surface to capture deposition, the vegetation K-40 
concentrations from root uptake are more uniform with a range of 3.25 ± 0.27 to 
7.60 ± 0.92. 

Cs-137 can be present in vegetation via both pathways. Fresh Cs-137 fallout is 
associated, like Be-7, with deposition on the plant surface. Old fallout from the '50s 
and '60s is now being incorporated into growing plants in the same manner as 
potassium because it is in the same chemical family as potassium . This fallout 
Cs-137 has been found in firewood ash at many locations in the United States that 
are far from any nuclear plants (S. Farber, "Cesium-137 in Wood Ash, Results of a 
Nationwide Survey," 5th Ann. Nat. Biofuels Conf., 10/21/1992). 

In 2020, three of the twelve vegetation samples had a positive indication for Cs-137 
and only one location in September had a resu lt above the MDC. E-06 had a result 
of 0.035 ± 0.020 (MDC was 0.023) , while the other two positive results were below 
the MDC and was found at E-03 and E-06 in May. Typically , only the vegetation 
collected at monitoring site E-06, in the Point Beach State Park south of PBNP, has 
detectable levels of Cs-137, but other slightly positive Cs-137 results have been 
observed at other locations. These occurrences were attributed to the above 
described mechanism. The only 2016 airborne Cs-137 discharged by PBNP 
occurred in March when there was no fresh vegetation. In 2017 the airborne Cs-
137 release occurred in October after the vegetation and crops were collected, and 
in 2018-2020 there was no airborne Cs-137 released in plant effluents. Therefore, 
the Cs-137 has to be the result of uptake via roots . Therefore, it is unlikely that the 
Cs-137 results indicate an impact from PBNP releases . 

No 1-131 was detected in the 2020 vegetation samples. One positive Cs-134 and 
one positive Co-60 result were detected in the vegetation samples and both below 
the MDC. In May 2020 Cs-134 was identified at E-06 and Co-60 was identified at 
E-03, these results are likely a false positives. 

Based on the 2020 vegetation sampling results, it is concluded that there is little or 
no effect from PBNP effluents. 

11 .1 O Land Use Census 

In accordance with the requirements of Section 12.2.5 of the ODCM, a visual 
verification of animals grazing in the vicinity of the PBNP site boundary was 
completed in 2020. In 2020, changes to the land use surrounding the site due to 
the installation of solar panels at and around the site boundary were noted. These 
changes ensure that the use of pasturelands or grazing herds remain conservative, 
as there is less land near the site boundary for grazing animals and pasture use. 
Based on this the existing milk-sampling program continues to be acceptable. The 
nearest dairy (E-21) lies in the SSE sector and it is one of the Point Beach REMP 
milk sampling sites. Also, the highest x/O (1.09E-06) and D/Q (6.23E-09) values 
occur in these sectors. As demonstrated from the vegetation in the area, there is no 
measureable plant impact on the environment. Therefore, dose calculations to the 
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maximum exposed hypothetical individual, assumed to reside at the site boundary 
in the S sector, continues to be conservative for the purpose of calculating doses 
via the grass-cow-milk and the other ingestion pathways. 

The 2020 LUC revealed that three garden locations within a 5-mile radius of the site 
in the NNW, WNW, and W sectors required replacement. The garden locations 
previously identified in 2017 in these sectors were not found in 2020. New garden 
locations were identified in the 2020 LUC for the NNW, WNW, and W sectors. 
None of the changes identified in the 2020 LUC necessitate changes to the current 
REMP, such as the addition of new sampling locations. 

11.11 Long Term TLD Trending 

To put the 2020 REMP TLD results in perspective, it is instructive to look at long 
term trends. The following examines the TLD results from 1971 to 2020. The ANSI 
standard (ANSl/HPS N13.37-2014 "Environmental Dosimetry) states that the data 
from early vintage dosimetry systems ( c. 1970 - 1990) should not be considered 
comparable to current dosimetry systems in establishing a baseline for 
environmental TLD results. These problems are evident from the review of our 
early data as discussed below. 

The pre-operational data, 1968 - 1970, are not included. The pre-operational 
ambient radiation monitoring sites were E-01 (the met tower area) through E-04 (the 
north boundary). They were monitored using TLDs and ionization chambers. E-04 
was used as a background location until E-08 (see Figure 9-1) was added for the 
operational REMP in 1971. Prior to 1975, a control TLD stored in a lead pig was 
used for a comparison to those placed in the field. In the pre-operational data, the 
control TLD could be equal to or higher than the field results and both the field and 
control TLD results appear erratic compared to the ion-chamber results . Also, the 
reported TLD results do not have transportation exposures from New Mexico to 
Wisconsin subtracted . Therefore, only the TLD results beginning in 1971, with the 
transportation caveat, are used in this analysis of long-term trends. 

The trend at E-01 (Figure 11-7) shows slowly decreasing trend from 1971 to 1979. 
This is may be an artifact. The cause is not known. As previously mentioned, no 
transportation controls were used until the 4th quarter of 1975 so no transport dose 
corrections were made prior to that quarter. There is a small increase in 1980 when 
the current contracted REMP lab began. A slowly decreasing exposure rate occurs 
from 1980 - 1992 except for the 1984 - 1988 time segments. The erratic results 
from 1984 - 1988 were traced to a faulty connection in the TLD reader. 
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Figure 11 -7 E-01 Results 1971 - 2020 
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The TLD package from 1980 to 2001 consisted of three LiF chips sealed in a black 
plastic bag. The magnitude of the error bars indicates the degree of variability of 
the 1984 - 1988 results from the three chips due to a fault in the TLD reader. The 
results appear much the same for the E-03 and E-20 results (Figure 11-8). Note 
that E-20 did not begin until 1976. Again, there is an increase in both the E-20 (the 
background site) and E-03 (the location nearest the ISFSI) which coincides with the 
switch from the LiF chips to the Teflon TLD cards . Given that the first twelve casks 
were loaded December 1995 to September 2000 in which there were no increases 
in the TLD results, the increase in 2001 indicates that this change is the result of the 
different response of the new TLDs and not of any effluents or shine from the plant. 

Figure 11-8 Comparison of E-03 and E-20 Results 1971 - 2020 
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Narrowing the time window for the TLD results from 1992 to the present allows for a 
comparison among the original four TLD locations since the introduction of the 
ISFSI (Figure 11 -9) without the interference by the faulty TLD reader in the mid-
1980s. Sites E-01 and E-02 are about 1 mile south of the ISFSI. E-03 is 1200 feet 
west and E-04 is 4300 feet north. 

Figure 11-9 Comparison of E-01, E-02, E-03 and E-04 (1992-2020) 
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The comparison shows a definite difference between E-01 and the other three 
locations. E-01 , although approximately the same distance from the ISFSI as E-02 
and further away than either E-03 or E-04, is lower than the other three sites. 
Therefore, distance is not the determining factor in the difference among the 
measured exposures. There are two factors which could cause the observed 
difference. The first difference is that E-02, E-03, and E-04 are surrounded by 
plowed fields whereas the area around E-01 is uncultivated. Second, E-01 is within 
100 feet of the lake. Therefore, about 50% of the area contributing natural radiation 
to the location is a combination of sandy soil , beach sand, and lake water. As seen 
from the REMP soil and beach analyses, the soil at E-01 show a lower 
concentration of K-40 at E-01 verse E-02, E-03, E-04. Concentrations of K-40 are 
13.62 pCi/g at E-01 vs. 19.36 pCi/g average at E-02, E-03, and E-04. As seen 
from the REMP soil and beach sediment analyses, the beach sands at E-01 have 
lower K-40 (2 .815 pCi/g) concentrations than the soil at E-01 . However, since E-01 
has a combination of different natural radiation contributors (beach sand, lake 
water, and soil), that could explain the lower results that are observed at E-01. 

The impact of the ISFSI on the ambient radiation levels at its nearest site boundary, 
the west boundary is shown in Figure 11 -10. The ISFSI impact on ambient 
exposure levels was addressed briefly in Section 11.1 (see FigurE;) 11-2). 
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Figure 11-1 O E-03, E-31, E-44 and Background Site E-20 Results 1992 to 2020 
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Figure 11 -2 shows that beginning with the use of the Teflon TLD cards in the fourth 
quarter of 2000, the measured exposure levels at E-03 are 2 - 5 mR/7-days lower 
than the exposures at the west fence of the ISFSI. Figure 11-10 shows that 
although their individual 95% confidence levels overlap indicating no statistical 
difference, the quarterly exposures at E-03 (about 1200 feet from the ISFSI) are 
consistently higher than the exposure at E-31 (at the site boundary about 1400 feet 
west of E-03) . Therefore, the lower values at E-31 compared to E-03 appear to be 
a real difference as the distance from the ISFSI increases at the west boundary. 
Because land usage and location are similar at E-03 and E-31 , the cause of the 
previously identified response differences between E-03 and E-01 are not 
applicable . In 2018, a TLD monitoring location was added at location E-44, directly 
west of E-03 and E-31 over the site boundary. It can be seen that since 2018, E-44 
shows a decreased reading when compared to E-03 and subsequently E-31 . 
Therefore, the lower results at the site boundary location E-31 and E-44 show that 
the exposures from the ISFSI are dropping off and approaching the lower readings 
found at the background site E-20. 
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12.0 REMP CONCLUSION 

Based on the analytical results from the 779 environmental samples (7 41 individual samples 
with an additional 24 quarterly air particulate composites and 14 quarterly lake water 
composites) together with 132 REMP + 16 ISFSI sets of TLDs that comprised the PBNP 
REMP for 2020, PBNP effluents had no discernable effect on the surrounding environs. The 
calculated effluent doses are below the 10 CFR 50, Appendix I dose objectives demonstrate 
that PBNP continues to have good controls on effluent releases. The control of effluents 
from PBNP continues to be acceptable pursuant to the ALARA criteria of 10 CFR 50.34a. 
Additionally, when the TLD results are factored in to the overall exposure, the resulting doses 
are lower than the ISFSI (10 CFR 72.104) and EPA (40 CFR 190) limits of 25 mrem whole 
body, 75 mrem thyroid, and 25 mrem any other organ. 

From the long-term analysis of TLD results, there is no evidence of elevated ambient 
radiation levels from the operation of Point Beach and the ISFSI except for the slightly higher 
exposures measured at the site boundary (E-31) compared to the background reference site 
(E-20) [see Figure 11-10]. 
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I Part D 
GROUNDWATER MONITORING 

13.0 PROGRAM DESCRIPTION 

PBNP monitors groundwater for tritium as part of the Groundwater Protection Program 
(GWPP). The GWPP supports NEI 07-07, the nuclear industry's groundwater protection 
initiative. The GWPP also fulfills the requirement of 10 CFR 20.1501 (a) to make surveys of 
areas, including to subsurface in order to comply with Part 20. During 2020 the sampling 
program consisted of beach drains, intermittent stream and bog locations, drinking water 
wells, fac;ade wells, yard electrical manholes, ground water monitoring wells, and the 
subsurface drainage (SSD) system sump located in the U-2 fac;ade. 

In the late 1970s, the beach drains entering Lake Michigan were found to contain tritium . 
The beach drains are the discharge points for yard drainage system, which carries storm 
water runoff, and are known to be infiltrated by groundwater as observed by discharges even 
when no rain has occurred. In the 1980s, the source of tritium for this pathway was 
postulated to be spent fuel pool leakage into the groundwater under the plant. Based on this 
observation, modifications were made to the pool, and the tritium concentrations decreased 
below the effluent LLDs. Beach drain effluents continue to be monitored and are accounted 
for in the monthly effluent quantification process. Because the beach drains are susceptible 
to groundwater in-leakage from other sources such as the area around the former retention 
pond which is known to contain tritium, the beach drains are monitored as part of the 
groundwater monitoring program . In addition to tritium, groundwater beach drain samples 
also are gamma scanned for the same suite of radionuclides as lake water using the lake 
water LLDs. 

Three intermittent stream locations and the Energy Information Center (EiC) well were added 
to the groundwater monitoring program in the late 1990s when it was discovered that tritium 
diffusion from the then operable , earthen retention pond was observable in the intermittent 
streams which transverse the site in a NW to SE direction. A fourth stream location closer to 
the plant was added in 2008. These streams pass on the east and west sides of the former 
retention pond and empty into Lake Michigan about half a mile south of the plant near the 
meteorological tower. The intermittent stream samples track tritium in the surface 
groundwater. 

The groundwater monitoring program also includes two bogs I ponds on site. One is located 
about 400 feet SSE of the former retention pond; the other, about 1500 feet N between 
Warehouses 6 and 7. 

In addition to the main plant well, four other drinking water wells are monitored. The Site 
Boundary Control Center well , located at the plant entrance, the Warehouse 6 well, on the 
north side of the plant, and the EiC well, located south of the plant. In 2012, a new building 
(Warehouse 7) was constructed for radwaste. The well for this building was added to the 
GWPP. These wells do not draw water from the top 20 - 30 feet of soil which is known to 
contain tritium. These wells monitor the deeper (200 - 600 feet), drinking water aquifer from 
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which the main plant well draws its water. The two soil layers are separated by a gray, very 
dense till layer of low permeability identified by hydrological studies. 

Manholes in the plant yard and for the subsurface drainage (SSD) system under the plant 
are available for obtaining ground water samples. The plant yard manholes for accessing 
electrical conduits are susceptible to ground water in-leakage. Therefore, a number of these 
were sampled. The SSD system was designed to lessen hydrostatic pressure on the 
foundation by controlling the flow of water under the plant and around the perimeter of the 
foundation walls. The SSD system flows to a sump in the Unit 2 facade. The sump was 
sampled twelve times during 2020. 

Due to flooding concerns, man-holes and clean-outs for the SSD were sealed in 2014. 
Therefore, only the SSD sump now is used for sampling. 

In the 1990s, two wells were sunk in each unit's fac;ade to monitor the groundwater levels 
and look for evidence of concrete integrity as part of the ISi IWE Containment Inspection 
Program. These wells are stand pipes which are sampled periodically for chemical analyses. 
Fac;ade well sampling has been part of the GWPP since 2007. These wells are sampled 
quarterly. 

In November 2019 repairs to the beach drain access and additional wave run up rip-rap was 
placed around the shoreline to prevent additional high lake level impacts and erosion beach. 
These repairs and additions allowed for better access to beach drain sampling in 2020. S-1 
and S-3 locations were sampled every month during the year when flow was available, and 
S-12 was also more accessible throughout the year for sampling. Other beach drain 
locations were noted as not having flow during the sampling periods. 

The groundwater sampling sites (other than the beach drains, SSDs and manholes) are 
shown in Figure 13.1. 
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14.0 RESULTS AND DISCUSSION 

14.1 Streams and Bogs 

Month 

Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 

Aug 
Sep 
Oct 
Nov 
Dec 

Average 

The results from the surface groundwater monitoring associated with the former 
retention pond are presented in Table 14-1 . For the most part, the creek results are 
barely above the detection level and less than the MDC. The highest averages are 
for the East Creek and STP which are in the groundwater flow path from the 
retention pond area to Lake Michigan. The West Creek is west of the former 
retention pond, an upstream location with respect to the groundwater flow. The 
tritium concentration at GW-08, close to the former retention pond, is about one
tenth of the tritium concentrations it had prior to the remediation of the retention 
pond. 

Table 14-1 Intermittent Streams and Bogs 
H-3 Concentration (pCi/I) 

GW-01 (E-01) GW-02 GW-03 GW-17 

Creek Confluence E. Creek W. Creek STP 
ND ± 154 ± 82 ND ± 221 ± 86 

NS ± NS ± NS ± NS ± 

ND ± 101 ± 79 ND ± 263 ± 88 
ND ± 253 ± 88 114 ± 81 304 ± 91 
ND ± 294 ± 90 ND ± 482 ± 99 
134 ± 82 ND ± 137 ± 83 320 ± 92 
ND ± 164 ± 83 ND ± 166 ± 83 
NS ± NS ± NS ± NS ± 

199 ± 85 203 ± 85 84 ± 78 167 ± 83 
NS ± NS ± NS ± NS ± 

ND ± 231 ± 86 ND ± 277 ± 88 
ND ± 171 ± 89 ND ± 142 ± 88 
62 ± 68 182 ± 73 61 ± 44 260 ± 105 

BOGS MDC 

GW-07 GW-08 
156 

159 
156 

118 ± 81 631 ± 105 160 
156 
159 

159 

157 
161 

A blank indicates no sample was scheduled. Streams are sampled monthly; bogs , annually. 

Values are presented as the measured value and the 95% confidence level counting error. 

ND = not statistically different from zero at the 95% confidence level. NS= No sample available 

The analyses of these surface water samples show low concentrations of tritium, 
similar to those observed in the beach drains. Two small positive tritium 
concentrations occur in samples from the confluence of the two creeks (GW-01 ), with 
only one result being above the MDC. None of the West Creek (GW-03) samples 
had tritium above its MDC. In contrast, there are more positive results from GW-02 
(south end of the East Creek) and GW-17 (located at the north end of the East 
Creek). GW-17 is east of the former retention pond area in the groundwater flow 
path to Lake Michigan. 

The bog (GW-08) SE of the former retention pond is higher than the bog at GW-07 
north of the former retention pond. The lower tritium value at GW-07 indicates that 
the impact of groundwater flow from the retention pond area is not to the north. 
These results are in conformance with the west to east groundwater flow described 
in the Site Conceptual Model and the FSAR. The GW-08 bog result is down from the 
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3200 - 3800 pCi/I seen in 1999 before the retention pond was remediated. A gamma 
analysis of the GW-08 bog sample from May 2020 showed no other detectable 
isotopes. 

14.2 Beach Drains 

The 2020 results for the beach drains that were sampled are presented in Table 14-
2. S-1 collects yard drainage from the north part of the site yard ; S-3, from the 
south . Drains S-8 and S-9 carry water from the lake side yard drains whereas 
drains S-7 and S-10 are from the turbine building roof. S-12 is a drain from the 
external SSD which run along the outside northern half of the foundation wall , and 
S-13 is the south external SSD drain. They are not connected to the internal SSD 
under the plant which drains to a sump in the U2 fa9ade. 

Table 14-2 
2020 Beach Drain H-3 Concentration (pCi/I) 

Month S-1 S-12 
Jan 547 ± 101 NF 
Feb 278 ± 90 256 ± 89 
Mar 473 ± 96 196 ± 82 
Apr 410 ± 94 271 ± 88 
May 320 ± 89 NF 
Jun 283 ± 89 296 ± 90 
Jul 292 ± 90 267 ± 89 

Aug 184 ± 85 NF 
Sep 235 ± 89 NF 
Oct 181 ± 87 185 ± 87 
Nov 279 ± 90 NF 
Dec 284 ± 89 NF 

Avg= 314 ±111 245 ± 44 
ND = not detected and ~MDC 
NF = no sample due to no flow 

S-8 S-9 S-13 
NF ± NF ± NF ± 
NF ± NF ± NF ± 
NF ± NF ± NF ± 
NF ± NF ± NF ± 
NF ± NF ± NF ± 
NF ± NF ± NF ± 
NF ± NF ± NF ± 
NF ± NF ± NF ± 
NF ± NF ± NF ± 
NF ± NF ± NF ± 
NF ± NF ± NF ± 
NF ± NF ± NF ± 

± ± ± 
NS = no sample 

S-3 MDC 
ND± 156 
536 ± 102 153 
318 ± 89 151 
669 ± 106 157 
313 ± 88 153 
400 ± 95 149 
487 ± 99 159 
272 ± 89 158 
278 ± 91 154 
378 ± 97 156 
366 ± 94 155 
400 ± 94 155 
370 ± 158 

The tritium concentrations at S-1 and S-3 are consistent with results from previous 
years. S-12 location was more accessible in 2020 than in previous years , but 
results are similar to previous year tritium concentrations . Results are similar to 
those observed at intermittent streams and in manholes around the site , and like in 
years prior are attributed to tritium recapture. 

Gamma scans were performed on the beach drain samples at the LLD used for lake 
water. A few indications of small , positive concentration values below their MDCs 
were found for Mn-54, Fe-59, Co-58, Co-60, Cs-137, and Ba-La-140. All the 
positive results were below their MDCs. Therefore, it is concluded that all the 
gamma results are false positives. This leaves tritium as the only PBNP 
radionuclide positively found in the beach drains. 

14.3 Electrical Vaults and Other Manholes 

Manholes for access to below ground electrical facilities are susceptible to 
groundwater in-leakage. The manholes east side of the plant, between the Turbine 
building and Lake Michigan have low tritium concentrations (Table 14-3). Z-065A 
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and Z-0658 are located on the west side of the pump house. Manholes, Z-066A 
and Z-067 A through Z-0660 and Z-0670 are between the pump house and the 
turbine building and run in parallel in the NE section of the yard beginning just north 
of the Unit 2 truck bay and run from the Unit 2 truck bay north to the EOG building. 
Z-068 is located just west of the EOG building and north of Z-066/0670. Each of 
the two A, 8, C, and D vaults is side by side. The similarity of the April and 
September Z-068 tritium values is similar to the S-1 and S-3 beach tritium values. 
Gamma scans on the April Z-0668 and Z-066C samples showed no detectable 
radionuclides. 

Table 14-3 
2020 East Yard Area Manhole Tritium (pCi/I) 

MH 4/28/2020 9/22/2020 
Z-065A(M-1) NS ± 321 ± 91 
Z-0658(M-2) NS ± 303 ± 90 

Z-066A 191 ± 82 244 ± 87 
Z-067A 249 ± 85 208 ± 85 
Z-0668 660 ± 104 334 ± 91 
Z-0678 649 ± 104 332 ± 91 
Z-066C 440 ± 95 253 ± 87 
Z-067C 311 ± 88 190 ± 84 
Z-0660* 360 ± 91 307 ± 90 
Z-0670* 200 ± 83 167 ± 83 
Z-068* 353 ± 90 266 ± 88 
MDC 153 157 

*Sample Date 4/30/2020 

14.4 Facade Wells and Subsurface Drainage System 

There are two methods of sampling the groundwater under the plant foundation. 
The first is a set of four shallow wells, two in each fagade. The other is a 
subsurface drainage system (SSD) . The fagade wells were installed to monitor for 
groundwater conditions which may affect the integrity of the concrete and rebar of 
each unit's foundation. The SSD was designed to relieve hydrostatic pressure on 
each unit's foundation as well as the Auxiliary and Turbine buildings. 

The fagade wells are not located symmetrically in the two units. The Unit 1 fagade 
wells are east of the containment in the SE (1Z-361A) and NE (1Z-3618) corners of 
the fagade. However, in Unit 2, there is one well in the NW corner (2Z-361A) and 
the other rotated approximately 180° in the SW corner (2Z-3618) . In each the well 
cap is level with the floor. 

The 2020 fagade well tritium results are shown in Table 14-4. The Unit 1 wells 
continue to have higher tritium concentrations than the U2 wells with 1Z-361A, in 
the SE corner of the Unit 1 fagade, having the highest tritium concentrations. 

In addition to tritium analysis, the fa9ade wells were analyzed for gamma isotopic 
activity. As in lake water samples, small positive values below their calculated , 
minimum detectable concentrations were found for Mn-54, Co-58, Fe-59, Cs-137, 
and 8a-La-140. The 8a-La-140 results from the second water fa9ade well samples 
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did not achieve the 15 pCi/L Lower Limit of Detection (LLD) for Ba-La-140 analysis 
at the offsite vendor lab. The LLD could not be achieved due to the age of the 
sample, it was obtained in June 2020 but not shipped to the lab for analysis until 
late August 2020. All other isotope LLDs were achieved for these samples. 
Gamma isotopic analysis for all other isotopes in the samples and hard-to-detect 
isotopes for 1 Z-361NB were less than the minimum detectable concentrations, 
therefore it can be concluded that there was no groundwater monitoring program 
impact by not achieving the LLD for Ba-La-140. 

Table 14-4 
2020 Facade Well Water Tritium (pCi/I) 

UNIT 1 UNIT2 
Month 1Z-361A 1Z-3618 2Z-361A 2Z-3618 MDC 

Februarv 260 ± 87 126 ± 80 NO ± 108 ± 79 157 
June 574 ± 109 448 ± 104 ND ± 142 ± 89 155 

Auqust 155 ± 86 115 ± 83 NO ± 153 ± 85 155 
October 247 ± 87 91 ± 78 ND ± 189 ± 84 158 

ND - Not Detected and <MDC NS - No Sample 

To relieve hydrostatic pressure on the foundation, Point Beach has an external and 
an internal subsurface drainage system (SSD) to drain groundwater away from the 
foundation . 

The internal SSD consist of perforated piping which drains groundwater by gravity 
to a sump located in the Unit 2 fa9ade. A comparison of the 2017 through 2020 
SSD results is presented in Table 14-5. In 2020, the tritium were similar as to what 
was observed in 2019. An increase was observed in the last quarter of 2019 
because the subsurface drainage sump pump was out of service and the samples 
obtained were manual grab samples at one time during the month. There were no 
known system leaks and the SSD was not discharged from October 2019 until 
December 2019. The SSD is discharged via wastewater effluent system. The 
tritium values then returned to expected concentrations later throughout the rest of 
2020. 

The SSD sump samples are scanned for gamma emitters. A few slightly positive 
values were found for Co-58, Fe-59, Zr-Nb-95, all results were below the MDC. 
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Table 14-5 
2017 - 2020 Unit 2 Facade SSD Sump H-3 (pCi/I) 

2017 2018 2019 2020 
Date pCi/I 2CJ pCi/I 2CJ pCi/I 2CJ pCi/I 2CJ 
Jan 1058 ± 122 2634 ± 168 808 ± 110 3557 ± 196 
Feb 776 ± 107 2721 ± 169 923 ± 114 3356 ± 187 
Mar 765 ± 111 2217 ± 169 924 ± 116 1915 ± 150 
Apr 1635 ± 142 1107 ± 122 1580 ± 136 1468 ± 134 
May 1503 ± 134 389 ± 98 1470 ± 131 1225 ± 129 
Jun 854 ± 112 890 ± 113 1784 ± 146 1217 ± 130 
Jul 907 ± 115 1225 ± 127 1681 ± 144 2136 ± 157 

Aug 1035 ± 115 1056 ± 119 1703 ± 143 1900 ± 150 
Sep 737 ± 105 803 ± 110 1412 ± 132 1621 ± 141 
Oct 8772 ± 284 1022 ± 116 8932 ± 291 1419 ± 135 
Nov 7478 ± 265 852 ± 111 10877 ± 318 1170 ± 130 
Dec 4165 ± 203 634 ± 106 5886 ± 240 1241 ± 131 

Average 2474 ± 2815 1296 ± 781 3165 ± 3444 1852 ± 814 

The external SSD system runs along the external foundation walls for the Unit 1 and 
Unit 2 facades, the Auxiliary Building, the North Service Building , and the Turbine 
Hall. It is not connected to the internal SSD system. During 2014, work to mitigate 
the possibility of external flooding events uncovered the N (S-12) and S (S-13) 
external SSD outfalls. Both the north and south halves of the external SSD system 
drain toward the beach. Several samples from SSD S-12 were obtained in 2020 
and the results ranged from 185 - 296 pCi/L, which is lower yet still comparable to 
the concentrations found in various manholes (Table 14-3) on the east side of the 
plant during 2020. 

14.5 Potable Water and Monitoring Wells 

Outside of the protected area, ten wells, in addition to the main plant well (Section 
11.7), are used for monitoring tritium in groundwater: the four potable water wells, 
GW-04 (Energy Information Center or EiC), GW-05 (Warehouse 6) , GW-18 
(Warehouse 7), GW-06 (Site Boundary Control Center), and six tritium groundwater 
monitoring wells, GW-11 through GW-16 (Figure 13-1 ). 

The potable water wells monitor the deep, drinking water aquifer whereas the 
monitoring wells penetrate less than 30 feet to monitor the top soil layer. The 
potable water aquifer is separated from the shallow, surface water aquifer by a 
thick, clay layer with very low permeability. The potable water wells had no 
detectable tritium, except for one result in April 2020 at GW-05 that was statistically 
no different than zero at 79 ± 78 pCi/L (Table 14-6). GW-04 had three slightly 
positive results for Mn-54, Co-58, and Co-60. The Co-58 and Mn-54 results 
obtained in the November sample were below the MDC, while the Co-60 result of 
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2.1 ± 1.6 was just above the MDC of 1.8 in May 2020. These are determined to be 
false positives as there were no other indications of nuclides (gamma or tritium) in 
the respective months or surrounding months. As well there were no known spills 
or effluent release pathways that would have interacted with this location. 

Table 14-6 
2020 Potable Well Water Tritium Concentration (pCi/I) 

l::ll_; Warehouse 6 SBCC l.:ivv-uo, 

EiC WELL MDC Well Well WH7 06, 18 
Month GW-04 GW-05 GW-06 GW-18 MDC 
Jan ND 156 ND ND ND 156 
Feb ND 156 
Mar ND 159 
Apr ND 156 79 ± 78 ND ND 158 
May ND 160 
Jun ND 156 
Jul ND 159 ND ND ND 159 

Aug ND 155 
Sep ND 159 
Oct ND 155 ND ND ND 157 
Nov ND 157 
Dec ND 161 

ND= not detected 

The monitoring well results are similar to those obtained in 2019. The two 
monitoring wells showing higher and consistently detectable tritium (GW-15, GW-
16) are in the flow path from the retention pond area to the lake (Table 14-7), 
however are approaching similar levels as observed at the locations nearest the 
lake such as GW-11 and GW-14. 

Table 14-7 
2020 Quarterly Monitoring Well Tritium (pCi/I) 

MW-01 MW-02 MW-06 MW-05 MW-04 MW-03 

GW-11 GW-12 GW-13 GW-14 *GW-15 *GW-16 

103 ± 80 ND ± ND ± 143 ± 82 176 ± 83 160 ± 83 
142 ± 80 ND ± ND ± 193 ± 82 178 ± 81 231 ± 84 
184 ± 86 ND ± ND ± 173 ± 86 186 ± 86 266 ± 91 
113 ± 79 ND ± ND ± 131 ± 80 140 ± 80 143 ± 80 

ND= not statistically different from zero and <MDC. 
*Duplicate samples taken , highest value reported . 

NS = no sample available 

In summary, the results from monitoring wells GW-15 and GW-16 as well as results 
from the nearby surface water sample locations (GW-03, the east creek; GW-08, 
the bog to the SE of the former pond; and GW-17, the surface water on the SE 
corner of the STP) show that the area around and in the groundwater flow path from 
the former retention pond remain impacted by the tritium that diffused from the pond 
into the soil while it was in use. 
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15.0 GROUNDWATER SUMMARY 

Groundwater monitoring indicates that low levels of tritium continue to occur in the upper 
soil layer but not in the deep, drinking water aquifer. These results also indicate that the 
low levels of tritium are restricted to a small, well defined area close to the plant. Results 
from precipitation analyses (2011 AMR) show that airborne tritium concentrations are 
higher close to the plant as compared to results at the site boundaries. The observed 
tritium concentrations in the yard manholes can be explained by the higher tritium in 
precipitation close to the plant. In addition to tritium captured by precipitation, the beach 
drains also receive the tritium captured in the AC condensate because the condensate 
drainage is connected to the yard drain system. 

Tritium continues in the soil below the plant foundation as evidenced by results from the 
subsurface drainage system and from the fa9ade wells . 

In conclusion, the groundwater tritium concentrations observed at Point Beach are below 
the EPA drinking water standards prior to emptying into Lake Michigan where they will 
undergo further dilution. All analyses to date indicate that the drinking water contains no 
tritium. None of the tritium in the upper soil layer is migrating off-site toward the 
surrounding population . This is based on the known west-to-east groundwater flow toward 
Lake Michigan and the results from the two monitoring wells west of the plant (GW-12 and 
GW-13, Figure 13-1 ). Additionally, because no tritium is detected at a value statistically 
different than zero in either of the four on-site drinking water wells closest to the power 
block or from the drinking water well at the site boundary, none of the tritium observed in 
the upper soil layer has penetrated into the drinking water aquifer to impact either on-site or 
off-site personnel. 
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POINT BEACH NUCLEAR PLANT 

1.0 INTRODUCTION. 

The following constitutes the current Monthly Progress Report for the Environmental Radiological 
Monitoring Program conducted at the Point Beach Nuclear Plant, Two Rivers, Wisconsin. 
Results of completed analyses are presented in the attached tables. Missing entries indicate 
analyses that are not completed. These results will appear in subsequent reports. Data tables 
reflect sample analysis results for both Technical Specification requirements and Special Interest 
locations and samples are randomly selected within the Program monitoring area to provide 
additional data for cross-comparisons. 

For all gamma isotopic analyses, the spectrum is computer scanned from 80 to 2048 KeV. 
Specifically included are Mn-54, Fe-59, Co-58, Co-60, Zn-65, Zr-95, Nb-95, Ru-103, Ru-106, 
1-131, Ba-La-140, Cs-134, Cs-137, Ce-141, and Ce-144. Naturally occurring gamma-emitters, 
such as K-40 and Ra daughters, are frequently detected in soil and sediment samples. Specific 
isotopes listed are K-40, Tl-208, Pb-212, Bi-214, Ra-226 and Ac-228. The results reported under 
"Other Gammas" may be Co-60, Ru-103 or any other radionuclide which is indicative of other 
gammas for the sample type. "Other Gammas" do not include naturally occuring radionuclides. 

All concentrations, except gross beta, are decay corrected. 

All samples were collected within the scheduled period unless noted otherwise in the Listing of 
Missed Samples. 
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Table 1. Airborne particulates and charcoal canisters, analyses for gross beta and iodine-131 . 
Location: E-01, Meteorological Tower 
Units: pCi/m3 

Collection: Continuous, weekly exchange . 

Date Vol. Date Vol. 
Collected (m3) Gross Beta 1-131 Collected (m3) Gross Beta 1-131 

Required LLD 0.010 0.030 Required LLD 0.010 0.030 

01-09-20 262 0.013 ± 0.004 < 0.017 07-07-20 259 0.025 ± 0.004 < 0.009 
01-15-20 260 0.023 ± 0.004 < 0.009 07-16-20 457 0.016 ± 0.002 < 0.014 
01-22-20 304 0.027 ± 0.004 < 0.011 07-22-20 269 0.021 ± 0.004 < 0.017 
01-29-20 304 0.018 ± 0.003 < 0.012 07-29-20 314 0.025 ± 0.003 < 0.008 

02-05-20 303 0.015 ± 0.003 < 0.009 08-05-20 302 0.008 ± 0.003 < 0.008 
02-13-20 355 0.019 ± 0.003 < 0.010 08-12-20 314 0.023 ± 0.003 < 0.014 
02-19-20 262 0.024 ± 0.004 < 0.011 08-19-20 304 0.019 ± 0.003 < 0.008 
02-26-20 295 0.031 ± 0.004 < 0.013 08-26-20 309 0.033 ± 0.004 < 0.010 

09-02-20 311 0.023 ± 0.004 < 0.007 
03-04-20 300 0.018 ± 0.003 < 0.010 
03-12-20 345 0.019 ± 0.003 < 0.020 09-09-20 315 0.020 ± 0.003 < 0.007 
03-18-20 263 0.027 ± 0.004 < 0.016 09-16-20 303 0.021 ± 0.004 < 0.016 
03-25-20 304 0.028 ± 0.004 < 0.016 09-23-20 308 0.024 ± 0.004 < 0.009 
04-03-20 381 0.017 ± 0.003 < 0.012 09-30-20 304 0.034 ± 0.004 < 0.011 

1st Quarter 3rd Quarter 

Mean± s.d. 0.021 ± 0.006 < 0.013 Mean± s.d. 0.022 ± 0.007 < 0.011 

04-09-20 264 0.022 ± 0.004 < 0.014 10-07-20 311 0.015 ± 0.003 < 0.015 

04-15-20 260 0.022 ± 0.004 < 0.017 10-14-20 305 0.022 ± 0.003 < 0.017 
04-22-20 303 0.026 ± 0.004 < 0.015 10-20-20 265 0.021 ± 0.004 < 0.016 
04-29-20 299 0.023 ± 0.003 < 0.015 10-28-20 345 0.024 ± 0.003 < 0.008 

05-06-20 298 0.016 ± 0.004 < 0.013 11 -04-20 311 0.034 ± 0.004 < 0.008 
05-12-20 268 0.014 ± 0.003 < 0.010 11-12-20 349 0.043 ± 0.004 < 0.012 
05-20-20 340 0.020 ± 0.003 < 0.010 11-18-20 262 0.040 ± 0.005 < 0.015 
05-27-20 292 0.014 ± 0.003 < 0.010 11-24-20 258 0.029 ± 0.004 < 0.008 
06-03-20 304 0.020 ± 0.003 < 0.009 12-02-20 343 0.027 ± 0.003 < 0.008 

06-09-20 268 0.020 ± 0.004 < 0.008 12-10-20 341 0.029 ± 0.003 < 0.008 
06-17-20 345 0.014 ± 0.003 < 0.015 12-17-20 300 0.022 ± 0.003 < 0.008 
06-24-20 300 0.027 ± 0.004 < 0.013 12-23-20 262 0.048 ± 0.005 < 0.012 
07-01-20 294 0.022 ± 0.004 < 0.008 12-31-20 350 0.023 ± 0.003 < 0.019 

2nd Quarter 4th Quarter 
Mean± s.d. 0.020 ± 0.004 < 0.012 Mean± s .d. 0.029 ± 0.010 < 0.012 

Cumulative Average 0.023 ± 0.007 < 0.012 
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Table 1. Airborne particulates and charcoal canisters, analyses for gross beta and iodine-131. 
Location : E-02, Site Boundary Control Center 

Units: pCi/m3 

Collection: Continuous, weekly exchange . 

Date Vol. Date Vol. 
Collected (m3) Gross Beta 1-131 Collected (m3) Gross Beta 1-131 

Required LLD 0.010 0.030 Required LLD 0.010 0.030 

01 -09-20 264 0.017 ± 0.004 < 0.017 07-07-20 265 0.027 ± 0.004 < 0.009 
01-15-20 261 0.022 ± 0.004 < 0.009 07-16-20 444 0.017 ± 0.002 < 0.015 
01 -22-20 303 0.028 ± 0.004 < 0.011 07-22-20 256 0.021 ± 0.004 < 0.018 
01-29-20 301 0.014 ± 0.003 < 0.012 07-29-20 301 0.027 ± 0.004 < 0.009 

02-05-20 308 0.018 ± 0.004 < 0.009 08-05-20 303 0.009 ± 0.003 < 0.008 
02-13-20 356 0.021 ± 0.003 < 0.010 08-12-20 301 0.028 ± 0.004 < 0.014 
02-19-20 252 0.026 ± 0.004 < 0.011 08-19-20 299 0.022 ± 0.003 < 0.008 
02-26-20 289 0.027 ± 0.004 < 0.013 08-26-20 300 0.034 ± 0.004 < 0.011 

09-02-20 299 0.027 ± 0.004 < 0.007 
03-04-20 298 0.020 ± 0.004 < 0.010 
03-12-20 345 0.021 ± 0.003 < 0.020 09-09-20 315 0.016 ± 0.003 < 0.007 
03-18-20 263 0.026 ± 0.004 < 0.016 09-16-20 294 0.019 ± 0.004 < 0.017 
03-25-20 304 0.030 ± 0.004 < 0.016 09-23-20 307 0.027 ± 0.004 < 0.009 
04-03-20 381 0.015 ± 0.003 < 0.012 09-30-20 299 0.036 ± 0.004 < 0.011 

1st Quarter 3rd Quarter 

Mean± s.d. 0.022 ± 0.005 <0.013 Mean± s.d. 0.024 ± 0.007 < 0.011 

04-09-20 260 0.017 ± 0.004 < 0.015 10-07-20 306 0.017 ± 0.003 <0.015 
04-15-20 260 0.021 ± 0.004 < 0.017 10-14-20 305 0.024 ± 0.003 < 0.017 
04-22-20 303 0.024 ± 0.004 < 0.015 10-20-20 261 0.018 ± 0.004 < 0.017 
04-29-20 304 0.024 ± 0.003 < 0.015 10-28-20 345 0.021 ± 0.003 < 0.008 

05-06-20 300 0.015 ± 0.003 < 0.013 11 -04-20 302 0.037 ± 0.004 < 0.008 
05-12-20 271 0.014 ± 0.003 < 0.010 11-12-20 352 0.040 ± 0.004 < 0.012 
05-20-20 339 0.019 ± 0.003 <0 .010 11 -18-20 254 0.039 ± 0.005 < 0.015 
05-27-20 297 0.017 ± 0.003 < 0.010 11-24-20 256 0.033 ± 0.004 < 0.008 
06-03-20 299 0.022 ± 0.003 < 0.009 12-02-20 341 0.029 ± 0.004 < 0.008 

06-09-20 273 0.021 ± 0.004 < 0.008 12-10-20 344 0.032 ± 0.004 < 0.008 
06-17-20 344 0.015 ± 0.003 < 0.015 12-17-20 307 0.020 ± 0.003 < 0.008 
06-24-20 300 0.029 ± 0.004 < 0.013 12-23-20 263 0.057 ± 0.005 < 0.012 
07-01-20 309 0.023 ± 0.003 < 0.008 12-31-20 345 0.024 ± 0.003 < 0.019 

2nd Quarter 4th Quarter 
Mean± s.d . 0.020 ± 0.004 < 0.012 Mean± s.d. 0.030 ± 0.011 < 0.012 

Cumulative Average 0.024 ± 0.008 < 0.012 
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Table 1. Airborne particulates and charcoal canisters, analyses for gross beta and iodine-131. 
Location: E-03, West Boundary 

Units : pCi/m3 

Collection : Continuous, weekly exchange . 

Date Vol. Date Vol. 
Collected (m3) Gross Beta 1-131 Collected (m3) Gross Beta 1-131 

Reguired LLD 0.010 0.030 Reguired LLD 0.010 0.030 

01-09-20 266 0.013 ± 0.004 < 0.017 07-07-20 262 0.028 ± 0.004 < 0.009 
01-15-20 261 0.021 ± 0.004 < 0.009 07-16-20 438 0.016 ± 0.002 < 0.015 
01-22-20 303 0.028 ± 0.004 < 0.011 07-22-20 261 0.018 ± 0.003 < 0.017 
01 -29-20 311 0.019 ± 0.003 < 0.011 07-29-20 302 0.021 ± 0.003 < 0.009 

02-05-20 308 0.016 ± 0.003 < 0.009 08-05-20 303 0.010 ± 0.003 < 0.008 
02-13-20 351 0.019 ± 0.003 < 0.011 08-12-20 305 0.024 ± 0.003 <0.014 
02-19-20 261 0.020 ± 0.004 < 0.011 08-19-20 299 0.022 ± 0.003 < 0.008 
02-26-20 299 0.027 ± 0.004 < 0.013 08-26-20 296 0.031 ± 0.004 < 0.011 

09-02-20 300 0.023 ± 0.004 < 0.007 
03-04-20 299 0.017 ± 0.003 < 0.010 
03-12-20 346 0.020 ± 0.003 < 0.020 09-09-20 315 0.017 ± 0.003 < 0.007 
03-18-20 257 0.030 ± 0.004 < 0.016 09-16-20 292 0.016 ± 0.004 < 0.017 
03-25-20 299 0.025 ± 0.004 < 0.017 09-23-20 305 0.025 ± 0.004 < 0.009 
04-03-20 381 0.016 ± 0.003 < 0.012 09-30-20 304 0.035 ± 0.004 < 0.011 

1st Quarter 3rd Quarter 
Mean± s.d. 0.021 ± 0.005 < 0.013 Mean± s.d. 0.022 ± 0.007 < 0.011 

04-09-20 264 0.020 ± 0.004 < 0.014 10-07-20 301 0.015 ± 0.003 < 0.015 
04-15-20 260 0.022 ± 0.004 < 0.017 10-14-20 311 0.018 ± 0.003 < 0.017 
04-22-20 302 0.023 ± 0.004 < 0.015 10-20-20 261 0.020 ± 0.004 < 0.017 
04-29-20 304 0.024 ± 0.003 < 0.015 10-28-20 343 0.024 ± 0.003 < 0.009 

05-06-20 297 0.013 ± 0.003 < 0.013 11-04-20 298 0.033 ± 0.004 < 0.009 
05-12-20 263 0.014 ± 0.003 < 0.010 11-12-20 354 0.043 ± 0.004 < 0.012 
05-20-20 340 0.022 ± 0.003 < 0.010 11-18-20 264 0.037 ± 0.004 < 0.015 
05-27-20 292 0.018 ± 0.003 < 0.010 11-24-20 256 0.033 ± 0.004 < 0.008 
06-03-20 300 0.023 ± 0.003 < 0.009 12-02-20 344 0.026 ± 0.003 < 0.008 

06-09-20 267 0.017 ± 0.003 < 0.008 12-10-20 344 0.030 ± 0.003 < 0.008 
06-17-20 339 0.017 ± 0.003 < 0.015 12-17-20 302 0.019 ± 0.003 < 0.008 
06-24-20 301 0.024 ± 0.003 < 0.013 12-23-20 257 0.048 ± 0.005 < 0.012 
07-01 -20 309 0.022 ± 0.003 < 0.008 12-31-20 350 0.020 ± 0.003 < 0.019 

2nd Quarter 4th Quarter 
Mean± s.d . 0.020 ± 0.004 < 0.012 Mean± s.d. 0.028 ± 0.010 < 0.012 

Cumulative Average 0.023 ± 0.007 < 0.012 
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Table 1. Airborne particulates and charcoal canisters, analyses for gross beta and iodine-131. 
Location : E-04 , North Boundary 
Units : pCi/m3 

Collection : Continuous , weekly exchange. 

Date Vol. Date Vol. 

Collected (m3) Gross Beta 1-131 Collected (m3) Gross Beta 1-131 

Required LLD 0.010 0.030 Required LLD 0.010 0.030 

01 -09-20 269 0.017 ± 0.004 < 0.017 07-07-20 260 0.024 ± 0.004 < 0.009 
01-15-20 268 0.020 ± 0.004 < 0.008 07-16-20 437 0.015 ± 0.002 < 0.015 
01 -22-20 303 0.027 ± 0.004 < 0.011 07-22-20 260 0.021 ± 0.004 < 0.017 
01 -29-20 313 0.020 ± 0.003 < 0.011 07-29-20 306 0.019 ± 0.003 < 0.008 

02-05-20 307 0.017 ± 0.004 < 0.009 08-05-20 308 0.008 ± 0.003 < 0.007 
02-13-20 356 0.020 ± 0.003 < 0.010 08-12-20 304 0.024 ± 0.003 < 0.014 
02-19-20 261 0.026 ± 0.004 < 0.011 08-19-20 298 0.024 ± 0.004 < 0.008 
02-26-20 301 0.029 ± 0.004 < 0.013 08-26-20 305 0.035 ± 0.004 < 0.010 

09-02-20 299 0.024 ± 0.004 < 0.007 
03-04-20 301 0.020 ± 0.004 < 0.010 
03-12-20 346 0.020 ± 0.003 < 0.020 09-09-20 315 0.015 ± 0.003 < 0.007 
03-18-20 263 0.031 ± 0.004 < 0.016 09-16-20 298 0.022 ± 0.004 < 0.017 
03-25-20 298 0.030 ± 0.004 < 0.017 09-23-20 303 0.028 ± 0.004 < 0.009 
04-03-20 388 0.016 ± 0.003 < 0.012 09-30-20 304 0.032 ± 0.004 < 0.011 

1st Quarter 3rd Quarter 

Mean± s.d. 0.023 ± 0.005 < 0.013 Mean± s.d. 0.022 ± 0.007 < 0.011 

04-09-20 263 0.022 ± 0.004 < 0.014 10-07-20 301 0.017 ± 0.003 < 0.015 
04-15-20 260 0.021 ± 0.004 < 0.017 10-14-20 305 0.020 ± 0.003 < 0.017 
04-22-20 307 0.025 ± 0.004 < 0.015 10-20-20 265 0.021 ± 0.004 < 0.016 
04-29-20 299 0.026 ± 0.004 < 0.015 10-28-20 344 0.023 ± 0.003 < 0.008 

05-06-20 301 0.012 ± 0.003 < 0.013 11-04-20 303 0.037 ± 0.004 < 0.009 
05-12-20 269 0.015 ± 0.003 < 0.010 11 -12-20 350 0.041 ± 0.004 < 0.012 
05-20-20 340 0.021 ± 0.003 < 0.010 11 -18-20 269 0.042 ± 0.005 < 0.014 
05-27-20 292 0.020 ± 0.003 < 0.010 11 -24-20 261 0.032 ± 0.004 < 0.008 
06-03-20 300 0.020 ± 0.003 < 0.009 12-02-20 344 0.029 ± 0.004 < 0.008 

06-09-20 267 0.018 ± 0.003 < 0.008 12-10-20 344 0.031 ± 0.003 < 0.008 
06-17-20 344 0.015 ± 0.003 < 0.015 12-17-20 307 0.018 ± 0.003 < 0.008 
06-24-20 301 0.029 ± 0.004 < 0.013 12-23-20 263 0.048 ± 0.005 < 0.012 
07-01-20 301 0.026 ± 0.004 < 0.008 12-31-20 350 0.023 ± 0.003 < 0.019 

2nd Quarter 4th Quarter 
Mean± s.d. 0.021 ± 0.005 < 0.012 Mean± s.d . 0.029 ± 0.010 < 0.012 

Cumulative Average 0.024 ± 0.008 < 0.012 
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Table 1. Airborne particulates and charcoal canisters, analyses for gross beta and iodine-131. 
Location: E-08, G.J. Francar Residence 

Units : pCi/m3 

Collection : Continuous, weekly exchange. 

Date Vol. Date Vol. 

Collected (m3) Gross Beta 1-131 Collected (m3) Gross Beta 1-131 

Required LLD 0.010 0.030 Required LLD 0.010 0.030 

01 -09-20 269 0.016 ± 0.004 < 0.017 07-07-20 258 0.026 ± 0.004 < 0.009 
01-15-20 266 0.024 ± 0.004 < 0.009 07-16-20 432 0.016 ± 0.002 < 0.015 
01-22-20 303 0.027 ± 0.004 < 0.011 07-22-20 260 0.018 ± 0.003 < 0.017 
01-29-20 303 0.016 ± 0.003 < 0.012 07-29-20 299 0.020 ± 0.003 < 0.009 

02-05-20 309 0.021 ± 0.004 < 0.009 08-05-20 311 0.008 ± 0.002 < 0.007 
02-13-20 359 0.022 ± 0.003 < 0.010 08-12-20 305 0.027 ± 0.004 < 0.014 
02-19-20 261 0.026 ± 0.004 < 0.011 08-19-20 300 0.025 ± 0.004 < 0.008 
02-26-20 296 0.030 ± 0.004 < 0.013 08-26-20 298 0.032 ± 0.004 < 0.011 

09-02-20 307 0.026 ± 0.004 < 0.007 
03-04-20 299 0.017 ± 0.003 < 0.010 
03-12-20 344 0.024 ± 0.003 < 0.020 09-09-20 316 0.016 ± 0.003 < 0.007 
03-18-20 262 0.030 ± 0.004 < 0.016 09-16-20 295 0.019 ± 0.004 < 0.017 
03-25-20 303 0.027 ± 0.004 < 0.016 09-23-20 307 0.026 ± 0.004 < 0.009 
04-03-20 386 0.014 ± 0.003 < 0.012 09-30-20 308 0.032 ± 0.004 < 0.011 

1st Quarter 3rd Quarter 

Mean ±s.d. 0.023 ± 0.006 < 0.013 Mean± s.d. 0.022 ± 0.007 < 0.011 

04-09-20 265 0.021 ± 0.004 < 0.014 10-07-20 306 0.018 ± 0.003 < 0.015 
04-15-20 261 0.022 ± 0.004 < 0.017 10-14-20 306 0.021 ± 0.003 < 0.017 
04-22-20 296 0.023 ± 0.004 < 0.015 10-20-20 262 0.019 ± 0.004 < 0.017 
04-29-20 305 0.025 ± 0.004 < 0.015 10-28-20 350 0.021 ± 0.003 < 0.008 

05-06-20 298 0.015 ± 0.003 < 0.013 11 -04-20 302 0.035 ± 0.004 < 0.009 
05-12-20 268 0.015 ± 0.003 < 0.010 11-12-20 354 0.037 ± 0.004 < 0.012 
05-20-20 344 0.014 ± 0.003 < 0.010 11-18-20 263 0.039 ± 0.004 < 0.015 
05-27-20 291 0.017 ± 0.003 < 0.010 11-24-20 259 0.032 ± 0.004 < 0.008 
06-03-20 307 0.021 ± 0.003 < 0.009 12-02-20 356 0.032 ± 0.004 < 0.008 

06-09-20 265 0.016 ± 0.003 < 0.008 12-10-20 345 0.028 ± 0.003 < 0.008 
06-17-20 347 0.014 ± 0.003 < 0.015 12-17-20 306 0.017 ± 0.003 < 0.008 
06-24-20 302 0.025 ± 0.004 < 0.013 12-23-20 274 0.051 ± 0.005 < 0.011 
07-01-20 307 0.023 ± 0.003 < 0.008 12-31 -20 351 0.020 ± 0.003 < 0.019 

2nd Quarter 4th Quarter 
Mean± s.d. 0.019 ± 0.004 < 0.012 Mean ± s.d. 0.028 ± 0.010 < 0.012 

Cumulative Average 0.023 ± 0.008 < 0.012 

Indicator Locations Annual Mean ± s.d. 0.023 ± 0.008 < 0.012 
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Table 1. Airborne particulates and charcoal canisters, analyses for gross beta and iodine-131. 
Location: E-20, Silver Lake 
Units : pCi/m3 

Collection: Continuous, weekly exchange. 

Date Vol. Date Vol. 
Collected (m3) Gross Beta 1-131 Collected (m3) Gross Beta 1-131 

Required LLD 0.010 0.030 Required LLD 0.010 0.030 

01-09-20 268 0.015 ± 0.004 < 0.017 07-07-20 264 0.028 ± 0.004 < 0.009 
01-15-20 267 0.021 ± 0.004 < 0.009 07-16-20 469 0.014 ± 0.002 < 0.014 
01-22-20 303 0.029 ± 0.004 < 0.011 07-22-20 261 0.027 ± 0.004 < 0.017 
01-29-20 312 0.019 ± 0.003 < 0.011 07-29-20 302 0.021 ± 0.003 < 0.009 

02-05-20 305 0.014 ± 0.003 < 0.009 08-05-20 308 0.011 ± 0.003 < 0.007 
02-13-20 257 0.025 ± 0.004 < 0.014 08-12-20 307 0.025 ± 0.003 < 0.014 
02-19-20 265 0.026 ± 0.004 < 0.010 08-19-20 297 0.024 ± 0.004 < 0.008 
02-26-20 298 0.030 ± 0.004 < 0.013 08-26-20 301 0.034 ± 0.004 < 0.011 

09-02-20 302 0.028 ± 0.004 < 0.007 
03-04-20 301 0.018 ± 0.004 < 0.010 
03-12-20 348 0.022 ± 0.003 < 0.020 09-09-20 309 0.017 ± 0.003 < 0.007 
03-18-20 258 0.031 ± 0.004 < 0.016 09-16-20 302 0.017 ± 0.004 < 0.016 
03-25-20 299 0.030 ± 0.004 < 0.017 09-23-20 308 0.027 ± 0.004 < 0.009 
04-03-20 389 0.017 ± 0.003 < 0.012 09-30-20 305 0.036 ± 0.004 < 0.011 

1st Quarter 3rd Quarter 

Mean± s.d. 0.023 ± 0.006 < 0.013 Mean± s.d. 0.024 ± 0.007 < 0.011 

04-09-20 262 0.021 ± 0.004 <0.015 10-07-20 301 0.020 ± 0.003 < 0.015 
04-15-20 260 0.024 ± 0.004 < 0.017 10-14-20 305 0.021 ± 0.003 < 0.017 
04-22-20 297 0.024 ± 0.004 < 0.015 10-20-20 260 0.024 ± 0.004 < 0.017 
04-29-20 304 0.027 ± 0.004 < 0.015 10-28-20 351 0.021 ± 0.003 < 0.008 

05-06-20 302 0.012 ± 0.003 < 0.013 11-04-20 307 0.039 ± 0.004 < 0.009 
05-12-20 263 0.018 ± 0.003 < 0.010 11-12-20 350 0.041 ± 0.004 < 0.012 
05-20-20 342 0.019 ± 0.003 < 0.010 11-18-20 263 0.043 ± 0.005 < 0.015 
05-27-20 297 0.018 ± 0.003 < 0.010 11-24-20 259 0.034 ± 0.004 < 0.008 
06-03-20 306 0.020 ± 0.003 < 0.009 12-02-20 344 0.032 ± 0.004 < 0.008 

06-09-20 267 0.020 ± 0.004 < 0.008 12-10-20 353 0.031 ± 0.003 < 0.008 
06-17-20 344 0.017 ± 0.003 < 0.015 12-17-20 312 0.020 ± 0.003 < 0.008 
06-24-20 302 0.025 ± 0.004 < 0.013 12-23-20 258 0.050 ± 0.005 < 0.012 
07-01-20 304 0.024 ± 0.004 < 0.008 12-31-20 350 0.023 ± 0.003 < 0.019 

2nd Quarter 4th Quarter 
Mean± s.d. 0.021 ± 0.004 < 0.012 Mean± s.d. 0.031 ± 0.010 < 0.012 

Cumulative Average 0.025 ± 0.008 < 0.012 
Control Annual Mean± s.d. 0.025 ± 0.008 < 0.012 
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Table 2. Gamma emitters in quarterly composites of air particulate filters 

Units: pCi/m 3 

(Other) (Other) 
Location Lab Code Be-7 Be-7 Cs-134 Cs-134 Cs-137 Cs-137 Co-60 (Co-60) Volume 

Req. LLD MDC 0.01 MDC 0.01 MDC ( 0.10) MDC m3 

1.§1_~ 

E-01 EAP- 1211 0.064 ± 0.013 -0 .0001 ± 0.0003 < 0.0007 0.0001 ± 0.0004 < 0.0006 0.0001 ± 0.0004 < 0.0003 3937 
E-02 - 1212 0.066 ± 0.012 -0.0007 ± 0.0005 < 0.0008 -0.0001 ± 0.0006 < 0.0007 -0.0005 ± 0.0005 < 0.0003 3924 
E-03 - 1213 0.072 ± 0.013 0.0002 ± 0.0004 < 0.0007 0.0000 ± 0.0005 < 0.0007 0.0005 ± 0.0005 < 0.0004 3942 
E-04 - 1214 0.067 ± 0.013 0.0000 ± 0.0005 < 0.0007 -0.0003 ± 0.0005 < 0.0006 0.0004 ± 0.0003 < 0.0003 3974 
E-08 - 1215 0.073 ± 0.012 -0.0001 ± 0.0004 < 0.0009 -0.0001 ± 0.0004 < 0.0006 0.0003 ± 0.0005 < 0.0005 3961 
E-20 - 1216 0.080 ± 0.015 0.0002 ± 0.0005 < 0.0009 -0.0005 ± 0.0006 < 0.0009 0.0001 ± 0.0007 < 0.0007 3868 

2!J.Q. Quarter 

E-01 EAP- 2465 0.104 ±0.016 -0.0007 ± 0.0006 < 0.0012 -0.0009 ± 0.0007 < 0.0006 0.0006 ± 0.0008 < 0.0010 3835 
E-02 - 2466 0.102 ± 0.017 0.0001 ± 0.0005 < 0.0009 0.0001 ± 0.0004 < 0.0005 -0. 0003 ± 0. 0006 < 0.0005 3861 
E-03 - 2467 0.109±0.015 -0.0008 ± 0.0006 < 0.0008 0.0001 ± 0.0004 < 0.0006 0.0003 ± 0.0006 < 0.0007 3839 
E-04 - 2468 0.111 ± 0.018 0.0004 ± 0.0005 < 0.0010 -0.0002 ± 0.0006 < 0.0009 0.0005 ± 0.0004 < 0.0008 3844 
E-08 - 2469 0.106 ±0.015 0.0001 ± 0.0004 < 0.0010 0.0000 ± 0.0005 < 0.0006 -0.0001 ± 0.0005 < 0.0003 3856 
E-20 - 2470 0.102 ± 0.017 -0.0010 ± 0.0006 < 0.0009 0.0001 ± 0.0005 < 0.0005 0.0001 ± 0.0005 < 0.0004 3851 

3rd quarter 

E-01 EAP· 4074 0.087 ± 0.018 -0 .0002 ± 0.0005 < 0.0009 ·0.0001 ± 0.0005 < 0.0005 0.0002 ± 0.0005 < 0.0007 4069 
E-02 - 4075 0.102 ± 0.018 -0.0007 ± 0.0006 < 0.0009 0.0000 ± 0.0005 < 0.0005 0.0000 ± 0.0007 < 0.0009 3981 
E-03 - 4076 0.078 ± 0.018 -0.0003 ± 0.0005 < 0.0009 -0.0005 ± 0.0007 < 0.0006 -0.0006 ± 0.0005 < 0.0007 3981 
E-04 - 4077 0.092 ± 0.016 -0.0002 ± 0.0005 < 0.0007 0.0000 ± 0.0005 < 0.0004 -0.0003 ± 0.0010 < 0.0013 3996 
E-08 - 4078 0.111 ± 0.019 0.0002 ± 0.0006 < 0.0009 0.0000 ± 0.0005 < 0.0002 -0.0006 ± 0.0008 < 0.0008 3994 
E-20 - 4079 0.097 ± 0.018 -0.0008 ± 0.0006 < 0.0010 ·0.0001 ± 0.0007 < 0.0005 0.0001 ± 0.0007 < 0.0008 4033 

4th Quarter 

E-01 EAP- 4841 0.068 ± 0.014 0. 0000 ± 0. 0004 < 0.0006 0.0001 ± 0.0005 < 0.0008 0.0001 ± 0.0005 < 0.0003 4002 
E-02 - 4842 0.059 ± 0.012 -0.0009 ± 0.0005 < 0.0008 0.0001 ± 0.0005 < 0.0004 -0.0002 ± 0.0006 < 0.0005 3982 
E-03 - 4843 0.055 ± 0.013 -0.0011 ± 0.0006 < 0.0010 0.0005 ± 0.0005 < 0.0005 0.0003 ± 0.0004 < 0.0005 3985 
E-04 - 4844 0.065 ± 0.014 0.0000 ± 0.0005 < 0.0008 -0.0002 ± 0.0004 < 0.0005 -0.0003 ± 0.0005 < 0.0005 4007 
E-08 - 4845 0.058 ± 0.012 0.0001 ± 0.0004 < 0.0008 -0.0002 ± 0.0005 < 0.0006 -0.0004 ± 0.0005 < 0.0003 4031 
E-20 - 4847 0.068 ± 0.012 -0.0008 ± 0.0005 < 0.0009 -0.0001 ± 0 0005 < 0.0007 -0.0001 ± 0.0005 < 0.0007 4013 

Annual Mean±s.d. 0.083 ± 0.019 -0.0003 ± 0.0005 < 0.0009 -0.0001 ± 0.0003 < 0.0006 0.0000 ± 0.0004 < 0.0006 
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Table 3. Radioactivity in milk samples 

Collection: Monthly 

Sample Description and Concentration (pCi/L) 

E-11 Lambert Daity Farm 

MDC MDC MDC Required 
Collection Date 01-08-20 02-12-20 03-11-20 LLD 

Lab Code EMI- 59 EMI- 359 EMI- 700 

Sr-89 0.3 ± 0.5 < 0.6 0.5 ± 0.6 < 0.7 -0.2 ± 0.6 < 0.6 5.0 
Sr-90 0.4 ± 0.3 < 0.6 0.4 ± 0.3 < 0.5 0.5 ± 0.3 < 0.5 1.0 

1-131 -0.02 ± 0.16 < 0.28 0.05 ± 0.15 < 0.27 -0.11 ± 0.16 < 0.29 0.5 

K-40 1213 ± 109 1349 ± 116 1449 ± 102 
Cs-134 0.6 ± 2.3 < 4.3 -1 .9 ± 2.5 < 4.1 -2 .3 ± 2.2 < 4.0 5.0 
Cs-137 1.7 ± 2.4 < 4.7 -2.7 ± 2.7 < 2.4 -1 .9 ± 2.5 < 4.7 5.0 
Ba-La-140 2.5 ± 2.1 < 2.3 2.0 ± 2.3 < 3.9 -0.3 ± 2.2 < 4.0 5.0 
Other (Co-60) 1.0 ± 2.1 < 2.5 -1 .8 ± 2.9 < 2.3 2.5 ± 2.6 < 4.2 15.0 

MDC MDC MDC Required 
Collection Date 04-08-20 05-13-20 06-10-20 LLD 

Lab Code EMI- 1029 EMI- 1470 EMI- 1953 

Sr-89 0.1 ± 0.5 < 0.6 -0.4 ± 0.7 < 0.7 -0.2 ± 0.7 < 0.8 5.0 
Sr-90 0.4 ± 0.3 < 0.5 0.6 ± 0.3 < 0.5 0.5 ± 0.3 < 0.5 1.0 

1-131 0.13 ± 0.16 < 0.27 0.06 ± 0.14 < 0.24 -0.06 ± 0.13 < 0.24 0.5 

K-40 1376 ± 116 1323 ± 70 1422 ± 115 
Cs-134 -3.4 ± 2.5 < 4.2 0.3 ± 1.2 < 2.5 -0.6 ± 1.9 < 4.0 5.0 
Cs-137 -0 .7 ± 2.2 < 2.8 0.4 ± 1.4 < 2.5 -0.8 ± 2.4 < 3.8 5.0 
Ba-La-140 1.2 ± 1.8 < 2.1 -2.2 ± 1.3 < 4.9 0.1 ± 1.8 < 3.7 5.0 

Other (Co-60) 1.9 ± 2.4 < 3.4 0.0 ± 1.5 < 2.6 0.2 ± 2.4 < 3.0 15.0 
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Table 3. Radioactivity in milk samples 

Collection: Monthly 

Sample Description and Concentration (pCi/L) 

E-11 Lambert Dairy Farm 

MDC MDC MDC Required 
Collection Date 07-08-20 08-12-20 09-09-20 LLD 

Lab Code EMI- 2322 EMI- 2846 EMI- 3222 

Sr-89 -0.2 ± 0.4 < 0.5 0.4 ± 0.6 < 0.7 0.1 ± 0.6 < 0.6 5.0 
Sr-90 0.7 ± 0.3 < 0.4 0.1 ± 0.2 < 0.5 0.6 ± 0.3 < 0.5 1.0 

1-131 -0.03 ± 0.13 < 0.24 0.12 ± 0.14 < 0.24 0.01 ± 0.13 < 0.24 0.5 

K-40 1353 ± 116 1538 ± 121 1344 ± 115 
Cs-134 1.5 ± 1.9 < 3.8 0.7 ± 1.7 < 3.5 0.3 ± 2.3 < 4.3 5.0 
Cs-137 -0.5 ± 2.4 < 2.0 -0.9 ± 2.3 < 3.7 0.7 ± 2.4 < 3.1 5.0 
Ba-La-140 -1 .1 ± 1.9 < 3.8 -2.1 ± 1.8 < 3.6 -2.0 ± 2.4 < 3.4 5.0 
Other (Co-60) -1.1 ± 2.7 < 3.2 -0.5 ± 2.6 < 2.3 1.9±2.5 < 3.7 15.0 

MDC MDC MDC Required 
Collection Date 10-14-20 11 -11 -20 12-09-20 LLD 

Lab Code EMI- 3758 EMI- 4239 EMI - 4557 

Sr-89 -0.5 ± 0.8 < 0.8 -0.2 ± 0.7 < 0.7 0.2 ± 0.9 < 0.8 5.0 
Sr-90 0.9 ± 0.3 < 0.5 0.7 ± 0.3 < 0.5 1.0 ± 0.4 < 0.6 1.0 

1-131 0.04 ± 0.23 < 0.49 0.19 ± 0.22 < 0.42 0.13 ± 0.19 < 0.36 0.5 

K-40 1347 ± 81 1349 ± 102 1273 ± 118 
Cs-134 -0.2 ± 1.5 < 3.2 -1 .0 ± 1.6 < 2.8 -1.1 ± 2.4 < 4.7 5.0 
Cs-137 -1 .8 ± 1.6 < 1.6 3.0 ± 2.2 < 3.9 0.0 ± 2.5 < 3.1 5.0 
Ba-La-140 -2.8 ± 1.7 < 4.2 0.5 ± 1.4 < 2.9 0.2 ± 2.1 < 3.0 5.0 
Other (Co-60) 1.3 ± 1.5 < 2.6 -0.4 ± 1.8 < 1.3 -0.6 ± 2.4 < 2.5 15.0 
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Table 3. Radioactivity in milk samples 

Collection: Monthly 

Sample Description and Concentration (pCi/L) 

E-21 Strutz Dairy Farm 

MDC MDC MDC Required 
Collection Date 01-08-20 02-12-20 03-11-20 LLD 

Lab Code EMI- 60 EMI- 360 EMI- 701 

Sr-89 -0.2 ± 0.5 < 0.5 -0.1 ± 0.6 < 0.7 -0.3 ± 0.6 < 0.7 5.0 
Sr-90 0.3 ± 0.3 < 0.5 0.3 ± 0.3 < 0.5 0.5 ± 0.3 < 0.6 1.0 

1-131 0.13 ± 0.21 < 0.39 -0.14 ± 0.18 < 0.40 0.05 ± 0.15 < 0.26 0.5 

K-40 1352 ± 92 1351 ± 119 1277 ± 115 
Cs-134 -0.5 ± 1.5 < 3.4 -0.1 ± 2.1 < 4.2 -1.5±2.0 < 4.0 5.0 
Cs-137 0.5 ± 1.8 < 3.2 -0.2 ± 2.4 < 2.7 2.0 ± 2.2 < 4.3 5.0 
Ba-La-140 0.4 ± 1.9 < 4.9 1.3±2.2 < 3.9 0.8 ± 1.9 < 1.4 5.0 
Other (Co-60) 0.8 ± 1.9 < 2.6 -1.1 ± 2.3 < 2.1 0.5 ± 2.5 < 4.4 15.0 

MDC MDC MDC 
Collection Date 04-08-20 05-13-20 06-10-20 LLD 

Lab Code EMI- 1030 EMI- 1471 EMI- 1954 

Sr-89 0.3 ± 0.6 < 0.7 -0.1 ± 0.6 < 0.7 -0.2 ± 0.7 < 0.8 5.0 
Sr-90 0.2 ± 0.3 < 0.5 0.3 ± 0.3 < 0.5 0.4 ± 0.3 < 0.5 1.0 

1-131 0.07 ± 0.14 < 0.24 0.05 ± 0.13 < 0.22 0.11 ±0.16 < 0.28 0.5 

K-40 1394 ± 110 1333 ± 70 1308 ± 119 
Cs-134 1.9 ± 1.9 < 3.5 0.8 ± 1.1 < 2.3 -6.5 ± 3.0 < 4.5 5.0 
Cs-137 -0.4 ± 1.8 < 2.5 -0.3 ± 1.2 < 1.9 -1.0 ± 2.9 < 3.3 5.0 
Ba-La-140 -0.9 ± 1.3 < 2.2 -9.4 ± 3.6 < 4.6 3.1 ± 2.4 < 3.9 5.0 
Other (Co-60) -1.4±2.4 < 1.8 0.7 ± 1.3 < 2.1 2.4 ± 2.5 < 3.2 15.0 
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Table 3. Radioactivity in milk samples 

Collection: Monthly 

Sample Description and Concentration (pCi/L) 

E-21 Strutz Dairy Farm 

MDC MDC MDC Required 
Collection Date 07-08-20 08-1 2-20 09-09-20 LLD 

Lab Code EMI- 2323 EMI- 2847 EMI- 3223 

Sr-89 0.2 ± 0.4 < 0.5 -0.4 ± 0.6 < 0.7 0.2 ± 0.6 < 0.7 5.0 
Sr-90 0.3 ± 0.3 < 0.4 0.4 ± 0.3 < 0.5 0.3 ± 0.3 < 0.5 1.0 

1-131 0.00±0.14 < 0.25 0.02±0.19 < 0.38 0.03 ± 0.23 < 0.49 0.5 

K-40 1371 ± 117 1370±110 1329 ± 115 
Cs-134 -18.4 ± 3.3 < 4.9 0.3 ± 1.9 < 3.4 -1.0 ± 2.2 < 4.0 5.0 
Cs-137 -0.9 ± 2.7 < 4.6 -1 .0±2.1 < 2.9 -0.2 ± 2.2 < 3.9 5.0 
Ba-La-140 -2.3 ± 2.8 < 3.7 1.5 ± 1.8 < 3.6 -2.0 ± 2.2 < 4.1 5.0 
Other (Co-60) 3.0 ± 3.0 < 4.7 0.1 ±2.4 < 3.7 -0.9 ± 2.4 < 2.7 15.0 

MDC MDC MDC Required 
Collection Date 10-14-20 11 -11 -20 12-09-20 LLD 

Lab Code EMI- 3759 EMI- 4240 EMI- 4558 

Sr-89 0.0 ± 0.7 < 0.8 -0.1 ± 0.6 < 0.7 -0.7 ± 0.7 < 0.8 5.0 
Sr-90 0.2 ± 0.3 < 0.6 0.6 ± 0.3 < 0.4 0.6 ± 0.3 < 0.5 1.0 

1-131 0.04 ± 0.12 < 0.22 -0.01 ± 0.16 < 0.29 -0.04 ± 0.14 < 0.26 0.5 

K-40 1418 ± 115 1458 ± 125 1485 ± 123 
Cs-134 -1.7 ± 1.9 < 3.9 0.2 ± 2.1 < 4.1 -1.2 ± 2. 5 < 4.6 5.0 
Cs-137 -1.8 ± 2.5 < 3.0 -1.4±2.5 < 3.1 0.9 ± 2.3 < 3.5 5.0 
Ba-La-140 -6.4 ± 2.3 < 4.7 -4.7±2.4 < 2.9 0.8 ± 2.0 < 3.7 5.0 
Other (Co-60) -1 .2±2.2 < 2.8 0.5 ± 2.1 < 3.1 -1.0 ± 2.3 < 2.3 15.0 
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Table 3. Radioactivity in milk samples 

Collection: Monthly 

Sample Description and Concentration (pCi/L) 

E-40 Barta 

MDC MDC 
Collection Date 01-08-20 02-12-20 

Lab Code EMI- 61 EMI- 361 

Sr-89 0.3 ± 0.5 < 0.5 0.1 ± 0.6 < 0.6 
Sr-90 0.2 ± 0.3 < 0.5 0.5 ± 0.3 < 0.5 

1-131 -0.08 ± 0.1 5 < 0.28 0.16 ± 0.16 < 0.27 

K-40 1440 ± 115 1383 ± 114 
Cs-134 -0.7 ± 2.0 < 3.7 -0.2 ± 2.2 < 3.7 
Cs-137 2.6 ± 2.1 < 3.9 2.3 ± 2.2 < 3.2 
Ba-La-140 0.4 ± 6.0 < 1.5 -2.2 ± 1.8 < 2.0 
Other (Co-60) 1.3 ± 2.2 < 3.6 -1.0±2.5 < 2.7 

MDC MDC 
Collection Date 04-08-20 05-13-20 

Lab Code EMI- 1031 EMI- 1472 

Sr-89 0.1 ± 0.6 < 0.6 0.5 ± 0.6 < 0.7 
Sr-90 0.4 ± 0.3 < 0.5 0.0 ± 0.3 < 0.5 

1-131 0.02 ± 0.16 < 0.28 0.03±0.13 < 0.23 

K-40 1543 ± 110 1500 ± 94 
Cs-134 -1 .6 ± 1.9 < 3.5 -0.2 ± 1.6 < 2.9 
Cs-137 0.0 ± 2.1 < 2.9 1.0 ± 1.8 < 2.6 
Ba-La-140 -2.5 ± 1.9 < 2.5 -0.7 ± 1.7 < 4.8 
Other (Co-60) 1.5±2.2 < 2.8 0.6 ± 1.9 < 2.9 
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03-11-20 

EMI- 702 

-0.1 ± 0.6 
0.5 ± 0.3 

0.11 ± 0.16 

1365 ± 108 
-0.4 ± 1.8 
-1 .3±2.2 
-0.3 ± 2.0 
-0.3 ± 2.3 

06-10-20 

EMI- 1955 

-0.2 ± 0.7 
0.4 ± 0.3 

0.02±0.15 

1411 ± 109 
0.7 ± 2.0 
0.4 ± 2.2 
0.1 ± 2.2 
1.7 ± 2.0 

MDC Required 
LLD 

< 0.6 5.0 
< 0.5 1.0 

< 0.28 0.5 

< 3.3 5.0 
< 3.1 5.0 
< 2.9 5.0 
< 1.8 15.0 

MDC 
LLD 

< 0.8 5.0 
< 0.5 1.0 

< 0.26 0.5 

< 3.7 5.0 
< 3.5 5.0 
< 2.9 5.0 
< 2.0 15.0 



POINT BEACH NUCLEAR PLANT 

Table 3. Radioactivity in milk samples 

Collection : Monthly 

Sample Description and Concentration (pCi/L) 

E-40 Barta 

MDC MDC MDC Required 
Collection Date 07-08-20 08-12-20 09-09-20 LLD 

Lab Code EMI- 2324 EMI- 2848 EMI- 3224 

Sr-89 0.1 ± 0.8 < 1.0 0.3 ± 0.9 < 0.9 0.0 ± 0.5 < 0.6 5.0 
Sr-90 0.4 ± 0.3 < 0.5 0.4 ± 0.3 < 0.4 0.3 ± 0.3 < 0.5 1.0 

1-131 -0.08 ± 0.13 < 0.25 0.15 ± 0.23 < 0.44 0.05 ± 0.24 < 0.50 0.5 

K-40 1513 ± 120 1451 ± 122 1466 ± 107 
Cs-134 -1.0 ± 2.2 < 4.3 0.0 ± 1.9 < 3.8 1.4 ± 1.9 < 3.5 5.0 
Cs-137 -1.2 ± 2.5 < 3.3 0.9±2.1 < 2.9 0.8 ± 2.0 < 2.7 5.0 
Ba-La-140 1.2±2.9 < 3.6 0.3 ± 2.0 < 4.0 1.0 ± 1.9 < 4.1 5.0 
Other (Co-60) 0.2 ± 2.7 < 3.1 1.1 ± 2.7 < 4.6 0.4 ± 2.2 < 3.7 15.0 

MDC MDC MDC Required 
Collection Date 10-14-20 11 -11-20 12-09-20 LLD 

Lab Code EMI - 3760 EMI- 4241 EMI- 4559 

Sr-89 -0.2 ± 0.7 < 0.7 -0.2 ± 0.6 < 0.7 -0.3 ± 1.0 < 0.9 5.0 
Sr-90 0.3 ± 0.3 < 0.5 0.4 ± 0.3 < 0.5 0.9 ± 0.4 < 0.7 1.0 

1-131 0.07 ± 0.14 < 0.24 0.00 ± 0.15 < 0.27 -0.20 ± 0.15 < 0.28 0.5 

K-40 1481 ± 11 7 1422 ± 114 1426 ± 90 
Cs-134 -1 .1 ± 2.1 < 3.1 0.1 ± 2.1 < 4.0 -0.4 ± 1.6 < 2.8 5.0 
Cs-137 1.5 ± 2.2 < 3.5 0.4 ± 2.2 < 3.2 1.4±1.9 < 3.4 5.0 
Ba-La-140 -2.5 ± 6.4 < 3.6 0.5 ± 1.9 < 2.0 -0.3 ± 1.3 < 2.1 5.0 
Other (Co-60) 0.7 ± 2.5 < 2.7 0.1 ± 2.4 < 2.9 -0.9 ± 1.7 < 2.2 15.0 

Sr-89 Annual Mean + s.d. 0.0 ± 0.3 
Sr-90 Annual Mean + s.d. 0.4 ± 0.2 
1-131 Annual Mean+ s.d. 0.03 ± 0.09 
K-40 Annual Mean+ s.d. 1394 ± 76 

Cs-134 Annual Mean+ s.d. -1.1 ± 3.3 
Cs-137 Annual Mean+ s.d. 0.0 ± 1.4 
Ba-La Annual Mean + s.d. -0.7 ± 2.5 
Co-60 Annual Mean + s.d. 0.3±1 .2 
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Table 4. Radioactivity in Well Water Samples, E-10 
Collection : Quarterly 
Units: pCi/L 

1st Qtr. 2nd Qtr. 3rd Qtr. 4th Qtr. Req . 
LLD 

Collection Date 01-20-20 04-08-20 07-22-20 10-13-20 

Lab Code EWW- 137 EWW- 1059 EWW- 2550 EWW- 3757 

Gross Beta 1.6 ± 1.1 0.7 ± 1.0 2.3 ± 1.2 1.2 ± 1.0 4.0 1.5±0.6 

H-3 19 ± 75 -23 ± 72 37 ± 78 18 ± 74 500 12.8 ± 25.3 

Sr-89 -0.3 ± 0.4 0.3 ± 0.3 0.1 ± 0.5 0.2 ± 0.5 5.0 0.1 ± 0.2 
Sr-90 0.0 ± 0.2 -0.3 ± 0.2 -0.1 ± 0.2 0.0 ± 0.2 1.0 -0.1 ± 0.1 

1-131 -0.13 ± 0.18 0.04 ± 0.16 -0.07 ± 0.23 0.20 ± 0.24 0.5 0.01 ± 0.15 

Mn-54 1.4 ± 1.8 0.4 ± 1.4 -1.0 ± 2.3 -0.1 ± 3.0 10 0.2±1.0 
Fe-59 4.3 ± 3.7 1.2±2.1 -1.3 ± 4.3 1.6 ± 4.8 30 1.4±2.3 
Co-58 0.2 ± 1.9 -1 .2 ± 1.1 1.7 ± 2.0 0.0 ± 2.5 10 0.2±1.2 
Co-60 -0.4 ± 2.3 1.0 ± 1.4 -0.5 ± 2.2 0.3 ± 2.8 10 0.1 ±0.7 
Zn-65 -2.8 ± 4.2 -0.4 ± 3.0 3.7 ± 4.1 -13.2 ± 8.1 30 -3.2 ± 7.2 
Zr-Nb-95 -8 .1 ± 2.8 -2.4 ± 1.7 -4.2 ± 2.4 -3.4 ± 3.5 15 -4.5 ± 2.5 
Cs-134 -1 .8 ±2.0 0.1 ± 1.2 -0.1 ± 1.9 -2.6 ± 3.2 10 -1.1 ± 1.3 
Cs-137 -0.7 ± 2.0 -1 .1 ± 1.4 -3.1 ± 2.1 -0.3 ± 2.8 10 -1.3 ± 1.2 
Ba-La-140 0.7 ± 2.5 -0.1 ± 1.9 -2 .0 ± 2.4 -0.8 ± 3.5 15 -0.5 ± 1.1 
Other (Ru-103) -1 .2 ± 1.7 0.0 ± 1.2 -0.9 ± 1.9 -0.1 ± 2.9 30 -0.6 ± 0.6 

MDC Data 

Collection Date 01 -20-20 04-08-20 07-22-20 10-1 3-20 

Lab Code EWW- 137 EWW- 1059 EWW- 2550 EWW- 3757 

Gross Beta < 2.0 < 1.9 < 2.0 < 1.8 4.0 < 1.9 

H-3 < 156 < 158 < 159 < 157 500 < 157.5 

Sr-89 < 0.6 < 0.5 < 0.7 < 0.8 5.0 < 0.6 
Sr-90 < 0.5 < 0.5 < 0.5 < 0.5 1.0 < 0.5 

1-131 < 0.34 < 0.29 < 0.48 < 0.46 0.5 < 0.39 

Mn-54 < 3.6 < 2.4 < 2.1 < 3.6 10 < 2.9 
Fe-59 < 6.9 < 3.7 < 6.5 < 5.7 30 < 5.7 
Co-58 < 2.7 < 0.9 < 3.2 < 4.6 10 < 2.9 
Co-60 < 2.3 < 2.1 < 2.2 < 4.4 10 < 2.7 
Zn-65 < 6.9 < 5.3 < 4.5 < 12 .3 30 < 7.3 
Zr-Nb-95 < 5.3 < 2.1 < 3.3 < 4.8 15 < 3.9 
Cs-134 < 3.9 < 2.7 < 3.6 < 5.6 10 < 4.0 
Cs-137 < 3.5 < 2.1 < 2.4 < 4.7 10 < 3.2 
Ba-La-140 < 4.7 < 2.9 < 3.9 < 2.6 15 < 3.5 
Other (Ru-103) < 2.5 < 2.2 < 4.4 < 5.5 30 < 3.6 

4-1 



POINT BEACH 

Table 5. Lake water, analyses for gross beta, iodine-131 and gamma emitting isotopes. 
Location: E-01 (Meteorological Tower) 
Collection: Monthly composites Units: pCi/L 

Lab Code 
Date Collected 

Gross beta 

1-131 

Be-7 
Mn-54 
Fe-59 
Co-58 

Co-60 

Zn-65 

Zr-Nb-95 

Cs-134 

Cs-137 

Ba-La-140 
Other (Ru-103) 

Lab Code 
Date Collected 

Gross beta 

1-131 

Be-7 

Mn-54 

Fe-59 

Co-58 

Co-60 

Zn-65 

Zr-Nb-95 

Cs-134 

Cs-137 

Ba-La-140 

Other (Ru-103) 

Lab Code 

Date Collected 

Gross beta 

1-131 

Be-7 
Mn-54 

Fe-59 

Co-58 

Co-60 
Zn-65 

Zr-Nb-95 
Cs-134 

Cs-137 
Ba-La-140 

Other (Ru-103) 

ELW- 62 
01-08-20 

1.9 ± 0.6 

-0.04 ± 0.18 

-11.6 ± 8.7 
-0.7 ± 1.1 

-1 .9 ± 2.4 
0.2 ± 1.2 

-0.2 ± 1.4 

1.0 ± 2.2 

-0.7 ± 1.2 

0.1 ± 1.0 
1.8 ± 1.3 

-1.0 ± 1.7 
-0.5 ± 1.0 

ELW- 1457 
05-12-20 

1.3 ± 0.6 

0.09 ± 0.22 

-3.1 ± 11.6 

-1 .2 ± 1.1 

1.4 ± 2.6 

-0.2 ± 1.2 

-0.9 ± 1.3 

-1 .6 ± 2.8 

-0.3 ± 1.2 

0.0 ± 1.0 

-0.3 ±1.5 
-5.6 ± 1.7 

-0.2 ± 1.0 

ELW- 3219 

09-08-20 

1.1 ± 0.6 

0.01 ± 0.18 

4.3 ± 16.6 

0.1 ± 1.5 

1.2 ± 3.0 
-0.5 ± 1.8 

-0.2 ± 1.6 

0.3 ± 3.6 
0.7 ± 1.7 

0.1 ± 1.8 

0.1 ± 1.7 
-1.5 ± 1.9 

-2.5 ± 1.9 

MDC 

< 0.9 

< 0.33 

< 12.5 
< 1.9 
< 3.4 
< 2.5 

< 2.2 

< 3.7 

< 2.2 

< 2.2 

< 2.3 

< 4.1 
< 2.2 

< 0.9 

< 0.42 

< 30.7 

< 1.4 

< 2.8 

< 1.6 

< 1.3 
< 3.7 

< 3 .1 

< 2.3 

< 1.5 
< 5.7 

< 2.3 

< 0.9 

< 0.33 

< 42.5 
< 2.7 

< 5.5 

< 2.8 

< 1.3 
< 3.2 

< 3.9 
< 3.7 

< 2.8 
< 5.7 
< 4.8 

ELW- 355 
02-12-20 

MDC 

4.4 ± 0.8 < 0.9 

-0.11 ± 0.18 < 0.34 

2.9 ± 12.3 < 27.4 
-0.3 ± 1.6 < 2.1 

2.3 ± 3.4 < 6.5 
1.7 ± 1.7 < 3.5 

-0.6 ± 1.7 < 2.0 

0.4 ± 3.8 < 6.6 

-2.1 ± 1.9 < 3.1 

-0.5 ± 1.6 < 3.1 

-1 .9 ± 2.0 < 2.3 

-3.9 ± 2.0 < 3.6 
0.3 ± 1.6 < 3.0 

ELW- 1959 
06-09-20 

1.3 ± 0.6 

-0.08 ± 0.14 

-19.3 ± 20.6 

0.3 ± 2.2 

0.7 ± 4.0 

-2.7 ± 2.2 

0.8 ± 2.6 

-1.9±4.9 

-3.7 ± 2.5 
-1 .3 ± 2.7 

0.7 ± 2.4 

0.8 ± 2.3 

-1 .8 ± 2.2 

ELW- 3754 

10-13-20 

0.7 ± 0.5 

-0.01 ± 0.20 

15.9 ± 13.2 
-1.2 ± 1.7 

-1.1 ± 2.5 

0.9 ± 1.8 

0.3 ± 1.8 
-2.4 ± 3.6 
-3.1 ± 1.7 

-0.7 ± 1.8 

-0.2 ± 1.9 

0.5 ± 2.1 

-2.1 ± 1.5 

< 0.9 

< 0.26 

< 27.2 
< 3.4 

< 6.3 

< 1.4 

< 2.3 

< 6.6 
< 3.9 

< 4.5 
< 3.1 

< 5.4 

< 3.1 

< 0.9 

< 0.40 

< 41.0 
< 2.2 

< 4.2 

< 2.5 
< 2.3 

< 4.2 
< 3.4 

< 3.3 

< 1.9 

< 5.4 
< 3.9 

5-1 

ELW- 734 
03-11-20 

1.2 ± 0.6 

-0.10 ± 0.17 

9.9 ± 10.2 
0.1 ± 1.4 

-0.6 ± 2.5 
0.5 ± 1.2 

0.6 ± 1.4 
-1.1 ± 2.7 

-3.4 ± 1.6 

-0.6 ± 1.1 

1.5 ± 1.7 

-1 .1 ± 1.4 
-0.4 ± 1.2 

ELW- 2288 
07-07-20 

0.7 ± 0.5 

0.12 ± 0.17 

-5.3 ± 14.8 

-0.3 ± 1.9 

0.4 ± 2.9 
-2.1 ± 2.0 

0.6 ± 1.9 

0.8 ± 3.5 
-0.7 ± 1.9 

0.6 ± 1.8 

0.2 ± 2.3 

-3.4 ± 1.7 

-1.4 ± 1.9 

ELW- 4242 

11-11-20 

1.7 ± 0.6 

0.02 ± 0.14 

25.6 ± 19.1 

0.1 ± 1.8 

3.9 ± 3.5 
-0.3 ± 1.8 

-0.4 ± 1.8 

3.3 ± 3.4 

-1.0 ± 1.9 
-1.5 ± 1.9 

0.5 ± 2.4 

-1.8 ± 2.1 

1.2 ± 2.4 

MDC 

< 0.9 

< 0.36 

< 24.6 
< 2.1 

< 4.5 
< 2.2 
< 1.9 

< 2.5 
< 2.2 

< 2.4 

< 3.0 

< 1.7 
< 2.2 

< 0.9 

< 0.30 

< 23.5 
< 2.1 

< 3.1 

< 2.6 

< 3.0 

< 4.7 

< 2.0 

< 3.4 
< 3.2 

< 3.6 

< 2.3 

< 0.9 

< 0.24 

< 53.2 

< 2.5 

< 3.9 

< 3.7 
< 1.9 
< 1.9 

< 4.8 

< 3.8 

< 3.7 

< 7.5 
< 6.5 

ELW- 1055 
04-08-20 

1.9 ± 0.6 

0.17 ± 0.23 

8.1 ± 12.3 
0.2 ± 1.7 

-1.5 ± 2.7 
1.0 ± 1.4 

0.6 ± 1.8 
-2.0 ± 3.7 

-11.4 ± 2.2 

-0.3 ± 1.3 

-0.1 ± 1.6 

2.4 ± 1.9 
-1.2 ± 1.5 

ELW- 2826 
08-11-20 

1.4 ± 0 .6 

0.10 ± 0 .12 

-13.1 ± 16.7 

0.6 ± 1.8 
-7 .5 ± 4.5 

-0.3 ± 1.9 

-0.2 ± 2.1 

-3.5 ± 3.8 

-2.5 ± 2.0 

1.3 ± 1.9 

0.5 ± 2.1 

-4.9 ± 2.3 

-1.7 ± 1.8 

ELW- 4560 

12-09-20 

0.5 ± 0.5 

-0.15 ± 0.13 

22.4 ± 17.9 
-0.2 ± 1.7 

1.3 ± 3.7 
-1 .1 ± 1.8 

-1.3 ± 1.7 

0.4 ± 4.0 
-1 .9 ±2.0 

0.3 ± 1.9 

-0.6 ± 2.1 

0.4 ± 1.5 
-0.6 ± 2.2 

MDC 

< 0.9 

< 0.44 

< 25.9 
< 2.8 
< 3.2 
< 2.9 

< 2.4 

< 6.4 
< 4.7 

< 2.9 

< 2.4 

< 6.2 
< 3.2 

< 0.9 

< 0.20 

< 37 .7 

< 2.0 
< 4.0 

< 3.8 

< 2.3 

< 3.1 

< 4.9 

< 3.9 
< 4.1 

< 5.2 

< 3.0 

< 0.9 

< 0.25 

< 33.9 

< 3.1 

< 6.8 

< 3.0 
< 2.1 

< 4.7 

< 5.2 

< 4.2 
< 3.7 

< 6.5 

< 5.0 

Req. LLD 

4.0 

0.5 

10 

30 
10 

10 
30 

15 

10 

10 

15 
30 

Req. LLD 

4.0 

0.5 

10 

30 

10 
10 
30 
15 

10 

10 

15 

30 

Req . LLD 

4.0 

0.5 

10 

30 

10 

10 

30 
15 

10 

10 

15 

30 
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Table 5. Lake water, analyses for gross beta, iodine-131 and gamma emitting isotopes. 
Location: E-05 (Two Creeks Park) 
Collection: Monthly composites Units: pCi/L 

Lab Code 
Date Collected 

Gross beta 

1-131 

Be-7 
Mn-54 
Fe-59 
Co-58 

Co-60 
Zn-65 
Zr-Nb-95 
Cs-134 
Cs-137 
Ba-La-140 
Other (Ru-103) 

Lab Code 
Date Collected 

Gross beta 

1-131 

Be-7 
Mn-54 
Fe-59 
Co-58 
Co-60 
Zn-65 
Zr-Nb-95 
Cs-134 
Cs-137 
Ba-La-140 
Other (Ru-103) 

Lab Code 

Date Collected 

Gross beta 

1-131 

Be-7 
Mn-54 
Fe-59 
Co-58 
Co-60 
Zn-65 
Zr-Nb-95 
Cs-134 
Cs-137 
Ba-La-140 
Other (Ru-103) 

ELW- 134 
01-15-20 

1.3 ± 0.5 

-0.17 ± 0.16 

18.0 ± 21.0 
2.6 ± 2.2 
4.4 ± 4.5 

-0.2 ± 2.0 

-0.2 ± 2.4 
-3.5 ± 4.5 
-6.9 ± 2.9 
-4.2 ± 2.6 
0.3 ± 2.6 

-0.7 ± 2.4 

-0.3 ± 2.4 

ELW- 1458 
05-12-20 

0.8 ± 0.5 

0.15 ± 0.18 

-11.2 ± 13.4 
-0.4 ± 1.8 
-2.2 ± 3.5 
2.3 ± 1.4 

-1.1 ± 1.7 
1.7 ± 3.8 

-0.5 ± 1.8 
0.2 ± 1.4 

-1.5 ± 1.9 
-6.7 ± 6.0 
-0.3 ± 1.5 

ELW 3220 

09-08-20 

0.6 ± 0.6 

-0.10 ± 0.22 

1.0 ± 14.5 
0.3 ± 1.4 
1.9 ± 3.5 
1.6 ± 1.8 
0.1 ± 2.1 

-0.7 ± 3.4 
-1.7 ± 1.5 
-0.1 ± 1.8 
0.0 ± 1.9 

-3.3 ± 2.0 
-0.8 ± 1.7 

MDC 

< 0.9 

< 0.31 

< 43.8 
< 3.3 
< 8.0 
< 2.0 

< 2.1 
< 4.6 
< 2.8 
< 4.0 
< 3.3 
< 3.5 
< 2.8 

< 0.8 

< 0.32 

< 28.7 
< 4.3 
< 6.1 
< 3.0 
< 1.9 
< 5.1 
< 4.9 
< 2.8 
< 2.8 
< 11.4 
< 2.8 

< 1.0 

< 0.46 

< 31.6 
< 3.2 
< 7.3 
< 3.8 
< 3.2 
< 3.9 
< 2.5 
< 4.0 
< 2.8 
< 8.7 
< 3.9 

ELW- 356 
02-12-20 

4.1 ± 0.7 

-0.21 ± 0.17 

2.4 ± 9.9 
0.8 ± 1.3 

-0.2 ± 2.1 
-0.3 ± 1.1 

0.1 ± 1.6 
0.2 ± 2.7 

-3.9 ± 1.6 
0.5 ± 1.1 
1.3 ± 1.5 

-1.0 ± 1.2 
-0.3 ± 1.3 

ELW- 1960 
06-09-20 

1.3 ± 0.5 

-0.01 ± 0.13 

6.3 ± 14.6 
0.7±1.6 

-4.7 ± 4.0 
-0.1 ± 1.8 
-0.9 ± 2.3 
0.8 ± 4.4 

-0.2 ± 1.9 
0.7 ± 1.7 

-0.2 ± 1.7 
-0.2 ± 1.5 
-1.1 ± 1.9 

ELW- 3755 

10-13-20 

0.3 ± 0.5 

-0.02 ± 0.20 

-26.2 ± 16.7 
0.5 ± 1.9 
1.7 ± 3.4 
0.3 ± 1.9 

-1.2 ± 2.2 
-1.1 ± 5.0 
-0.3 ± 2.1 
-2.4 ± 2.2 
-0.9 ± 2.5 
-2.9 ± 2.3 
-0.8 ± 2.1 

MDC 

< 0.8 

< 0.33 

< 28.3 
< 2.0 
< 3.8 
< 0.9 

< 1.3 
< 4.3 
< 3.2 
< 2.3 
< 2.4 
< 3.6 
< 3.0 

< 0.8 

< 0.24 

< 33.0 
< 3.4 
< 5.4 
< 2.8 
< 2.7 
< 3.7 
< 2.6 
< 3.4 
< 2.4 
< 5.5 
< 3.3 

< 0.9 

< 0.40 

< 25.4 
< 2.7 
< 2.7 
< 4.6 
< 2.8 
< 7.1 
< 5.3 
< 3.9 
< 3.3 
< 9.7 
< 4.8 

5-2 

ELW- 735 
03-11-20 

1.9 ± 0.6 

0.08 ± 0.19 

1.4 ± 16.5 
-0.2 ± 1.7 
1.0 ± 4.1 
0.2 ± 1.8 

-0.9 ± 2.2 
-4.3 ± 4.5 
-2.0 ± 2.0 
0.0 ± 1.9 
1.8 ± 2.0 

-2.0 ± 2.1 
-0.7 ± 1.8 

ELW- 2289 
07-07-20 

0.9 ± 0.5 

0.12 ± 0.18 

-6.6 ± 9.7 
0.8 ± 1.3 

-0.5 ± 2.4 
-0.4 ± 1.1 
1.2 ± 1.1 
0.4 ± 2.6 

-0.7 ± 1.2 
-0.8 ± 1.1 
0.3 ± 1.2 

-0.1 ± 1.4 

0.7 ± 1.2 

ELW- 4243 

11-11-20 

1.7 ± 0.6 

0.00 ±0.13 

-4.1 ± 17.6 
-0.1 ± 1.6 
-0.4 ± 3.8 
1.0 ± 1.7 

-0.6 ± 1.7 
-0.7 ± 3.3 
-2.6 ± 2.8 
-0.6 ± 1.8 
-0.4 ± 1.9 

-15.1 ± 6.6 
0.2 ± 1.9 

MDC 

< 0.9 

< 0.37 

< 34.2 
< 2.8 
< 7.4 
< 3.1 

< 2.1 
< 3.2 
< 3.1 
< 3.4 
< 3.3 
< 2.4 
< 3.2 

< 0.8 

< 0.31 

< 13.2 
< 2.2 
< 3.4 
< 1.4 
< 1.4 
< 2.2 
< 1.3 
< 2.4 
< 2.1 
< 1.6 
< 2.3 

< 0.9 

< 0.23 

< 29.3 
< 2.7 
< 7.5 
< 3.7 
< 1.0 
< 4.1 
< 4.5 
< 3.4 
< 3.0 
< 6.7 
< 4.3 

ELW- 1056 
04-08-20 

1.1 ± 0.5 

-0.04 ± 0.18 

-7.8 ± 17.6 
0.0 ± 2.1 

-2.1±4.1 
0.1 ± 2.1 

-1.5 ± 2.0 
-5.9 ± 5.0 
1.8 ± 1.9 
1.2 ± 1.9 
0.4 ± 2.0 
1.8 ± 2.1 
1.3 ± 1.9 

ELW- 2827 
08-11-20 

0.9 ± 0.5 

0.08 ± 0.12 

-5.8 ± 18.7 
-0.2 ± 2.6 
0.3 ± 4.3 
0.3 ± 2.1 
1.6 ± 2.2 

-12.2 ± 6.0 
-3.1 ± 2.8 
-9.9 ± 2.9 
-1.8 ± 2.5 
-3.7 ± 3.3 
-1.0 ± 2.4 

ELW- 4561 

12-09-20 

1.1 ± 0.5 

0.15 ± 0.19 

-1.7 ± 12.4 
0.6 ± 1.8 
1.2 ± 2.9 

-0.8 ± 1.6 
-1.5 ± 1.9 
-3.7 ± 3.6 
-1.7 ± 1.5 
-1.5 ± 1.6 
0.3 ± 1.9 

-1.0 ± 1.9 
-1.5 ± 1.7 

MDC 

< 0.9 

< 0.33 

< 40.8 
< 3.7 
< 5.7 
< 4.1 

< 1.7 
< 3.9 
< 4.1 
< 3.7 
< 2.3 
< 4.8 
< 4.1 

< 0.9 

< 0.20 

< 36.6 
< 3.2 
< 8.9 
< 4.6 
< 2.7 
< 6.1 
< 5.1 
< 4.6 
< 2.3 
< 8.5 
< 4.5 

< 0.9 

< 0.36 

< 27.0 
< 3.3 
< 4.2 
< 2.3 
< 2.3 
< 3.0 
< 2.0 
< 2.8 
< 2.2 
< 9.1 
< 3.0 

Req. LLD 

4.0 

0.5 

10 
30 
10 

10 
30 
15 
10 
10 
15 
30 

Req. LLD 

4.0 

0.5 

10 
30 
10 
10 
30 
15 
10 
10 
15 
30 

Req. LLD 

4.0 

0.5 

10 
30 
10 
10 
30 
15 
10 
10 
15 
30 
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Table 5. Lake water, analyses for gross beta, iodine-131 and gamma emitting isotopes. 
Location: E-06 (Coast Guard Station) 
Collection: Monthly composites Units: pCi/L 

Lab Code 
Date Collected 

Gross beta 

1-131 

Be-7 
Mn-54 
Fe-59 
Co-58 
Co-60 
Zn-65 
Zr-Nb-95 
Cs-134 
Cs-137 
Ba-La-140 
Other (Ru-103) 

Lab Code 
Date Collected 

Gross beta 

1-131 

Be-7 
Mn-54 
Fe-59 
Co-58 
Co-60 
Zn-65 
Zr-Nb-95 
Cs-134 
Cs-137 
Ba-La-140 
Other (Ru-103) 

Lab Code 
Date Collected 

Gross beta 

1-131 

Be-7 

ELW- 135 
01-16-20 

1.1 ± 0.5 

0.09±0.17 

-4.1 ± 12.8 

MDC 

< 0.9 

< 0.30 

< 23.3 
0.3 ± 1.6 < 2.2 

-1.8 ± 2.9 < 2.8 
0.5 ± 1.5 < 2.8 
0.1 ± 2.0 < 2.8 

-1.5 ± 3.6 < 4.6 
-1.8 ± 1.8 < 3.0 
0.6 ± 1.6 < 3.1 

-0.5 ± 2.0 < 3.4 
-4.3 ± 2.1 < 2.2 
-0.4 ± 1.5 < 3.4 

ELW- 1459 
05-12-20 

0.3 ± 0.5 < 0.9 

0.10 ± 0.20 < 0.36 

8.1 ± 13.7 < 35.7 
-1.2 ± 1.7 < 2.0 
1.2 ± 2.8 < 6.7 

-1.6 ± 1.6 < 2.3 
-0.9 ± 1.8 < 2.6 
-2.0 ± 3.8 < 5.5 
0.3 ± 1.8 < 4.3 
0.9 ± 1.5 < 3.0 
0.6 ± 1.8 < 2.7 

-4.3 ± 2.0 < 10.7 
-1.0 ± 1.5 < 3.1 

ELW- 3221 
09-08-20 

0.9 ± 0.5 < 0.9 

0.00 ± 0.24 < 0.48 

-4.5 ± 12.5 
Mn-54 -0.1 ± 1.5 

< 36.5 
< 2.8 
< 3.4 
< 2.1 
< 1.9 
< 3.3 
< 3.3 
< 3.0 
< 3.3 
< 3.1 

Fe-59 -0.6 ± 2.2 
Co-58 -0.4 ± 1.4 
Co-60 0.9 ± 1.4 
Zn-65 0.5 ± 2.3 
Zr-Nb-95 1.2 ± 1.6 
Cs-134 -0.4 ± 1.5 
Cs-137 1.0 ± 1.5 
Ba-La-140 -0.7 ± 1.5 
Other (Ru-103) -1.4 ± 1.4 < 3.2 

ELW- 357 
02-12-20 

4.1 ± 0.8 

0.01 ±0.19 

-3.3 ± 11.2 
0.8 ± 1.2 

-0.3 ± 2.3 
-0.5 ± 1.3 
-0.2 ± 1.7 
-0.6 ± 2.7 
-0.9 ± 1.5 
0.6 ± 1.2 
0.1 ± 1.6 

-1.8 ± 1.3 
-1.2 ± 1.1 

ELW- 1961 
06-09-20 

1.2 ± 0.5 

-0.09 ± 0.18 

-5.7±11.3 

MDC 

< 0.9 

< 0.35 

< 23.5 
< 1.7 
< 5.0 
< 1.8 
< 1.7 
< 4.0 
< 3.2 
< 2.4 
< 2.3 
< 4.1 
< 1.9 

< 0.9 

< 0.38 

< 25.9 
-0.6 ± 1.4 < 2.5 
-1.4 ± 2.7 < 5.4 
0.2 ± 1.4 < 2.6 

-0.7 ± 1.8 < 1.8 
-0.6 ± 3.5 < 6.3 
-3.6 ± 1.8 < 3.7 
-0.9 ± 1.3 < 2.9 
0.5 ± 1.5 < 2.4 
0.6 ± 1.8 < 3.8 

-0.8 ± 1.2 < 1.7 

ELW- 3756 
10-13-20 

1.5 ± 0.6 < 0.9 

-0.03 ± 0.18 < 0.37 

-21.1 ± 19.0 
-0.1 ± 1.9 
-4 .9 ± 3.2 
0.5 ± 1.8 
-0.9 ± 1.9 
-0.4 ± 4.0 
-1.9±2.1 
-1.1 ± 1.8 
-0.8 ± 2.0 
2.9 ± 1.7 

-2.6 ± 2.4 

< 33.2 
< 3.3 
< 3.4 
< 1.6 
< 1.6 
< 5.8 
< 3.9 
< 3.5 
< 2.5 
< 6.8 
< 4.7 

5-3 

ELW- 736 
03-11-20 

1.8 ± 0.6 

-0.04 ± 0.15 

-3 .8 ± 11 .2 
-0.3 ± 1.1 
3.4 ± 2.4 
0.1 ± 1.2 

-1.2 ± 1.4 
0.8 ± 2.5 

-0.9 ± 1.3 
-0.2 ± 1.0 
0.3 ± 1.3 

-4.0 ± 1.9 
0.1 ± 1.1 

ELW- 2290 
07-07-20 

0.8 ± 0.5 

-0.06 ± 0.16 

-11.6 ± 12.6 
0.4 ± 1.8 

-2.4 ± 3.1 
1.0 ± 1.6 
0.6 ± 2.0 
3.2 ± 3.8 

-0.6 ± 1.9 
0.2 ± 1.7 

-0.9 ± 2.1 
1.0 ± 2.4 

-0.3 ± 1.5 

ELW- 4244 
11 -1 1-20 

0.9 ± 0.5 

0.02 ± 0.13 

-10.4 ± 18.4 
1.4 ± 1.8 

-3.7 ± 3.2 
-0.3 ± 1.7 
0.6 ± 1.9 

-4.1 ± 4.1 
-0.5 ± 2.0 
-4.5 ± 2.1 
2.0 ± 2.1 

-3.0 ± 1.8 
1.5 ± 1.8 

MDC 

< 0.9 

< 0.28 

< 16.1 
< 0.9 
< 5.0 
< 2.1 
< 1.3 
< 3.8 
< 2.7 
< 2.2 
< 2.3 
< 1.7 
< 2.3 

< 0.9 

< 0.29 

< 19.0 
< 3.2 
< 5.7 
< 3.0 
< 2.3 
< 5.1 
< 2.4 
< 3.2 
< 2.3 
< 3.4 
< 3.0 

< 0.9 

< 0.24 

< 37.7 
< 3.4 
< 4.8 
< 1.6 
< 2.6 
< 4.8 
< 5.0 
< 3.4 
< 3.6 
< 9.2 
< 5.1 

ELW- 1057 
04-08-20 

1.8 ± 0.6 

0.13 ± 0.17 

-10.9 ± 18.9 
-0.5 ± 1.9 
-0.8 ± 3.3 
1.5 ± 1.8 

-0.2 ± 2.2 
-2 .2 ± 4.2 
-3.2 ± 2.1 
-1.9 ±2.3 
-1.1 ± 2.2 

-12.7 ± 8.0 
1.5 ± 2.1 

ELW- 2828 
08-11-20 

1.6 ± 0.7 

0.03 ± 0.10 

6.3 ± 15.4 
-0.4 ± 1.9 
2.3 ± 3.7 

-0.4 ± 1.7 
1.2 ± 2.1 

-1.7 ± 3.8 
-3.0 ± 2.4 
-1.2 ± 2.0 
1.2 ± 1.7 

-5.8 ± 6.8 
-1.1 ± 1.7 

ELW- 4562 
12-09-20 

1.2 ± 0.6 

0.14 ± 0.19 

-8.7 ± 13.9 
0.3 ± 1.8 

-1.5 ±3.4 
-1.3 ± 1.8 
-1.4 ± 1.7 
-0.7 ± 3.3 
-3.3 ± 2.1 
0.0 ± 1.7 

-0.1 ± 1.9 
-2.5 ± 1.9 
0.4 ± 1.8 

MDC 

< 0.9 

< 0.29 

< 29.8 
< 2.9 
< 6.6 
< 2.8 
< 3.0 
< 4.3 
< 2.9 
< 3.6 
< 2.1 
< 5.4 
< 3.5 

< 1.0 

< 0.18 

< 38.4 
< 3.5 
< 7.3 
< 2.7 
< 2.0 
< 5.9 
< 5.7 
< 3.8 
< 2.7 
< 10.5 
< 3.4 

< 1.0 

< 0.36 

< 35.6 
< 3.7 
< 4.7 
< 1.7 
< 2.0 
< 6.6 
< 3.2 
< 3.3 
< 2.4 
< 8.3 
< 4.4 

Req. LLD 

4.0 

0.5 

10 
30 
10 
10 
30 
15 
10 
10 
15 
30 

Req. LLD 

4.0 

0.5 

10 
30 
10 
10 
30 
15 
10 
10 
15 
30 

Req. LLD 

4.0 

0.5 

10 
30 
10 
10 
30 
15 
10 
10 
15 
30 
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Table 5. Lake water, analyses for gross beta, iodine-131 and gamma emitting isotopes. 
Location: E-33 (Kewaunee) 
Collection: Monthly composites 

Lab Code 
Date Collected 

Gross beta 

1-131 

Be-7 
Mn-54 
Fe-59 
Co-58 
Co-60 
Zn-65 
Zr-Nb-95 
Cs-134 
Cs-137 
Ba-La-140 
Other (Ru-103) 

Lab Code 
Date Collected 

Gross beta 

1-131 

Be-7 
Mn-54 
Fe-59 
Co-58 
Co-60 
Zn-65 
Zr-Nb-95 
Cs-134 
Cs-137 
Ba-La-140 
Other (Ru-103) 

Annual 
Annual 

ELW- 136 
01-15-20 

1.4±0.5 

0.19±0.20 

0.2 ± 9.0 
0.7 ± 1.2 

-1 .8±2.4 
0.3 ± 1.1 
0.6±1 .0 
1.3 ± 1.8 

-1.0 ± 1.1 
0.2 ± 1.0 
0.8 ± 1.3 

-0.2 ± 1.5 
0.2 ± 1.0 

ELW- 1460 
05-12-20 

1.0±0.5 

-0 .12 ± 0.17 

-5.9 ± 16.7 
0.3 ± 1.8 

-2.0 ± 4.3 
-0.5 ± 1.7 
1.1 ± 2.1 

-5.9 ± 4.5 
-1.7±3.2 
1.1 ± 1.7 
1.4±2.0 

-11 .6 ± 2.2 
0.0 ± 2.1 

All locations Mean ± s.d. 
GroSB Beta 1.6 :t 1.0 

1-131 0.01 :t 0.10 
Be-7 -2.0 :t 10.8 

Mn-M 0.1 :t 0.8 
Fe-69 -0.6 :t 2.6 

MDC 

< 0.8 

< 0.34 

< 20.5 
< 1.8 
< 2.6 
< 1.8 
< 1.4 
< 2.6 
< 1.5 
< 2.1 
< 2.1 
< 4.1 
< 2.1 

< 0.8 

< 0.31 

< 41.8 
< 4.3 
< 6.0 
< 2.8 
< 2.8 
< 3.6 
< 7.5 
< 3.5 
< 2.5 
< 11 .7 
< 5.5 

Co-68 
Co-60 
Zn-66 

Zr-Nb-96 

Units: pCi/L 

MDC MDC 

ELW- 358 ELW- 737 ELW- 1058 
02-12-20 03-11-20 04-08-20 

4.6 ± 0.8 < 0.8 1.1 ± 0.6 < 0.9 1.2±0.5 

-0.07 ± 0.16 < 0.29 -0 .01 ± 0.14 < 0.26 0.17 ± 0.17 

0.4 ± 15.0 < 33 .9 -7.2 ± 18.8 < 18.5 -3.4 ± 14.6 
0.7 ± 1.6 < 2.9 1.9 ± 1.8 < 2.0 -0.5 ± 1.8 

-6.6 ± 4.7 < 7.9 2.1 ± 3.7 < 5.3 -0.5 ± 3.2 
0.2 ± 2.0 < 2.4 -1.9±2.0 < 1.9 -2.7 ± 1.8 

-0.2 ± 1.8 < 2.4 1.1 ± 2.0 < 2.4 0.9 ± 1.7 
1.8 ± 3.8 < 6.2 -0.6 ± 3.9 < 3.8 2.4 ± 3.4 
2.0 ± 2.1 < 4.4 -0.7 ± 2.4 < 4.5 -2.0 ± 1.9 

-3.2 ± 1.9 < 4.0 -5.6 ± 2.6 < 4.0 0.6 ± 1.8 
2.4±1.8 < 2.4 -1.4 ± 2.4 < 2.3 -0.5 ± 2.1 

-0.7 ± 2.4 < 7.5 -4.4 ± 2.5 < 4.9 -0.7 ± 1.5 
0.6 ± 1.9 < 4.8 -0.6 ± 2.2 < 2.6 0.0 ± 1.5 

Collection discontinued at this location 

Mean ± s.d. 

-0.1 :t 1.1 
-0.1 :t 0.9 
-1.1±2.8 
-1.8 :t 2.3 

Cs-134 
Cs-137 

Ba-La-140 
Ru-103 

5-4 

Mean ± s.d. 

-0.8 :t 2.1 
0.2 :t 1.0 

-2.6 :t 3.8 
-0.6 :t 1.0 

MDC 

Req . LLD 

< 0.8 4.0 

< 0.29 0.5 

< 35 .0 
< 1.8 10 
< 7.5 30 
< 2.3 10 
< 2.5 10 
< 3.3 30 
< 3.6 15 
< 3.7 10 
< 2.5 10 
< 3.5 15 
< 3.6 30 

Req. LLD 

4.0 

0.5 

10 
30 
10 
10 
30 
15 
10 
10 
15 
30 



POINT BEACH NUCLEAR PLANT 

Table 6. Lake water, analyses for tritium, strontium-89 and strontium-90. 
Collection: Quarterly composites of weekly grab samples 
Units: pCi/L 

Location E-01 (Meteorological Tower) 

Period 1st Qtr. MDC 2nd Qtr. MDC 3rd Qtr. MDC 4th Qtr. 

Lab Code ELW- 784 ELW- 2056 ELW- 3237 ELW- 4612 

H-3 76 ± 76 < 151 136 ± 90 < 159 98 ± 83 < 162 37 ± 79 

Sr-89 -0.38 ± 0.58 < 0.68 0.66 ±0.56 < 0.74 0.00 ± 0.49 < 0.53 0.20 ± 0.50 
Sr-90 0.40 ± 0.30 < 0.55 -0.15 ± 0.22 < 0.51 0.20 ± 0.28 < 0.56 0.11 ± 0.25 

b Precipitation reanalysis results (in pCi/L): 
Sr-89 -0.47 ± 0.96 < 1.18 
Sr-90 0.23± 0.28 < 0.53 

Location E-05 (Two Creeks Park) 

Period 1st Qtr. 2nd Qtr. 3nd Qtr. 4thQtr. 

Lab Code ELW- 785 ELW- 2057 ELW- 3238 ELW- 4613 

H-3 153 ± 80 < 151 129 ± 90 < 159 -15 ± 77 < 162 408 ± 97 

Sr-89 0.11 ±0.59 < 0.71 -0.57 ±0.62 < 0.80 -0.04 ± 0.53 < 0.60 0.01±0.58 
Sr-90 0.22 ± 0.30 < 0.58 0.34 ±0.27 < 0.51 0.17 ±0.31 < 0.62 0.19±0.29 

° For monthly tritium analyses look App. F 

Location E-06 (Coast Guard Station) 

Period 1st Qtr. 2nd Qtr. 3nd Qtr. 4th Qtr. 

Lab Code ELW- 786 ELW- 2058 ELW- 3239 ELW- 4614 

H-3 87 ±76 < 151 185 ± 93 < 159 71 ± 82 < 162 22 ± 78 

Sr-89 -0.10 ± 0.52 < 0.61 -0.07 ± 0.55 < 0.65 -0.40 ± 0.49 < 0.49 0.32 ± 0.56 
Sr-90 0.29 ± 0.26 < 0.49 0.27 ± 0.24 < 0.45 0.47 ± 0.30 < 0.52 0.04 ± 0.27 

Location E-33 (Kewaunee) 

Period 1st Qtr. 2nd Qtr." 3nd Qtr. 4th Qtr. 

Lab Code ELW- 787 ELW- 2059 Collection discontinued 

H-3 111 ± 78 < 151 129 ± 90 
Sr-89 0.29 ± 0.50 < 0.61 -0.04 ± 0.74 
Sr-90 0.10 ± 0.24 < 0.48 0.18 ± 0.21 

•April and May only; collection discontinued. 

Tritium Annual Mean ± s.d. 
Sr-89 Annual Mean ± s.d. 
Sr-90 Annual Mean ± s.d. 

116 ± 100 
0.00 ± 0.32 
0.20±0.16 

< 159 
< 0.93 
< 0.40 

6-1 

MDC 

< 160 

< 0.56 
< 0.52 

c < 160 

< 0.65 
< 0.57 

< 160 

< 0.69 
< 0.56 
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Table 7. Fish, analyses for gross beta and gamma emitting isotopes. 
Location: E-13 
Collection: Quarterly 

Collection Date 

Lab Code 

Type 

K-40 
Mn-54 
Fe-59 
Co-58 
Co-60 
Zn-65 
Cs-134 
Cs-137 
Other (Ru-103) 

Collection Date 

Lab Code 

01 -28-20 

EF- 421 

Lake Herring 

3.68 ± 0.42 
0.005 ± 0.009 

-0.001 ± 0.016 
-0.007 ± 0.009 
-0.005 ± 0.010 
-0.004 ± 0.020 
-0.010 ± 0.009 
0.012 ± 0.010 

-0.002 ± 0.007 

02-14-20 

EF- 424 

Units: pCi/g wet 

Sample Description and Concentration 
MDC MDC 

< 0.019 
< 0.037 
< 0.018 
< 0.013 
< 0.036 
< 0.017 
< 0.015 
< 0.020 

01 -29-20 

EF- 422 

Chinook Salmon 

2.15 ± 0.323 
0.005 ± 0.007 

-0.012 ± 0.01 5 
0.006 ± 0.007 
0.001 ± 0.008 

-0.01 2 ± 0.016 
-0.001 ± 0.006 
0.022 ± 0.012 

-0.002 ± 0.006 

04-23-20 

EF- 1825 

< 0.014 
< 0.016 
< 0.017 
< 0.014 
< 0.024 
< 0.013 
< 0.014 
< 0.017 

Type Smallmouth Bass Lake Whitefish 

K-40 3.46 ± 0.50 2.63 ± 0.36 

Mn-54 -0.003 ± 0.014 < 0.025 -0.006 ± 0.008 < 0.014 
Fe-59 0.013 ± 0.024 < 0.032 0.002 ± 0.016 < 0.060 
Co-58 -0.005 ± 0.012 < 0.013 -0.008 ± 0.008 < 0.020 
Co-60 0.003 ± 0.014 < 0.021 0.008 ± 0.009 < 0.012 
Zn-65 -0.053 ± 0.035 < 0.050 -0.012 ± 0.017 < 0.014 
Cs-134 -0.010 ± 0.012 < 0.022 0.001 ± 0.006 < 0.014 
Cs-137 0.027 ± 0.015 < 0.026 0.007 ± 0.009 < 0.017 
Other (Ru-103) 0.007 ± 0.012 < 0.021 0.006 ± 0.006 < 0.035 

7-1 

02-13-20 

EF- 423 

Whitefish 

3.08 ± 0.39 
0.005 ± 0.010 
0.007 ± 0.018 
0:005 ± 0.010 

-0.001 ± 0.008 
-0.026 ± 0.024 
-0.024 ± 0.011 
0.034 ± 0.017 

-0.007 ± 0.009 

04-13-20 

EF- 1826 

Chinook Salmon 

2.61 ± 0.45 

0.000 ± 0.010 
-0.014 ± 0.019 
0.002 ± 0.009 

-0.003 ± 0.012 
0.007 ± 0.021 
0.004 ± 0.009 
0.026 ± 0.015 

-0.007 ± 0.007 

Req. 
MDC LLD 

< 0.010 0.13 
< 0.024 0.26 
< 0.017 0.13 
< 0.005 0.13 
< 0.032 0.26 
< 0.016 0.1 3 
< 0.017 0.15 
< 0.012 0.5 

< 0.018 0.13 
< 0.098 0.26 
< 0.029 0.13 
< 0.017 0.13 
< 0.043 0.26 
< 0.018 0.13 
< 0.023 0.15 
< 0.054 0.5 
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Table 7. Fish, analyses for gross beta and gamma emitting isotopes. 
Location: E-13 
Collection: Quarterly Units: pCi/g wet 

Collection Date 

Lab Code 
Type 

K-40 

Mn-54 
Fe-59 
Co-58 
Co-60 
Zn-65 
Cs-134 
Cs-137 
Other (Ru-103) 

Collection Date 

Lab Code 

Type 

K-40 

Mn-54 
Fe-59 
Co-58 
Co-60 
Zn-65 
Cs-134 
Cs-137 
Other (Ru-103) 

Sample Description and Concentration (pCi/g wet) 

05-08-20 

EF- 1827 
Lake Whitefish 

3.25 ± 0.54 

-0.004 ± 0.012 
0.008 ± 0.025 

-0.007 ± 0.011 
0.003 ± 0.016 

-0.047 ± 0.031 
0.002 ± 0.011 

-0.001 ± 0.014 
-0 001 ± 0.010 

07-13-20 

EF- 2829 

Chinook Salmon 

2.55 ± 0.38 

0.000 ± 0.009 
-0.011 ± 0.019 
-0.004 ± 0.007 
-0.007 ± 0.011 
-0.019 ± 0.022 
-0.002 ± 0.007 
0.011 ± 0.011 

-0.006 ± 0.008 

MDC MDC 

< 0.017 
< 0.073 
< 0.014 
< 0.018 
< 0.039 
< 0.024 
< 0.021 
< 0.035 

< 0.017 
< 0.051 
< 0.017 
< 0.011 
< 0.020 
< 0.015 
< 0.018 
< 0.020 

04-29-20 

EF- 1828 
Burbot 

1.35 ± 1.35 

0.010 ± 0.012 
-0.046 ± 0.029 
-0 .012 ± 0.011 
0.002 ± 0.015 

-0.013 ± 0.030 
-0.003 ± 0.012 
0.026 ± 0.014 

-0.032 ± 0.012 

07-27-20 

EF- 2830 

Brown Trout 

3.19 ± 0.42 

0.002 ± 0.010 
-0 004 ± 0.020 
-0.023 ± 0.010 
-0.002 ± 0.012 
-0.002 ± 0.022 
-0.001 ± 0.009 
0.025 ± 0.012 

-0.004 ± 0.007 

7-2 

< 0.021 
< 0.074 
< 0.027 
< 0.023 
< 0.044 
< 0.027 
< 0.022 
< 0.034 

< 0.012 
< 0.056 
< 0.015 
< 0.010 
< 0.035 
< 0.018 
< 0.020 
< 0.031 

05-30-20 

EF- 1830 
Burbot 

2.56 ± 0.50 

-0.009 ± 0.016 
-0.005 ± 0.028 
-0.002 ± 0.015 
-0.027 ± 0.019 
-0.099 ± 0.040 
-0.007 ± 0.014 
0.006 ± 0.017 
0.001 ± 0.013 

08-04-20 

EF- 2831 

Burbot 

1.80 ± 0.35 

0.002 ± 0.011 
0.009 ± 0.017 
0.003 ± 0.011 
0.006 ± 0.011 

-0 039 ± 0.024 
-0 .016 ± 0.010 
0.013 ± 0.013 
0.008 ± 0.010 

Req . 
MDC LLD 

< 0.016 0.13 
< 0.056 0.26 
< 0.028 0.13 
< 0.022 0.13 
< 0.074 0.26 
< 0.026 0.13 
< 0.034 0.15 
< 0.037 0.5 

< 0.022 0.13 
< 0.030 0.26 
< 0.023 0.13 
< 0.014 0.13 
< 0.018 0.26 
< 0.016 0.13 
< 0.022 0.15 
< 0.031 0.5 
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Table 7. Fish, analyses for gross beta and gamma emitting isotopes. 
Location: E-13 
Collection: Quarterly Units: pCi/g wet 

Collection Date 

Lab Code 

Type 

K-40 

Mn-54 
Fe-59 
Co-58 
Co-60 
Zn-65 
Cs-134 
Cs-137 
Other (Ru-103) 

Mn-54 
Fe-59 
Co-58 
Co-60 
Zn-65 
Cs-134 
Cs-137 
Other (Ru-103) 

Sample Description and Concentration (pCi/g wet) 

08-08-20 

EF- 2832 

Lake Trout 

2.62 ± 0.50 

-0.004 ± 0.013 
0.004 ± 0.020 
0.001 ± 0.013 
0.013 ± 0.015 
0.001 ± 0.032 
0.010 ± 0.011 
0.014 ± 0.012 
0.003 ± 0.011 

Annual 

0.001 ± 0.005 
-0.008 ± 0.021 
-0.006 ± 0.011 
0.000 ± 0.009 

-0.034 ± 0.053 
-0.005 ± 0.009 
0.017 ± 0.010 

-0.002 ± 0.010 

MDC MDC 

< 0.023 
< 0.038 
< 0.019 
< 0.025 
< 0.059 
< 0.023 
< 0.020 
< 0.026 

11-12-20 

EF- 4495 

Salmon 

3.49 ± 0.43 

0.001 ± 0.008 
-0.005 ± 0.014 
-0.009 ± 0.008 
0.004 ± 0.010 
0.005 ± 0.021 

-0.001 ± 0.009 
0.016 ± 0.011 
0.005 ± 0.007 

7-3 

< 0.011 
< 0.031 
< 0.018 
< 0.017 
< 0.040 
< 0.017 
< 0.018 
< 0.028 

11-24-20 

EF- 4496 

Burbot 

2.33 ± 0.52 

0.004 ± 0.017 
-0.062 ± 0.032 
-0.034 ± 0.016 
0.009 ± 0.018 

-0 .199 ± 0.050 
-0.021 ± 0.018 
0.022 ± 0.017 

-0.001 ± 0.015 

Req. 
MDC LLD 

< 0.020 0.13 
< 0.043 0.26 
< 0.031 0.13 
< 0.023 0.13 
< 0.092 0.26 
< 0.033 0.13 
< 0.029 0.15 
< 0.053 0.5 
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Table 8. Radioaclivily in shoreline sediment samples 

Collection: Annual 

Collection Date 
Lab Code 

Location 

Be-7 
K-40 
Cs-134 
Cs-137 
Tl-208 
Pb-212 
Bi-214 
Ra-226 
Ac-228 

Sample Description and Concentration (pCi/g dry) 

MDC 
10/19/2020 

ESS- 3930 

E-01 

0.044 ± 0.037 < 0.123 
2.815 ± 0.233 

-0.005 ± 0.005 < 0.009 
0.015 ± 0.007 < 0.013 
0.076 ± 0.015 
0.180 ± 0.022 
0.180 ± 0.027 
0.348 ± 0.150 
0.230 ± 0.049 

MDC 
10/19/2020 

ESS- 3931 

E-05 

-0.022 0.048 < 0.097 
5.320 0.330 

-0.003 0.005 < 0.011 
0.006 0.006 < 0.010 
0.048 0.015 
0.119 0.017 
0.169 0.030 
0.381 0.122 
0.144 0.052 

8-1 

MDC 
10/19/2020 

ESS- 3932 LLD 

E-06 

0.099 ± 0.059 
2.251 ± 0.220 

-0.009 ± 0.008 
0.022 ± 0.011 
0.651 ± 0.032 
1. 738 ± 0.037 
1.708 ± 0.051 
2.941 ± 0.257 
2.075 ± 0.079 

< 0.214 

< 0.012 
< 0.017 

Be-7 
K-40 
Cs-134 
Cs-137 
Tl-208 
Pb-212 
Bi-214 
Ra-226 
Ac-228 

0.15 
0.15 

Annual 
Mean ±s.d. 

0.041 ± 0.061 
3.46±1.63 

-0.01 ± 0.00 
0.015 ± 0.008 

0.26 ± 0.34 
0.68 ± 0.92 
0.69 ± 0.89 
1.22 ± 1.49 
0.82 ± 1.09 
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Table 9. Radioactivity in soil samples 

Collection: Annual 

Sample Description and Concentration (pCi/g dry) 

MDC MDC MDC 
Collection Date 912212020 912212020 912212020 Req. 

Lab Code ESO- 3405 ESO- 3406 ESO- 3407 LLD 

Location E-01 E-02 E-03 

Be-7 0.144 ±0.07 < 0.20 -0.044 ± 0.13 < 0.30 0.052 ± 0.10 < 0.34 

K-40 13.62 ± 0.61 17.73 ± 0.86 21.63 ± 0.88 

Cs-134 0.004 ± 0.01 < 0.01 -0.058 ± 0.02 < 0.02 0.017 ± 0.02 < 0.02 0.15 
Cs-137 0.059 ± 0.02 < 0.02 0.086 ± 0.04 < 0.04 0.104 ± 0.03 < 0.03 0.15 
Tl-208 0.165 ± 0.03 0.175 ±0.04 0.223 ± 0.03 
Pb-212 0.409 ± 0.03 0.493 ± 0.04 0.574 ± 0.04 
Bi-214 0.362 ± 0.04 1.083 ± 0.08 0.506 ± 0.05 
Ra-226 0.610 ± 0.23 1.172 ± 0.37 1.129 ± 0.31 
Ac-228 0.488 ± 0.09 0.610 ± 0.13 0.679 ± 0.10 

Collection Date 912212020 912212020 912212020 
Lab Code ESO- 3408 ESO- 3409 ESO- 3410 

Location E-04 E-06 E-20 

Be-7 0.372 ± 0.12 < 0.37 0.116 ± 0.06 < 0.22 0.241 ± 0.11 < 0.34 

K-40 18.72 ± 0.85 11 .74 ±0.56 13.86 ± 0.72 

Cs-134 -0.008 ± 0.01 < 0.02 -0.005 ± 0.01 < 0.01 -0.011 ± 0.01 < 0.02 0.15 
Cs-137 0.108 ± 0.04 < 0.04 0.198 ±0.03 < 0.02 0.059 ± 0.03 < 0.03 0.15 
Tl-208 0.226 ± 0.04 0.061 ± 0.02 0.173 ± 0.03 
Pb-212 0.492 ± 0.04 0.167 ± 0.02 0.374 ± 0.04 
Bi-214 0.419 ± 0.06 0.170 ± 0.03 0.350 ± 0.05 
Ra-226 1.116 ± 0.27 0.496 ±0.19 0.770 ± 0.28 
Ac-228 0.639 ± 0.11 0.203 ± 0.05 0.435 ± 0.09 

Annual 

Mean ± s.d. 

Be-7 0.147 ± 0.15 

K-40 16.22 ± 3.75 

Cs-134 -0.010 ± 0.03 0.15 

Cs-137 0.10 ± 0.05 0.15 

Tl-208 0.17 ± 0.06 

Pb-212 0.42 ± 0.14 

Bi-214 0.48 ± 0.31 

Ra-226 0.88 ± 0.30 

Ac-228 0.51 ± 0.18 
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Table 10. Radioactivity in vegetation samples 

Collection: Bi-annual 

Sample Description and Concentration (pCi/g wet) 

Location 
Collection Date 
Lab Code 

Be-7 
K-40 
1-131 
Cs-134 
Cs-137 
Other (Co-60) 

Location 
Collection Date 
Lab Code 

Be-7 
K-40 
1-131 
Cs-134 
Cs-137 
Other (Co-60) 

E-01 
05-28-20 
EG- 1777 

0.70 ± 0.17 
4.72 ± 0.40 

0.000 ± 0.007 
-0.008 ± 0.008 
0.008 ± 0.009 

-0.003 ± 0.009 

E-04 
05-28-20 
EG- 1780 

0.08 ± 0.06 
5.36 ± 0.42 

-0.001 ± 0.005 
0.005 ± 0.007 
0.003 ± 0.008 

-0.005 ± 0.007 

MDC 

< 0.013 
< 0.013 
< 0.015 
< 0.008 

< 0.014 
< 0.014 
< 0.015 
< 0.006 

E-02 
05-28-20 

EG- 1778 

0.38±0.11 
5.80 ± 0.41 

0.003 ± 0.005 
0.002 ± 0.007 
0.000 ± 0.007 
0.006 ± 0.008 

E-06 
05-28-20 

EG- 1781 

0.27 ± 0.09 
3.25 ± 0.27 

-0.003 ± 0.004 
0.005 ± 0.003 
0.006 ± 0.005 

-0.001 ± 0.006 

10-1 

.MDC 

< 0.013 
< 0.013 
< 0.008 
< 0.012 

< 0.006 
< 0.008 
< 0.007 
< 0.008 

E-03 
05-28-20 

EG- 1779 

0.51 ± 0.12 
5.28 ± 0.37 

-0.002 ± 0.005 
0.000 ± 0.004 
0.007 ± 0.006 
0.008 ± 0.006 

E-20 
05-28-20 

EG- 1782 

0.24 ± 0.13 
4.86 ± 0.38 

-0.004 ± 0.005 
-0.003 ± 0.007 
-0.004 ± 0.006 
0.001 ± 0.008 

MDC 

Req. LLD 

< 0.013 0.060 
< 0.009 0.060 
< 0.009 0.080 
< 0.009 0.060 

Req. LLD 

< 0.016 0.060 
< 0.013 0.060 
< 0.008 0.080 
< 0.008 0.060 



POINT BEACH NUCLEAR PLANT 

Table 10. Radioactivity in vegetation samples 
Collection: Bi-annual 

Sample Description and Concentration (pCi/g wet) 

Location 
Collection Date 
Lab Code 

Be-7 
K-40 
1-131 
Cs-134 
Cs-137 
Other (Co-60) 

Location 
Collection Date 
Lab Code 

Be-7 
K-40 
1-131 
Cs-134 
Cs-137 
other (Co-60) 

E-01 
09-22-20 
EG- 3398 

5.26 ± 0.60 
4.33 ± 0.66 

-0.004 ± 0.022 
-0.002 ± 0.018 
-0.009 ± 0.020 
0.001 ± 0.020 

E-04 
09-22-20 
EG- 3401 

4.60 ± 0.26 
4.76 ± 0.38 

-0.010 ± 0.009 
-0.003 ± 0.008 
-0.003 ± 0.009 
0.007 ± 0.008 

MDC 

< 0.049 
< 0.035 
< 0.025 
< 0.021 

< 0.024 
< 0.016 
< 0.012 
< 0.012 

Be-7 Annual Mean ± s.d. 
K-40 Annual Mean ± s.d. 
1-131 Annual Mean ± s.d. 
Cs-134 Annual Mean ± s.d. 
Cs-137 Annual Mean ± s.d. 
Co-60 Annual Mean ± s.d. 

2.43 ± 2.23 
5.16 ± 1.21 

0.000 ± 0.007 
-0.002 ± 0.005 
0.002 ± 0.012 
0.001 ± 0.005 

E-02 
09-22-20 

EG- 3399 

3.97 ± 0.28 
5.90 ± 0.42 

0.009 ± 0.009 
-0.002 ± 0.009 
-0.008 ± 0.009 
0.003 ± 0.009 

E-06 
09-22-20 

EG- 3402 

4.68 ± 0.37 
3.57 ± 0.43 

0.001 ± 0.014 
-0.008 ± 0.012 
0.035 ± 0.020 

-0.008 ± 0.011 

10-2 

MDC 

< 0.027 
< 0.017 
< 0.014 
< 0.016 

< 0.037 
< 0.024 
< 0.023 
< 0.014 

E-03 
09-22-20 

EG- 3400 

5.30 ± 0.56 
6.51 ± 0.80 

-0.009 ± 0.022 
-0.013 ± 0.019 
-0.008 ± 0.020 
0.006 ± 0.019 

E-20 
09-22-20 

EG- 3404 

3.14 ±0.53 
7.60 ± 0.92 

0.014 ± 0.022 
0.002 ± 0.023 

-0.008 ± 0.024 
-0.003 ± 0.021 

MDC 

Req . LLD 

< 0.047 0.060 
< 0.020 0.060 
< 0.033 0.080 
< 0.027 0.060 

Req . LLD 

< 0.055 0.060 
< 0.043 0.060 
< 0.035 0.080 
< 0.011 0.060 



POINT BEACH NUCLEAR PLANT 

Table 11. Ambient Gamma Radiation • 
LLD/7days: < 1mR/TLD 

1st. Quarter, 2020 

Date Annealed: 12-04-19 Days in the field 90 
Date Placed: 01-02-20 Days from Annealing 
Date Removed: 04-01-20 to Readout: 125 
Date Read : 04-07-20 

Days in mR/Stnd Qtr 
Location Field Total mR Net mR (91 days) Net mR per 7 days 

Indicator 

E-1 90 17.7 ±0.7 11.9±0.9 12.0 ± 0.9 0.93 ± 0.07 
E-2 90 20.1 ± 0.5 14.3 ± 0.6 14.5 ± 0.6 1.11 ± 0.04 
E-3 90 20.4 ± 1.7 14.5 ±1 .8 14.7±1.8 1.13 ±0.14 
E-4 90 18.6 ± 1.5 12.7±1 .5 12.9±1.5 0.99 ±0.12 
E-5 90 19.7 ± 0.6 13.9 ± 0.6 14.0 ± 0.6 1.08 ± 0.05 
E-6 90 17.9±0.8 12.1 ±0.9 12.2 ± 0.9 0.94 ± 0.07 
E-7 90 18.7 ± 0.9 12.8 ± 0.9 13.0 ± 0.9 1.00 ± 0.07 
E-8 90 17.9±1 .2 12.1 ± 1.2 12.2 ± 1.2 0.94 ± 0.09 
E-9 90 20.9 ± 0.3 15.1 ± 0.4 15.3 ±0.4 1.18 ± 0.03 
E-12 90 14.2 ± 0.4 8.3 ±0.5 8.4 ± 0.5 0.65 ± 0.04 
E-14 90 17.1 ± 0.3 11.3 ±0.4 11.4 ± 0.4 0.88 ± 0.03 
E-15 90 19.8 ± 0.6 14.0±0.7 14.1±0.7 1.09 ± 0.06 
E-16B 90 20.2 ± 0.6 14.3 ± 0.6 14.5 ± 0.6 1.11 ±0.08 
E-17 90 20.2 ± 1.0 14.4±1.0 14.5±1 .1 1.12 ± 0.08 
E-18 90 21.7 ± 1.1 15.9±1.1 16.1 ± 1.1 1.23 ± 0.09 
E-22 90 18.5 ± 0.8 12.7 ± 0.9 12.8 ± 0.9 0.99 ± 0.07 
E-23 90 18.5 ± 0.6 12.7 ± 0.7 12.8 ±0.7 0.99 ± 0.05 
E-24 90 19.7 ± 1.1 13.8±1 .1 14.0±1 .1 1.08 ± 0.09 
E-25 90 17.4 ± 0.3 11.6 ±0.4 11 . 7 ± 0.4 0.90 ± 0.03 
E-26B 90 19.8 ±0.7 13.9 ± 0.7 14.1±0.7 1.08 ± 0.06 
E-27 90 20.4 ± 0.6 14.6 ± 0.7 14.8 ± 0.7 1.14 ±0.05 
E-28 90 15.3 ± 0.5 9.5 ±0.6 9.6 ± 0.6 0.74 ± 0.05 
E-29 90 15.9 ± 0.9 10.0 ± 0.9 10.1±0.9 0.78 ± 0.07 
E-30 90 18.3±1.0 12.5±1 .1 12.6 ± 1.1 0.97 ± 0.08 
E-31 90 18.1 ± 0.5 12.3 ± 0.6 12.4 ± 0.6 0.95 ± 0.05 
E-32 90 22.2 ± 0.8 16.4 ± 0.9 16.6 ± 0.9 1.27 ± 0.07 
E-38 90 20.4 ± 0.9 14.5 ± 1.0 14.7 ± 1.0 1.13 ± 0.08 
E-39 90 18.5 ±0.7 12.7 ± 0.8 12.8 ± 0.8 0.99 ± 0.06 
E-41 90 17.7 ± 0.8 11.9±0.9 12.0 ± 0.9 0.92 ± 0.07 
E-42 90 21.4 ± 0.9 15.5 ± 0.9 15.7 ± 0.9 1.21 ±0.07 
E-43 90 18.2 ± 1.4 12.3 ±1.4 12.5±1.4 0.96 ± 0.11 
E-44 90 17.3 ± 1.0 11 .5 ± 1.0 11.6±1.0 0.89 ± 0.08 

Control 
E-20 90 20.3 ± 1.0 14.5±1.1 14.6±1.1 1.13 ± 0.08 

Mean±s.d. 18.9 ±1.8 13.0±1.8 13.2±1.8 1.01 ± 0.14 

In-Transit Exposure Date Annealed Date Read ITC-1 ITC-2 

12-04-19 01-07-20 5.6 ± 0.2 5.6 ± 0.2 
03-05-20 04-08-20 5.9 ± 0.3 5.7 ± 0.4 

•The CaS04:Dy dosimeter cards provide four separate readout areas. Values listed represent the mean and standard deviation of the 

average of the four readings. 
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Table11 . Ambient Gamma Radiation a 

LLD/7days: < 1mRfTLD 
2nd Quarter, 2020 

Date Annealed: 03-05-20 Days in the field 90 
Date Placed: 04-01-20 Days from Annealing 
Date Removed: 06-30-20 to Readout: 126 
Date Read: 07-09-20 

Days in mR/Stnd Qtr 
Location Field Total mR NetmR (91 days) Net mR per 7 days 

Indicator 

E-1 90 18.6 ± 0.4 12.5 ±0.9 12.6 ±0.9 0.97 ± 0.07 
E-2 90 22.6 ± 1.3 16.5 ±1.5 16.7±1.5 1.28 ±0.12 
E-3 90 24.7±1.4 18.6 ± 1.6 18.8±1.6 1.45 ± 0.13 
E-4 90 21 .0 ± 0.7 14.9±1 .1 15.0 ± 1.1 1.16 ± 0.09 
E-5 90 21.8 ± 0.4 15.7 ± 0.9 15.9 ± 0.9 1.22 ± 0.07 
E-6 90 18.7 ± 0.9 12.6 ± 1.2 12.7 ± 1.2 0.98 ± 0.09 
E-7 90 19.0 ± 0.7 12.9±1 .1 13.1 ± 1.1 1.00 ± 0.08 
E-8 97 19.4 ± 0.7 13.3 ± 1.1 12.4 ±1.0 0.96 ± 0.08 
E-9 97 21.4 ±0.7 15.3±1.0 14.3±1.0 1.10 ±0.08 
E-12 90 17.4±1.1 11.2±1.4 11.4±1 .4 0.87 ± 0.11 
E-14 90 20.8 ± 1.1 14.7 ±1.4 14.8±1.4 1.14 ± 0.11 
E-15 90 23.5 ± 1.5 17.3 ±1 .7 17.5±1 .7 1.35 ±0.13 
E-168 97 22.4 ± 0.4 16.3 ± 0.9 15.3 ± 0.8 1.18±0.06 
E-17 90 21.8 ± 0.9 15.6 ± 1.2 15.8 ± 1.2 1.22 ± 0.09 
E-18 97 24.5 ± 2.0 18.4 ± 2.1 17.3 ± 2.0 1.33 ± 0.15 
E-22 97 22.5 ± 0.8 16.4±1.1 15.4 ± 1.1 1.18 ±0.08 
E-23 90 25.4 ± 0.7 19.3±1 .0 19.5±1 .0 1.50 ± 0.08 
E-24 90 22.0 ± 1.0 15.8±1 .3 16.0±1.3 1.23 ±0.10 
E-25 97 22.3 ± 1.1 16.2±1.3 15.2 ± 1.3 1.17 ± 0.10 
E-268 97 20.2 ± 0.5 14.1 ± 1.0 13.2 ± 0.9 1.02 ± 0.07 
E-27 90 23.1 ± 1.3 16.9±1.5 17.1 ± 1.5 1.32 ± 0.12 
E-28 97 17.6 ±0.5 11 .5±1 .0 10.8 ± 0.9 0.83 ± 0.07 
E-29 90 16.7 ±0.2 10.6 ± 0.8 10.7 ± 0.8 0.82 ± 0.06 
E-30 90 21 .0±1.0 14.8±1.3 15.0 ± 1.3 1.15 ±0.10 
E-31 97 22.7 ± 1.5 16.6 ±1.7 15.5 ± 1.6 1.19 ± 0.12 
E-32 97 25.7 ± 0.9 19.6±1 .2 18.4±1.1 1.41±0.09 
E-38 90 20.4 ± 0.5 14.3±1 .0 14.4±1.0 1.11 ± 0.07 
E-39 90 21.1 ± 0.8 15.0±1 .1 15.2±1.1 1.17 ±0.09 
E-41 97 20.9 ± 0.7 14.8±1.1 13.9±1 .0 1.07 ± 0.08 
E-42 90 22.0 ± 1.3 15.8±1 .5 16.0±1 .6 1.23 ±0.12 
E-43 90 22.1 ± 0.4 16.0 ± 0.9 16.1 ± 0.9 1.24 ± 0.07 
E-44 97 20.2 ± 0.4 14.1 ±0.9 13.2 ± 0.8 1.01 ± 0.07 

Control 
E-20 97 20.7 ± 0.5 14.6±1 .0 13.7 ±0.9 1.05 ± 0.07 

Mean±s.d. 21 .3 ± 2.2 15.2 ± 2.2 14.9 ± 2.2 1.15 ± 0.17 

In-Transit Exposure Date Annealed Date Read ITC-1 ITC-2 

03-05-20 04-08-20 5.9 ± 0.3 5.7 ± 0.4 
06-02-20 07-09-20 6.5 ± 0.5 6.5 ± 0.5 

' The CaSO,:Oy dosimeter cards provide four separate readout areas. Values listed represent the mean and standard deviation of the 
average of the four readings. 

0 part of the batch collected on 717120 
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Table 11 . Ambient Gamma Radiation • 
LLD/7days: < 1mR/TLD 

3rd Quarter, 2020 

Date Annealed : 06-02-20 Days in the field 94 
Date Placed: 06-30-20 b Days from Annealing 
Date Removed: 10-02-20 to Readout: 128 
Date Read: 10-08-20 

Days in mR/Stnd Qtr 
Location Field Total mR NetmR (91 days) Net mR per 7 days 

Indicator 

E-1 94 19.3 ± 0.6 13.3 ± 0.9 12.9 ± 0.9 0.99 ± 0.07 
E-2 94 21 .9 ± 0.7 15.9±1.0 15.4 ± 1.0 1.18±0.08 
E-3 94 23.9±1.7 18.0±1.8 17.4±1 .8 1.34 ± 0.14 
E-4 94 20.3±1 .3 14.3 ± 1.5 13.9±1.4 1.07 ± 0.11 
E-5 94 21.7 ± 0.7 15.7 ±1.0 15.2 ± 1.0 1.17 ± 0.08 
E-6 94 18.8 ± 0.5 12.9 ± 0.9 12.5 ± 0.9 0.96 ± 0.07 
E-7 94 18.9 ± 0.9 12.9 ± 1.1 12.5 ± 1.1 0.96 ± 0.08 
E-8 87 19.4±1.3 13.4±1.5 14.0 ± 1.6 1.08 ± 0.12 
E-9 87 23.4 ± 0.5 17.4 ± 0.9 18.2 ± 0.9 1.40 ± 0.07 
E-12 94 14.4 ± 0.4 8.4 ± 0.8 8.1 ± 0.8 0.63 ± 0.06 
E-14 94 21 .1 ±0.6 15.1 ± 1.0 14.6 ± 0.9 1.12 ±0.07 
E-15 94 22.1 ± 0.2 16.1±0.8 15.6 ± 0.7 1.20 ± 0.06 
E-168 87 22.6 ± 0.6 16.6±1.0 17.4±1.0 1.34 ± 0.08 
E-17 94 21.6 ±0.7 15.6±1.0 15.1 ± 1.0 1.16 ±0.08 
E-18 87 24.2±1.3 18.2±1.5 19.0 ± 1.6 1.46 ± 0.12 
E-22 87 21.1 ±1.0 15.1±1.3 15.8 ± 1.3 1.21 ± 0.10 
E-23 94 22.6 ± 0.6 16.6±1 .0 16.1 ± 0.9 1.24 ± 0.07 
E-24 94 20.8 ± 0.6 14.9±1.0 14.4 ± 0.9 1.11 ± 0.07 
E-25 87 20.4 ± 0.8 14.4±1 .1 15.1 ± 1.1 1.16 ±0.09 
E-268 87 22.2 ± 0.9 16.2±1.1 17.0 ± 1.2 1.31 ± 0.09 
E-27 94 22 .1 ± 0.6 16.1 ± 1.0 15.6 ± 0.9 1.20 ± 0.07 
E-28 87 15.7 ± 0.5 9.7 ± 0.9 10.2 ± 0.9 0.78 ± 0.07 
E-29 94 16.1 ± 0.8 10.2 ± 1.1 9.8±1.1 0.76 ± 0.08 
E-30 94 19.4±1.0 13.4±1 .3 13.0 ± 1.2 1.00 ± 0.09 
E-31 87 21.6 ±0.7 15.6±1.0 16.3 ± 1.0 1.26 ± 0.08 
E-32 87 25.6±1 .2 19.6±1.4 20.5±1 .5 1.58 ± 0.11 
E-38 94 22.9±1.8 16.9 ± 2.0 16.4±1.9 1.26 ± 0.15 
E-39 94 21.1±0.9 15.1 ± 1.2 14.6±1 .2 1.12 ± 0.09 
E-41 87 22.0 ± 0.9 16.0±1.1 16.7±1 .2 1.29 ± 0.09 
E-42 94 23.5 ± 0.6 17.6 ± 0.9 17.0 ±0.9 1.31 ± 0.07 
E-43 94 21.9 ± 1.8 15.9 ± 2.0 15.4±1.9 1.18 ±0.15 
E-44 94 20.4±1.0 14.4±1.2 14.0 ± 1.2 1.07 ± 0.09 

Control 
E-20 87 20.9 ± 1.0 14.9±1 .2 15.6 ± 1.3 1.20 ±0.10 

Mean±s.d. 21 .0 ± 2.4 15.0 ± 2.4 15.0 ± 2.6 1.15 ± 0.20 

In-Transit Exposure Date Annealed Date Read ITC-1 ITC-2 

06-02-20 07-09-20 6.5 ± 0.5 6.5 ± 0.5 
09-03-20 10-08-20 5.6 ± 0.2 5.4 ± 0.3 

' The CaSO,:Dy dosimeter cards provide four separate readout areas. Values listed represent the mean and standard deviation of the 

average of the four readings. 
0 part of the batch placed on 717120 
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Table 11 . Ambient Gamma Radiation a 

LLD/7days: < 1 mR/TLD 
4th Quarter, 2020 

Date Annealed : 09-03-20 Days in the field 98 
Date Placed: 10-02-20 Days from Annealing 
Date Removed : 01-08-21 to Readout: 131 
Date Read: 01-12-21 

Days in mR/Stnd Qtr 
Location Field Total mR NetmR (91 days) Net mR per 7 days 

Indicator 

E-1 98 21.4 ± 0.2 15.2 ± 0.7 14.1±0.6 1.08 ± 0.05 
E-2 98 26.1 ± 1.2 19.8±1.4 18.4 ± 1.3 1.42 ± 0.10 
E-3 98 29.5 ± 1.8 23.2 ± 1.9 21.5±1 .8 1.66 ± 0.13 
E-4 98 24.1 ± 1.1 17.9±1 .3 16.6±1 .2 1.28 ± 0.09 
E-5 98 25.4 ± 0.5 19.1±0.8 17.8 ± 0.8 1.37 ± 0.06 
E-6 98 22.0 ±1.0 15.7±1.2 14.6±1.2 1.12 ± 0.09 
E-7 98 22.3 ± 0.6 16.0 ± 0.9 14.9 ± 0.9 1.15 ± 0.07 
E-8 98 22.7 ± 0.7 16.4±1.0 15.3 ± 0.9 1.17 ± 0.07 
E-9 98 26.7 ± 0.9 20.5 ± 1.1 19.0 ± 1.0 1.46 ± 0.08 
E-12 98 21 .0 ± 1.2 14.7±1.4 13.7±1 .3 1.05±0.10 
E-14 98 26.9 ± 2.4 20.7 ± 2.5 19.2 ± 2.3 1.48 ± 0.18 
E-15 98 28.1 ± 1.6 21 .9 ± 1.7 20.3±1.6 1.56 ± 0.12 
E-168 98 25.9 ± 0.8 19.6 ± 1.1 18.2±1.0 1.40 ± 0.08 
E-17 98 23.7 ± 1.2 17.5±1.4 16.2±1.3 1.25 ± 0.10 
E-18 98 27.7 ± 2.2 21.4 ± 2.3 19.9±2.1 1.53 ± 0.16 
E-22 98 24.6 ± 0.6 18.4 ± 0.9 17.1 ± 0.8 1.31 ± 0.06 
E-23 98 27.0 ± 0.9 20.8 ± 1.2 19.3±1.1 1.48 ± 0.08 
E-24 98 24.0±1.2 17.8 ± 1.4 16.5±1 .3 1.27±0.10 
E-25 98 25.7 ± 0.6 19.5 ± 0.9 18.1±0.8 1.39 ± 0.06 
E-268 98 21.9 ± 0.6 15.6 ± 0.9 14.5 ± 0.8 1.11±0.06 
E-27 98 25.5 ± 0.7 19.2±1.0 17.8 ± 0.9 1.37 ± 0.07 
E-28 98 20.2 ± 0.3 13.9 ± 0.7 12.9 ± 0.7 0.99 ± 0.05 
E-29 98 19.5 ± 0.3 13.3 ± 0.7 12.3 ± 0.7 0.95 ± 0.05 
E-30 98 21.8±1.4 15.6±1.5 14.5±1.4 1.11 ±0.11 
E-31 98 24.9±1.4 18.6±1.6 17.3±1 .5 1.33 ± 0.11 
E-32 98 27.5 ± 1.1 21 .3±1 .3 19.7±1 .2 1.52 ± 0.09 
E-38 98 25.1 ± 0.7 18.8±1 .0 17.5 ± 0.9 1.34 ± 0.07 
E-39 98 26.3 ± 0.8 20.0±1 .1 18.6±1.0 1.43 ± 0.08 
E-41 98 22.0 ± 0.4 15.7 ± 0.8 14.6 ± 0.7 1.12 ± 0.06 
E-42 98 25.2 ± 1.3 18.9±1.5 17.6±1.4 1.35 ± 0.11 
E-43 98 25.7 ± 0.6 19.4 ± 0.9 18.0 ± 0.8 1.39 ± 0.06 
E-44 98 24.7 ± 0.5 18.5 ± 0.8 17.2 ± 0.8 1.32 ± 0.06 

Control 
E-20 98 23.4±1.0 17.2±1 .2 16.0 ± 1.1 1.23 ± 0.09 

Mean±s.d. 24.5 ± 2.4 18.2 ± 2.4 16.9 ± 2.3 1.30 ± 0.17 

In-Transit ExQosure Date Annealed Date Read ITC-1 ITC-2 

09-03-20 10-08-20 5.6 ± 0.2 5.4 ± 0.3 
12-03-20 01-13-21 7.0 ± 0.5 7.1 ± 0.3 

'The CaS04:Dy dosimeter cards provide four separate readout areas. Values listed represent the mean and standard deviation of the 
average of the four readings. 

Annual Indicator Mean±s.d. 21.4 ± 3.0 15.4 ± 2.9 15.0 ± 2.6 1.2 ± 0.2 
Annual Control Mean±s.d. 21.3±1.4 15.3±1.3 15.0 ± 1.0 1.2 ± 0.1 

Annual Indicator/Control Mean±s.d. 21.4 ± 3.0 15.4 ± 2.9 15.0 ± 2.6 1.2 ± 0.2 
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Table 12. Groundwater Tritium Monitoring Program 

(Monthly Collections) 
Units= Ci/L 

Intermittent Streams 

Sample ID GW-01 GW-02 

Collection Collection 
Date Lab Code Trilium MDC Date Lab Code Tritium MDC 

01-16-20 EWW-138 33 ± 75 < 156 01-16-20 EWW- 139 154 ± 82 < 156 
02-18-20 NS" 02-18-20 NS" 
03-24-20 EWW-826 66 ± 77 < 159 03-24-20 EWW-827 101 ± 79 < 159 
04-23-20 EWW-1278 75 ± 79 < 156 04-23-20 EWW- 1279 253 ± 88 < 156 
05-2 1-20 EWW- 1685 -2 ± 74 < 160 05-21-20 EWW-1686 294 ± 90 < 160 
06-16-20 EWW-2032 134 ± 82 < 156 06-16-20 EWW- 2033 63 ± 78 < 156 
07-16-20 EWW-2482 -17 ± 73 < 159 07-16-20 EWW-2483 164 ± 83 < 159 
08-20-20 NFb 08-20-20 NFb 
09-16-20 EWW-3339 199 ± 85 < 159 09-16-20 EWW-3341 203 ± 85 < 159 
10-22-20 N.Fb 10-22-20 NFb 
11-17-20 EWW-4302 35 ± 75 < 157 11-17-20 EWW-4303 231 ± 86 < 157 
12-16-20 EWW-4639 40 ± 82 < 161 12-16-20 EWW-4640 171 ± 89 < 161 

Mean± s.d. 62 ± 68 Mean± s.d. 182 ± 73 

Sample ID GW-03 GW-17 

Collection Collection 
Date Lab Code Tritium MDC Date Lab Code Tritium MDC 

01-16-20 EWW- 140 48 ± 76 < 156 01-16-20 EWW-145 221 ± 86 < 156 
02-18-20 NS" 02-18-20 NS' 
03-24-20 EWW-828 35 ± 76 < 159 03-24-20 EWW-830 263 ± 88 < 159 
04-23-20 EWW-1280 114 ± 81 < 156 04-23-20 EWW- 1282 304 ± 91 < 156 

05-21-20 EWW-1687 45 ± 77 < 160 05-21-20 EWW- 1691 482 ± 99 < 160 
06-16-20 EWW-2034 137 ± 83 < 156 06-16-20 EWW-2025 320 ± 92 < 156 
07-16-20 EWW-2484 1 ± 74 < 159 07-16-20 EWW-2486 166 ± 83 < 159 

08-20-20 NFb 08-19-20 NFb 

09-16-20 EWW-3342 84 ± 78 < 159 09-16-20 EWW-3344 167 ± 83 < 159 
10-22-20 NFb 10-22-20 NFb 
11-17-20 EWW-4304 23 ± 74 < 157 11-17-20 EWW-4306 277 ± 88 < 157 

12-16-20 EWW-4641 62 ± 83 < 161 12-16-20 EWW-4643 142 ± 88 < 161 

Mean ± s.d. 61 ± 44 Mean± s.d. 260 ± 105 

Wells 

Sample ID GW-04 (EiC Well) 

Collection 
Date Lab Code Tritium MDC 

01-16-20 EWW- 141 0 ± 73 < 156 
02-19-20 EWW- 436 -13 ± 72 < 156 
03-24-20 EWW-829 -11 ± 73 < 159 
04-23-20 EWW-1281 13 ± 75 < 156 
05-21-20 EWW-1688 -71 ± 70 < 160 
06-16-20 EWW-2035 63 ± 78 < 156 
07-16-20 EWW-2485 7 ± 74 < 159 
08-20-20 EWW-2988 42 ± 75 < 155 
09-16-20 EWW-3343 28 ± 75 < 159 
10-22-20 EWW-4060 17 ± 73 < 155 
11-17-20 EWW-4305 35 ± 75 < 157 
12-16-20 EWW-4642 -77 ± 75 < 161 

Mean± s.d. 3 ± 42 

'"NS"= No sample; creeks frozen. 
b "NF" = No flow. 
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POINT BEACH NUCLEAR PLANT 

Table 12. Groundwater Tritium Monitoring Program 

(Monthly Collections) 
Units= i/L 

Beach Drains 

Sam le ID S-1 S-3 

Collection Collection 
Dale Lab Code Tritium MDC Dale Lab Code Tritium MDC 

01-30-20 ESW- 218 547 i 101 < 156 01-30-20 ESW- 219 24 ± 75 < 156 
02-06-20 ESW- 266 278 ± 90 < 153 02-06-20 ESW- 267 536 ± 102 < 153 
03-05-20 ESW- 679 473 ± 96 < 151 03-05-20 ESW- 680 318 ± 89 < 151 
04-04-20 ESW- 970 410 ± 94 < 157 04-04-20 ESW- 971 669 ± 106 < 157 
05-07-20 ESW- 1461 320 ± 89 < 153 05-07-20 ESW- 1463 313 ± 88 < 153 
06-04-20 ESW- 1871 283 ± 89 < 149 06-04-20 ESW- 1872 400 ± 95 < 149 
07-14-20 ESW- 2449 292 ± 90 < 159 07-14-20 ESW- 2450 487 ± 99 < 159 
08-04-20 EWW-2745 184 ± 85 < 158 08-04-20 ESW- 2746 272 ± 89 < 158 
09-22-20 EWW-3396 235 ± 89 < 154 09-22-20 ESW- 3397 278 ± 91 < 154 
10-05-20 EWW-3535 181 ± 87 < 156 10-05-20 ESW- 3536 378 ± 97 < 156 
11-04-20 EWW-4220 279 ± 90 < 155 11-04-20 ESW- 4221 366 ± 94 < 155 
12-03-20 EWW-4493 284 ± 89 < 155 12-03-20 EWW-4494 400 ± 94 < 155 

Mean ± s.d. 314 ± 111 Mean± s.d. 370 ± 158 

Sam le ID S-7 S-8 

Collection Collection 
Date Lab Code Tritium MDC Dale Lab Code Tritium MDC 

01-30-20 NFa 01 -30-20 NF" 
02-06-20 NF" 02-06-20 NF• 
03-05-20 NF" 03-05-20 NF' 
04-04-20 NF" 04-04-20 NF' 
05-07-20 NF' 05-07-20 NF 0 

06-04-20 NF" 06-04-20 NF' 
07-14-20 NF' 07-14-20 NF• 
08-04-20 NF' 08-04-20 NF• 
09-22-20 NF' 09-22-20 NF• 
10-05-20 NF' 10-05-20 NF' 
11-04-20 NF' 11-04-20 NF' 
12-03-20 NF' 12-03-20 NF' 

Mean ± s.d. Mean± s.d. 

Sam le ID S-9 S-10 

Collection Collection 
Date Lab Code Tritium MDC Date Lab Code Tritium MDC 

01-30-20 NF' 01-30-20 NF• 
02-06-20 NF" 02-06-20 NF' 
03-05-20 NF' 03-05-20 NF' 
04-04-20 NF' 04-04-20 NF' 
05-07-20 NF' 05-07-20 NF' 
06-04-20 NF• 06-04-20 NF" 
07-14-20 NF' 07-14-20 NF" 
08-04-20 NF" 08-04-20 NF" 
09-22-20 NF' 09-22-20 NF' 
10-05-20 NF' 10-05-20 NF• 
11-04-20 NF• 11-04-20 NF• 
12-03-20 NF• 12-03-20 NF" 

Mean± s.d. Mean± s.d. 

•"NF''= No flow. 
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POINT BEACH NUCLEAR PLANT_ 

Table 12. Groundwater Tritium Monitoring Program 

(Monthly Collections) 
Units= Ci/L 

Beach Drains (cont.) 

Sam le ID S-12 S-13 

Collection Collection 
Date Lab Code Tritium MDC Date Lab Code Tritium MOC 

01-30-20 NF 0 01-30-20 NF 0 

02-06-20 EWW- 268 256 ± 89 < 153 02-06-20 NF 0 

03-05-20 EWW-681 196 ± 82 < 151 03-05-20 NF0 

04-04-20 EWW-972 271 ± 88 < 157 04-04-20 NF' 

05-07-20 NF 0 05-07-20 NF0 

06-04-20 EWW-1874 296 ± 90 < 149 06-04-20 NF0 

07-14-20 EWW-2452 267 ± 89 < 159 07-14-20 NF' 

08-04-20 NF 0 08-04-20 NF 0 

09-22-20 NF0 09-22-20 NF0 

10-05-20 EWW-3538 185 ± 87 < 156 10-05-20 NF0 

11-04-20 NF 0 11-04-20 NF' 

12-03-20 NF0 12-03-20 NF0 

Mean± s.d. 245 ± 44 Mean± s.d. 

Sample ID U2 Fac;:ade Subsurface Drain Sump 

Collection 
Date Lab Code 

Tritium MDC 

01-31-20 EW- 435 3557 ± 196 < 156 
02-29-20 EW- 796 3356 ± 187 < 159 
03-31-20 EW- 1066 1915 ± 150 < 159 

04-30-20 EW- 1562 1468 ± 134 < 153 

05-31-20 EW- 2185 1225 ± 129 < 159 
06-30-20 EW- 2554 1217 ± 130 < 159 
07-31-20 EW- 2744 2136 ± 157 < 158 

08-31-20 EW- 3638 1900 ± 150 < 159 
09-30-20 EW- 3639 1621 ± 141 < 158 

10-31-20 EW- 4308 1419 ± 135 < 160 

11-30-20 EW- 4638 1170 ± 130 < 162 

12-31-20 EW- 4815 1241 ± 131 < 166 

Mean± s.d. 1852 ± 814 

'"NF"= No flow. 
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POINT BEACH NUCLEAR PLANT 

Beach Drains 

Units: == pCi/L Gamma isotopic analysis 

Location S-1 S-3 S-7 S-8 

Collection Date 01-30-20 01-30-20 01-30-20 01-30-20 

Lab Code EW- 218 MDC EW- 219 MDC NF• MDC NF• MDC 

Be-7 -4.3 ± 16.1 < 26.7 8.5 ± 19.0 < 30.9 
Mn-54 -0.4 ± 1.8 < 2.5 0.9 ± 1.8 < 1.9 
Fe-59 -1 .7 ± 4.0 < 4.5 1.8 ± 3.8 < 7.0 
Co-58 1.2 ± 2.1 < 3.9 -0.4 ± 2.0 < 2.4 
Co-60 2.4 ± 1.8 < 2.5 -0.4 ± 1.5 < 1.9 
Zn-65 -4.7 ± 4.2 < 1.8 -3.0 ± 4.5 < 4.1 
Zr-Nb-95 0.2 ± 2.1 < 4.3 0.2 ± 2.4 < 3.7 
Cs-134 0.4 ± 2.0 < 3.5 -1.3±2.1 < 3.4 
Cs-137 -0.5 ± 2.3 < 3.6 2.7 ± 2.4 < 2.7 
Ba-La-140 1.0 ± 2.3 < 3.4 -0.7 ± 2.8 < 1.9 

Location S-9 S-10 S-12 S-13 

Collection Date 01-30-20 01-30-20 01-30-20 01-30-20 

Lab Code NF• MDC NF" MDC NF" MDC NF" MDC 

Be-7 
Mn-54 
Fe-59 
Co-58 
Co-60 
Zn-65 
Zr-Nb-95 
Cs-134 
Cs-137 
Ba-La-140 

Location S-1 S-3 S-7 S-8 

Collection Date 02-06-20 02-06-20 02-06-20 02-06-20 

Lab Code EW- 266 MDC EW- 267 MDC NF" MDC NF" MDC 

Be-7 -7.2 ± 17.5 < 25.7 5.0 ± 20.0 < 46.1 
Mn-54 -1.4 ± 1.7 < 2.6 0.6 ± 2.1 < 2.4 
Fe-59 -7.6 ± 4.3 < 5.0 1.0 ± 3.7 < 8.5 
Co-58 -1.3 ± 1.8 < 2.9 1.7 ±2.2 < 4.4 
Co-60 2.1 ± 1.7 < 2.3 0.2 ± 2.3 < 2.2 
Zn-65 -4 .6 ± 4.4 < 5.2 -0.7 ± 5.0 < 6.2 
Zr-Nb-95 -3.9 ± 2.3 < 3.4 -5.0 ± 2.6 < 5.0 
Cs-134 -0.2± 1.7 < 3.3 -9.4 ± 2.8 < 4.2 
Cs-137 0.3 ± 2.0 < 3.0 -0.8 ± 2.2 < 2.8 
Ba-La-140 -5.5 ± 6.9 < 8.3 -2.4 ± 2.5 < 6.2 

a "NF"== No flow. 
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POINT BEACH NUCLEAR PLANT 

Beach Drains (cont.) 

Units: = pCi\L Gamma isotopic analysis 

Location S-9 S-10 S-12 S-13 

Collection Date 02-06-20 02-06-20 02-06-20 02-06-20 

Lab Code NF3 MDC NF• MDC EW- 268 MDC NF• MDC 

Be-7 -4.5 ± 14.7 < 21.9 
Mn-54 -0.5 ± 1.5 < 1.6 
Fe-59 0.7 ± 3.0 < 5.8 
Co-58 0.1 ± 1.5 < 2.6 
Co-60 1.7 ± 1.8 < 1.9 
Zn-65 -3.6 ± 3.4 < 3.9 
Zr-Nb-95 -0.3 ± 1.9 < 4.1 
Cs-134 -1.1 ± 1.7 < 2.8 
Cs-137 -0.4 ± 1.8 < 2.0 
Ba-La-140 1.8 ± 2.2 < 4.9 

Location S-1 S-3 S-7 S-8 

Collection Date 03-05-20 03-05-20 03-05-20 03-05-20 

Lab Code EW- 679 MDC EW- 680 MDC NF• MDC NF• MDC 

Be-7 -1 1.2 ± 14.7 < 23.5 13.5 ± 18.4 < 34.0 
Mn-54 -1.5 ± 1.9 < 2.8 0.1 ± 2.0 < 3.2 
Fe-59 2.7 ± 3.6 < 6.2 -1.4 ± 3.4 < 4.9 
Co-58 -1.2 ± 1.8 < 2.9 -1.4±2.2 < 3.8 
Co-60 0.2 ± 1.5 < 1.0 0.4 ± 1.7 < 2.5 
Zn-65 0.6 ± 3.7 < 4.8 -1 .5 ± 4.1 < 4.5 
Zr-Nb-95 -2.2 ± 1.9 < 2.2 -1.2 ± 1.9 < 2.5 
Cs-134 -1.0 ± 1.7 < 3.5 -1 .6 ±2.2 < 3.8 
Cs-137 -0.9 ± 1.9 < 2.3 -0.9 ± 2.2 < 3.0 
Ba-La-140 -2.0 ± 1.9 < 2.3 -3.1 ± 3.0 < 2.6 

Location S-9 S-10 S-12 S-13 

Collection Date 03-05-20 03-05-20 03-05-20 03-05-20 
Lab Code NF• MDC NF• MDC EW- 681 MDC NF• MDC 

Be-7 10.6 ± 16.3 < 31.6 
Mn-54 -2.6 ± 2.2 < 3.3 
Fe-59 -2.8 ± 4.3 < 2.0 
Co-58 -1 .1 ± 1.9 < 2.3 
Co-60 -0.7 ± 1.7 < 1.5 
Zn-65 -4.2 ± 5.2 < 6.9 
Zr-Nb-95 -3.9 ± 2.5 < 5.8 
Cs-134 0.2 ± 2.1 < 4.0 
Cs-137 2.0 ± 2.2 < 3.7 
Ba-La-140 1.3 ± 2.2 < 2.4 

a "NF"= No flow. 
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POINT BEACH NUCLEAR PLANT 

Beach Drains (cont.) 

Units: = pCi\L Gamma isotopic analysis 

Location S-1 S-3 S-7 S-8 

Collection Date 04-04-20 04-04-20 04-04-20 04-04-20 
Lab Code EW- 970 MDC EW- 971 MDC NF" MDC NF" MDC 

Be-7 -4 .9 ± 15.6 < 29.1 25.6 ± 21.3 < 53.7 
Mn-54 -1 .0±1 .8 < 2.3 2.8 ± 2.2 < 3.8 
Fe-59 -0.2 ± 3.6 < 6.3 2.4 ± 3.8 < 7.9 
Co-58 0.3 ± 1.9 < 3.6 1.5 ± 2.4 < 5.3 
Co-60 1.0 ± 1.6 < 1.6 -1.1 ± 2.4 < 3.6 
Zn-65 0.2 ± 4.1 < 6.7 -6.5 ± 5.9 < 9.4 
Zr-Nb-95 -2.1 ± 2.0 < 3.1 -3.5 ± 2.8 < 3.9 
Cs-134 -1 .0 ± 1.9 < 3.9 -9.6 ± 3.2 < 4.9 
Cs-137 1.4 ± 2.0 < 3.8 -1 .1 ±2.6 < 3.0 
Ba-La-140 -4.9 ± 2.4 < 8.9 -7.4 ± 3.1 < 6.1 

Location S-9 S-10 S-12 S-13 

Collection Date 04-04-20 04-04-20 04-04-20 04-04-20 

Lab Code NF" MDC NF" MDC EW- 972 MDC NF" MDC 

Be-7 -10.2 ± 14.1 < 25.8 
Mn-54 -0.1 ± 2.0 < 3.1 
Fe-59 -2 .6 ± 3.7 < 5.9 
Co-58 -1 .7 ± 2.0 < 2.8 
Co-60 0.4 ± 2.4 < 2.9 
Zn-65 1.6 ± 4.3 < 9.2 
Zr-Nb-95 -4.4 ± 2.7 < 5.2 
Cs-134 -3.1 ± 1.9 < 3.8 
Cs-137 -0.6 ± 2.2 < 3.7 
Ba-La-140 0.4 ± 1.8 < 8.7 

Location S-1 S-3 S-7 S-8 

Collection Date 05-07-20 05-07-20 05-07-20 05-07-20 

Lab Code EW- 1461 MDC EW- 1463 MDC NF" MDC NF" MDC 

Be-7 -1.4 ± 9.7 < 21.6 -16.6 ± 14.4 < 26.9 
Mn-54 0.8 ± 1.3 < 2.4 0.3 ± 1.8 < 3.7 
Fe-59 0.9 ± 1.9 < 4.0 -5.7 ± 3.7 < 5.6 
Co-58 0.0 ± 1.1 < 2.2 0.7 ± 1.8 < 2.9 
Co-60 1.2 ± 1.2 < 2.0 -1 .0 ± 2.2 < 1.8 
Zn-65 0.2 ± 2.1 < 4.6 0.5 ± 4.6 < 6.4 
Zr-Nb-95 -1.1 ± 1.3 < 2.7 0.6 ± 2.0 < 5.0 
Cs-134 -0 .2 ± 1.0 < 2.0 -0.8 ± 1.6 < 3.3 
Cs-137 0.1 ± 1.6 < 2.2 -0. 7 ±2.0 < 2.2 
Ba-La-140 -2.5 ± 1.1 < 3.3 6.5 ± 2.0 < 13.3 

a "NF" = No flow. 

12-6 



POINT BEACH NUCLEAR PLANT 

Beach Drains (cont.) 

Units: = pCi\L Gamma isotopic analysis 

Location S-9 S-10 S-12 S-13 

Collection Date 05-07-20 05-07-20 05-07-20 05-07-20 

Lab Code NF" MDC NF" MDC NF" MDC NF" MDC 

Be-7 
Mn-54 
Fe-59 
Co-58 
Co-60 
Zn-65 
Zr-Nb-95 

Cs-134 
Cs-137 
Ba-La-140 

Location S-1 S-3 S-7 S-8 

Collection Date 06-04-20 06-04-20 06-04-20 06-04-20 

Lab Code EW- 1871 MDC EW- 1872 MDC NF" MDC NF" MDC 

Be-7 1.9 ± 15.7 < 26.0 1.9 ± 10.8 < 26.5 
Mn-54 -0.6 ± 1.8 < 3.0 0.3 ± 1.3 < 2.3 
Fe-59 -1.1±3.7 < 5.7 0.2 ± 2.4 < 4.9 
Co-58 -2.1 ± 2.1 < 2.9 -0.2 ± 1.0 < 1.5 
Co-60 0.6 ± 2.0 < 2.2 -0.3 ± 1.1 < 1.5 
Zn-65 -2.7 ± 4.4 < 3.6 -0.8 ± 2.5 < 2.8 
Zr-Nb-95 0.3 ± 2.0 < 4.6 1.3 ± 1.3 < 2.9 
Cs-134 -0.9 ± 1.8 < 3.9 -0.2 ± 1.1 < 2.0 
Cs-137 0.5 ± 2.1 < 3.5 1.0 ± 1.4 < 2.2 
Ba-La-140 3.7 ± 1.9 < 6.6 0.8 ± 1.3 < 1.8 

Location S-9 S-10 S-12 S-13 

Collection Date 06-04-20 06-04-20 06-04-20 06-04-20 

Lab Code NF" MDC NF" MDC EW- 1874 MDC NF" MDC 

Be-7 1.8 ± 9.9 < 24.1 
Mn-54 -1.0 ± 1.2 < 1.9 
Fe-59 -1.1 ±2.1 < 3.0 
Co-58 -0.6 ± 1.2 < 1.9 
Co-60 -0.2 ± 1.4 < 1.4 
Zn-65 -2 .6 ± 2.5 < 2.6 
Zr-Nb-95 -0.4 ± 1.2 < 2.4 
Cs-134 0.1 ± 1.0 < 2.2 
Cs-137 -1.5 ± 1.4 < 1.6 
Ba-La-140 -2 .8 ± 1.4 < 2.1 

a "NF" = No flow. 
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POINT BEACH NUCLEAR PLANT 

Beach Drains (cont.) 

Units: = pCi\l Gamma isotopic analysis 

Location S-1 S-3 S-7 S-8 

Collection Date 07-14-20 07-14-20 07-14-20 07-14-20 
Lab Code EW- 2449 MDC EW- 2450 MDC NF" MDC NF" MDC 

Be-7 -10.0 ± 13.6 < 26.5 19.1 ± 14.8 < 34.1 
Mn-54 2.1 ± 1.6 < 3.1 -0.9 ± 1.8 < 3.0 
Fe-59 -0.1 ± 3.0 < 6.3 0.1 ± 3.1 < 5.7 
Co-58 0.4 ± 1.6 < 3.0 1.6 ± 1.6 < 2.7 
Co-60 0.6 ± 1.9 < 2.7 0.0 ± 1.9 < 2.4 
Zn-65 0.3 ± 3.3 < 3.2 -2.3 ± 3.1 < 2.3 
Zr-Nb-95 0.6 ± 1.6 < 4.0 1.2 ± 1.8 < 3.9 
Cs-134 0.3 ± 1.6 < 3.2 -2.3 ± 1.9 < 3.2 
Cs-137 1.1±1.6 < 2.6 1.1 ± 1.9 < 3.2 
Ba-La-140 -0.8 ± 1.8 < 2.5 -0.3 ± 1.8 < 2.6 

Location S-9 S-10 S-12 S-13 

Collection Date 07-14-20 07-14-20 07-14-20 07-14-20 

Lab Code NF" MDC NF" MDC EW- 2452 MDC NF" MDC 

Be-7 -2.5 ± 13.6 < 20.0 
Mn-54 1.1 ± 1.9 < 3.9 
Fe-59 -1 .1 ± 3.8 < 5.2 
Co-58 -0.1 ± 1.5 < 2.2 
Co-60 2.0 ± 1.7 < 2.5 
Zn-65 -1.0±4.3 < 5.6 
Zr-Nb-95 -0.4 ± 1.8 < 3.3 
Cs-134 0.7 ± 1.7 < 3.4 
Cs-137 -0.5 ± 1.7 < 2.4 
Ba-La-140 -2.4 ± 1.7 < 6.2 

Location S-1 S-3 S-7 S-8 

Collection Date 08-04-20 MDC 08-04-20 MDC 08-04-20 MDC 08-04-20 MDC 

Lab Code EW- 2745 EW- 2746 NF" NF" 

Be-7 -8.1 ± 19.6 < 43.8 14.4 ± 12.8 < 34.7 
Mn-54 1.1 ± 2.0 < 4.6 0.6 ± 1.7 < 3.4 
Fe-59 -3 .5 ± 3.4 < 5.2 -3.9 ± 3.4 < 8.0 
Co-58 -0.8 ± 2.1 < 3.2 0.6 ± 1.6 < 3.6 
Co-60 -0.7 ± 2.1 < 2.0 0.2 ± 1.6 < 1.6 
Zn-65 0.5 ± 5.1 < 7.9 1.7 ± 3.2 < 5.0 
Zr-Nb-95 -1.1 ±2.2 < 5.2 -2.9±1.9 < 2.4 
Cs-134 -1.5±2.4 < 3.8 -1.9 ± 1.7 < 2.9 
Cs-137 0.2 ± 2.2 < 2.7 1.1 ± 1.9 < 3.3 
Ba-La-140 -5.3 ± 2.1 < 5.2 -1 .6 ± 1.9 < 8.6 

" "NF" = No flow. 
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POINT BEACH NUCLEAR PLANT 

Beach Drains (cont.) 

Units: = pCi\L Gamma isotopic analysis 

Location S-9 S-10 S-12 S-13 

Collection Date 08-04-20 08-04-20 08-04-20 08-04-20 

Lab Code NF3 MDC NF3 MDC NF3 MDC NF3 MDC 

Be-7 
Mn-54 
Fe-59 
Co-58 
Co-60 
Zn-65 
Zr-Nb-95 
Cs-134 
Cs-137 
Ba-La-140 

Location S-1 S-3 S-7 S-8 

Collection Date 09-22-20 09-22-20 09-22-20 09-22-20 

Lab Code EW- 3396 MDC EW- 3397 MDC NF3 MDC NF3 MDC 

Be-7 -19.6 ± 15.0 < 40.4 -3.2 ± 14.2 < 29.8 
Mn-54 1.5±1 .6 < 2.7 -0.4 ± 1.8 < 3.0 
Fe-59 3.0 ± 3.3 < 7.2 3.9 ± 3.5 < 5.2 
Co-58 -0.1 ± 1.6 < 2.9 -1.0 ± 1.5 < 2.2 
Co-60 0.3 ± 1.8 < 2.2 -1 .0 ± 1.8 < 3.0 
Zn-65 -0.2 ± 3.1 < 4.3 1.3 ± 4.3 < 4.8 
Zr-Nb-95 -1 .2 ± 1.8 < 4.5 -1 .7 ± 1.8 < 4.9 
Cs-134 -0.1 ± 1.8 < 3.3 -1.8 ± 2.0 < 4.4 
Cs-137 1.4 ± 1.6 < 2.8 0.3 ± 2.0 < 2.6 
Ba-La-140 -9.8 ± 2.1 < 3.9 -1.9±2.3 < 9.6 

Location S-9 S-10 S-12 S-13 

Collection Date 09-22-20 09-22-20 09-22-20 09-22-20 

Lab Code NF3 MDC NF3 MDC NF3 MDC NF3 MDC 

Be-7 

Mn-54 

Fe-59 

Co-58 

Co-60 

Zn-65 

Zr-Nb-95 

Cs-134 

Cs-137 

Ba-La-140 

a "NF" = No flow. 
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POINT BEACH NUCLEAR PLANT 

Beach Drains (cont.) 

Units : = pCi\L Gamma isotopic analysis 

Location S-1 S-3 S-7 S-8 

Collection Date 10-05-20 10-05-20 10-05-20 10-05-20 

Lab Code EW- 3535 MDC EW- 3536 MDC NF3 MDC NF 3 MDC 

Be-7 -7.3 ± 16.9 < 43.0 0.9 ± 13.6 < 47.4 
Mn-54 1.2 ± 1.8 < 2.5 1.8 ± 1.6 < 2.5 
Fe-59 -4.1 ±4.1 < 7.2 -1.6 ± 3.3 < 4.6 
Co-58 1.9 ± 1.9 < 3.9 1.8 ± 1.7 < 4.1 
Co-60 1.2 ± 1.8 < 2.7 1.8 ± 1.9 < 2.8 
Zn-65 -2. 1 ± 3.8 < 1.9 -1.9±3.4 < 5.0 
Zr-Nb-95 -0.8 ± 1.9 < 4.7 -0.6 ± 1.8 < 4.4 
Cs-134 -3.6 ± 2.2 < 4.0 -0.9 ± 1.9 < 3.0 
Cs-137 -1 .2±2.0 < 2.3 -0.6 ± 2.0 < 3.1 
Ba-La-140 3.4 ± 1.9 < 10.3 1.4 ± 6.2 < 10.3 

Location S-9 S-10 S-12 S-13 

Collection Date 10-05-20 10-05-20 10-05-20 10-05-20 

Lab Code NF3 MDC NF3 MDC EW- 3538 MDC NF3 MDC 

Be-7 -17.6 ± 16.2 < 31 .5 
Mn-54 0.5 ± 1.6 < 3.3 
Fe-59 4.5 ± 3.0 < 5.9 
Co-58 1.5 ± 1.7 < 3.6 
Co-60 0.3 ± 1.7 < 2.4 
Zn-65 -4.9 ± 3.4 < 3.7 
Zr-Nb-95 -5.4 ± 1.9 < 7.0 
Cs-134 -0.8 ± 1.8 < 3.3 
Cs-137 0.1 ± 1.9 < 2.9 
Ba-La-140 0.8 ± 1.8 < 13.2 

Location S-1 S-3 S-7 S-8 
MDC MDC MDC MDC 

Collection Date 11 -04-20 11-04-20 11-04-20 11 -04-20 

Lab Code EW- 4220 EW- 4221 NF3 NF• 

Be-7 -8.1 ± 16.8 < 40.1 4.3 ± 18.7 < 40.0 
Mn-54 -0.4 ± 2.0 < 4.4 1.6 ± 2.1 < 3.5 
Fe-59 0.5 ± 4.3 < 9.2 -2.3 ± 4.3 < 6.4 
Co-58 -0.3 ± 1.7 < 3.2 0.2 ± 1.9 < 2.8 
Co-60 -0.1 ± 1.8 < 2.1 1.9 ± 2.3 < 3.3 
Zn-65 -1.1 ±4.0 < 2.5 -3.9 ± 4.6 < 3.0 
Zr-Nb-95 -2.3 ± 1.7 < 3.8 -0.1 ± 2.3 < 3.2 
Cs-134 -2.2 ± 2.0 < 3.7 -2.4 ± 2.4 < 3.7 
Cs-137 2.2 ± 1.9 < 2.9 -2.4 ± 2.3 < 1.7 
Ba-La-140 -2 .6 ± 2.3 < 9.1 -2.8 ± 2.3 < 14.6 

a "NF" = No flow. 
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POINT BEACH NUCLEAR PLANT 

Beach Drains (cont.) 

Units: = pCi\L Gamma isotopic analysis 

Loca tion S-9 S-10 S-12 S-13 

Collection Date 11 -04-20 11-04-20 11-04-20 11-04-20 

Lab Code NF3 MDC NF3 MDC NF3 MDC NF• MDC 

Be-7 
Mn-54 
Fe-59 
Co-58 
Co-60 
Zn-65 
Zr-Nb-95 
Cs-134 
Cs-137 
Ba-La-140 

Location S-1 S-3 S-7 S-8 

Collection Date 12-03-20 12-03-20 12-03-20 12-03-20 

Lab Code EW- 4493 MDC EW- 4494 MDC NF3 
MDC NF• MDC 

Be-7 2.2 ± 12.8 < 35.1 16.7 ± 12.4 < 33.0 
Mn-54 -1.6 ± 1.4 < 1.5 0.8 ± 1.4 < 2.7 
Fe-59 2.0 ± 2.5 < 6.6 -0.5 ± 2.8 < 5.3 
Co-58 -0.6 ± 1.4 < 2.5 1.0 ± 1.4 < 2.7 
Co-60 -0.2 ± 1.6 < 1.7 -0.5 ± 1.6 < 2.1 
Zn-65 -7 .5 ± 3.2 < 4.5 -2.4 ± 3.4 < 5.5 
Zr-Nb-95 -0.8 ± 1.7 < 3.5 -2.4 ± 1.6 < 2.6 
Cs-134 -6.9 ± 1.8 < 2.7 0.6 ± 1.6 < 3.0 
Cs-137 0.8 ± 1.5 < 2.7 -1 .0 ± 1.6 < 2.1 
Ba-La-140 3.9 ± 5.1 < 14.7 -7.2 ± 1.7 < 8.4 

Location S-9 S-10 S-12 S-13 

Collection Date 12-03-20 12-03-20 12-03-20 12-03-20 

Lab Code NF3 MDC NF3 MDC NF• MDC NF3 MDC 

Be-7 

Mn-54 
Fe-59 

Co-58 

Co-60 

Zn-65 
Zr-Nb-95 
Cs-134 
Cs-137 
Ba-La-140 

"NF"= No flow. 
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POINT BEACH NUCLEAR PLANT 

Table 12. Groundwater Tritium Monitoring Program 
(Quarterly Collections) 

Units= Ci/L 

Quarterly Wells 

SamE,le ID GW-05 (WH 6 Well) GW-06 (SBCC Well) 

Collection Collection 
Date Lab Code Tritium MDC Date Lab Code Tritium MDC 

01-16-20 EWW- 143 -29 ± 72 < 156 01-16-20 EWW- 144 0 ± 73 < 156 
04-08-20 EWW- 1060 79 ± 78 < 158 04-08-20 EWW- 1061 -43 ± 71 < 158 
07-22-20 EWW- 2551 -6 ± 76 < 159 07-22-20 EWW- 2552 80 ± 81 < 159 
10-15-20 EWW- 3797 45 ± 75 < 157 10-15-20 EWW- 3798 58 ± 76 < 157 

Mean± s.d. 22 ± 49 Mean± s.d. 24 ± 56 

Sample ID GW-11 (MW-1) GW-12 (MW-2) 

Collection Collection 
Date Lab Code Tritium MDC Date Lab Code Tritium MDC 

03-17-20 EWW- 797 103 ± 80 < 159 03-17-20 EWW- 798 46 ± 76 < 159 
04-23-20 EWW- 1542 142 ± 80 < 153 04-23-20 EWW- 1543 11 ± 72 < 153 
07-21-20 EWW- 2625 184 ± 86 < 159 07-21-20 EWW- 2627 32 ± 78 < 159 
10-14-20 EWW- 3869 113 ± 79 < 155 10-14-20 EWW- 3870 77 ± 77 < 155 

Mean± s.d. 136 ± 36 Mean ±s.d. 42 ± 28 

Samele ID GW-13 (MW-6) GW-14A (MW-OSA) 

Collection Collection 
Date Lab Code Tritium MDC Date Lab Code Tritium MDC 

03-17-20 EWW- 799 37 ± 76 < 159 03-17-20 EWW- 800 143 ± 82 < 159 
04-23-20 EWW- 1544 42 ± 74 < 153 04-23-20 EWW- 1545 193 ± 82 < 153 
07-21-20 EWW- 2628 69 ± 80 < 159 07-21-20 EWW- 2629 173 ± 86 < 159 
10-14-20 EWW- 3871 37 ± 74 < 155 10-14-20 EWW- 3872 131 ± 80 < 155 

Mean± s.d. 46 ± 15 Mean± s.d. 160 ± 28 

SamEle ID GW-15A,(,MW-4) GW-158 (MW-4) 

Collection Collection 
Date Lab Code Tritium MDC Date Lab Code Tritium MDC 

03-17-20 EWW- 802 149 ± 82 < 159 03-17-20 EWW- 803 176 ± 83 < 159 
04-23-20 EWW- 1546 178 ± 81 < 153 04-23-20 EWW- 1548 118 ± 78 < 153 
07-21-20 EWW- 2630 186 ± 86 < 159 07-21-20 EWW- 2631 123 ± 83 < 159 
10-14-20 EWW- 3873 136 ± 80 < 155 10-14-20 EWW- 3874 140 ± 80 < 155 

Mean± s.d. 162 ± 24 Mean± s.d. 139 ± 26 

Samele ID GW-16A (MW-3) GW-168 (MW-3) 

Collection Collection 
Date Lab Code Tritium MDC Date Lab Code Tritium MDC 

03-17-20 EWW- 804 160 ± 83 < 159 
04-23-20 EWW- 1549 231 ± 84 < 153 
07-21-20 EWW- 2632 266 ± 91 < 159 
10-14-20 EWW- 3875 143 ± 80 < 155 

Mean± s.d. 200 ± 58 
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POINT BEACH NUCLEAR PLANT 

Table 12. Groundwater Tritium Monitoring Program 
(Quarterly Collections) 

Units= Ci/L 

Quarterly Wells (cont.) 

_S_a_m~p_le_l_D~~~~~~G_W_-_18_(WH_7_W~el~I)~~~ 

Collection 
Date 

01 -16-20 
04-08-20 
07-22-20 
10-15-20 

Mean ± s.d. 

Sample ID 

Collection 
Date 

02-04-20 
06-09-20 
08-21 -20 
10-14-20 

Mean± s.d. 

Sample ID 

Collection 
Date 

02-04-20 
06-09-20 
08-21 -20 
10-14-20 

Mean± s.d. 

-Sample ID 

Collection 
Date 

05-21-20 

Lab Code Tritium 

EWW- 146 -45 ± 71 
EWW- 1062 -49 ± 70 
EWW- 2553 10 ± 77 
EWW- 3799 27 ± 74 

-14 ± 38 

GW-09 12-361A 

Lab Code Tritium 

EWW- 437 260 ± 87 
EWW- 3066 574 ± 109 
EWW- 3351 155 ± 86 
EWW- 4247 247 ± 87 

309 ± 183 

GW-10 22-361A 

Lab Code Tritium 

EWW- 439 -13 ± 72 
EWW- 3068 50 ± 84 
EWW- 3353 -43 ± 74 
EWW- 4249 37 ± 75 

8 ± 43 

GW-07 (North Bog) 

Lab Code Tritium 
EWW- 1689 118 ± 81 

• for gamma scan see app. F 

MDC 

< 156 
< 158 
< 159 
< 157 

Facade Wells 

GW-0912-361B 

MDC Collection 
Date Lab Code Tritium 

< 157 02-04-20 EWW- 438 126 ± 80 
< 155 06-09-20 EWW- 3067 448 ± 104 
< 155 08-21 -20 EWW- 3352 115 ± 83 
< 158 10-14-20 EWW- 4248 91 ± 78 

Mean± s.d. 195 ± 170 

GW-10 22-3618 

MDC Collection 
Date Lab Code Tritium 

157 02-04-20 EWW- 440 108 ± 79 
< 155 06-09-20 EWW- 3069 142 ± 89 
< 155 08-21-20 EWW- 3354 153 ± 85 
< 158 10-14-20 EWW- 4250 189 ± 84 

Mean± s.d. 148 ± 33 

(Annual Collections) 
Units= Ci/L 

Bogs 

GW-08 EiC Bog 

Collection 
MDC Date Lab Code Tritium 

< 160 05-21 -20 EWW- 1690 631 ± 105 
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POINT BEACH NUCLEAR PLANT 

Table 12. Groundwater Tritium Monitoring Program 

Sample ID 
Collection 

Date 

09-22-20 

Mean± s.d. 

Sample ID 
Collection 

Date 

Mean± s.d. 

Sample ID 
Collection 

Date 

04-28-20 
09-22-20 

Mean± s.d. 

Sample ID 
Collection 

Date 

04-28-20 
09-22-20 

Mean± s.d. 

Sample ID 
Collection 

Date 

04-28-20 
09-22-20 

Mean± s.d. 

MH Z-065A 

Lab Code Tritium 

EW- 3647 321 ± 91 

MH Z-065C 

Lab Code Tritium 

MH Z-066A 

Lab Code Tritium 

EW- 1528 191 ± 82 
EW- 3649 244 ± 87 

217 ± 37 

MH Z-066C 

Lab Code Tritium 

EW- 1530 440 ± 95 
EW- 3651 253 ± 87 

346 ± 132 

MH Z-067A 

Lab Code Tritium 

EW- 1532 249 ± 85 
EW- 3653 208 ± 85 

228 ± 29 

" for gamma scan see app. F 

Units = pCi/L 

Manholes 

MDC 
(pCi/l) 

< 157 

MDC 
(pCi/l) 

MDC 
(pCi/L) 

< 153 
< 157 

MDC 
(pCi/l) 

< 153 a 

< 157 

MDC 
(pCi/l) 

< 153 
< 157 

Collection 
Date 

09-22-20 

Mean± s.d. 

Collection 
Date 

Mean± s.d. 

Collection 
Date 

04-28-20 
09-22-20 

Mean± s.d. 

Collection 
Date 

04-30-20 
09-22-20 

Mean ±s.d. 

Collection 
Date 

04-28-20 
09-22-20 

Mean± s.d. 

12-14 

MH Z-0658 

Lab Code Tritium 

EW- 3648 303 ± 90 

MH Z-065D 

Lab Code Tritium 

MH Z-0668 

Lab Code Tritium 

EW- 1529 660 ± 104 
EW- 3650 334 ± 91 

497 ± 230 

MH Z-066D 

Lab Code Tritium 

EW- 1531 360 ± 91 
EW- 3652 307 ± 90 

333 ± 37 

MH Z-0678 

Lab Code Tritium 

EW- 1533 649 ± 104 
EW- 3654 332 ± 91 

491 ± 224 

MDC 
(pCi/L) 

< 157 

MDC 
(pCi/l) 

MDC 
(pCi/l) 

< 153 a 

< 157 

MDC 
(pCi/l) 

< 153 
< 157 

MDC 
(pCi/L) 

< 153 
< 158 



Sample ID 
Collection 

Date 

04-28-20 
09-22-20 

Mean ± s.d. 

Sample ID 
Collection 

Date 

04-30-20 
09-22-20 

Mean ± s.d. 

Sample ID 
Collection 

Date 

Mean± s.d. 

Sample ID 
Collection 

Date 

Mean± s.d. 

Sample ID 
Collection 

Date 

Mean± s.d. 

Sample ID 
Collection 

Date 

Mean ± s.d. 

MH Z-067C 

Lab Code Tritium 

EW- 1534 311 ± 88 
EW- 3655 190 ± 84 

251 ± 85 

MH Z-068 

Lab Code Tritium 

EW- 1536 353 ± 90 
EW- 3657 266 ± 88 

310 ± 61 

MH-4 

Lab Code Tritium 

MH-7 

Lab Code Tritium 

MH-16 

Lab Code Tritium 

MH-5A 

Lab Code Tritium 

POINT BEACH NUCLEAR PLANT 

Manholes (cont.) 

MDC 
(pCi/L) 

< 153 
< 158 

MDC 
(pCilL) 

< 153 
< 157 

MDC 
(pCilL) 

MDC 
(pCi/L) 

MDC 
(pCilL) 

MDC 
(pCilL) 

Collection 
Date 

04-30-20 
09-22-20 

Mean ± s.d. 

Collection 
Date 

Mean ± s.d. 

Collection 
Date 

Mean ± s.d. 

Collection 
Date 

Mean± s.d . 

Collection 
Date 

Mean ± s.d. 

Collection 
Date 

Mean± s.d. 
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MH Z-067D 

Lab Code Tritium 

EW- 1535 200 ± 83 
EW- 3656 167 ± 83 

184 ± 23 

MH-1 

Lab Code Tritium 

MH-6 

Lab Code Tritium 

MH-8 

Lab Code Tritium 

MH-2 

Lab Code Tritium 

MH-9 

Lab Code Tritium 

MDC 
(pCilL) 

< 153 
< 157 

MDC 
(pCi/L) 

MDC 
(pCilL) 

MDC 
(pCilL) 

MOC 
(pCilL) 

MDC 
(pCilL) 
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NOTE: 

APPENDIX A 

INTERLABORATORY AND INTRALABORATORY 
COMPARISON PROGRAM RESULTS 

Appendix A is updated four times a year. The complete appendix is included in March , 
June, September and December monthly progress reports only. 

January, 2020 through December, 2020 



Appendix A 

lnterlaboratory/ lntralaboratory Comparison Program Results 

Environmental, Inc., Midwest Laboratory has participated in interlaboratory comparison (crosscheck) 
programs since the formulation of it's quality control program in December 1971. These programs are 
operated by agencies which supply environmental type samples containing concentrations of radionuclides 
known to the issuing agency but not to participant laboratories . The purpose of such a program is to provide 
an independent check on a laboratory's analytical procedures and to alert it of any possible problems. 

Participant laboratories measure the concentration of specified radionuclides and report them to the issuing 
agency. Several months later, the agency reports the known values to the participant laboratories and 
specifies control limits. Results consistently higher or lower than the known values or outside the control 
limits indicate a need to check the instruments or procedures used. 

Results in Table A-1 were obtained through participation in the RAD PT Study Proficiency Testing Program 
administered by Environmental Resource Associates, serving as a replacement for studies conducted 
previously by the U.S. EPA Environmental Monitoring Systems Laboratory, Las Vegas, Nevada. 

Results in Table A-2 were obtained through participation in the New York Department of Health Environmental 
Laboratory Approval Program (ELAP) PT. 

Table A-3 lists results for thermoluminescent dosimeters (TLDs), via irradiation and evaluation by 
the University of Wisconsin-Madison Radiation Calibration Laboratory at the University of Wisconsin 
Medical Radiation Research Center. 

Table A-4 lists results of the analyses on intralaboratory "spiked" samples for the past twelve months. All 
samples are prepared using NIST traceable sources. Data for previous years available upon request. 

Table A-5 lists results of the analyses on intralaboratory "blank" samples for the past twelve months. Data for 
previous years available upon request. 

Table A-6 lists analytical results from the intralaboratory "duplicate" program for the past twelve 
months. Acceptance is based on each result being within 25% of the mean of the two results or 
the two sigma uncertainties of each result overlap. 

The results in Table A-7 were obtained through participation in the Mixed Analyte Performance Evaluation 
Program. 

Results in Table A-8 were obtained through participation in the MRAD PT Study Proficiency Testing Program 
administered by Environmental Resource Associates, serving as a replacement for studies conducted 
previously by the Environmental Measurement Laboratory Quality Assessment Program (EML) . 

Attachment A lists the laboratory acceptance criteria for various analyses . 

Out-of-limit results are explained directly below the result. 
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Analysis 

Gamma Emitters 

Strontium-89, 
Strontium-90 

Potassium-40 

Gross alpha 

Gross beta 

Tritium 

Radium-226, 
Radium-228 

Plutonium 

lodine-129, 
lodine-131 

Nickel-63, 
Technetium-99, 
Uranium-238 

lron-55 

Other Analyses 

Attachment A 

ACCEPTANCE CRITERIA FOR INTRALABORATORY "SPIKED" SAMPLES 

Ratio of lab result to known value. 

0.8 to 1.2 

0.8to1 .2 

0.8to1 .2 

0.5 to 1.5 

0.8 to 1.2 

0.8to1.2 

0.7to1 .3 

0.8 to 1.2 

0.8 to 1.2 

0.7to1 .3 

0.8to1 .2 

0.8 to 1.2 
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TABLE A-1. lnterlaboratory Comparison Crosscheck program, Environmental Resource Associates (ERA) 8
. 

RAD study 

Concentration (pCi/L) 

Lab Code Date Analysis Laboratory ERA Control 

Result Result Limits Acceptance 

RAD-120 Study 

ERW-49 1/6/2020 Ba-133 60.8 ± 4.4 64.5 53.7 -71 .0 Pass 

ERW-49 1/6/2020 Cs-134 22.7 ± 2.8 22.9 17.5 -25.6 Pass 

ERW-49 1/6/2020 Cs-137 225 ± 8 220 198 - 244 Pass 

ERW-49 1/6/2020 Co-60 94.6 ± 4.6 91 .2 82.1 -103 Pass 

ERW-49 1/6/2020 Zn-65 331 ±13 298 268 - 348 Pass 

ERDW-51 1/6/2020 Gr. Alpha 52.3 ± 2.4 58.9 30.8 - 73.3 Pass 

ERDW-51 1/6/2020 Gr. Beta 19.9 ± 1.0 21.0 12.6 - 29.1 Pass 

ERDW-53 1/6/2020 Ra-226 12.8 ± 0.5 17.4 12.9 - 19.9 Failb 

ERDW-53 1/6/2020 Ra-228 7.13 ± 0.9 7.95 5.06 - 10.1 Pass 

ERDW-53 1/6/2020 Uranium 63.8±1.0 68.2 55.7 - 75.0 Pass 

ERW-55 1/6/2020 H-3 18,200 ± 408 17,800 15,600 - 19,600 Pass 

RAD-121 Study 

ERDW-1034 4/6/2020 Ra-226 17.8 ± 0.5 18.4 13.7 -21 .0 Pass 

ERDW-1034 4/6/2020 Ra-228 6.30 ± 0.86 5.81 3.56 - 7.64 Pass 

ERDW-1034 4/6/2020 Uranium 18.7±1.3 18.6 14.9 - 20.9 Pass 

RAD-122 Study 

ERW-2297 7/6/2020 Ba-133 43.8 ± 3.4 58.6 48.6 - 64.6 Failc 

ERW-2297 7/6/2020 Cs-134 19.8 ± 2.4 22.3 17.0 -25.0 Pass 

ERW-2297 7/6/2020 Cs-137 73.2 ± 5.4 73.0 65.7 -83.0 Pass 

ERW-2297 7/6/2020 Co-60 90.0 ± 4.0 86.1 77.5 - 97.0 Pass 

ERW-2297 7/6/2020 Zn-65 84.9 ± 7.5 82.9 74.6 - 99.6 Pass 

ERDW-2299 7/6/2020 Gr. Alpha 40.3 ± 2.2 52.40 27.30 - 65.6 Pass 

ERDW-2299 7/6/2020 Gr. Beta 19.9 ± 1.0 24.3 15.0 -32.3 Pass 

ERDW-2303 7/6/2020 Ra-226 8.91 ± 0.43 10.8 8.08 - 12.5 Pass 

ERDW-2303 7/6/2020 Ra-228 4.79 ± 0.80 5.42 3.28 - 7.19 Pass 

ERDW-2303 7/6/2020 Uranium 27 .7 ± 0.9 29.3 23.7 - 32.5 Pass 

ERW-2305 7/6/2020 H-3 21,100 ±400 20,300 17 ,800 - 22,300 Pass 

ERW-2301 7/6/2020 1-131 27.8±1.2 26.1 21.7 - 30.8 Pass 

• Results obtained by Environmental, Inc., Midwest Laboratory as a participant in the crosscheck program for proficiency 

testing in drinking water conducted by Environmental Resource Associates (ERA). 

b Ra-226 was slightly below the lower limit of the study. The reported value was the mean of two results (12.5 & 13.0). 

The sample was re-run in duplicate and both results, 15.6 and 13.8 pCi/L, were within the acceptance band. 

c Ba-133 was below the lower acceptable limit of the study. No cause for the failure could be identified. Going forward 

gamma results will be monitored to see if any trend develops. 
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TABLE A-2 . lnterlaboratory Comparison Crosscheck program, New York Department of Health (ELAP)". 

Concentration (pCi/L) 

Lab Code Date Analysis Laboratory Assigned Acceptance 

Result Value Limits Acceptance 

Shipment 437R 

NYW-3307 9/15/2020 H-3 11,500 ± 465 11,208 9760 - 12,300 Pass 

NYW-3331 9/15/2020 Gross Alpha 43.7 ± 2.5 64.9 34.0 - 80.4 Pass 

NYW-3331 9/15/2020 Gross Beta 11.1 ± 1.1 8.85 3.62 - 17.4 Pass 

NYW-3335 9/15/2020 1-131 14.1 ± 1.4 12.6 10.3-16.0 Pass 

NYW-3333 9/15/2020 Ra-226 2.24 ± 0.27 2.63 2.06 - 3.44 Pass 

NYW-3333 9/15/2020 Ra-228 4.91 ± 1.12 5.41 3.27-7.18 Pass 

NYW-3333 9/15/2020 Uranium 42.8 ± 1.94 37.1 30.1 -41 .0 Failb 

NYW-3337 9/15/2020 Co-60 46.4 ± 3.8 42.3 38.1 - 49.2 Pass 

NYW-3337 9/15/2020 Zn-65 133 ± 9 116 104 - 138 Pass 

NYW-3337 9/15/2020 Ba-133 49.5 ± 4.1 46.4 38.0 - 51 .6 Pass 

NYW-3337 9/15/2020 Cs-134 32.5 ± 3.1 33.0 26.0 - 36.3 Pass 

NYW-3337 9/15/2020 Cs-137 147 ± 7 134 121 - 150 Pass 

a Results obtained by Environmental, Inc., Midwest Laboratory as a participant in the crosscheck program for proficiency 

testing in drinking water conducted by the New York Department of Health Laboratory Approval Program(NY ELAP). 

b Lab passed all ERA and MAPEP studies for uranium in 2020.(See tables A-1 , A-7 and A-8) Uncertainty overlaped upper 

acceptance limit. Lab will continue to monitor results going forward for trends. 

A-4 



TABLE A-3. Thermoluminescent Dosimetry, (TLD, CaS04: Dy Cards)." 

mrem 

Lab Code Irradiation Delivered Reportedb Performancec 

Date Description Dose Dose Quotient (P) 

Environmental, Inc. Group 1 

2020-1 10/28/2020 Spike 172.0 180.0 0.05 

2020-1 10/28/2020 Spike 2 172.0 174.5 0.01 

2020-1 10/28/2020 Spike 3 172.0 174.3 0.01 

2020-1 10/28/2020 Spike 4 172.0 174.0 0.01 

2020-1 10/28/2020 Spike 5 172.0 167.1 -0.03 

2020-1 10/28/2020 Spike 6 172.0 161 .9 -0.06 

2020-1 10/28/2020 Spike 7 172.0 167.9 -0.02 

2020-1 10/28/2020 Spike 8 172.0 171.0 -0.01 

2020-1 10/28/2020 Spike 9 172.0 170.7 -0.01 

2020-1 10/28/2020 Spike 10 172.0 170.1 -0.01 

2020-1 10/28/2020 Spike 11 172.0 173.8 0.01 

2020-1 10/28/2020 Spike 12 172.0 178.3 0.04 

2020-1 10/28/2020 Spike 13 172.0 178.2 0.04 

2020-1 10/28/2020 Spike 14 172.0 171 .9 0.00 

2020-1 10/28/2020 Spike 15 172.0 190.4 0.11 

2020-1 10/28/2020 Spike 16 172.0 170.9 -0.01 

2020-1 10/28/2020 Spike 17 172.0 183.3 0.07 

2020-1 10/28/2020 Spike 18 172.0 170.6 -0.01 

2020-1 10/28/2020 Spike 19 172.0 164.9 -0.04 

2020-1 10/28/2020 Spike 20 172.0 175.7 0.02 

Mean (Spike 1-20) 173.5 0.01 Passd 

Standard Deviation (Spike 1-20) 6.5 0.04 Passd 

a TLD's were irradiated by the University of Wisconsin-Madison Radiation Calibration Laboratory following ANSI N 13.37 

protocol from a known air kerma rate. TLD's were read and the results were submitted by Environmental Inc. to 

the University of Wisconsin-Madison Radiation Calibration Laboratory for comparison to the delivered dose. 

b Reported dose was converted from exposure (R) to Air Kerma (cGy) using a conversion of 0.876. Conversion from 

air kerma to ambient dose equivalent for Cs-137 at the reference dose point H*(10)Ka = 1.20 . mrem/cGy = 1000. 

c Performance Quotient (P) is calculated as ((reported dose - conventially true value) + conventially true value) where the 

conventially true value is the delivered dose. 

d Acceptance is achieved when neither the absolute value of the mean of the P values, nor the standard deviation of the P 

values exceed 0.15. 
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TABLE A-3. Thermoluminescent Dosimetry, (TLD, CaS04: Dy Cards).a 

mrem 

Lab Code Irradiation Delivered Reportedb Performance0 

Date Description Dose Dose Quotient (P) 

Environmental, Inc. Group 2 

2020-2 10/28/2020 Spike 21 114.0 117.3 0.03 

2020-2 10/28/2020 Spike 22 114.0 103.3 -0.09 

2020-2 10/28/2020 Spike 23 114.0 106.2 -0.07 

2020-2 10/28/2020 Spike 24 114.0 110.1 -0.03 

2020-2 10/28/2020 Spike 25 114.0 114.9 0.01 

2020-2 10/28/2020 Spike 26 114.0 115.5 0.01 

2020-2 10/28/2020 Spike 27 114.0 110.4 -0.03 

2020-2 10/28/2020 Spike 28 114.0 111 .7 -0.02 

2020-2 10/28/2020 Spike 29 114.0 111.3 -0.02 

2020-2 10/28/2020 Spike 30 114.0 113.1 -0.01 

2020-2 10/28/2020 Spike 31 114.0 116.4 0.02 

2020-2 10/28/2020 Spike 32 114.0 111.8 -0.02 

2020-2 10/28/2020 Spike 33 114.0 112.6 -0.01 

2020-2 10/28/2020 Spike 34 114.0 105.7 -0.07 

2020-2 10/28/2020 Spike 35 114.0 104.5 -0.08 

2020-2 10/28/2020 Spike 36 114.0 103.6 -0.09 

2020-2 10/28/2020 Spike 37 114.0 104.4 -0.08 

2020-2 10/28/2020 Spike 38 114.0 104.5 -0.08 

2020-2 10/28/2020 Spike 39 114.0 106.4 -0.07 

2020-2 10/28/2020 Spike 40 114.0 107.7 -0.06 

Mean (Spike 21-40) 109.6 -0.04 Passd 

Standard Deviation (Spike 21-40) 4.6 0.04 Passd 

a TLD's were irradiated by the University of Wisconsin-Madison Radiation Calibration Laboratory following ANSI N13.37 

protocol from a known air kerma rate. TLD's were read and the results were submitted by Environmental Inc. to 

the University of Wisconsin-Madison Radiation Calibration Laboratory for comparison to the delivered dose. 

b Reported dose was converted from exposure (R) to Air Kerma (cGy) using a conversion of 0.876. Conversion from 

air kerma to ambient dose equivalent for Cs-137 at the reference dose point H*(1 O)K. = 1.20 . mrem/cGy = 1000. 

c Performance Quotient (P) is calculated as ((reported dose - conventially true value) + conventially true value) where the 

conventially true value is the delivered dose. 

d Acceptance is achieved when neither the absolute value of the mean of the P values, nor the standard deviation of the P 

values exceed 0.15. 
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TABLE A-4. lntralaboratory "Spiked" Samples 

Lab Codeb 

SPW-481 
SPW-110 

W-041620 
W-041620 

W-042020 

W-042020 

SPW-190 

SPW-205 
SPW-217 

SPW-270 

SPW-288 

W -021220 
W-021220 

SPW-396 

W-022420 

W-022420 

SPW-716 

W-022820 
W-022820 

SPW-532 

W-030420 
W-030420 

W-031020 

W-031020 

SPW-711 
SPW-825 

SPW-774 

W-031820 

W-031820 

W-032520 

W-032520 
SPW-877 

SPW-925 

SPW-859 

W-040320 

W -040320 
SPDW-1009 

SPDW-1009 

SPW-1033 

W-040920 

W-040920 
SPW-1145 

SPW-1186 

Date 

1/1/2020 

1/16/2020 

4/29/2016 

4/29/2016 
4/29/2016 

4/29/2016 

1/23/2020 

1/28/2020 

1/31/2020 

21712020 
2/11/2020 

4/29/2016 

4/29/2016 

2/14/2020 

4/29/2016 
4/29/2016 

212612020 
4/29/2016 

4/29/2016 
2/28/2020 

4/29/2016 

4/29/2016 
4/29/2016 

4/29/2016 

3/12/2020 

3/12/2020 

3/18/2020 

4/29/2016 

4/29/2016 
4/29/2016 

4/29/2016 

3/31/2020 

3/23/2020 
3/27/2020 

4/29/2016 

4/29/2016 

4/8/2020 

4/8/2020 
41912020 
4/29/2016 

4/29/2016 
4/15/2020 

4/17/2020 

Analysis 

Ra-226 

H-3 

Cs-134 
Cs-137 

Cs-134 

Cs-137 

H-3 

Sr-90 
H-3 

H-3 

Ra-228 

Cs-134 
Cs-137 

H-3 

Cs-134 

Cs-137 

Ra-226 

Cs-134 
Cs-137 

H-3 

Cs-134 
Cs-137 

Cs-134 

Cs-137 

H-3 
Ra-226 

H-3 

Cs-134 

Cs-137 

Cs-134 

Cs-137 
Ra-228 

Ra-226 

H-3 

Cs-134 

Cs-137 

Gr. Alpha 

Gr. Beta 
H-3 

Cs-1 34 

Cs-137 
Ra-228 
H-3 

Concentration8 

Laboratory results 
2s, n=1 c 

10.4 ± 0.3 
2,101 ± 154 

35.7 ± 8.8 
75.0 ± 6.6 

40.6 ± 10.2 
71 .2 ± 7.0 

2,058 ± 153 
17.6±1.2 

2,005 ± 152 

2,153±157 
13.1±1.7 

39.3 ± 18.9 
73.9 ± 15.8 

2,298 ± 160 

33.4 ± 10.5 

75.6 ± 7.8 
11.3 ± 0.4 

34.9 ± 11.6 

82.9 ± 8.5 
2,054 ± 153 

29.7 ± 9.6 

74.2 ± 7.3 

41.6±17.8 

78.6 ± 14.3 
2,083 ± 154 

12.4 ± 0.4 

2,021 ± 151 

29.7 ± 10.6 

75.5 ± 9.2 
36.4 ± 9.2 

74.9 ± 7.0 

13.0 ± 2.0 

10.7±0.4 

2,065 ± 153 

38.1 ± 10.3 
78.6 ± 7.5 

11 .5 ± 0.9 

22.0 ± 1.0 
2,041 ± 153 

34.3 ± 9.4 

77.9 ± 8.0 
14.3 ± 2.0 

1,972±151 

Known 
Activity 

12.3 

2,110 

36.2 

71 .9 
36.2 

71 .9 

2,110 

17.9 
2,110 

2,110 

14.9 

36.2 

71 .9 
2,110 

36.2 

71 .9 
12.3 

36.2 

71 .9 

2,110 

36.2 

71 .9 
36.2 

71 .9 
2,110 

12.3 

2,110 

36.2 

71.9 

36.2 

71 .9 
14.9 

12.3 

2,110 

36.2 

71 .9 

18.7 

26.1 

2,110 
36.2 

71.9 

14.9 
2,110 

Control 
Limitsd 

8.6 - 16.0 

1,688 - 2 ,532 

29.0 - 43.4 

57.5 - 86.3 
29.0 - 43.4 

57.5 - 86.3 

1,688 - 2,532 

14.3 - 21.5 
1,688 - 2,532 

1,688 - 2,532 

10.4 - 19.3 

29.0 - 43.4 

57.5 - 86.3 
1,688 - 2,532 

29.0 - 43.4 
57.5 - 86.3 

8.6 - 16.0 

29.0 - 43.4 
57.5 - 86.3 

1,688 - 2,532 

29.0 - 43.4 
57.5 - 86.3 

29.0 - 43.4 

57.5 - 86.3 

1,688 - 2,532 
8.6 - 16.0 

1,688 - 2,532 

29.0 - 43.4 

57 .5 - 86.3 

29.0 - 43.4 
57.5 - 86.3 

10.4 - 19.3 

8.6 - 16.0 

1,688 - 2,532 

29.0 - 43.4 
57.5 - 86.3 

9.4 - 28.1 

20.9 - 31.3 

1,688 - 2,532 
29.0 - 43.4 

57.5 - 86.3 

10.4 - 19.3 
1,688 - 2,532 

Ratio 

Acceptance Lab/Known 

Pass 

Pass 

Pass 

Pass 
Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 
Pass 

Pass 

Pass 

Pass 
Pass 

Pass 

Pass 
Pass 

Pass 

Pass 

Pass 

Pass 
Pass 

Pass 

Pass 

Pass 
Pass 

Pass 
Pass 

Pass 

Pass 

Pass 

Pass 
Pass 

Pass 

Pass 
Pass 

Pass 

0.85 

1.00 

0.99 
1.04 

1.12 

0.99 

0.98 

0.99 
0.95 

1.02 

0.88 

1.09 

1.03 
1.09 

0.92 

1.05 
0.92 

0.96 
1.15 

0.97 

0.82 
1.03 

1.15 

1.09 

0.99 
1.01 

0.96 
0.82 

1.05 

1.01 

1.04 
0.88 

0.87 

0.98 

1.05 

1.09 
0.61 

0.84 

0.97 

0.95 

1.08 
0.96 

0.93 

a Liquid sample results are reported in pCi/Liter, air filters ( pCi/m3) , charcoal (pCi/charcoal canister), and solid samples (pCi/kg). 
b Laboratory codes : W & SPW (Water), Ml (milk), AP (air filter), SO (soil), VE (vegetation), CH (charcoal canister) , F (fish), U (urine) . 
c Results are based on single determinations. 

d Acceptance criteria are listed in Attachment A of this report. 
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TABLE A-4. lntralaboratory "Spiked" Samples 

Lab Codeb 

SPW-1284 

SPW-1745 

W-042220 

W-042220 

W-042420 

W-042420 

W-043020 

W-043020 

SPW-1327 

W-050520 

W-050520 

SPW-1394 

W-050720 

W-050720 

SPW-1500 

W-052020 

W-052020 

SPW-1613 

W-052620 

W-052620 

SPW-2061 

W-052620 

W-052620 

SPW-1741 

SPW-1824 

SPW-1853 

W-061120 

W-061120 

SPW-1982 

SPW-2038 

SPW-2116 

SPW-2173 

SPW-2328 

SPW-2458 

SPW-2556 

SPW-2558 

SPW-2558 

SPW-2640 

SPW-2778 

SPW-2797 
SPW-2852 

Date 

4/24/2020 

4/24/2020 

4/29/2016 

4/29/2016 

4/29/2016 

4/29/2016 

4/29/2016 

4/29/2016 

5/1/2020 

4/29/2016 

4/29/2016 

51512020 
4/29/2016 

4/29/2016 

5/18/2020 

4/29/2016 

4/29/2016 

5/22/2020 

4/29/2016 

4/29/2016 

5/21/2020 

4/29/2016 

4/29/2016 

512712020 

6/3/2020 

6/4/2020 

4/29/2016 

4/29/2016 

6/12/2020 

6/18/2020 

6/25/2020 

7/1/2020 

7/10/2020 

7/16/2020 

712712020 
71612020 
71612020 
7/31/2020 

81712020 
6/22/2020 

8/11/2020 

Analysis 

H-3 

Ra-226 

Cs-134 

Cs-137 

Cs-134 

Cs-137 

Cs-134 

Cs-137 

H-3 
Cs-134 

Cs-137 

Sr-90 

Cs-134 

Cs-137 

Ra-228 

Cs-134 

Cs-137 

H-3 

Cs-134 

Cs-137 

Ra-226 
Cs-134 

Cs-137 

H-3 

H-3 

H-3 

Cs-134 

Cs-137 

H-3 

H-3 

H-3 

H-3 

H-3 

H-3 

Sr-90 

Gr. Alpha 

Gr. Beta 

H-3 

H-3 

Ra-226 

Ra-228 

Concentration" 

Laboratory results 
2s , n=1 c 

2,015 ± 153 

11 .9 ± 0.3 

33.7 ± 9.2 

74.9 ± 6.6 

33.3 ± 10.8 

73.7 ± 8.5 

33.7 ± 15.7 

72.5 ± 7.1 

2,071 ± 153 

31.1±11 .9 

73.2 ± 8.3 

18.1±1 .1 

39.9 ± 2.0 

75.2 ± 14.3 

13.8 ± 1.9 

33.1±1.2 

80.8 ± 8.3 

1,953±149 

31.0 ± 9.2 

74.6 ± 7.5 

10.4±0.3 

33.6 ± 12.8 

69.2 ± 7.7 

1,925 ± 150 

1,971±151 

2,027 ± 153 

39.8 ± 21.0 

79.3 ± 13.5 
2,065 ± 154 

2,012 ± 154 

2,051 ± 159 

2,010 ± 154 

1,924±151 
1,932±151 

16.8±1 .1 

29 .9 ± 2.1 

20.0±1 .0 

1,984 ± 154 

1,936±151 

10.4 ± 0.3 

10.2 ± 1.6 

Known 

Activity 

2,110 

12.3 

36.2 

71 .9 

36.2 

71 .9 

36.2 

71.9 

2, 110 

36.2 

71.9 

17.9 

36.2 

71.9 

14.9 
36.2 

71.9 

2,110 

36.2 

71 .9 

12.3 

36.2 

71 .9 

2,110 

2,110 

2,110 

36.2 

71.9 
2, 110 

2, 110 

2, 110 

2,110 

2,110 

2,110 

17.9 

58.9 

21 .0 

2,110 

2,110 

12.3 

12.5 

Control 
Limitsd 

1,688 - 2,532 
8.6 -16.0 

29.0 - 43.4 

57.5 - 86.3 

29.0 - 43.4 

57.5 - 86.3 

29.0 - 43.4 

57.5 - 86.3 

1,688 - 2,532 

29.0 - 43.4 

57.5 - 86.3 

14.3 - 21.5 

29.0 - 43.4 

57 .5 - 86.3 

10.4 -19.3 

29.0 - 43.4 

57.5 - 86.3 

1,688 - 2,532 

29.0 - 43.4 

57.5 - 86.3 

8.6 - 16.0 

29.0 - 43.4 

57.5 - 86.3 

1,688 - 2,532 

1,688 - 2,532 

1,688 - 2,532 

29.0 - 43.4 

57.5 - 86.3 

1,688 - 2,532 
1,688 - 2,532 

1,688 - 2,532 

1,688 - 2,532 

1,688 - 2,532 

1,688 - 2,532 

14.3 - 21 .5 

29.5 - 88.4 

16.8 - 25.2 

1,688 - 2 ,532 

1,688 - 2,532 

8.6 -16.0 

8.7-16.2 

Ratio 

Acceptance Lab/Known 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 
Pass 

0.95 

0.97 

0.93 

1.04 

0.92 

1.03 

0.93 

1.01 

0.98 

0.86 

1.02 

1.01 

1.10 

1.05 

0.93 

0.91 

1.12 

0.93 

0.86 

1.04 

0.85 

0.93 

0.96 

0.91 

0.93 

0.96 

1.10 

1.10 

0.98 

0.95 

0.97 

0.95 

0.91 

0.92 

0.94 

0.51 

0.95 

0.94 

0.92 

0.85 

0.82 

a Liquid sample results are reported in pCi/Liter, air filters ( pCi/m3) , charcoal (pCi/charcoal canister) , and solid samples (pCi/kg). 

b Laboratory codes : W & SPW (Water), Ml (milk), AP (air filter), SO (soil), VE (vegetation), CH (charcoal canister), F (fish), U (urine). 

c Results are based on single determinations. 

d Acceptance criteria are listed in Attachment A of this report . 
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TABLE A-4. lntralaboratory "Spiked" Samples 

Concentration" 
Lab Codeb Date Analysis Laboratory results Known Control Ratio 

2s, n=1 c Activity Limitsd Acceptance Lab/Known 

SPW-2854 8/14/2020 H-3 1,927 ± 153 2,110 1,688 - 2,532 Pass 0.91 
SPW-2890 8/4/2020 Ra-226 11 .6± 0.4 12.3 8.6 - 16.0 Pass 0.95 
SPW-3013 8/24/2020 H-3 2,005 ± 153 2,110 1,688 - 2,532 Pass 0.95 
SPW-3053 8/28/2020 H-3 1,904 ± 149 2,110 1,688 - 2,532 Pass 0.90 
SPW-3123 8/19/2020 Ra-226 10.4 ± 0.3 12.3 8.6 -16.0 Pass 0.85 

SPW-3447 9/3/2020 Ra-226 9.8 ± 0.3 12.3 8.6 -16.0 Pass 0.80 
SPW-3241 9/11/2020 H-3 1,952 ± 154 2,110 1,688 - 2,532 Pass 0.93 
SPW-3425 9/23/2020 Ra-228 10.7 ± 1.6 12.3 8.6 -16.0 Pass 0.87 
SPW-3412 9/25/2020 H-3 2,099 ± 155 2, 110 1,688 - 2,532 Pass 0.99 
SPW-4131 9/30/2020 Ra-226 13.2 ± 0.4 12.3 8.6 - 16.0 Pass 1.07 

SPW-3482 10/2/2020 H-3 1,984 ± 154 2,110 1,688 - 2,532 Pass 0.94 
SPW-3624 10/9/2020 H-3 1,924 ± 152 2,110 1,688 - 2,532 Pass 0.91 
SPW-3794 10/16/2020 H-3 2,109 ± 156 2,110 1,688 - 2,532 Pass 1.00 
SPW-3836 10/20/2020 Sr-90 16.8±1 .1 17.9 14.3-21.5 Pass 0.94 
SPW-4043 10/23/2020 H-3 1893.4 ± 148.8 2,110 1,688 - 2,532 Pass 0.90 
SPW-4179 10/28/2020 Ra-228 15.4±2.4 12.1 8.5 -15.7 Pass 1.27 
SPW-4422 10/30/2020 Ra-226 12.3 ± 0.3 12.3 8.6 -16.0 Pass 1.00 

SPW-4234 11/11/2020 H-3 2,008 ± 154 2,110 1,688 - 2 ,532 Pass 0.95 
SPW-4634 11/23/2020 Ra-226 11.4±0.3 12.3 8.6 -16.0 Pass 0.93 

SPW-4509 12/4/2020 H-3 1,873 ± 149 2,110 1,688 - 2,532 Pass 0.89 
SPW-4625 12/18/2020 H-3 1,940 ± 152 2,110 1,688 - 2,532 Pass 0.92 
SPW-4741 12/18/2020 Ra-226 12.5 ± 0.4 12.3 8.6 - 16.0 Pass 1.02 

• Liquid sample results are reported in pCi/Liter, air filters ( pCi/m3), charcoal (pCi/charcoal canister), and solid samples (pCi/kg). 
b Laboratory codes : W & SPW (Water), Ml (milk), AP (air filter) , SO (soil), VE (vegetation), CH (charcoal canister), F (fish), U (urine) . 
c Results are based on single determinations. 
d Acceptance criteria are listed in Attachment A of this report. 
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TABLE A-5 . lntralaboratory "Blank" Samples 

Concentration• 
Lab Codeb Sample Date Analysis 0 Laboratory results (4.66cr) Acceptance 

Type LLD Activity Criteria (4.66 cr) 

SPW-480 Water 1/1/2020 Ra-226 0.03 0.12 ± 0.02 2 
SPW-93 Water 1/7/2020 Gr. Alpha 0.35 0.47 ± 0.29 2 
SPW-93 Water 1/7/2020 Gr. Beta 0.74 0.18 ± 0.53 4 
SPW-109 Water 1/16/2020 H-3 157 -6 ± 73 200 
SPW-154 Water 1/16/2020 1-131 0.47 -0.22 ± 0.21 1 
SPW-189 Water 1/23/2020 H-3 158 0 ± 73 200 
SPW-204 Water 1/28/2020 Sr-89 0.64 -0.16 ± 0.50 5 
SPW-204 Water 1/28/2020 Sr-90 0.54 0.11 ± 0.27 1 
SPW-216 Water 1/31/2020 H-3 156 86 ± 78 200 

SPW-269 Water 21712020 H-3 153 79 ± 80 200 
SPW-287 Water 2/11/2020 Ra-228 0.81 1.49 ± 0.53 2 
SPW-395 Water 2/14/2020 H-3 154 46 ± 75 200 
SPW-463 Water 2/25/2020 1-131 0.16 0.02 ± 0.09 1 
SPW-715 Water 212612020 Ra-226 0.01 0.17 ± 0.01 2 

SPW-531 Water 2/28/2020 H-3 156 44 ± 75 200 

SPW-710 Water 3/12/2020 H-3 157 -16 ± 72 200 
SPW-824 Water 3/12/2020 Ra-226 0.03 0.15 ± 0.03 2 
SPW-773 Water 3/18/2020 H-3 151 76 ± 76 200 

SPW-876 Water 3/31/2020 Ra-228 0.88 0.57 ± 0.47 2 
SPW-924 Water 3/23/2020 Ra-226 0.04 0.18±0.03 2 

SPW-1032 Water 4/9/2020 H-3 157 68 ± 77 200 
SPW-1144 Water 4/15/2020 Ra-228 0.89 0.03 ± 0.42 2 
SPW-1185 Water 4/17/2020 H-3 158 8 ± 74 200 
SPW-1283 Water 4/24/2020 H-3 156 10 ± 75 200 
SPW-1744 Water 4/24/2020 Ra-226 0.03 -0.01 ± 0.03 2 

SPW-1326 Water 5/1/2020 H-3 153 67 ± 75 200 

SPW-1393 Water 5/5/2020 Sr-89 0.66 0.11 ±0.44 5 
SPW-1393 Water 5/5/2020 Sr-90 0.63 -0.27 ± 0.26 1 
SPW-1499 Water 5/18/2020 Ra-228 0.88 0.03 ± 0.41 2 
SPW-1541 Water 5/19/2020 1-131 0.20 0.00 ± 0.11 
SPW-2060 Water 5/21/2020 Ra-226 0.03 -0.01 ± 0.02 2 
SPW-1612 Water 5/22/2020 H-3 153 91 ± 76 200 
SPW-1740 Water 5/27/2020 H-3 158 -26 ± 71 200 

SPW-1823 Water 6/3/2020 H-3 157 18 ± 74 200 
SPW-1852 Water 6/4/2020 H-3 159 33 ± 76 200 
SPW-1981 Water 6/12/2020 H-3 149 52 ± 77 200 
SPW-2037 Water 6/18/2020 H-3 156 101 ± 81 200 
SPW-2115 Water 6/25/2020 H-3 158 56 ± 86 200 

• Liquid sample results are reported in pCi/Liter, air filters ( pCi/m 3
) , charcoal (pCi/charcoal canister) , and solid samples (pCi/g). 

b Laboratory codes : W & SPW (Water) , Ml (milk), AP (air filter) , SO (soil), VE (vegetation), CH (charcoal canister) , F (fish), U (urine). 

' l-131(G); iodine-131 as analyzed by gamma spectroscopy. 

d Activity reported is a net activity result. 
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TABLE A-5. lntralaboratory "Blank" Samples 

Concentration• 
Lab Codeb Sample Date Analysis 0 Laboratory results (4 .66cr) Acceptance 

Type LLD Activity Criteria (4.66 cr) 

SPW-2172 Water 7/1/2020 H-3 159 -15 ± 75 200 
SPW-2327 Water 7/10/2020 H-3 158 50 ± 77 200 
SPW-2457 Water 7/16/2020 H-3 159 -46 ± 71 200 

SPW-2555 Water 712712020 Sr-89 0.48 0.18±0.40 5 
SPW-2555 Water 712712020 Sr-90 0.54 0.03 ± 0.25 1 
SPW-2557 Water 71612020 Gr. Alpha 0.37 0.25 ± 0.28 2 
SPW-2557 Water 71612020 Gr. Beta 0.75 -0.23 ± 0.52 4 
SPW-2639 Water 7/31/2020 H-3 158 80 ± 81 200 

SPW-2777 Water 8/7/2020 H-3 157 0 ± 74 200 

SPW-2796 Water 612212020 Ra-226 0.03 -0.02 ± 0.03 2 
SPW-2851 Water 8/11/2020 Ra-228 0.85 0.44 ± 0.45 2 
SPW-2853 Water 8/14/2020 H-3 158 18 ± 77 200 

SPW-2880 Water 8/18/2020 1-131 0.42 -0.04 ± 0.22 
SPW-2889 Water 8/4/2020 Ra-228 0.05 0.13 ±0.11 2 
SPW-3012 Water 8/24/2020 H-3 159 59 ± 77 200 
SPW-3052 Water 8/28/2020 H-3 155 46 ± 75 200 

SPW-3122 Water 9/3/2020 Ra-226 0.03 0.20 ± 0.03 2 
SPW-3240 Water 9/11/2020 H-3 161 3 ± 78 200 
SPW-3446 Water 9/3/2020 Ra-226 0.01 0.12 ± 0.02 2 

SPW-3424 Water 9/23/2020 Ra-228 0.85 0.81 ± 0.48 2 
SPW-3411 Water 912512020 H-3 158 82 ± 78 200 

SPW-4130 Water 9/30/2020 Ra-226 0.04 0.01 ± 0.04 2 

SPW-3481 Water 10/2/2020 H-3 154 63 ± 80 200 

SPW-3623 Water 10/9/2020 H-3 156 57 ± 81 200 

SPW-3793 Water 10/16/2020 H-3 157 3 ± 73 200 

SPW-3835 Water 10/20/2020 Sr-89 0.55 -0.10 ± 0.43 5 

SPW-3835 Water 10/20/2020 Sr-90 0.59 0.09 ± 0.28 
SPW-4042 Water 10/23/2020 H-3 155 -6 ± 72 200 

SPW-4178 Water 10/28/2020 Ra-228 1.04 0.33 ± 0.52 2 

SPW-4421 Water 10/30/2020 Ra-226 0.03 0.07 ± 0.03 2 

SPW-4233 Water 11/11/2020 H-3 155 78 ± 79 200 
SPW-4356 Water 11/20/2020 H-3 157 52 ± 76 200 

SPW-4633 Water 11/23/2020 Ra-226 0.05 0.04±0.11 2 

SPW-4508 Water 12/4/2020 H-3 159 -68 ± 69 200 
SPW-4624 Water 12/18/2020 H-3 160 8 ± 77 200 
SPW-4740 Water 12/18/2020 Ra-226 0.04 0.02 ± 0.03 2 

• Liquid sample results are reported in pCi/Liter, air filters ( pCiim\ charcoal (pCi/charcoal canister), and solid samples (pCi/g). 

b Laboratory codes : W & SPW (Water), Ml (milk), AP (air filter), SO (soil) , VE (vegetation) , CH (charcoal canister), F (fish) , U (urine) . 
0 1-131 (G); iodine-131 as analyzed by gamma spectroscopy. 

d Activity reported is a net activity result. 
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TABLE A-6. lntralaboratory "Duplicate" Samples 

Lab Codeb Date 

SG-20,21 1/2/2020 

SG-20,21 1/2/2020 

AP-5060,5061 1/3/2020 

AP-010720A,B 1/7/2020 

WW-72,73 1/7/2020 

WW-184,185 1/21/2020 

SWU-253,254 1/28/2020 

DW-20014,20015 1/29/2020 

DW-20014,20015 1/29/2020 

S-209,210 1/31/2020 

LW-383,384 1/31/2020 

AP-020320A,B 2/3/2020 

S-362,363 21712020 

S-362,363 2/7/2020 

DW-20018,20019 21712020 

DW-20018,20019 2/7/2020 

DW-20026,20027 21712020 

DW-20026,20027 21712020 

WW-452,453 2/17/2020 

DW-20031 ,20032 212512020 

DW-20031,20032 212512020 

DW-20038,20039 3/3/2020 

DW-20038,20039 3/3/2020 

WW-752,753 3/13/2020 

S-868,869 3/13/2020 

S-868,869 3/13/2020 

LW-977,978 3/25/2020 

AP-1220,1221 3/31/2020 

SWT-912,913 3/31/2020 

AP-956,957 4/2/2020 

AP-1110, 1111 4/3/2020 
WW-1047, 1048 4/7/2020 

VE-1022, 1023 4/8/2020 

VE-1022,1023 4/8/2020 

S-1199, 1200 4/12/2020 

S-1199,1200 4/12/2020 

SS-1419,1420 4/14/2020 

AP-1241 , 1242 4/16/2020 
DW-20051 ,20052 4/23/2020 

DW-20051,20052 4/23/2020 

SS-1310, 1311 4/23/2020 

LW-1375, 1376 4/29/2020 

Analysis 

Pb-214 

Ac-228 

Be-7 

Gr. Beta 

H-3 

H-3 

Gr. Beta 

Ra-228 

Ra-226 

K-40 
Gr. Beta 

Gr. Beta 

Pb-214 

Ac-228 

Gr. Alpha 

Gr. Beta 

Ra-226 

Ra-228 

H-3 

Gr. Alpha 

Gr. Beta 

Ra-226 

Ra-228 

H-3 

Pb-214 

Ac-228 

Gr. Beta 

Be-7 

Gr. Beta 

Be-7 

Be-7 
H-3 

Be-7 

K-40 

Pb-214 

Ac-228 

K-40 

Be-7 
Ra-228 

Ra-226 

K-40 

Gr. Beta 

First Result 

2.23 ± 0.12 

1.49 ± 0.20 

0.052 ± 0.014 

0.023 ± 0.004 

547 ± 101 

265 ± 88 

1.73 ±0.58 

3.34 ± 0.74 

1.05 ± 0.15 

8.28 ± 0.20 
1.67 ± 0.58 

0.021 ± 0.004 

2.39 ± 0.11 

1.84 ± 0.18 

0.23 ± 0.86 

0.50 ± 0.56 

2.40 ± 0.21 

2.60 ± 0.68 

583 ± 102 

1.02 ± 0.77 

1.11 ± 0.59 

8.39 ± 0.43 

2.81 ± 1.00 

435 ± 94 

0.97 ± 0.10 

0.93 ± 0.18 

0.98 ± 0.53 

0.063 ± 0.011 

0.79 ± 0.53 

0.189 ± 0.097 

0.069 ± 0.012 
438 ± 96 

9.28 ± 0.57 

3.89 ± 0.67 

0.77 ± 0.07 

1.09 ± 0.15 

10.8 ± 0.6 

0.203 ± 0.113 
3.50 ± 0.85 

0.80 ±0.10 

7,827 ± 492 

1.62 ± 0.59 

A-12 

Concentration" 

Second Result 

1.61 ± 0.09 

1.42 ± 0.18 

0.063 ± 0.012 

0.022 ± 0.004 

478 ± 98 

311 ± 90 

2.10 ± 0.62 

2.25 ± 0.70 

0.64 ± 0.24 

7.95 ± 0.42 
0.77 ± 0.52 

0.024 ± 0.004 

2.25 ± 0.10 

1.95±0.17 

0.37 ± 0.88 

1.19 ± 0.63 

2.11 ± 0.15 

1.81 ± 0.57 

678 ± 106 

0.80 ± 0.81 

1.19 ± 0.58 

8.78 ± 0.49 

2.31 ± 0.86 

393 ± 92 

0.99 ± 0.09 

1.01 ± 0.23 

0.92 ± 0.51 

0.062 ± 0.013 

0.49 ± 0.50 

0.256 ± 0.130 

0.072 ± 0.013 
478 ± 98 

8.00 ± 0.62 

3.94 ± 0.73 

0.98 ± 0.08 

1.18 ± 0.17 

9.4 ± 0.4 

0.245 ± 0.145 
4.60 ± 0.89 

0.60 ± 0.10 

8,157±505 

1.61 ± 0.58 

Averaged 

Result 

1.92 ± 0.08 

1.46 ± 0.13 

0.057 ± 0.009 

0.022 ± 0.003 

513 ± 70 

288 ± 63 

1.92 ± 0.42 

2.80 ± 0.51 

0.85 ± 0.14 

8.12 ± 0.23 

1.22 ± 0.39 

0.023 ± 0.003 

2.32 ± 0.07 

1.90 ± 0.12 

0.30 ± 0.62 

0.85 ± 0.42 

2.26 ±0.13 

2.21 ± 0.44 

630 ± 74 

0.91 ± 0.56 

1.15 ± 0.41 

8.59 ± 0.33 

2.56 ± 0.66 

414 ± 66 

0.98 ± 0.07 

0.97 ± 0.15 

0.95 ± 0.37 

0.063 ± 0.009 

0.64 ± 0.37 

0.222 ± 0.081 

0.071 ± 0.009 
458 ± 69 

8.64 ± 0.42 

3.92 ± 0.49 

0.88 ± 0.05 

1.14 ± 0.11 

10.1±0.4 

0.224 ± 0.092 
4.05 ± 0.62 

0.70 ± 0.07 

7,992 ± 352 

1.62 ±0.41 

Acceptance 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 
Pass 

Pass 

Pass 



TABLE A-6. lntralaboratory "Duplicate" Samples 

Concentration• 

Averaged 

Lab Codeb Date Analysis First Result Second Result Result Acceptance 

F-1828, 1829 4/29/2020 K-40 1.35 ±0.41 0.98 ± 0.33 1.16±0.27 Pass 

SG-1398, 1399 5/5/2020 Pb-214 7.51 ± 0.19 8.62 ±0.17 8.07 ± 0.13 Pass 

SG-1398, 1399 5/5/2020 Ac-228 6.80 ± 0.31 6.77 ± 0.27 6.79 ± 0.21 Pass 

SW-1461,1462 51712020 H-3 315 ± 88 320 ± 89 317 ± 63 Pass 

AP-1610,1611 5/14/2020 Be-7 0.179 ± 0.101 0.172 ± 0.086 0.176 ± 0.066 Pass 

DW-20062,20063 5/19/2020 Gr. Alpha 6.20 ± 1.30 5.00 ± 1.30 5.60 ± 0.92 Pass 

DW-20062,20063 5/19/2020 Gr. Beta 6.09 ± 0.77 5.51 ± 0.72 5.80 ± 0.53 Pass 

W-1805, 1806 5/25/2020 Ra-226 0.42 ± 0.16 0.24±0.17 0.33 ± 0.12 Pass 

F-1763,1764 5/26/2020 K-40 2.82 ± 0.47 3.01 ± 0.45 2.92 ± 0.33 Pass 

AP-052620A,B 5/26/2020 Gr. Beta 0.014 ± 0.003 0.016 ± 0.003 0.015 ± 0.002 Pass 

DW-20066,20067 6/1/2020 Ra-226 0.21 ± 0.09 0.33 ±0.12 0.27 ± 0.08 Pass 

DW-20066,20067 6/1/2020 Ra-228 0.05 ± 0.43 0.03 ± 0.39 0.04 ± 0.29 Pass 

P-1849, 1850 6/1/2020 H-3 547 ± 102 700 ± 108 624 ± 74 Pass 

AP-1893, 1894 6/4/2020 Be-7 0.164 ± 0.080 0.251 ± 0.140 0.208 ± 0.081 Pass 

SW-1872, 1873 6/4/2020 H-3 385 ± 94 400 ± 95 393 ± 67 Pass 

AP-052620A,B 6/8/2020 Gr. Beta 0.024 ± 0.004 0.025 ± 0.005 0.024 ± 0.003 Pass 

WW-2025,2026 6/16/2020 H-3 318 ± 92 320 ± 92 319 ± 65 Pass 

AP-061620A,B 6/16/2020 Gr. Beta 0.017 ± 0.003 0.019 ± 0.003 0.018 ± 0.002 Pass 

DW-20078,20079 6/17/2020 Ra-226 0.53 ± 0.11 0.50 ± 0.10 0.52 ± 0.07 Pass 

DW-20078,20079 6/17/2020 Ra-228 1.10 ± 0.50 1.11 ± 0.50 1.11±0.35 Pass 

AP-2048,2049 6/18/2020 Be-7 0.222 ± 0.087 0.221 ± 0.092 0.221 ± 0.063 Pass 

SW-2157,2158 6/23/2020 H-3 175 ± 86 235 ± 89 205 ± 62 Pass 

AP-062320A,B 6/23/2020 Gr. Beta 0.021 ± 0.003 0.023 ± 0.004 0.022 ± 0.003 Pass 

AP-2136,2137 6/25/2020 Be-7 0.242 ± 0.099 0.343 ±0.115 0.292 ± 0.076 Pass 

AP-2366,2367 6/30/2020 Be-7 0.144 ± 0.018 0.177 ± 0.019 0.161 ± 0.013 Pass 

SWU-2180,2181 6/30/2020 H-3 105 ± 82 199 ± 87 152 ± 60 Pass 

AP-2473,2474 7/1/2020 Be-7 0.079 ± 0.011 0.089 ± 0.012 0.084 ± 0.008 Pass 

AP-2473,2474 7/1/2020 K-40 0.010 ± 0.006 0.015 ± 0.009 0.013 ± 0.005 Pass 

AP-2408,2409 7/2/2020 Be-7 0.084 ± 0.016 0.085 ± 0.014 0.085 ± 0.011 Pass 

P-2264,2265 7/6/2020 H-3 149 ± 83 144 ± 83 147 ± 59 Pass 

DW-20091 ,20092 7/10/2020 Ra-226 0.77 ±0.17 0.69 ± 0.24 0.73 ± 0.15 Pass 

DW-20091,20092 7/10/2020 Ra-228 0.61 ± 0.56 0.59 ± 0.55 0.60 ± 0.39 Pass 

SW-2450,2451 7/14/2020 H-3 410 ± 96 487 ± 99 448 ± 69 Pass 

VE-2494 ,2495 7/16/2020 K-40 1.68 ± 0.25 2.08 ± 0.26 1.88 ± 0.18 Pass 

DW-20102,20103 7/17/2020 Gr. Alpha 1.98 ± 0.82 2.65 ± 0.82 2.32 ± 0.58 Pass 

DW-20102,20103 7/17/2020 Ra-226 0.84 ± 0.20 0.89 ± 0.20 0.87 ± 0.14 Pass 

DW-20102,20103 7/17/2020 Ra-228 1.24 ± 0.67 1.57 ±0.70 1.41±0.48 Pass 

WW-2604,2605 7/20/2020 H-3 35,989 ± 576 36,039 ± 577 36,014 ± 408 Pass 

SWU-2669,2670 7/28/2020 H-3 103 ± 80 101 ± 80 102 ± 57 Pass 

SWU-2669,2670 7/28/2020 Gr. Beta 1.49 ± 0.56 1.05 ± 0.51 1.27 ± 0.38 Pass 

S-2711,2712 7/29/2020 K-40 17.4 ±0.9 19.6 ± 1.0 18.5 ± 0.7 Pass 
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TABLE A-6. lntralaboratory "Duplicate" Samples 

Concentration" 

Averaged 
Lab Codeb Date Analysis First Result Second Result Result Acceptance 

WW-2799,2800 8/4/2020 H-3 471 ± 100 437 ± 99 454 ± 70 Pass 

WW-2933,2934 8/4/2020 H-3 316 ± 91 300 ± 90 308 ± 64 Pass 

S-2774,2775 8/4/2020 K-40 5.9 ± 0.9 6.1 ± 0.8 6.0 ± 0.6 Pass 

WW-2912,2913 8/5/2020 H-3 176 ± 84 226 ± 87 201 ± 60 Pass 

F-3040, 3041 8/7/2020 Gr. Beta 4.55 ± 0.12 4.63 ±0.12 4.59 ± 0.09 Pass 

F-3040, 3041 8/7/2020 K-40 3.58 ± 0.42 3.32 ± 0.41 3.45 ± 0.29 Pass 

WW-2867,2868 8/12/2020 H-3 169 ± 85 219 ± 86 194 ± 61 Pass 

VE-2842,2843 8/12/2020 K-40 3.18 ±0.30 3.14 ± 0.37 3.16 ± 0.24 Pass 

F-2891 ,2892 8/14/2020 K-40 2.98 ± 0.39 2.82 ± 0.35 2.90 ± 0.26 Pass 

VE-2954,2955 8/20/2020 Be-7 0.222 ± 0.106 0.283 ± 0.166 0.252 ± 0.099 Pass 

VE-2954,2955 8/20/2020 K-40 4.09 ± 0.37 3.75 ± 0.38 3.92 ± 0.27 Pass 

DW-20126,20127 8/25/2020 Ra-226 0.90 ± 0.14 0.73 ±0.12 0.82 ± 0.09 Pass 

DW-20126,20127 8/25/2020 Ra-228 1.55 ± 0.52 2.30 ± 0.58 1.93 ± 0.39 Pass 

LW-3154,3155 8/26/2020 Gr. Beta 1.43 ± 0.60 1.33 ± 0.55 1.38 ±0.41 Pass 

VE-3084,3085 8/28/2020 Be-7 0.52 ±0.12 0.48 ± 0.07 0.50 ± 0.07 Pass 

VE-3084,3085 8/28/2020 K-40 3.87 ±0.16 3.36 ± 0.31 3.62 ± 0.17 Pass 

SWU-3133,3134 9/1/2020 H-3 107 ± 84 116 ± 84 111 ± 59 Pass 

VE-3208,3209 9/8/2020 K-40 5.99 ± 0.43 5.85 ± 0.35 5.92 ± 0.28 Pass 

VE-3187,3188 9/8/2020 Be-7 0.50 ± 0.17 0.61 ± 0.23 0.55 ±0.14 Pass 

VE-3187,3188 9/8/2020 K-40 4.64 ± 0.54 4.97 ± 0.45 4.81 ± 0.35 Pass 

WW-3427,3428 9/10/2020 H-3 2,321 ± 163 2,323 ± 164 2,322±116 Pass 

DW-21033,21034 9/14/2020 Gr. Alpha 1.27 ± 0.79 0.94 ± 0.75 1.11 ±0.54 Pass 

DW-21033,21034 9/14/2020 Gr. Beta 1.02 ± 0.60 1.01 ± 0.59 1.02 ± 0.42 Pass 

SG-3265,3266 9/14/2020 Pb-214 11 .8 ± 0.49 10.4 ± 0.57 11 .1 ± 0.38 Pass 

SG-3265,3266 9/14/2020 Ac-228 18.8 ± 1.27 17.3 ± 1.36 18.0 ± 0.93 Pass 

SG-3265,3266 9/14/2020 Gr. Alpha 28.0 ± 4.6 33.5 ± 4.9 30.8 ± 3.4 Pass 

SG-3265,3266 9/14/2020 Gr. Beta 42.1 ± 2.8 44.5 ± 3.0 43.3 ± 2.1 Pass 

VE-3315,3316 9/15/2020 Be-7 0.25 ± 0.10 0.28 ±0.16 0.27 ± 0.09 Pass 

VE-3315,3316 9/15/2020 K-40 5.48 ± 0.34 5.16 ± 0.36 5.32 ± 0.25 Pass 

WW-3339,3340 9/16/2020 H-3 196 ± 85 199 ± 85 198 ± 60 Pass 

CF-3381,3382 9/21/2020 Be-7 0.20 ± 0.10 0.19 ± 0.11 0.20 ± 0.07 Pass 

CF-3381,3382 9/21/2020 K-40 5.94 ± 0.30 5.72 ± 0.29 5.83 ± 0.21 Pass 

AP-092120A,B 9/21/2020 Gr. Beta 0.043 ± 0.005 0.041 ± 0.005 0.042 ± 0.004 Pass 

F-3706,3707 9/26/2020 K-40 1.86 ± 0.35 1.83 ± 0.39 1.84 ± 0.26 Pass 

AP-092820A,B 9/28/2020 Gr. Beta 0.021 ± 0.004 0.023 ± 0.004 0.022 ± 0.003 Pass 

XW-3620,3621 9/30/2020 Sr-89 11,760±140 12,487±133 12,124 ±97 Pass 

XW-3620,3621 9/30/2020 Sr-90 2,287 ± 45 2,831 ± 50 2,559 ± 34 Pass 

XW-3620,3621 9/30/2020 Fe-55 1,623 ± 462 1,833 ± 474 1,728 ±331 Pass 
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TABLE A-6. lntralaboratory "Duplicate" Samples 

Concentration" 

Averaged 
Lab Codeb Date Analysis First Result Second Result Result 

SW-3515,3516 10/1/2020 H-3 154 ± 86 111 ± 84 133 ± 60 

DW-20141 ,20142 10/1/2020 Ra-226 1.34 ± 0.16 1.39 ± 0.16 1.37 ± 0.11 

DW-20141 ,20142 10/1/2020 Ra-228 1.74 ± 0.62 2.09 ± 0.64 1.92 ± 0.45 

SW-3536,3537 10/5/2020 H-3 376 ± 97 378 ± 97 377 ± 68 

WW-3727,3728 10/8/2020 H-3 152 ± 82 190 ± 84 171 ± 59 

VE-3748,3749 10/12/2020 K-40 3.07 ± 0.25 2.88 ± 0.26 2.98 ± 0.18 

VE-3769 ,3770 10/12/2020 Be-7 0.80 ± 0.31 0.51 ± 0.15 0.66 ±0.17 

VE-3769,3770 10/12/2020 K-40 5.69 ± 0.61 5.79 ± 0.39 5.74 ± 0.36 

WW-4092,4093 10/13/2020 H-3 6,484 ± 252 6,275 ± 248 6,380 ± 177 

WW-3838,3839 10/14/2020 H-3 313 ± 90 263 ± 88 288 ± 63 

WW-4394,4395 11/3/2020 H-3 161 ± 83 199 ± 85 180 ± 60 

WW-4587,4588 11/4/2020 H-3 6,468 ± 252 6,638 ± 255 6,553 ± 179 

WW-4524,4525 11/5/2020 H-3 160 ± 86 131 ± 84 145 ± 60 

VE-4415,4416 11/24/2020 Be-7 0.28 ± 0.08 0.22 ± 0.07 0.25 ± 0.05 
VE-4415,4416 11/24/2020 K-40 2.25 ± 0.21 2.20 ± 0.19 2.23 ± 0.14 

AP-4845,4846 12/31/2020 Be-7 0.07 ± 0.01 0.06 ± 0.02 0.06 ± 0.01 

Note: Duplicate analyses are performed on every twentieth sample received . Results are not listed for those 

analyses with activities that measure below the LLD. 
• Results are reported in units of pCi/L, except for air filters (pCi/Filter or pCi/m3) , food products, vegetation, 

soil and sediment (pCi/g). 

Acceptance 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

b AP (Air Particulate), AV (Aquatic Vegetation), BS (Bottom Sediment), CF (Cattle Feed) , CH (Charcoal Canister) , 

DW (Drinking Water) , E (Egg), F (Fish) , G (Grass) , LW (Lake Water) , Ml (Milk), P (Precipitation), PM (Powdered Milk) , 

S (Solid) , SG (Sludge) , SO (Soil), SS (Shoreline Sediment), SW (Surface Water) , SWT (Surface Water Treated), 

SWU (Surface Water Untreated), VE (Vegetation) , W (Water), WW (Well Water). 
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TABLE A-7. Department of Energy's Mixed Analyte Performance Evaluation Program (MAPEP). 

Concentration8 

Reference Known Control 

Lab Code b Date Analysis Laboratory result Activity Limits c Acceptance 

MAAP-664 2/1/2020 Gross Alpha 2.26 ± 0.14 1.24 0.37 - 2.11 Fail d 

MAAP-664 2/1/2020 Gross Beta 2.40 ± 0.07 2.00 1.00 - 3.00 Pass 

MAW-536 2/1/2020 Gross Alpha 0.86 ± 0.06 1.03 0.31 -1.75 Pass 

MAW-536 2/1/2020 Gross Beta 3.79 ± 0.07 4.24 2.12-6.36 Pass 

MAS0-662 2/1/2020 Cs-134 955 ± 9 1114 780 - 1448 Pass 

MAS0-662 2/1/2020 Cs-137 1089 ± 12 1020 714-1326 Pass 

MAS0-662 2/1/2020 Co-57 1106 ± 8 1071 750 -1392 Pass 

MAS0-662 2/1/2020 Co-60 0.33 ± 1.26 0 NA c Pass 

MAS0-662 2/1/2020 Mn-54 1022 ± 27 945 662 - 1229 Pass 

MAS0-662 2/1/2020 Zn-65 842 ± 17 751 526 - 976 Pass 

MAS0-662 2/1/2020 K-40 710 ± 42 625 438 - 813 Pass 

MAW-534 2/1/2020 1-129 0.81 ± 0.09 1.001 0.701 -1 .301 Pass 

MAW-599 2/1/2020 H-3 202 ± 9 196 137 - 255 Pass 

MAW-599 2/1/2020 Am-241 0.41 ±0.09 0.547 0.383 - 0.711 Pass 

MAW-599 2/1/2020 Cs-134 16.1 ± 0.3 18.5 13.0-24.1 Pass 

MAW-599 2/1/2020 Cs-137 11.5±0.4 11 .3 7.9 -14.7 Pass 

MAW-599 2/1/2020 Co-57 20.0 ± 0.30 19.7 13.8 - 25.6 Pass 

MAW-599 2/1/2020 Co-60 10.6 ± 0.2 10.6 7.4-13.8 Pass 

MAW-599 2/1/2020 Mn-54 20.5 ± 0.4 19.6 13.7 - 25.5 Pass 

MAW-599 2/1/2020 Zn-65 24.1 ± 0.70 22.2 15.5 - 28.9 Pass 

MAW-599 2/1/2020 K-40 0.57 ± 1.54 0 NA c Pass 

MAW-599 2/1/2020 Fe-55 13.3 ± 12.2 17.8 12.5 - 23.1 Pass 

MAW-599 2/1/2020 Ni-63 9.72 ± 0.43 11.1 7.8 - 14.4 Pass 

MAW-599 2/1/2020 Sr-90 0.07 ± 0.18 0 NA c Pass 

MAW-599 2/1/2020 Tc-99 3.41 ±0.31 3.63 2.54 - 4.72 Pass 

MAW-599 2/1/2020 Ra-226 0.56 ± 0.06 0.365 0.256 - 0.475 Fail 8 

MAW-599 2/1/2020 Pu-238 0.69 ± 0.08 0.94 0.66 - 1.22 Pass 

MAW-599 2/1/2020 Pu-239/240 0.48 ± 0.07 0.737 0.516 - 0.958 Fail 1 

MAW-599 2/1/2020 U-234 1.04 ± 0.08 0.97 0.68 - 1.26 Pass 

MAW-599 2/1/2020 U-238 1.02 ± 0.08 0.95 0.67 - 1.24 Pass 
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TABLE A-7. Department of Energy's Mixed Analyte Performance Evaluation Program (MAPEP). 

Concentration8 

Reference Known Control 

Lab Code b Date Analysis Laboratory result Activity Limits c Acceptance 

MAVE-668 2/1/2020 Cs-134 3.51 ± 0.22 3.82 2.67 - 4.97 Pass 

MAVE-668 2/1/2020 Cs-137 3.04 ± 0.18 2.77 1.94 - 3.60 Pass 

MAVE-668 2/1/2020 Co-57 0.02 ± 0.03 0 NA c Pass 

MAVE-668 2/1/2020 Co-60 2.92 ± 0.08 2.79 1.95 - 3.63 Pass 

MAVE-668 2/1/2020 Mn-54 5.16±0.14 4.58 3.21 - 5.95 Pass 

MAVE-668 2/1/2020 Zn-65 4.36 ± 0.16 3.79 2.65 - 4.93 Pass 

MAW-689 2/1/2020 Ra-226 172 ± 1 189 132 - 246 Pass 
MAW-689 2/1/2020 Ra-228 65 ± 1 75 53 - 98 Pass 

MAAP-3181 8/1/2020 Gross Alpha 0.45 ± 0.06 0.528 0.158 - 0.898 Pass 
MAAP-3181 8/1/2020 Gross Beta 0.97 ± 0.04 0.915 0.458 - 1.373 Pass 

MADW-3101 8/1/2020 Gross Alpha 0.57 ± 0.04 0.62 0.19 - 1.05 Pass 
MADW-3101 8/1/2020 Gross Beta 0.75 ± 0.04 0.83 0.42 - 1.25 Pass 

MAS0-3179 8/1/2020 Cs-134 599 ± 7 710 497 - 923 Pass 
MAS0-3179 8/1/2020 Cs-137 3.33 ± 4.81 0 NA 0 Pass 
MAS0-3179 8/1/2020 Co-57 1145 ± 8 1100 770 - 1430 Pass 

MAS0-3179 8/1/2020 Co-60 965 ± 9 1000 700 - 1300 Pass 
MAS0-3179 8/1/2020 Mn-54 651 ± 11 610 427 - 793 Pass 
MAS0-3179 8/1/2020 Zn-65 524 ± 14 470 329 -611 Pass 

MAS0-3179 8/1/2020 K-40 684 ± 58 622 435 - 809 Pass 

MAW-3175 8/1/2020 Cs-134 13.9 ± 0.3 15.2 10.6 - 19.8 Pass 

MAW-3175 8/1/2020 Cs-137 15.4 ± 0.4 14.3 10.0 -18.6 Pass 
MAW-3175 8/1/2020 Co-57 0.10 ± 0.16 0 NA c Pass 

MAW-3175 8/1/2020 Co-60 12.5 ± 0.3 12.2 8.5 - 15.9 Pass 
MAW-3175 8/1/2020 Mn-54 0.07 ± 0.17 0 NA 0 Pass 
MAW-3175 8/1/2020 Zn-65 18.3 ± 0.6 16.9 11 .8-22.0 Pass 

MAW-3175 8/1/2020 K-40 1.06 ± 1.65 0 NA 0 Pass 
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TABLE A-7. Department of Energy's Mixed Analyte Performance Evaluation Program (MAPEP). 

Concentration a 

Reference Known Control 
Lab Code b Date Analysis Laboratory result Activity Limits c Acceptance 

MAAP-3177 8/1/2020 Cs-134 1.28 ± 0.05 1.83 1.28 - 2.38 

MAAP-3177 8/1/2020 Cs-137 0.981 ± 0.068 0.996 0.697 - 1.295 

MAAP-3177 8/1/2020 Co-57 0.020 ± 0.027 0 NA C 

MAAP-3177 8/1/2020 Co-60 1.57 ± 0.06 1.73 1.21 - 2.25 

MAAP-3177 8/1/2020 Mn-54 0.751 ± 0.077 1.400 0.98 - 1.82 

MAAP-3177 8/1/2020 Zn-65 2.07±0.15 2.00 1.40 - 2.60 

MAVE-3185 8/1/2020 Cs-134 4.73 ± 0.10 4.94 3.46 - 6.42 

MAVE-3185 8/1/2020 Cs-137 0.03 ± 0.06 0 NA c 

MAVE-3185 8/1/2020 Co-57 7.83 ± 0.12 6.67 4.67 - 8.67 

MAVE-3185 8/1/2020 Co-60 4.41 ±0.10 4.13 2.89 - 5.37 

MAVE-3185 8/1/2020 Mn-54 6.52 ± 0.18 5.84 4.09 - 7.59 

MAVE-3185 8/1/2020 Zn-65 7.26 ±0.19 6.38 4.47 - 8.29 

a Results are reported in units of Bq/kg (soil) , Bq/L (water) or Bq/total sample (filters, vegetation). 

b Laboratory codes as follows: MAW (water) , MADW (water), MAAP (air filter) , MASO (soil) and MAVE (vegetation) . 

c MAPEP results are presented as the known values and expected laboratory precision (1 sigma, 1 determination) and 

control limits as defined by the MAPEP. A known value of "zero" indicates an analysis was included in the testing 

series as a "false positive". MAPEP does not provide control limits. 

Fail9 

Pass 

Pass 

Pass 
Failh 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

d The lab utilized a MAPEP specific gross alpha/beta filter calibration as discussed in the MAPEP test instructions for MAAP-664. 

Using the MAPEP specific calibration for MAAP-664 caused the bias to shift from low to high. 

The subsequent MAPEP study result was acceptable. See Lab code MAAP-3101 (reference date 8/1/2020) . 

• An investigation of the Radium-226 failure was inconclusive. Subsequent Ra-226 PT analyses were satisifactory. 

See ERA RAD-121 and RAD-122 studies Table A-1 and NY ELAP shipment 437R Table A-2. 

r Analysis was repeated in duplicate with acceptable results : Pu-238 (0.97 & 1.10 Bq/Kg); 

Pu-239 (0.83 & 0.83 Bq/Kg) . The cause of the failure could not be determined. 
9 Lab result barely missed lower contol limit. 

h A data transcription error resulted in an erroneous reported value. The actual result (1 .36 ± 0.08 Bq/L) passes. 

A-18 



TABLE A-8. lnterlaboratory Comparison Crosscheck Program, Environmental Resource Associates (ERA)•. 

MRAD-30 Study 

Concentration a 

Lab Code b Date Analysis Laboratory ERA Control 
Result Value c Limits d Acceptance 

ERAP-769 3/16/2020 Am-241 71.0 74.7 53.3 - 99.6 Pass 
ERAP-769 3/16/2020 Cs-134 1210 1390 902 - 1700 Pass 

ERAP-769 3/16/2020 Cs-137 393 351 288 - 460 Pass 

ERAP-769 3/16/2020 Co-60 450.0 422.0 359.0 - 536 Pass 
ERAP-769 3/16/2020 Fe-55 1200 1260 460 - 2010 Pass 

ERAP-769 3/16/2020 Mn-54 < 2.4 < 50.0 0.00 - 50.0 Pass 

ERAP-769 3/16/2020 Zn-65 856 694 569 - 1060 Pass 

ERAP-769 3/16/2020 Pu-238 31.4 28.0 21 .1 - 34.4 Pass 

ERAP-769 3/16/2020 Pu-239 43.9 40.1 30.0 - 48.4 Pass 

ERAP-769 3/16/2020 Sr-90 190 175 111 - 238 Pass 

ERAP-769 3/16/2020 U-234 56.7 56.2 41.7 -65.9 Pass 

ERAP-769 3/16/2020 U-238 57.0 55.7 42.1 - 66.5 Pass 

ERAP-771 3/16/2020 Gross Alpha 33.4 29.3 15.3 - 48.3 Pass 
ERAP-771 3/16/2020 Gross Beta 68.3 66.4 40.3 - 100 Pass 

a Results obtained by Environmental, Inc., Midwest Laboratory (EIML) as a participant in the crosscheck program for 
proficiency testing administered by Environmental Resource Associates, serving as a replacement for studies 

conducted previously by the Environmental Measurements Laboratory Quality Assessment Program (EML). 

b Laboratory code ERAP (air filter) . Results are reported in units of (pCi/Filter) . 

c The ERA Assigned values for the air filter standards are equal to 100% of the parameter present in the 
standard as determined by the gravimetric and/or volumetric measurements made during standard preparation 

as applicable. 

d The acceptance limits are established per the guidelines contained in the Department of Energy (DOE) 
report EML-564, Analysis of Environmental Measurements Laboratory (EML) Quality Assessment Program (QAP) 

Data Determination of Operational Criteria and Control Limits for Performance Evaluation Purposes or ERA's 

SOP for the generation of Performance Acceptance Limits. 
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Data Reporting Conventions 

1.0. All activities, except gross alpha and gross beta, are decay corrected to collection time or the end of the collection 
period. 

2.0. Single Measurements 

Each single measurement is reported as follows: x ± s 
where: x =:: value of the measurement; 

s = 2cr counting uncertainty (corresponding to the 9(;>% confident';e level) . 

In cases where the activity is less than the lower limit of detection L, it i(l reported as: < L, 
where L = the lower limit of detection based on 4.66a uncertainty for a background sample. 

3.0. Duplicate analyses_ 

If duplicate analyses are reported, the convention is as follows. : 

3.1 Individual results : For two analysis results; x1 ± s1 and X;; ± s2 

I 2 2 
Reported result: l< ± s; where x = (1/2) (x1 + X:!) ands== (1/2) ,Ys1 + s2 

3.2. Individual results: < L1 , < L2 Reported result; < L, where L = lower of L1 and L2 

3.3. Individual resulis: x ± s, < L Reported result: x :t s if x ii: L; < L otherwise. 

4.0. Computation of Averages and Standard Deviations 

4.1 Averages and standard deviations listed in the tables are computed from all of the individual mea$urements 
over the period averaged; for exa~ple, an annual standard cjeviation would not be the average of quarterly 

standard deviations. The average x and standard deviation "s" of a set of n numbers x
1

, x
2 

. •• xn i:ire defined 

a!i follows: 

1 
x =n l: x --~ s ~ ·\j----n-r-

4.2 Values below the highest lower limit of detection are not included in the average . 

4.3 If all values in the averaging group are less than the highest LLD, the highest LLD is reported . 

4.4 If all but one of the values are less than the highest LLD, the single value x and associated two sigma error is 
reported . 

4.5 In rounding off, the following rules are followed : 

4.5.1 . If the number following those to be retained is less than 5, the number is dropped , and the retained 
numbers are kept unchanged. As an example, 1 i .443 i~ roundi;!d off to 11.44. 

4.5.2. If the number following those to be retained is equal to or greater than 5, the number is dropped and the 
last retained numb~r is raised by 1. As an example, 11.445 is rounded off to 11.45. 
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POINT BEACH NUCLEAR PLANT 

Locations Collection Type Analysis 

Sample Type No. Codes (and Type)• (and Frequencd (and Frequencd 

Airborne Filters 6 E-1-4, 8, 20 Weekly GB, GS, on QC 

for each location 

Airborne Iodine 6 E-1-4, 8, 20 Weekly 1-131 

Ambient Radiation 22 E-1-9, 12, 14-18, 20, Quarterly Ambient Gamma 
(TLD's) 22-32, 34-36, 38,39 

Lake Water 5 E-1 , 5, 6, 33 Monthly GB, GS, 1-131 on MC 

H-3, Sr-89-90 on QC 

Well Water E-10 Quarterly GB, GS, H-3, Sr-89-90, 1-131 

Vegetation 8 E-1-4, 6, 20 2.x I year GS 

as available 

Shoreline Silt 5 E-1,5,6 Annual GS 

Soil 8 E-1-4, 6, 20 Annual GS 

Milk 3 E-11, 40, 21 Monthly GS, 1-131, Sr-89-90 

Fish E-13 2x I year GS (in edible portions) 

as available 

• Locations codes are defined in Table 2. Control Stations are indicated by (C) . All other stations are indicators. 

b Analysis type is coded as follows: GB= gross beta, GA= gross alpha, GS= gamma spectroscopy, H-3 =tritium, 

Sr-89 = strontium-89, Sr-90 = strontium-90, 1-131 = iodine-131 . Analysis frequency is coded as follows : 

MC =monthly composite, QC= quarterly composite. 
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POINT BEACH NUCLEAR PLANT 

Facade Wells 

Units: = pCi\L Gamma isotopic analysis 

Location GW-09 1Z-361A GW-09 1Z-361B GW-10 2Z-361A GW-10 2Z-361B 

Collection Date 02-04-20 02-04-20 02-04-20 

Lab Code EWW- 437 MDC EWW- 438 MOC EWW- 439 MDC EWW- 440 MOC 

Be-7 18.1 ± 12.2 < 28.5 -1.8 ± 21 .6 < 44 .8 3.3 ± 15.3 < 36.7 -13.6 ± 33.3 < 66.1 
Mn-54 -0.4 ± 1.6 < 2.7 -0.5 ± 2.7 < 3.8 0.4 ± 1.6 < 2.4 2.2 ± 4.3 < 9.3 
Fe-59 3.9 ± 2.9 < 6.9 -1 .3 ± 5.1 < 8.3 -1.4 ±3.4 < 7.4 -5.1±7.7 < 9.8 
Co-58 -0.1 ± 1. 7 < 3.5 0.3 ± 2.7 < 5.0 -0.3 ± 1.7 < 3.3 3.9 ± 4.3 < 9.1 
Co-60 -1.5±2.0 < 2.2 -0.1 ± 2.9 < 4.0 0.9 ± 2.3 < 3.8 3.1 ±4.9 < 5.4 
Zn-65 -0.2 ± 3.0 < 4.9 0.1 ± 5.1 < 7.8 2.8 ± 4.2 < 6.5 -12.5 ± 8.6 < 4.0 
Zr-Nb-95 -0.9 ± 2.0 < 4.9 -2 .9 ± 2.9 < 5.8 -1.3 ± 1.9 < 3.7 -1.7 ± 4.0 < 6.3 
Cs-134 -0.3 ± 1.5 < 2.9 -3 .5 ± 2.6 < 4.9 -0.1 ± 1.5 < 3.5 -0.4 ± 3.5 < 7.1 
Cs-137 -1.3 ± 1.9 < 2.8 3.0 ± 2.9 < 5.4 0.4 ±1.8 < 3.4 1.4±3.7 < 6.9 
Ba-La-140 -11 .9 ± 5.2 < 11.9 -4.0 ± 3.6 < 12.3 -1.3±2.4 < 7.6 -3.6 ± 4.4 < 13.3 

Location GW-09 1Z-361A GW-09 1Z-361 B GW-10 2Z-361A GW-10 2Z-361B 

Collection Date 06-09-20 06-09-20 06-09-20 06-09-20 

Lab Code EWW- 3066 MDC EWW- 3067 MDC EWW- 3068 MDC EWW- 3069 MDC 

Be-7 19.6 ± 10.7 < 56.3 3.6 ± 9.3 < 60.9 13.5 ± 14.3 < 74 .7 -8.8 ± 9.3 < 64 .0 
Mn-54 1.5 ± 1.3 < 2.8 0.2 ± 1.2 < 2.5 -1.7 ± 1.9 < 3.8 0.9 ± 1.3 < 3.0 
Fe-59 -2.2 ± 2.6 < 18.0 -7 .6 ± 2.4 < 16.4 -11.2 ± 3.4 < 13.2 -4.5 ± 2.4 < 16.8 
Co-58 -1.0 ± 1.2 < 3.8 0.9 ± 1.2 < 5.5 2.9 ± 1.8 < 5.7 1.6 ± 1.2 < 4.6 
Co-60 0.5 ± 1.3 < 2.5 -0.3 ± 1.3 < 2.0 1.9 ± 1.8 < 3.5 0.4 ±1.3 < 2.5 
Zn-65 -2 .1 ± 2.9 < 5.7 -1.1 ± 2.3 < 6.0 -2.6 ± 4.0 < 7.7 1.5±2.3 < 4.7 
Zr-Nb-95 -8.9 ± 1.4 < 5.8 -0.9 ± 1.3 < 10.4 -0.3 ± 1.7 < 12.7 -3.9 ± 1.3 < 9.7 
Cs-134 -0.6 ± 1.2 < 2.8 -0.6 ± 1.3 < 2.7 -1 .7 ± 1.7 < 3.7 0.2 ± 1.2 < 2.5 

Cs-137 -0.4±1 .5 < 2.4 0.1 ± 1.4 < 2.1 0.0 ± 2.0 < 4.0 0.6 ± 1.4 < 2.9 
Ba-La-140 122.9±1.5 < 224.1 ' -228.5 ± 1.4 < 177.8 • -216.6 ± 2.2 < 235.9 a -110.3 ± 1.6 < 238.1 a 

• Unable to reach LLD due to small size and late arrival of the sample. 

• For HTD results see APP F. 

GW-09 1Z-361A GW-09 1Z-361B GW-10 2Z-361A GW-10 2Z-361B 

Collection Date 08-21-20 08-21-20 08-21-20 08-21-20 

Lab Code EWW- 3351 MDC EWW- 3352 MDC EWW- 3353 MDC EWW- 3354 MDC 

Be-7 -3.5 ± 12.7 < 32.2 0.7 ± 13.5 < 48.7 -5.5 ± 10.1 < 29.1 1.9 ± 10.5 < 37.7 
Mn-54 0.8 ± 1.4 < 3.3 0.4 ± 1.3 < 2.5 -0.4 ± 1.3 < 2.6 0.2 ± 1.3 < 2.2 
Fe-59 3.0 ± 2.5 < 7.4 -2.2 ± 2.6 < 7.5 1.5 ± 2.4 < 6.6 1.0±2.4 < 7.8 
Co-58 -0.1 ± 1.3 < 2.9 0.9 ± 1.3 < 3.5 -0.6 ± 1.2 < 2.2 -1.2 ± 1.3 < 3.6 
Co-60 0.7 ± 1.4 < 1.8 -0. 1 ± 1.5 < 3.3 0.2 ± 1.3 < 2.0 -0.6 ± 1.4 < 1.6 
Zn-65 0.1 ± 2.9 < 5.7 -3.5 ± 3.1 < 4.8 1.3 ± 2.5 < 5.5 -1 .7 ± 2.5 < 4.6 
Zr-Nb-95 -3.1 ± 1.4 < 5.6 0.1 ± 1.4 < 5.6 -1.5 ± 1.3 < 3.7 -3.6 ± 1.4 < 5.1 
Cs-134 -1.0 ± 1.4 < 2.8 -1 .2 ± 1.4 < 2.9 -0.3 ± 1.3 < 2.5 -0.4 ± 1.3 < 2.4 
Cs-137 0.8 ± 1.5 < 3.2 -1 .0 ± 1.6 < 2.1 0.1 ± 1.5 < 2.7 1.3 ± 1.5 < 3.0 
Ba-La-140 -2.0 ± 1.6 < 14.6 -13 .9 ± 1.6 < 14.7 1.0 ± 1.4 < 13.3 -2 .3 ± 1.2 < 14.3 
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POINT BEACH NUCLEAR PLANT 

Facade Wells 

Units: = pCilL Gamma isotopic analysis 

Location GW-09 12-361A GW-09 12-3618 GW-10 22-361A GW-10 22-3618 

Collection Date 10-14-20 10-14-20 10-14-20 10-14-20 
Lab Code EVWV- 4247 MDC EVWV- 4248 MDC EVWV- 4249 MDC EVWV- 4250 MDC 

8e-7 -0.2 ± 11 .4 < 27.9 -13.8 ± 12.1 < 32.7 -22.4 ±11.7 < 25.5 12.4 ± 9.6 < 31.1 
Mn-54 -0.6 ± 1.2 < 1.9 1.1 ± 1.3 < 2.8 0.7±1 .2 < 2.5 -2.1 ± 1.2 < 1.8 
Fe-59 1.5 ± 2.5 < 7.1 -0.2 ± 2.5 < 8.6 1.3 ± 2.3 < 6.1 -0.7 ± 2.2 < 5.8 
Co-58 -0.7 ± 1.1 < 3.0 0.1 ± 1.2 < 2.2 -0.1 ± 1.2 < 3.2 -0.2 ± 1.3 < 2.0 
Co-60 -0.1 ± 1.3 < 2.7 0.1 ± 1.4 < 1.9 -0.4 ± 1.3 < 2.5 0.0 ± 1.5 < 2.1 
2n-65 -8.2 ± 3.0 < 4.6 -0.5 ± 2.8 < 5.5 -3.1 ± 3.0 < 4.3 0.3 ± 2.4 < 3.8 
2r-Nb-95 -3.3 ± 1.3 < 4.6 -1 .8 ± 1.4 < 4.6 -1.5 ± 1.4 < 4.1 -8.2 ± 1.5 < 4.8 
Cs-134 -2.2 ± 1.3 < 2.6 -0.5 ± 1.3 < 2.7 -3.7 ± 1.3 < 2.7 -0.2 ± 1.3 < 2.4 
Cs-137 -0.3 ± 1.4 < 2.3 0.8 ± 1.5 < 3.1 1.1 ± 1.3 < 2.5 0.4±1.4 < 2.6 
8a-La-140 -8.4 ±1 .5 < 9.8 -3.9 ± 1.4 < 10.9 -3.1 ± 1.5 < 10.8 -6.8 ± 1.5 < 10.2 
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POINT BEACH NUCLEAR PLANT 

Supplemental Analyses 

Units: = pCi/L Gamma isotopic analysis 

Location GW-04 U2FSSDS GW-04 

Collection Date 01-16-20 01 -31 -20 02-19-20 

Lab Code EW- 141 MDC EW- 435 MDC EW- 436 MDC 

Be-7 9.6 ± 14.3 < 34.0 14.0 ± 23.9 < 59.1 -3.3 ± 19.4 < 36.2 
Mn-54 0.4 ± 1.8 < 2.7 -0.2 ± 2.7 < 4.3 1.5 ± 2.2 < 2.9 
Fe-59 1.4 ± 3.5 < 7.0 7.4 ± 6.6 < 15.0 -1.9 ± 4.7 < 7.3 
Co-58 -0.5 ± 1.8 < 2.0 2.9 ± 2.9 < 7.6 0.8 ± 2.2 < 2.8 
Co-60 -0.3 ± 2.0 < 2.9 -0.8 ± 3.5 < 4.5 -0.9 ± 2.3 < 2.4 
Zn-65 -0.9 ± 3.0 < 4.8 -7.2 ± 7.2 < 7.6 -2.4 ± 5.4 < 8.7 
Zr-Nb-95 -1.3 ±2.0 < 3.2 3.5 ± 3.4 < 8.7 -3.4 ± 2.8 < 5.2 
Cs-134 -0.5 ± 1.6 < 3.8 -0.5 ± 2.8 < 5.9 0.8 ± 1.9 < 3.7 
Cs-137 0.3 ± 1.8 < 2.3 -0.9 ± 3.3 < 3.9 -1.2 ± 2.1 < 2.1 
Ba-La-140 -1.7 ± 2.2 < 2.3 0.6 ± 2.9 < 9.8 -0.3 ± 2.0 < 4.9 

Location U2FSSDS E-04 U2FSSDS 

Collection Date 02-29-20 03-24-20 03-31-20 

Lab Code EW- 796 MDC EW- 829 MDC EW- 1066 MDC 

Be-7 7.4 ± 16.4 < 43.3 -6.3 ± 19.3 < 22.7 3.4 ± 13.9 < 27.8 
Mn-54 0.9 ± 2.2 < 4.1 -1.0 ± 2.1 < 2.5 0.2 ± 1.9 < 3.0 
Fe-59 0.3 ± 4.3 < 9.6 -2.6 ± 3.7 < 5.8 -4.5 ± 4.4 < 6.5 
Co-58 -1 .0 ± 2.1 < 3.8 -0.5 ± 2.2 < 2.6 -2.3 ± 2.1 < 1.9 
Co-60 0.9 ± 2.3 < 4.5 -1.9 ±2.3 < 2.2 1.7 ± 2.7 < 2.8 
Zn-65 0.7 ± 4.3 < 8.5 2.4 ± 4.3 < 4.2 0.2 ± 4.4 < 5.1 
Zr-Nb-95 -1.8 ±2.2 < 6.7 1.6 ± 2.3 < 2.2 -0.3 ± 2.3 < 5.0 
Cs-134 -2.2 ± 2.3 < 4.4 -1.8 ± 2.3 < 3.9 -0.8 ± 1.8 < 3.6 
Cs-137 -1.5 ± 2.5 < 3.6 -0.4 ± 2.4 < 2.3 2.1 ± 2.4 < 4.3 
Ba-La-140 -6.5 ± 3.0 < 6.7 0.3 ± 2.3 < 3.6 1.5 ± 1.9 < 7.3 

Location GW-15A,B GW-04 U2FSSDS 

Collection Date 03-17-20 MDC 04-23-20 MDC 04-30-20 MDC 

Lab Code EWW- 805 EWW- 1281 EWW- 1562 

Be-7 0.9 ± 19.3 < 44 .5 -0.9 ± 8.1 < 15.3 1.6 ± 15.1 < 37.4 
Mn-54 2.0 ± 2.4 < 3.8 0.3 ± 1.3 < 1.4 0.7 ± 1.9 < 4.1 
Fe-59 -1.9 ± 4.1 < 7.4 -3.0 ± 2.3 < 2.7 1.1 ± 3.5 < 7.7 
Co-58 -2 .1 ± 2.1 < 2.6 0.6 ± 1.4 < 2.1 -0.6 ± 2.0 < 3.4 
Co-60 0.9 ± 1.9 < 2.9 0.4 ± 1.3 < 1.6 -0.5 ± 1.8 < 1.9 
Zn-65 -3.9 ± 5.1 < 5.6 -0.6 ± 1.9 < 2.0 1.7 ± 4.3 < 5.0 
Zr-Nb-95 1.4 ±2.6 < 4.9 -1.2 ± 1.2 < 2.1 -2.1 ± 2.2 < 3.1 
Cs-134 -0.1 ± 2.1 < 4.2 -0.6±1.0 < 2.4 0.8 ± 1.7 < 2.6 
Cs-137 2.3 ± 3.1 < 4.8 0.2 ± 1.4 < 2.4 0.6 ± 2.3 < 4.4 
Ba-La-140 -1.4 ± 2.7 < 6.2 0.8 ± 1.1 < 2.3 -0.8 ± 2.7 < 13.1 
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POINT BEACH NUCLEAR PLANT 

Supplemental Analyses 

Units : = pCilL Gamma isotopic analysis 

Location GW-15A,B GW-04 U2FSSDS 

Collection Date 04-23-20 05-2 1-20 05-31-20 
Lab Code EW- 1550 MDC EW- 1688 MDC EW- 2185 MDC 

Be-7 0.4 ± 12.2 < 26.0 11 .6 ± 11 .5 < 27.4 -5.0 ± 9.5 < 28.1 
Mn-54 0.1 ± 1.5 < 2.8 0.6 ± 1.3 < 2.8 0.5 ± 1.3 < 2.7 
Fe-59 -6.6 ± 3.2 < 6.3 -0.2 ± 2.2 < 5.2 -0.7 ± 2.3 < 6.7 
Co-58 2.3 ± 1.4 < 4.2 -2.4 ± 1.4 < 2.4 1.4 ± 1.2 < 2.9 
Co-60 1.2 ± 1.6 < 3.3 2.1 ± 1.6 < 1.8 1.1 ± 1.3 < 2.2 
Zn-65 -4.1 ± 3.3 < 5.6 1.2 ± 2.8 < 2.6 -1 .3 ± 2.5 < 4.2 
Zr-Nb-95 -2.7 ± 1.6 < 4.3 -1 .2 ± 1.6 < 3.4 -2.3 ± 1.4 < 4.0 
Cs-134 0.5 ± 1.4 < 3.2 1.3 ± 1.5 < 2.7 0.5 ± 1.3 < 2.4 
Cs-137 0.2 ± 1.7 < 3.1 1.6 ± 1.7 < 3.1 0.4 ± 1.4 < 1.7 
Ba-La-140 -18.3 ± 1.5 < 10.4 -6.0 ± 1.7 < 6.2 -9.6 ± 1.5 < 9.3 

Location GW-04 U2FSSDS GW-04 

Collection Date 06-16-20 06-30-20 07-16-20 

Lab Code EW- 2035 MDC EW- 2554 MDC EW- 2485 MDC 

Be-7 -3.2 ± 23.1 < 37.9 -1.1±9.1 < 21 .5 5.5 ± 19.0 < 43.7 
Mn-54 -3.7 ± 3.4 < 3.5 1.2 ± 1.2 < 2.3 0.9 ± 2.2 < 4.3 
Fe-59 -1 .1 ± 6.4 < 11.4 -2.8 ± 2.4 < 4.2 -0.2 ± 3.9 < 5.2 
Co-58 -1 .9 ± 3.3 < 3.4 -1 .3 ± 1.2 < 3.1 -1 .0 ± 2.3 < 4.0 
Co-60 -6.6 ± 4.0 < 3.9 1.1 ± 1.2 < 2.3 1.1 ± 2.1 < 2.9 
Zn-65 -8.5 ± 7.8 < 13.0 0.2 ± 2.3 < 4.5 -10.8 ± 5.1 < 6.9 
Zr-Nb-95 -13.7 ± 4.3 < 7.7 -1.4 ± 1.3 < 2.2 -5.0 ± 2.8 < 5.2 
Cs-134 -2 .7 ± 2.8 < 5.3 0.6 ± 1.2 < 2.4 -9.5 ± 3.0 < 4.4 
Cs-137 -3.3 ± 3.2 < 3.6 0.3 ± 1.4 < 2.1 -0.4 ± 2.4 < 4.0 
Ba-La-140 -0.5 ± 3.7 < 8.0 -5.3 ± 4.0 < 8.0 -2 .5 ± 2.4 < 5.9 

Location GW-15A,B U2FSSDS GW-04 

Collection Date 07-21 -20 07-31-20 08-20-20 

Lab Code EW- 2633 MDC EW- 2744 MDC EW- 2988 MDC 

Be-7 -0.4 ± 12.6 < 25.6 0.6 ± 12.6 < 23.5 2.7 ± 16.2 < 43.1 
Mn-54 0.8 ± 1.6 < 3.6 -0.7 ± 1.5 < 2.8 -0.1 ± 1.9 < 2.9 
Fe-59 -0.4 ± 3.2 < 6.5 0.5 ± 2.5 < 5.0 -1 .5 ± 3.5 < 4.6 
Co-58 0.9±1.5 < 3.4 0.3 ± 1.4 < 2.7 -1 .5 ± 1.7 < 2.2 
Co-60 -1.0 ± 1.7 < 2.0 -0.5 ± 1.5 < 1.3 1.2 ± 1.9 < 1.4 
Zn-65 2.2 ± 3.2 < 5.4 -1.4 ± 2.6 < 2.3 -2.2 ± 3.4 < 3.0 
Zr-Nb-95 0.4 ± 1.5 < 2.9 0.7 ± 1.5 < 3.1 0.8 ± 2.1 < 5.6 
Cs-134 -0.5 ± 1.5 < 3.0 -1.9 ± 1.5 < 2.7 -0.8 ± 1.6 < 3.4 
Cs-137 0.9 ± 1.7 < 3.6 -0.2 ± 1.6 < 1.8 0.5 ± 2.2 < 2.6 
Ba-La-140 -2.2 ± 1.9 < 5.0 -1 .3 ± 1.5 < 3.5 0.5 ± 1.5 < 6.0 
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Supplemental Analyses 

Units: = pCi\L Gamma isotopic analysis 

Location U2FSSDS GW-04 U2FSSDS 

Collection Date 08-31-20 09-16-20 09-30-20 
Lab Code EW- 3638 MDC EW- 3343 MDC EW- 3639 MDC 

8e-7 5.9 ± 8.8 < 34.3 2.7 ± 15.3 < 43.7 12.1 ± 29.2 < 38.3 
Mn-54 -0.1 ± 1.1 < 2.5 1.2 ± 1.5 < 2.5 0.7 ± 3.6 < 6.8 
Fe-59 -1.7 ± 2.1 < 6.6 -2.9 ± 3.2 < 4.7 -7.0 ± 7.9 < 8.9 
Co-58 0.3 ± 1.1 < 2.9 -0.1 ± 1.9 < 2.2 0.2 ± 3.4 < 5.3 
Co-60 1.0 ± 1.3 < 2.5 -1.3 ± 2.0 < 2.4 -2.6 ± 4.6 < 4.4 
Zn-65 0.1 ± 2.2 < 4.9 -2.6 ± 3.4 < 3.8 4.1±7.4 < 9.2 
Zr-Nb-95 -1.5±1 .2 < 5.1 -2.4 ± 1.7 < 3.0 1.0 ± 3.6 < 7.2 
Cs-134 0.1 ± 1.2 < 2.1 0.5 ± 1.8 < 3.3 -3.3 ± 3.4 < 7.3 
Cs-137 -0.5 ± 1.3 < 1.8 0.7 ± 2.1 < 2.8 4.2 ± 4.2 < 6.7 
8a-La-140 -7.1 ± 1.3 < 11.0 -1.0 ± 1.9 < 6.3 3.7 ± 3.7 < 7.6 

Location MH Z-065A MH Z-0658 MH Z-066A 

Collection Date 09-22-20 09-22-20 09-22-20 
Lab Code EW- 3647 MDC EW- 3648 MDC EW- 3649 MDC 

Sr-90 5.73 ± 2.5 < 4.2 0.81 ± 2.0 < 4.2 0.76 ± 1.7 < 3.6 

8e-7 -13.0 ± 18.7 < 49.1 -17.9 ± 27.7 < 61.1 4.5 ± 16.9 < 44.6 
Mn-54 1.1 ± 2.1 < 4.7 -1.2 ±3.6 < 6.9 1.2 ± 1.7 < 3.6 
Fe-59 -3.3 ± 4.1 < 6.3 -4.2 ± 6.3 < 8.5 -2.0 ± 3.9 < 8.1 
Co-58 2.1 ± 2.0 < 5.6 4.7 ± 3.4 < 8.1 -0.3 ± 1.7 < 3.8 
Co-60 2.1 ± 2.2 < 4.3 1.2 ± 3.8 < 7.1 1.3 ± 1.8 < 3.5 
Zn-65 -15.3 ±5.4 < 6.3 -1.9 ± 7.6 < 16.0 -3.1 ± 4.3 < 7.1 
Zr-Nb-95 -3.4 ± 2.2 < 8.1 -3.0 ± 3.9 < 12.1 -4.3 ± 2.0 < 5.0 
Cs-134 -4.1±2.2 < 4.6 -4.5 ± 3.6 < 6.5 -2.2 ± 1.9 < 3.9 
Cs-137 -2.6 ± 2.3 < 2.7 -1.9 ± 4.2 < 7.4 -0.8 ± 2.1 < 3.9 
8a-La-140 -13.1 ±2.6 < 9.8 -6.1 ±11 .9 < 23.8 -3.6 ± 2.1 < 12.7 

Location MH Z-0668 MH Z-0668 MH Z-066C 

Suspended solids 

Collection Date 09-22-20 09-22-20 09-22-20 

Lab Code EW- 3650 MDC EW- 3650S MDC EW- 3651 MDC 

Sr-90 1.41 ± 2.1 < 4.1 -0.31 ± 1.6 < 3.5 

8e-7 -62.0 ± 33.0 < 69.4 19.5 ± 14.4 < 45.4 20.7 ± 21.2 < 65.4 
Mn-54 2.6 ± 3.5 < 8.2 1.8 ± 1.5 < 3.8 5.0 ± 2.6 < 5.9 
Fe-59 -4.9 ± 7.3 < 19.8 0.3 ± 3.0 < 12.3 3.3 ± 4.6 < 11 .9 
Co-58 2.0 ± 3.5 < 5.8 -1.5 ± 1.5 < 3.9 -3.8 ± 2.1 < 3.4 
Co-60 -3.9 ± 3.9 < 6.0 -0.8 ± 1.9 < 2.9 1.0 ± 2.9 < 5.3 
Zn-65 -14.3 ±8.3 < 11.9 0.3 ± 3.3 < 6.4 -9.0 ± 5.3 < 9.4 
Zr-Nb-95 -0.4 ± 3.7 < 11.0 -7.3 ± 1.8 < 7.7 2.3 ± 2.3 < 8.1 
Cs-134 -3.4 ± 3.6 < 7.6 0.4 ± 1.6 < 3.1 -1.5 ± 2.3 < 4.9 
Cs-137 5.0 ± 3.9 < 6.8 0.2 ± 1.7 < 3.1 -0.2 ± 2.7 < 5.5 
8a-La-140 -2.8 ± 3.9 < 10.5 -13.1 ± 1.9 < 22.4 -18.0 ± 2.9 < 14.9 

•Unable to reach LLD due to very small sample size and late arrival to the lab. Sample counted between 60K and 80K seconds. 
0 Sr-90 analysis pending. 
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Supplemental Analyses 

Units: = pCi\l Gamma isotopic analysis 

Location MH Z-066D MH Z-067A MH Z-0678 

Collection Date 09-22-20 09-22-20 09-22-20 
Lab Code EW- 3652 MDC EW- 3653 MDC EW- 3654 MDC 

Sr-90 -0.13 ± 1.5 < 3.2 -0.07 ± 1.5 < 3.2 -0.98 ± 2.1 < 4.9 

8e-7 2.6 ± 13.7 < 38.3 -1 .1 ± 13.6 < 40.8 -4.6 ± 28.2 < 70.5 
Mn-54 0.6 ± 1.8 < 3.8 0.3 ± 1.7 < 3.4 2.5 ± 2.9 < 5.7 
Fe-59 -3.7 ± 3.4 < 9.4 -5.3 ± 3.0 < 4.6 6.8 ± 5.6 < 15.7 
Co-58 -0.1 ± 1.8 < 4.3 -0 .3 ± 1.6 < 2.4 -0.6 ± 2.9 < 7.2 
Co-60 -1.0 ± 2.0 < 2.0 -0.3 ± 1.9 < 2.9 1.1 ± 3.1 < 5.7 
Zn-65 -0.8 ± 3.8 < 6.8 0.7 ± 3.3 < 7.5 0.2 ± 6.3 < 9.3 
Zr-Nb-95 -2.1 ± 1.9 < 4.4 -4.5 ± 1.9 < 6.2 1.4 ± 3.0 < 8.8 
Cs-134 -0.6 ± 1.8 < 3.4 -0.5 ± 1.8 < 3.3 -1.6 ± 3.1 < 6.1 
Cs-137 0.0 ± 2.0 < 3.2 0.0 ± 1.9 < 3.8 -0.7 ± 3.4 < 5.2 
8a-La-140 -3.2±1 .9 < 14.0 5.6 ± 1.9 < 13.5 -8.5 ± 3.3 < 17.1 

Location MH Z-0678 MH Z-067C MH Z-067C 

Suspended solids Suspended solids 
Collection Date 09-22-20 09-22-20 09-22-20 

Lab Code EW- 36548 MDC EW- 3655 MDC EW- 36558 MDC 

Sr-90 4.10±4.1 < 7.6 

8e-7 36.6 ± 21 .0 < 60.4 -3.6 ± 21.9 < 58.8 -36.2 ± 25.0 < 41 .6 
Mn-54 0.8 ± 2.5 < 5.6 3.5 ± 2.7 < 5.7 3.3 ± 2.7 < 6.5 
Fe-59 3.4 ± 4.2 < 15.1 4.6 ± 4.9 < 13.2 2.0 ± 5.1 < 11 .8 
Co-58 -1.9 ± 2.3 < 4.6 -0.4 ± 2.8 < 5.7 0.6 ± 2.6 < 4.7 
Co-60 -0.1±2.6 < 4.9 -0.4 ± 3.0 < 5.2 -0.1 ± 3.4 < 7.1 
Zn-65 -1 .3 ± 5.0 < 8.5 -0.1 ± 5.8 < 12.2 -32.5 ± 7.7 < 11.8 
Zr-Nb-95 -7.6 ± 2.8 < 9.1 -0.8 ± 3.0 < 8.3 -9.6 ± 3.2 < 11.6 
Cs-134 -1.6 ± 2.4 < 4.7 -2 .1 ± 2.9 < 5.6 -7.1 ±2.9 < 6.0 
Cs-137 -1.1 ± 2.7 < 4.4 0.7 ± 3.3 < 4.6 -3.0 ± 3.1 < 5.6 
8a-La-140 -6.7 ± 2.9 < 18.7 -1.0 ± 3.2 < 17.8 -10.4 ± 3.6 < 32.4 

Location MH Z-067D MH Z-068 

Collection Date 09-22-20 09-22-20 

Lab Code EW- 3656 MDC EW- 3657 MDC 

Sr-90 0.74 ± 1.6 < 3.2 0.22 ± 1.5 < 3.2 

8e-7 -8.3 ± 17.7 < 46.9 -4.0 ± 23.1 < 56.3 
Mn-54 1.5 ± 2.0 < 4.4 2.6 ± 3.0 < 6.3 
Fe-59 -0.7 ± 3.9 < 10.0 0.0 ± 5.1 < 13.8 
Co-58 -1 .5 ± 1.8 < 3.4 1.0 ±2.9 < 7.7 
Co-60 -0.7 ± 2.0 < 4.2 0.2 ± 3.2 < 5.6 
Zn-65 -12.2 ±4.7 < 7.4 -5.2 ± 6.1 < 10.4 
Zr-Nb-95 -1.4 ±2.2 < 8.0 -6.4 ± 3.4 < 10.1 
Cs-134 -7.3 ± 2.1 < 4.4 -2.4 ± 3.0 < 5.6 
Cs-137 1.0 ± 2.1 < 3.7 -1 .9 ±3.4 < 5.8 
8a-La-140 3.9 ± 2.3 < 13.5 -2.4 ± 3.5 < 28.2 

•Unable to reach LLD due to very small sample size and late arrival to the lab. Sample counted between 60K and BOK seconds. 
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Supplemental Analyses 

Units: = pCi\L Gamma isotopic analysis 

Location GW-15A,8 GW-04 U2FSSDS 

Collection Date 10-14-20 10-22-20 10-31-20 

Lab Code EW- 3876 MDC EW- 4060 MDC EW- 4308 MDC 

Be-7 9.8 ± 12.0 < 34.1 -7 .9 ± 14.3 < 41 .0 -5.4 ± 13.1 < 22.3 
Mn-54 0.4 ± 1.4 < 2.5 -1 .0± 2.0 < 2.5 0.2 ± 1.3 < 1.8 
Fe-59 2.3 ± 2.7 < 7.4 0.4 ± 3.4 < 5.9 3.5 ± 2.6 < 7.8 
Co-58 2.0 ± 1.4 < 3.0 -0.6 ± 1.7 < 2.8 -0.1 ± 1.3 < 3.1 
Co-60 -1.2 ± 1.5 < 1.4 1.1 ± 1.7 < 1.9 0.9 ± 1.3 < 2.8 
Zn-65 0.5 ± 3.0 < 6.3 0.3 ± 3.9 < 5.9 0.5 ± 3.0 < 4.3 
Zr-Nb-95 -1 .9 ± 1.6 < 3.9 -7 .2 ± 2.2 < 5.5 -1.1 ± 1.4 < 3.1 
Cs-1 34 0.3 ± 1.6 < 2.8 -0.3 ± 1.9 < 3.3 0.7±1.5 < 3.1 
Cs-137 -0.2 ± 1.6 < 2.9 -0.7 ± 2.1 < 3.5 -0.7 ± 1.6 < 2.1 
Ba-La-140 -1.8 ± 1.6 < 5.3 -17.5 ± 5.3 < 7.0 -3.4 ± 1.7 < 6.3 

Location GW-04 U2FSSDS GW-04 

Collection Date 11 -17-20 11 -30-20 12-16-20 

Lab Code EW- 4305 MDC EW- 4638 MDC EW- 4642 MDC 

Be-7 -18.6 ± 21.4 < 38.5 -6.2 ± 11 .1 < 29.5 -1.9 ± 23.1 < 45.9 
Mn-54 2.4 ± 1.9 < 3.4 -1.4 ± 1.4 < 1.6 1.3 ± 2.3 < 3.6 
Fe-59 -2.6 ± 3.8 < 6.9 -3.9 ± 2.5 < 6.4 -3.9 ± 5.2 < 5.5 
Co-58 2.2 ± 2.0 < 5.0 -0.8 ± 1.4 < 3.1 0.2 ± 2.1 < 3.1 
Co-60 1.0 ± 2.2 < 2.6 1.0 ± 1.6 < 2.5 2.7 ± 3.0 < 3.8 
Zn-65 -2.3 ± 4.0 < 2.7 0.7 ± 2.7 < 5.1 -0.4 ± 5.0 < 6.0 
Zr-Nb-95 -5.2 ± 2.1 < 3.9 -8.5 ± 1.8 < 4.4 -5.8 ± 3.1 < 7.6 
Cs-134 1.8 ± 2.1 < 4.4 -0.1 ± 1.5 < 2.6 -3.6 ± 2.5 < 4.5 
Cs-137 -1.6 ± 2.1 < 1.6 0.7 ± 1.6 < 3.0 -1 .3 ± 2.6 < 4.2 
Ba-La-140 -5.6 ± 1.9 < 6.5 -4 .3 ± 1.7 < 6.7 1.4 ± 2.5 < 5.4 

Location U2FSSDS 

Collection Date 12-31-20 

Lab Code EW- 4815 MDC 

Be-7 -0.1 ± 10.5 < 24.2 
Mn-54 0.5 ± 1.3 < 2.8 
Fe-59 -1 .1 ± 2.3 < 5.0 
Co-58 -0.7 ± 1.3 < 2.0 
Co-60 0.1 ± 1.4 < 2.3 
Zn-65 -0.4 ± 2.8 < 4.4 
Zr-Nb-95 -2.0 ± 1.5 < 3.2 
Cs-134 0.3 ± 1.4 < 2.5 
Cs-137 0.2 ± 1.5 < 2.7 
Ba-La-140 -0.7 ± 1.5 < 4.3 
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Additional Analyses 

Manhole water samples Units= pCi/L 

Location MH Z-0668 MH Z-066C GW-08 EiC Bog 

Collection Date 04-28-20 04-28-20 05-21-20 
Lab Code EW- 1529 MDC EW- 1530 MDC EW- 1690 MDC 

Be-7 11.5 ± 12.5 < 42.9 11.8 ± 11 .2 < 40.5 -0.8 ± 4.7 < 11.4 
Mn-54 0.9 ± 1.5 < 3.2 1.6 ± 1.4 < 3.1 -0.1 ± 0.6 < 1.1 
Fe-59 -8.3 ± 3.3 < 10.1 0.7 ± 2.5 < 8.9 -1.3 ± 1.1 < 4.7 
Co-58 -0.3 ± 1 .5 < 4.2 -0.3 ± 1.3 < 2.2 -0 .1 ± 0.6 < 1.4 
Co-60 0.1 ±1.6 < 2.4 0.9±1.6 < 3.0 0.2 ± 0.6 < 1.3 
Zn-65 1.2 ± 3.6 < 7.1 -2 .8 ± 2.8 < 5.2 0.2 ± 1.1 < 2.6 
Zr-Nb-95 1.0 ± 1.5 < 5.7 1.6 ± 1.5 < 5.1 -1.7 ± 0.6 < 2.3 
Cs-134 0.7 ± 1.6 < 3.3 0.2 ± 1.4 < 2.8 -0.1 ± 0.6 < 1.2 
Cs-137 0.5 ± 1.8 < 3.8 -0.2 ± 1.6 < 3.0 0.4 ± 0.7 < 1.0 
Ba-La-140 -27.7 ± 2.0 < 26.8 -11.8 ± 1.6 < 12.3 -4.2 ± 0.7 < 7.1 

a LLD not reached due to the small sample size and testing delay. 

Fa9ade Wells HTD analyses results Units = pCi/L 

Location GW-09 1Z-361A MDC GW-09 1Z-361B MDC 

Collection Date 06-09-20 06-09-20 
Lab Code EWW- 3066 EWW- 3067 

Fe-55 0.00 ± 348.5 < 574.23 76.76 ± 359.0 < 584.67 

Ni-63 41.30 ± 48 .8 < 79.3 0.00 ± 43.8 < 72.1 
Sr-89 0.21 ± 7.4 < 8.95 -4.18 ± 8.1 < 9.62 

Sr-90 0.29 ± 1.3 < 2.83 1.20±1.5 < 2.95 
Tc-99 0.0 ± 3.4 < 5.61 0.0 ± 3.4 < 5.61 

Lake water analyses for tritium Units = pCi/L 

Location E-005 

Collection Date 10-13-20 11-11-20 12-09-20 
LabCode ELW- 3755 MDC ELW- 4243 MDC ELW- 4561 MDC 

H3 -37 ± 83 < 162 1080 ± 130 < 162 68 ± 88 < 161 
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Per TS 5 .5 .1.C, licensee initiated changes to the Off site Dose Calculation Manual (ODCM) shall 
be documented and records of reviews performed shall be retained. This documentation shall 
contain sufficient information to support the changes(s) together with the appropriate analyses or 
evaluations justifying the changes(s ), and a determination that the change(s) maintain the levels 
of radioactive effluent control required by 10 CFR 20.1302, 40 CFR 190, 10 CFR 50.36a, and 
10 CFR 50, Appendix I, and do not adversely impact the accuracy or reliability of effluent, dose, 
or setpoint calculations. These changes shall become effective after receiving concurrence from 
the Onsite Review Group (ORG)* and approval of the Plant General Manager, and shall be 
submitted to the NRC in the form of a complete, legible copy of the entire ODCM as a part of or 
concurrent with the Annual Monitoring Report for the period of the report in which any change 
in the ODCM was made. Each change shall be identified by markings in the affected pages, 
clearly indicating the area of the page that was changed, and shall indicate the date (i.e. month 
and year) the change was implemented. 

*NOTE: Pursuant to the Procedure, Plan and Program Review Matrix approved by the 
Plant General Manager, changes that have been determined to be editorial do 
not need ORG approval. 
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The PBNP Offsite Dose Calculation Manual contains the current methodology and 
parameters for the calculation of offsite doses due to radioactive gaseous and liquid 
effluents. This manual describes a methodology for demonstrating compliance with 
10 CFR 50, Appendix I dose limits. Compliance with Appendix I is demonstrated by 
periodic calculation of offsite doses based on actual plant releases and comparison to 
Appendix I dose limits. 

The manual also details the methodology for the determination of gaseous and liquid 
effluent monitor alarm setpoints. The PBNP Radiation Monitoring System (RMS) 
effluent monitor alarm setpoints are established to ensure that controlled releases of 
liquid and gaseous radioactive effluents are maintained as low as is reasonably 
achievable. The setpoints also are established to ensure that the dose rate from 
radioactive material released in effluents to the atmosphere do not exceed 500 mrem/yr at 
the site boundary and to ensure that the concentrations of radioactive materials released 
in liquid effluents to the unrestricted area conform to (do not exceed) 10 times the 
concentration values in Table 2, Column 2 of Appendix B to 10 CFR 20 as specified in 
TS 5.5.4.g. 

The manual also details the methodology for evaluating the radiological impact of 
sewage treatment sludge disposal. This methodology addresses the commitments made 
to the United States Nuclear Regulatory Commission in our application dated 
October 8, 1987 (NRC-87-104) and accepted by the USNRC in a letter dated 
January 13, 1988 (NPC-30260). This application was submitted in accordance with the 
provisions of 10 CFR 20.302(a). Dose limits are established in the application to ensure 
the health and safety of the maximally exposed member of the general public and the 
inadvertent intruder. 10 CFR 50, Appendix I dose limits do not apply to sewage 
treatment sludge disposal. 

2.2 Guidance 

The following sources provided guidance for this document: 

U. S. Nuclear Regulatory Commission, Regulatory Guide 1.109, "Calculation of Annual 
Doses to Man from Routine Releases of Reactor Effluents for the Purpose of Evaluating 
Compliance with 10CFR50, Appendix I", Revision 1, October 1977. 

U.S. Nuclear Regulatory Commission, Regulatory Guide 1.113, "Estimating Aquatic 
Dispersion of Effluents from Accidental and Routine Reactor Releases for the Purpose of 
Implementing Appendix I", Revision 1, April 1977. 

U.S. Nuclear Regulatory Commission, Regulatory Guide 1.21, "Measuring, Evaluating, 
and Reporting Radioactive Material in Liquid and Gaseous Effluents and Solid Waste", 
Revision 2, June 2009. 
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U. S. Nuclear Regulatory Commission, NUREG-0133, "Preparation of Radiological 
Effluent Technical Specifications for Nuclear Power Plants", Revision 2, May 1982. 

U.S. Nuclear Regulatory Commission, NUREG-1301, "Offsite Dose Calculation Manual 
Guidance: Standard Radiological Effluent Controls for Pressurized Water Reactors'', 
April 1991. 

2.3 General Responsibilities 

The primary responsibility for the implementation of the PBNP off site dose calculation 
program and for any actions required by the program resides with Chemistry. Chemistry 
will provide the technical, regulatory, licensing, and administrative support necessary to 
fulfill the requirements of this manual. The calculation of off site doses and analysis of 
data are Chemistry responsibilities. 

The Plant General Manager, PBNP is responsible for assuring that Radiation Monitoring 
System alarm setpoints are established and maintained in accordance with the 
methodologies outlined in this manual. The Plant General Manager, PBNP is also 
responsible for assuring the performance of periodic release summaries for the purpose of 
demonstrating compliance with PBNP effluent release limits. 

2.4 Audits 

Audits of the activities encompassed by the ODCM, the Radiological Effluent Control 
Program (Section 13.0 of this manual), and the Radiological Environmental Monitoring 
Program (Section 12.0 of this manual) and its implementing procedures shall be 
scheduled, performed, and reported in accordance with the Quality Assurance Topical 
Report. 

2.5 Definitions 

ABNORMAL RELEASE 

An ABNORMAL RELEASE is an unplanned or uncontrolled emission of an effluent 
containing plant related, licensed radioactive material. 

ACTION 

ACTION shall be that part of a specification that prescribes remedial measures required 
under designated conditions. 

BATCH RELEASE 

A BATCH RELEASE is a release of a discrete liquid volume from a tank or any 
isolatable containment containing radionuclide(s) whose inputs to the volume were 
secured prior to sampling for discharge and remains secured until the discharge is 
completed. 
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A CHANNEL CALIBRATION is the adjustment, as necessary, of the channel such that 
it responds within the required range and accuracy to known values of input. The 
CHANNEL CALIBRATION SHALL encompass the entire channel including the sensors 
and alarm, interlock and/or trip functions and may be performed by any series of 
sequential, overlapping, or total channel steps such that the entire channel is calibrated. 

CHANNEL CHECK 

CHANNEL CHECK is a qualitative determination of acceptable FUNCTIONALITY 
made by observing channel behavior during operation. This shall include, where 
possible, comparison of the channel with other independent instrumentation channels 
measuring the same parameter. 

CONTINUOUS RELEASE 

A CONTINUOUS RELEASE is a discharge of liquid or gaseous radioactive effluents of 
a non-discrete volume from a source containing radionuclide(s) that usually has make-up 
flow during the release. 

DISCHARGE 

A DISCHARGE is a radioactive effluent that enters an unrestricted area. 

FUNCTIONAL - FUNCTIONALITY 

FUNCTIONALITY is an attribute of an SSC(s) that is not controlled by TSs. An SSC not 
controlled by TSs is FUNCTIONAL or has FUNCTIONALITY when it is capable of 
performing its function(s) as set forth in the CLB. These CLB function(s) may include 
the capability to perform a necessary and related support function for an SSC(s) 
controlled by TSs. 

FUNCTIONAL TEST 

FUNCTIONAL TEST is the injection of a simulated signal into the channel to verify that 
it is FUNCTIONAL, including alarm and/or trip initiating action. This shall include, 
where possible, a comparison of the channel with other independent channels measuring 
the same variable. 
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GASEOUS RADWASTE TREATMENT SYSTEM 

The GASEOUS RADWASTE TREATMENT SYSTEM consists of those components or 
devices utilized to reduce radioactive material in effluents released to the atmosphere. 
The system consists of the following: 

• Gas decay tanks, 

• Drumming area ventilation exhaust duct filter assembly (F-26), 

• Unit 1 and 2 containment purge exhaust filter assemblies (1/2 F-1 lA/B), 

• Air ejector decay duct filter assembly (F-30), 

• Auxiliary building ventilation filter assembly (F-25, nominal 11,214 CFM 
exhaust pathway), 

• Chemistry laboratory exhaust duct filter assembly (F-21), 

• Service building ventilation exhaust duct filter assembly (F-20), 

• Auxiliary building ventilation filter assemblies (F-23, F-29, nominal 34,150 CFM 
exhaust pathway). 

LIQUID RADW ASTE TREATMENT SYSTEM 

The LIQUID RADWASTE TREATMENT SYSTEM consists of those components or 
devices used to reduce radioactive material in liquid effluent. The system consists of the 
following: 

• Waste evaporator, 

• Polishing demineralizers, 

• Advanced Liquid Processing System (ALPS) 

• Boric acid evaporator feed and condensate demineralizers 

MEMBER OF THE PUBLIC (10 CFR 20) 

MEMBER OF THE PUBLIC as defined by 10 CFR20.1003: Means any individual except 
when that individual is receiving an occupational dose. (TRM4.I) 

MEMBER OF THE PUBLIC (40CFR190) 

MEMBER OF THE PUBLIC as defined by 40 CFR 190.02: Means any individual that can 
receive a radiation dose in the general environment, whether he may or may not also be 
exposed to radiation in an occupaJion associated with a nuclear fuel cycle. However, an 
individual is not considered a member of the public during any period in which the 
individual is engaged in carrying out any operation which is part of the nuclear fuel cycle. 
(TRM4.l) 
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NUCLEAR FUEL CYCLE as defined by 40 CFR 190.02: Means the operations defined to 
be associated with the production of electrical power for public use by any fuel cycle 
through the use of nuclear energy. 

OPERABLE-OPERABILITY 

A system, subsystem, train, component or device shall be OPERABLE or have 
OPERABILITY when it is capable of performing its specified safety functions(s), and 
when all necessary attendant instrumentation, controls, normal or emergency electrical 
power, cooling or seal water, lubrication and other auxiliary equipment that are required 
for the system, subsystem, train, component or device to perform its specified safety 
function(s) are also capable of performing their related support function(s). 

PURGE-PURGING 

PURGE or PURGING is any 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 required to purify the 
confinement. 

RELEASE 

A RELEASE is an effluent from the plant regardless of where the effluent is deposited. 

SITE BOUNDARY 

The SITE BOUNDARY shall be that line beyond which the land is neither owned, nor 
leased, nor otherwise controlled by the licensee. 

SOURCE CHECK 

A SOURCE CHECK shall be the qualitative assessment of channel response when the 
channel sensor is exposed to a source of increased radioactivity. 

SPECIFIED FUNCTION/SPECIFIED SAFETY FUNCTION 

The definition of operability refers to the capability to perform the "specified function" at 
non-improved TSs plants or "specified safety function" at improved TSs plants. The 
specified safety function(s) in the CLB for the facility. 

In addition to providing the specified safety function, an SSC is expected to perform as 
designed, tested and maintained. When system capability is degraded to a point where it 
cannot perform with reasonable expectation or reliability, the SSC should be judged 
inoperable, even if at this instantaneous point in time the SSC(s) could provide the 
specified safety function. 
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An UNRESTRICTED AREA is 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. (TRM 4.1) 

URANIUM FUEL CYCLE 

The URANIUM FUEL CYCLE is defined in 40 CFR Part 190.02(b) as: "The operation 
of milling of uranium ore, chemical conversion of uranium, isotopic enrichment of 
uranium, fabrication of uranium fuel, generation of electricity by a light-water-cooled 
nuclear power plant using uranium fuel, and reprocessing of spent uranium fuel, to the 
extent that these directly support the production of electrical power for public use 
utilizing nuclear energy, but excludes mining operations, operations at wasted disposal 
sites, transportation of any radioactive material in support of these operations, and the use 
of recovered non-uranium special nuclear and by-product materials from the cycle". 

VENTILATION EXHAUST TREATMENT SYSTEM 

A VENTILATION EXHAUST TREATMENT SYSTEM is any system designed and 
installed to reduce gaseous radioiodine or radioactive material in particulate form in 
effluents by passing ventilation or vent exhaust gases through charcoal absorbers and/or 
HEP A filters for the purpose of removing iodines or particulates from the gaseous 
exhaust stream prior to the release to the environment. Such a system is not considered 
to have any effect on noble gas effluents. Engineered Safety Features Atmospheric 
Cleanup Systems are not considered to be VENTILATION EXHAUST TREATMENT 
SYSTEM components. 

VENTING 

VENTING is the controlled process of discharging air or gas form 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 names, does not imply a VENTING process. 
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In accordance with TS 5.6.2, the Annual Monitoring Report covering the operation of the 
units shall be submitted in accordance with 10 CFR 50.36a. The annual monitoring 
report shall be submitted by April 30 of each calendar year to the administrator of the 
appropriate Regional NRC office or designee and shall include: 

a. A summary of the quantities of radioactive liquid and gaseous effluents released 
from the plant with data summarized on a semi-annual basis. The material provided 
shall be consistent with the objectives outlined in Sections 6.2, 7.2 and 7.3 of the 
ODCM and in conformance with 10 CFR 50, Appendix I, Section IV.B.l. In the 
event that some results are not available for inclusion with the report, the report shall 
be submitted noting and explaining the reasons for the missing results. The missing 
data shall be submitted as an addendum in the next Annual Monitoring Report. 

b. An assessment of the radiation doses from radioactive effluents released from the 
plant during the previous calendar year. All assumptions used in making these 
assessments (i.e., specific activity, exposure time and location) shall be included in 
the report. 

c. The air doses and the doses to the hypothetical maximum exposed individual 
calculated following the ODCM methodology shall be reported. 

d. The following information for solid waste shipped offsite during the report period: 

• Total amount of solid waste shipped, buried or stored (in cubic feet) 

• Estimated total isotopic content (in curies) determined by scaling factors, 
gamma isotopic and/or other suitable analyses 

• Dates of shipment and burial site, if applicable quantity 

• Type of waste (e.g., spent resin, dry activated waste, evaporator bottoms, 
filters, scrap metal, asbestos, etc.), 

• Type of container (e.g., LSA, Type A, Type B, Large Quantity), and 

• Solidification agent (e.g., cement, urea formaldehyde), if applicable 

e. The following information for liquid releases during the report period. 

• Total radioactivity in curies released and average diluted discharge 
concentrations of the following release categories: gamma isotopic, gross 
alpha, tritium, and strontium (beta emitters other than tritium). 

• Total volume (in gallons) ofliquid waste released into circulating water 
discharge. 
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• Total volume (in gallons) of dilution water used. 

• The maximum concentration of tritium and gross gamma radioactivity released 
(averaged over the period of a single release). 

• Estimated monthly total radioactivity in curies of individual radionuclides 
released based on representative isotopic analyses. 

• Semiannual and annual totals of monthly quantities of individual radionuclides, 
as determined by isotopic analyses. 

f. The following information for gaseous releases during the report period. 

• Total gross radioactivity (in Curies), by month, released of: 

o Noble Gases 

o Halogens 

o Particulates, subdivided into beta emitters (strontium, etc.), gross alpha, 
and gamma emitters 

o Tritium 

o Maximum release rate (for any one-hour period). 

• Estimated monthly total radioactivity (in Curies) released, by nuclide, for 
I-131, I-133, H-3, and radioactive particulates with half-lives greater than eight 
days, based on representative analyses performed by beta and by gamma 
isotopic analyses. 

• Semiannual and annual totals of monthly isotopic radionuclide quantities. 

g. Identification of ABNORMAL RELEASES from the site in gaseous and liquid 
effluents in the AMR. 

h. Summaries, interpretations, and analyses of trends of the results of the radiological 
environmental monitoring program for the reporting period. The material provided 
shall be consistent with the objectives outlined in ODCM Section 12.0 and in 
10 CFR 50, Appendix I, Sections IV.B.2, IV.B.3, and IV.C. See Section 12.1.2.a.6 
for REMP specific reporting requirements. 

1. If the calculated dose from the release of radioactive materials in liquid or gaseous 
effluents exceeds twice the limits of 10 CFR 50, Appendix I, the Annual Monitoring 
Report shall also include an assessment of radiation doses to the most likely exposed 
member of the general public from reactor releases and other nearby uranium fuel 
cycle sources (including doses from primary effluent pathways and direct radiation) 
for the previous 12 consecutive months to show compliance with 40 CFR 190, 
Environmental Radiation Protection Standards for Nuclear Power Operation. 
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J. A description (including cause, response and prevention ofreoccurrence) of 
occurrences and circumstances when fewer than the sampling frequency, minimum 
analysis frequency, or lower limit of detection requirement specified in Table 6-2 
and Table 7-lare met. 

k. The Annual Monitoring Report shall include a description of all deviations from the 
radiological environmental sample collection and analysis frequency contained in 
Table 12-3. 

1. The Annual Monitoring Report shall include a description of occurrences when 
fewer than the minimum required radioactive liquid and/or gaseous effluent 
monitoring instrumentation channels were FUNCTIONAL OR OPERABLE as 
required in Table 6-2 and Table 7-2. 

m. The quantity of each of the principal radionuclides released to the environment in 
liquid and gaseous effluents during the previous 12 months of operation for the 
ISFSI. Other information required by the Commission to estimate maximum 
potential radiation dose commitment to the public resulting from effluent releases 
should be included in the report. 

n. Licensee initiated changes to the ODCM in the form of a complete legible copy of 
the entire ODCM as a part of or concurrent with the Annual Monitoring Report for 
the period of the report in which the change in the ODCM was made. Each change 
shall be identified by markings in the margin of the affected pages clearly indicating 
the area of the page that was changed. 

3 .2 Record Retention Requirements 

Records of reviews performed for changes made to the ODCM shall be kept for the 
duration of the operating licenses of Units 1 and 2 of the Point Beach Nuclear Plant. 
(TS 5.5.1) 

Meteorological data shall be kept on file, on site for review by the NRC, upon request. 
The data available will include wind speed, wind direction and atmospheric stability. 
The data will be in the form of hour-by-hour averages stored in electronic form for each 
of the parameters. 
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4.0 RADIATION MONITORING SYSTEM AND RELEASE ACCOUNTING 

A computerized Radiation Monitoring System (RMS) is installed at Point Beach Nuclear 
Plant (PBNP). The RMS includes area, process, and effluent monitors. A description of those 
monitors used for liquid and gaseous effluents is presented in Table 4-1 and Table 4-2. The 
liquid and gaseous waste processing flow paths, equipment, and monitoring systems are depicted 
in Figure 4-1 and Figure 4-2. Calibration of the RMS detectors is accomplished in accordance 
with the PBNP instrument and control procedures. The setpoint methodology is described in 
Section 9.1 and Section 10.1 of the ODCM. 

The RMS is designed to detect and measure liquid and gaseous releases from the plant effluent 
pathways. The RMS will initiate isolation and control functions on certain effluent streams 
identified in Table 4-1 and Table 4-2. Complete monitoring and accounting ofnuclides released 
in liquid and gaseous effluents is accomplished with the RMS together with the characterization 
of nuclide distributions by laboratory analysis of grab samples. Sampling frequencies and 
analysis requirements are described for liquids in Table 6-1 and gases in Table 7-1. 

The RMS is not used for normal operational release quantification. Release quantification is 
based on the analysis of actual samples and the known discharge rate. The main liquid releases 
(Ci) occur via batch releases. The continuous releases via SGBD and waste water effluents have 
a greater volume but very little licensed material. The major continuous release points are the 
vents from the Auxiliary Building, the Drumming Area, and the Gas Stripper. The Combined 
Air Ejector is a minor release source in terms of activity and volume during normal operation. 
The batch releases from the gas decay tanks occur through the Aux. Building vent stack. 
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TABLE 4-1 
RADIOACTIVE LIQUID WASTE EFFLUENT MONITORS 

1 (2) RE-216 
Containment Fan Coolers 

None 
Liquid Monitors 

RE-218 
Waste Disposal System Liquid 

Shuts waste liquid overboard 
Monitor 

Shuts steam generator 

1 (2) RE-219 
Steam Generator Blowdown blowdown isolation valves, 
Line Liquid Monitors blowdown tank outlet valves and 

steam generator sample valves 

RE-220 Spent Fuel Pool Liquid Monitor None 

Steam Generator Blowdown 
Shuts steam generator 

1 (2) RE-222 
Tank Outlet Monitor 

blowdown isolation valves and 
blowdown tank outlet valves 

RE-223 
Waste Distillate Overboard Shuts waste distillate overboard 
Liquid Monitor isolation valve 

1 (2) RE-229 
Service Water Discharge 

None 
Monitors 

RE-230 Waste Water Effluent Monitor None 

Scintillation 

Scintillation 

Scintillation 

Scintillation 

GM Tube 

Scintillation 

Scintillation 

Scintillation 
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TABLE 4-2 
RADIOACTIVE GASEOUS WASTE EFFLUENT MONITORS 

1 (2) RE-212 
Containment Noble Gas Actuates containment ventilation 
Monitor isolation 

Auxiliary Building Exhaust 
Shuts gas release valve and 

RE-214 
Ventilation Noble Gas Monitor 

shifts auxiliary building exhaust 
through carbon filters 

1 (2) RE-215 
Condenser Air Ejector Noble 

None 
Gas Monitors 

RE-221 
Drumming Area Vent Noble 

None 
Gas Monitor 

RE-224 
Gas Stripper Building Exhaust 

None 
Noble Gas Monitor 

RE-225 
Combined Air Ejector 

None 
Low-Range Noble Gas Monitor 

Unit 1and2 Purge Exhaust 

1 (2) RE-305 
Noble Gas Monitors (Channel 5 Containment ventilation 
on SPINO Units No. 21 and isolation 
No. 22) 

Auxiliary Building Exhaust 

RE-315 
Ventilation Noble Gas Monitor 

None 
(Channel 5 on SPINO Unit No. 
23) 

Drumming Area Ventilation 
RE-325 Noble Gas Monitor (Channel 5 None 

on SPINO Unit No. 24) 

Scintillation 

Scintillation 

Scintillation 

Scintillation 

Scintillation 

Scintillation 

Scintillation 

Scintillation 

Scintillation 
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RADIOACTIVE LIQUID WASTE EFFLUENT MONITORS 
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RADIOACTIVE GASEOUS WASTE EFFLUENT MONITORS 
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5.0 SPECIFICATIONS AND SURVEILLANCE REQUIREMENTS 

5.1 Specifications 

Compliance with the specifications contained in the succeeding text is required during the 
conditions specified therein. Upon failure to meet the specification, either during the 
performance of the surveillance, or between performances, the associated ACTION 
requirement shall be met. 

Noncompliance with a specification shall exist when its requirements and associated 
ACTION requirements are not met within the specified time period. If the specification 
is restored prior to expiration of the specified time intervals, completion of the ACTION 
requirements is not required. 

5 .2 Surveillance Requirements 

Surveillance Requirements shall be met during the conditions specified for individual 
specifications unless otherwise stated in an individual surveillance requirement. The 
provisions of SR 3.0.2 and 3.0.3 are applicable to the surveillance frequency of the 
Radioactive Effluent Controls Program in accordance with TS 5.5.4. 
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6.0 LIQUID EFFLUENT SPECIFICATIONS AND SURVEILLANCE REQUIREMENTS 

6.1 Concentration 

6.1.1 Specifications 

In accordance with PBNP TS 5.5.4.b, the concentration of radioactive 
materials in liquid effluents to the unrestricted area is limited to ten times the 
concentration value in Appendix B, Table 2, Column 2 to 10 CPR 20. For 
dissolved and entrained noble gases, the concentration shall be limited to 2.0 
E-04 µCi/mL total activity. 

6.1.2 Applicability 

At all times 

6.1.3 Action 

a. During release of radioactive liquid effluents, at least one condenser 
circulating water pump shall be in operation and the service water return 
header shall be lined up only to the unit whose circulating water pump is 
operating. 

b. When the concentration of radioactive material released in liquid effluents 
to UNRESTRICTED AREAS exceeds the limits identified in 
Section 6.1.1, immediately restore the concentration to within the above 
limits. 

c. Report all deviations in the Annual Monitoring Report 

6.1.4 Surveillance Requirement 

a. The concentration of radioactivity in liquid waste shall be determined by 
sampling and analysis in accordance with Table 6-1. 

b. The results of radioactive analysis shall be used in accordance with the 
methodology of Section 9.1 to assure that the concentrations at the point 
of release are maintained within the limits of Section 6.1.1. 
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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 less than 1 OX the concentration levels specified in 10 CFR 
Part 20, Appendix B, Table 2, Column 2. This limitation provides additional 
assurance that the levels of radioactive materials in bodies of water outside the 
site will not result in exposures exceeding (1) the Section II.A design 
objectives of Appendix I, 10 CFR Part 50, to a MEMBER OF THE PUBLIC 
and (2) the limits of 10 CFR Part 20.1301(a)(l) to the population. The 
concentration limit for dissolved or entrained noble gases is based upon the 
NRC's evaluation and assumption that Xe-135 is the controlling radioisotope 
and its limit in air (submersion) has been converted to an equivalent 
concentration in water using the methods described in International 
Commission on Radiological Protection (ICRP) Publication 2. 
The required detection capabilities for radioactive materials in liquid waste 
samples are tabulated in terms of the lower limits of detection (LLDs). 
Detailed discussion of the LLD, and other detection limits can be found in 
Currie, L.A., "Lower Limit of Detection: Definition and Elaboration of a 
Proposed Position for Radiological Effluent and Environmental 
Measurements," NUREG/CR-4007 (September 1984). 

Note: Hard-to-detect (HTD) radionuclides are radionuclides, such as alpha 
emitters and pure beta emitters which can be detected only by chemical 
extraction followed by alpha or beta counting, and therefore cannot be 
detected before a release using gamma spectroscopy. Analyses for HTDs are 
accomplished by obtaining aliquots of sample streams and sending the 
samples to a contracted laboratory for analyses. Their release quantities and 
doses are assessed after analytical results are obtained and then included in the 
monthly effluent quantification. The HTDs specifically identified by the 
Point Beach RETS were Sr-89/90 and alpha emitters. Fe-55 identified in 
NUREG-0472 was not included in the Point Beach RETS. Pursuant to 
regulatory guidance, reviews of the Part 61 analyses have been unde11aken 
and, as a good practice, the following HTDs (other than the ones specifically 
required) have been added to the analytical list: C-14, Fe-55, Ni-63, and 
Tc-99. NRC guidance (Reg Guide 1.21, Rev 2, June 2009) does not require 
analysis for C-14 in liquids because the airborne C-14 far outweighs the 
amount discharged in liquids. Therefore, C-14 analyses may be discontinued 
in the future based on the results from the Part 61 analyses. The list of 
required radionuclides and the additional HTDs are listed in Table 6-1. 
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RADIOACTIVE LIQUID WASTE SAMPLING AND ANALYSIS PROGRAM 

Gamma emitters 5 E-07 

1. Batch Releases2 
Prior to release I-131 1 E-06 

Tritium 1 E-05 
a. Waste Condensate 

Tank 
b. Waste Distillate 

Tank Prior to release 
c. Monitor Tanks 
d. Other tanks 

containing 
radioactivity to be 
discharged 

Monthly on composites 
obtained from batches 
released during the 
current month 

Quarterly on 
composites obtained 
from batches released 
during the current 
quarter 

Twice weekly 

Gross alpha 

Fe-55, Ni-63, 
Tc-99, C-14 

Sr-89/90 

Gamma emitters 

I-131 

1 E-07 

lE-06 
lE-06 

5 E-08 

5E-07 

lE-06 

2. Continuous Releases3' 5 Tritium lE-05 
a. Steam Generator 

Blowdown 
Grab samples 
twice weekly Monthly on grab 

composites 

Gross alpha lE-07 
Fe-55, Ni-63, Tc-99, lE-06 

b. Service Water C-14 lE-06 

Quarterly on grab 
composites 

Weekly 

Sr-89/90 

Gamma emitters 

I-131 

Tritium 

5E-08 

5E-07 

lE-06 

lE-05 

3. Waste Water Effluent 
Continuous 
Composite4 Monthly on weekly 

composite 

Gross alpha 
lE-07 

Fe-55, Ni-63, Tc-99, 

NOTE 1: 

NOTE2: 

NOTE3: 

NOTE4: 

NOTES: 

Quarterly on monthly 
composite 

C-14 

Sr-89/90 

lE-06 
lE-06 

5E-08 

The principal gamma emitter for which the gamma isotopic LLD applies is Cs-137. Because gamma isotopic analyses are 
performed, the LLDs for all other gamma emitters are inherently determined by the operating characteristics of the counting 
system. All positively identified gamma emitters will be reported in the Annual Monitoring Report 

A BATCH RELEASE is defined in Section 2.5. Prior to sampling for analysis, each batch shall be isolated and mixed to assure 
representative sampling. 

A CONTINUOUS RELEASE is defined in Section 2.5. 

A continuous composite is one in which the method of sampling employed results in a specimen that is representative of the liquids 
released. 

For compensatory analyses required by Table 6-2 only the analyses performed by the out-of-service monitor need to be performed. 
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6.2 Dose 

6.2.1 Specifications 

In accordance with PBNP TS 5.5.4.d, the dose or dose commitment to a 
MEMBER OF THE PUBLIC from radioactive materials in liquid effluents 
released to UNRESTRICTED AREAS shall not exceed: 

a. 3 mrem to the total body or 10 mrem to any organ, total from both units, 
during any calendar quarter, and 

b. 6 mrem to the total body or 20 mrem to any organ, total from both units, 
during any calendar year. 

6.2.2 Applicability 

At all times 

6.2.3 Action 

If the calculated dose from radioactive material actually released in liquid 
effluents exceeds any of the above limits, a special report shall be prepared 
and submitted to the Commission within 30 days of determination of the 
release quantity. The report shall include, as appropriate: 

• The cause(s) for exceeding the limits, 

• The corrective action(s) taken to reduce the release, and 

• The proposed corrective action( s) to be taken to assure that subsequent 
releases will be in compliance with the above limits. 

If the dose to any MEMBER OF THE PUBLIC exceeds 75 mrem to the 
thyroid or 25 mrem to the whole body or an organ other than the thyroid, 
pursuant to 40 CFR 190, the report shall also contain a request for a variance 
from this standard pursuant to 40 CFR 190.11. 

6.2.4 Surveillance Requirement 

Cumulative dose contributions from radioactive effluents shall be determined 
for the current calendar quarter and current calendar year in accordance with 
the methodology described in Section 9 .2 at least once every 31 days. 
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This specification is provided to implement the requirements of Sections II.A, 
III.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 operating flexibility and at the same time 
implement the guides set forth in Section IV.A of Appendix I to assure that 
the releases of radioactive material in liquid effluents to UNRESTRICTED 
AREAS will be kept "as low as is reasonably achievable". Also, for fresh 
water sites with drinking water supplies that can be potentially affected by 
plant 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 in Section 9.2 implements the requirements of 
Section III.A of Appendix I that conformance with the guides of Appendix I 
be shown by calculational procedures based on models and data such that the 
actual exposure of a MEMBER OF THE PUBLIC through appropriate 
pathways is unlikely to be substantially underestimated. The equations 
specified in Section 9 .2 for calculating the doses due to the actual release rates 
of radioactive materials in liquid effluents are consistent with the 
methodology provided in Regulatory Guide 1.109 and Regulatory 
Guide 1.113. 

6.3 Liquid Radwaste Treatment System 

6.3.1 Specifications 

In accordance with PBNP TS 5.5.4.f, the LIQUID RADWASTE 
TREATMENT SYSTEM shall be used to reduce the radioactive materials in 
liquid wastes prior to discharge when the projected doses, due to the liquid 
effluent, to UNRESTRICTED AREAS would exceed 0.12 mrem to the total 
body or 0.4 mrem to any organ (2% of the annual Appendix I dose objective) 
in a 31 day period. 

6.3.2 Applicability 

At all times 
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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 
Commission within 30 days a special report that includes the following 
information: 

• Identification of the non-functional equipment or subsystem and the 
reason for non-functionality. 

• Actions taken to restore the non-functional equipment to FUNCTIONAL 
status. 

• Summary description of actions taken to prevent a recurrence. 

6.3.4 Surveillance Requirement 

Doses due to liquid releases shall be projected at least once per 31 days in 
accordance with the methodology and parameters in Section 9.3. 

6.3.5 Basis 

The requirement that the 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 10 CFR Part 50 and the design 
objective given in Section II.D of Appendix I to lo CFR Part 50. The 
specified limits governing the use of appropriate portions of the LIQUID 
RADW ASTE TREATMENT SYSTEM were specified as a suitable fraction 
of the dose design objectives set forth in Section II.A of Appendix I, 
10 CFR Part 50, for liquid effluents. 

6.4 Liquid Effluent Monitoring Instrumentation 

6.4.1 Specifications 

a. In accordance with PBNP TS 5.5.4, the radioactive liquid monitoring 
instrumentation channels listed in Table 6-2 shall be FUNCTIONAL and 
alarm or trip setpoints established such that effluent releases do not exceed 
the values described in Section 6.1.1. 

b. The alarm or trip setpoints of the monitoring instrumentation channels 
shall be determined in accordance with the methodology in Section 9 .1. 
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During releases using the monitored pathway 

6.4.3 Action 

a. If a radioactive effluent monitoring instrumentation channel alarm or trip 
setpoint is found less conservative than required by Section 6.4.1, 
immediately suspend the release of radioactive liquid effluents monitored 
by the affected channel, or declare the channel non-functional, or change 
the setpoint so it is acceptably conservative. 

b. If fewer than the minimum number of radioactive effluent monitoring 
channels is FUNCTIONAL, the appropriate ACTION should be taken for 
the instrument as listed in Table 6-2. Best effort shall be made to return 
the non-functional channel to a FUNCTIONAL status within 30 days. If 
this cannot be accomplished, the circumstances of the instrument failure 
and schedule for repair shall be reported in the Annual Monitoring Report. 

c. Report all deviations in the Annual Monitoring Report. 

6.4.4 Surveillance Requirement 

Each radioactive effluent monitoring instrumentation channel shall be 
demonstrated FUNCTIONAL by performance of the CHANNEL CHECK, 
calibration, FUNCTIONAL TEST, and SOURCE CHECK at the frequencies 
described in Table 6-3. 

6.4.5 Basis 

The radioactive liquid effluent monitoring instrumentation is provided to 
monitor and control, as applicable, the releases of radioactive materials in 
liquid effluents during actual or potential releases of liquid effluents. The 
Alarm/Trip Setpoint for these instruments SHALL be calculated and adjusted 
in accordance with the methodologies and parameters in Section 9.1 of the 
ODCM to ensure that the alarm/trip will occur prior to exceeding the limits of 
TS 5.5.4.6. The FUNCTIONALITY and use of the instrumentation is 
consistent with the requirements of General Design Criteria 60, 63, and 64 of 
Appendix A to 10 CPR Part 50 and Point Beach General Design Criteria 17 
and 70. 
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RADIOACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION 

1. Liquid Radwaste System 
a. RE-223, Waste Distillate Tank Discharge 1 
b. RE-218, Waste Condensate Tank Discharge 1 
c. Waste Condensate Tank Discharge Flow Meter 1 
d. Waste Distillate Tank Flow Rate Recorder 1 

2. Steam Generator Blowdown System 
a. For each unit: RE-219, Steam Generator Blowdown Liquid 1 

Discharge, or RE-222, Blowdown Tank Monitor, or RE-229, 
Service Water Discharge 

b. Steam Generator Blowdown Flow Indicating Transmitters 1 
(1 per steam generator) 

3. Service Water System 
a. RE-229, Service Water Discharge (for applicable unit) 1 
b. For each unit: RE-216, Containment Cooling Fan Service 1 

Water Return, or RE-229, Service Water Discharge 
c. RE-220, Spent Fuel Pool Heat Exchanger Service Water Outlet 1 

or RE-229, Service Water Discharge (for applicable unit) 
4. Waste Water Effluent 

a. RE-230, Waste Water Effluent 1 
b. Waste Water Effluent Composite Sampler 1 
c. Waste Water Effluent Flow Determination NIA 

Note 1 
Note 1 
Note 2 
Note2 

Note 3 

Note4 

Note 5 
Note 5 

Note 5 

Note 5 
Note 6 
Note 7 

NOTE 1: If the number of channels FUNCTIONAL is fewer than the minimum required, effluent releases via this 
pathway shall be discontinued immediately (reference TRM 3.3.1). 

NOTE 2: If the number of channels FUNCTIONAL is fewer than the minimum required, effluent releases via this 
pathway may continue provided the flow rate is estimated at least once every four hours during actual 
liquid batch releases. 

NOTE 3: If the number of channels FUNCTIONAL is fewer than the minimum required, effluent releases via this 
pathway may continue provided grab samples are analyzed for gamma radioactivity in accordance with 
Table 6-1 at least once every 24 hours when the secondary coolant specific activity is less than 0.01 µCi/cc 
dose equivalent 1-131 or once every 12 hours when the activity is greater than 0.01 µCi/cc dose equivalent 
1-131. 

NOTE 4: If the number of channels FUNCTIONAL is fewer than the minimum required, effluent releases via this 
pathway may continue provided the flow is estimated or determined with auxiliary indication at least 
once every 24 hours. 

NOTE 5: If the number of channels FUNCTIONAL is fewer than the minimum required, effluent releases via this 
pathway may continue provided that at least once every 12 hours grab samples are collected and 
analyzed in accordance with Table 6-1. 

NOTE 6: If the number of channels FUNCTIONAL is fewer than the minimum required, effluent releases via this 
pathway may continue provided grab samples are collected twice per week and analyzed in accordance 
with Table 6-1. 

NOTE 7: Waste water effluent flow may be determined from the waste water effluent flow meter 
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RADIOACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION SURVEILLANCE 
REQUIREMENTS 

Liquid Radwaste System 

a. RE-223, Waste Distillate Tank D R Q p 

b. RE-218, Waste Condensate Tank Discharge D R Q p 

c. Waste Condensate Tank Discharge Flow 
PID R NIA NIA 

Meter 

d. Waste Distillate Tank Flow Rate Recorder PID R NIA NIA 

Steam Generator Blowdown System 

a. RE-219, Steam Generator Blowdown Liquid 
D R Q M 

Discharge (1 per unit) 

b. RE-222, Blowdown Tank Monitor (1 per unit) D R Q M 

c. Steam Generator Blowdown Flow Indicating 
D R NIA NIA 

Transmitters (1 per steam generator) 

Service Water System 

a. RE-229, Service Water Discharge (1 per unit) D R Q M 

b. RE-216, Containment Cooling Fan Service 
D R Q M 

Water Return 

c. RE-220, Spent Fuel Pool Heat Exchanger 
D R Q M 

Service Water Outlet 

Waste Water Effluent 

a. RE-230, Waste Water Effluent D R Q M 

b. Waste Water Effluent Composite Sampler w NIA NIA NIA 

c. Waste Water Effluent Flow Meter w R NIA NIA 

Legend: D Daily 

Weekly 

Monthly 

Quarterly 

w 
M 

Q 
R 

PID 

NIA 

Once per 18 months, typically during refueling 

Prior to or immediately upon initiation of a release or daily if a release continues for more than 
one day 

Not applicable 
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7.0 GASEOUS EFFLUENT SPECIFICATIONS AND SURVEILLANCE REQUIREMENTS 

7 .1 Dose Rate 

7. I. I Specifications 

In accordance with PBNP TS 5.5.4.g, the dose rate resulting from radioactive 
material released in gaseous effluents from the site areas at or beyond the 
SITE BOUNDARY shall be limited to the following: 

a. For noble gases: a dose rate::::; 500 mrem/yr to the whole body and a dose 
rate _:'.S 3000 mrem/yr to the skin, and 

b. For iodine-13 I, iodine-I 33, tritium, and all radionuclides in particulate 
form with half-lives greater than eight days: a dose rate :'.S 1500 mrem/yr to 
any organ. 

7 .1.2 Applicability 

At all times. 

7 .1.3 Action 

With the dose rate(s) exceeding the above limits, immediately restore the 
release rate within the above limit(s). 

7 .1.4 Surveillance Requirement 

a. The dose rate due to noble gases in gaseous effluents shall be determined 
to be within the above limits in accordance with the methodology and 
parameters in Section 10.3 of this manual. 

b. The dose rate due to iodine-13 I, iodine-133, tritium, and all radionuclides 
in particulate form with half-lives greater than 8 days in gaseous effluents 
shall be determined to be within the above limits in accordance with the 
methodology and parameters in Section 10.4 of this manual by obtaining 
representative samples and performing analyses in accordance with the 
sampling and analysis program specified in Table 7- I. 
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This specification is provided to ensure that the dose rate at the SITE 
BOUNDARY averaged over a time period of no greater than one hour due to 
gaseous effluents from all units on the site will be within the annual dose 
limits of 10 CFR Part 20 for UNRESTRICTED AREAS. These limits 
provide reasonable assurance that radioactive material discharged in gaseous 
effluents will not result in the exposure of a MEMBER OF THE PUBLIC in 
an UNRESTRICTED AREA, either within or outside the SITE BOUNDARY, 
to annual average concentrations exceeding the limits specified in 
Appendix B, Table 2 of 10 CFR Part 20. For MEMBERS OF THE PUBLIC 
who may at times be within the SITE BOUNDARY, the occupancy of the 
MEMBER OF THE PUBLIC will usually be sufficiently low to compensate 
for any increase in the atmospheric diffusion factor above that for the SITE 
BOUNDARY. The specified release rate limits restrict, at all times, the 
corresponding gamma and beta dose rates above background to a MEMBER 
OF THE PUBLIC at or beyond the SITE BOUNDARY to less than or equal 
to 500 mrem/yr to the total body or to less than or equal to 3000 mrem/year to 
the skin. These release rate limits also restrict, at all times, the corresponding 
thyroid dose rate above background to less than or equal to 1500 mrem/year. 
The required detection capabilities for radioactive material in gaseous waste 
samples are tabulated in terms of the lower limits of detection (LLDs). 
Detailed discussion of the LLD, and other detection limits can be found in 
Currie, L.A., "Lower Limit of Detection: Definition and Elaboration of a 
Proposed Position for Radiological Effluent and Environmental 
Measurements," NUREG/CR-4007 (September 1984). 

Hard-to-detect (HTD) radionuclides are radionuclides, such as alpha emitters 
and pure beta emitters which can be detected only by chemical extraction 
followed by alpha or beta counting. HTD analyses are accomplished by a 
contracted laboratory on representative waste stream samples. Their release 
quantities and doses are assessed after analytical results are obtained and then 
included in the monthly effluent quantification. The HTDs specifically 
identified by the Point Beach RETS were Sr-89/90 and alpha emitters. Fe-55 
identified in NUREG-04 72 was not included in the Point Beach RETS. 
Pursuant to regulatory guidance, reviews of the Part 61 analyses have been 
undertaken, and, as a good practice, the following HTDs (other than the ones 
specifically required) have been added to the analytical list: Fe-55, Ni-63, and 
Tc-99. Airborne C-14 is calculated. The list of required radionuclides and the 
additional HTDs are listed in Table 7-1. 
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RADIOACTIVE GASEOUS WASTE SAMPLING AND ANALYSIS PROGRAM 
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1. 

2. 

3. 

a. 

b. 

c. 

d. 

e. 

Gas Decay Tank Prior to release Prior to release Gamma emitters lE-04 

Containment Purge or Prior to Purge2 Prior to purge or Gamma emitters lE-04 
Continuous Vent or vent vent Tritium lE-06 

Continuous Releases Continuous3 Weekly analysis of Gamma emitters lE-11 

Unit 1 Containment charcoal and I-131 lE-12 
Purge and Vent particulate samples 

Unit 2 Containment Monthly Gross alpha lE-11 
Purge and Vent composite of 

Drumming Area vent particulate sample 

Gas Stripper Building Quarterly Sr-89/90 lE-11 

Vent composite of Fe-55, Ni-63, Per industry 
Auxiliary Building particulate sample Tc-99 standards5 

Vent 
Noble gas monitor Noble gases - lE-06 

gross beta or 
gamma 

Monthly4 (grab) Monthly Gamma emitters lE-04 

Tritium lE-06 

NOTE 1: The principal gamma emitters for which LLD specification applies are Cs-137 in particulates and Xe-133 
in gases. Because gamma isotopic analyses are performed, the LLDs for all other gamma emitters are 
inherently determined by the operating characteristics of the counting system. All identifiable gamma 
emitters will be reported in the Annual Monitoring Report. 

NOTE 2: Tritium grab samples will be taken every 24 hours when the refueling cavity is flooded. 

NOTE 3: The ratio of the sample flow rate to the release flow rate shall be known or estimated for the time period 
covered by each sampling interval. (Reference RAM 5.2) 

NOTE 4: Tritium grab samples will be taken every seven days from the dmmming area ventilation exhaust/spent 
fuel pool area whenever there is spent fuel in the spent fuel pool. 

NOTE 5: LLDs for Fe-55, Ni-63 and Tc-99 are not prescribed in NUREG 1301. LLDs should be consistent with 
laboratory capabilities and industry standards for nuclide detection. 
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7.2 Dose-Noble Gases 

7 .2.1 Specifications 

ODCM 
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In accordance with PBNP TS 5.5.4.e & 5.5.4.h, the air dose from noble gases 
released in gaseous effluents to areas beyond the SITE BOUNDARY shall not 
exceed: 

a. 10 mrad for gamma radiation or 20 mrad for beta radiation, per calendar 
quarter, and 

b. 20 mrad for gamma radiation or 40 mrad for beta radiation, per calendar 
year. 

7.2.2 Applicability 

At all times. 

7.2.3 Action 

If the calculated air dose from radioactive noble gases actually released in 
gaseous effluents exceeds any of the above limits, a special report shall be 
prepared and submitted to the Commission within 30 days of determination of 
the release quantity. The report shall include, as appropriate: 

• The cause(s) for exceeding the limits, 

• The corrective action(s) taken to reduce the release, and 

• The proposed corrective action(s) to be taken to assure that subsequent 
releases will be in compliance with the above limits. 

If the dose to any MEMBER OF THE PUBLIC exceeds 75 mrem to the 
thyroid or 25 mrem to the whole body or an organ other than the thyroid, 
pursuant to 40 CFR 190, the report shall also contain a request for a variance 
from this standard pursuant to 40 CFR 190 .11. 

7.2.4 Surveillance Requirement 

Cumulative dose contributions from noble gases in radioactive effluents shall 
be determined for the current calendar quarter and current calendar year in 
accordance with the methodology described in Section 10.5, at least every 31 
days. 
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7.2.5 Basis 
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This specification is provided to implement the requirements of Section II.B, 
III.A and IV.A of Appendix I, 10 CPR Part 50. The Limiting Conditions for 
Operation implement the guides set forth in Section II.B of Appendix I. The 
ACTION statement provides the required operating flexibility and at the same 
time implements the guides set forth in Section IV.A of Appendix I to assure 
that the release of radioactive material in gaseous effluents will be kept "as 
low as reasonably achievable". The Surveillance Requirements implement the 
requirements of Section III.A of Appendix I that conformance with the guides 
of Appendix I be shown by calculational procedures based on models and data 
such that the actual exposure of a MEMBER OF THE PUBLIC through 
appropriate pathways is unlikely to be substantially underestimated. The dose 
calculation methodology of Section 10.3 for calculating the doses due to the 
actual release rate of radioactive noble gases in gaseous effluents are 
consistent with the methodology provided in Regulatory Guide 1.109 and 
Regulatory Guide 1.111. The equations of Section 10.5 provided for 
determining the air doses at and beyond the SITE BOUNDARY are based 
upon the historical average atmospheric conditions. 

Consistent with the approach for limiting gaseous effluents in 10CFR50 
App. I, meeting the air dose limits for gamma and beta radiation under most 
all site conditions provides a de facto compliance with the total body (5 mrem 
per unit) and skin (15 mrem per unit) dose limits. For PBNP, the air dose 
limits are met at the site boundary at the location with the highest xJQ, which 
is a very conservative assessment when compared to the location of any real 
person. Furthermore, PBNP TS section 5.5.4.h. requires compliance with 
only the air dose limits. Therefore, compliance with the gamma and beta air 
dose limits provides for compliance with the total body and skin dose limits. 

7.3 Dose-I-131, I-133, H-3 and Radionuclides in Particulate Form 

7 .3 .1 Specifications 

In accordance with PBNP TS 5.5.4.i, the annual or quarterly dose to a 
MEMBER OF THE PUBLIC from iodine-131, iodine-133, tritium, and all 
radionuclides in particulate form with half-lives greater than eight days in 
gaseous effluents release to areas beyond the SITE BOUNDARY shall be 
limited to: 

a. :S 15 mrem to any organ per calendar quarter, and 

b. :S 30 mrem to any organ per calendar year. 

7.3.2 Applicability 

At all times. 
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7.3.3 Action 
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If the calculated dose from the release of iodine-131, iodine-133, tritium, and 
radionuclides in particulate form with half-lives greater than eight days, in 
gaseous effluents exceeds any of the above limits, a special report shall be 
prepared and submitted to the Commission within 30 days of determination of 
the release quantity. The report shall include, as appropriate: 

• The cause(s) for exceeding the limits, 

• The corrective action(s) taken to reduce the release, and 

• The proposed corrective action(s) to be taken to assure that subsequent 
releases will be in compliance with the above limits. 

If the dose to any MEMBER OF THE PUBLIC exceeds 75 mrem to the 
thyroid or 25 mrem to the whole body or an organ other than the thyroid, 
pursuant to 40 CPR 190, the report shall also contain a request for a variance 
from this standard pursuant to 40 CPR 190.11. 

7.3.4 Surveillance Requirement 

Cumulative dose contributions from iodine-131, iodine-133, tritium, and 
particulates with half-lives greater than eight days in radioactive effluents 
shall be determined for the current calendar quarter and current calendar year 
in accordance with the methodology described in Section 10.6, at least every 
31 days. 
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7.3.5 Basis 
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This specification is provided to implement the requirements of Section II.C, 
III.A and IV.A of Appendix I, 10 CPR Part 50. The Limiting Conditions for 
Operation are the guides set forth in Section II.C 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 I to assure 
that the release of radioactive materials in gaseous effluents to 
UNRESTRICTED AREAS will be kept "as low as is reasonably achievable". 
The Surveillance Requirements implement the requirements of Section III.A 
of Appendix I that conformance with the guides of Appendix I be shown by 
calculational procedures based on models and data such that the actual 
exposure of a MEMBER OF THE PUBLIC through appropriate pathways is 
unlikely to be substantially underestimated. The dose calculation 
methodology of Section 10.4 for calculating the doses due to the actual release 
rates of the subject materials are consistent with the methodology provided in 
Regulatory Guide 1.109 and Regulatory Guide 1.111. These equations also 
provide for determining the actual doses based upon the historical average 
atmospheric conditions. The release rate controls for iodine-131, iodine-133, 
tritium, and radionuclides in particulate form with half-lives greater than eight 
days are dependent upon the existing radionuclide pathways to man at and 
beyond the SITE BOUNDARY. The pathways that were examined in the 
development of the calculations were: (1) individual inhalation of airborne 
radionuclides, (2) deposition of radionuclides onto green leafy vegetation with 
subsequent consumption by man, (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. 

7.4 Gaseous Radwaste Treatment System 

7.4.1 Specifications 

In accordance with PBNP TS 5.5.4.f, the GASEOUS RADWASTE 
TREATMENT SYSTEM shall be used to reduce radioactive materials in 
gaseous waste prior to discharge when the 31-day projected gaseous effluent 
air doses due to the gaseous effluents to UNRESTRICTED AREAS would 
exceed 0.4 mrad from noble gas gamma radiation, 0.8 mrad from noble gas 
beta radiation, and 0.6 mrem to any organ from I-131, I-133, H-3 and 
radioactive material in particulate form whose half-life is> 8 days, from both 
units (2% of the Appendix I annual dose objectives). 

7.4.2 Applicability 

At all times. 
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7.4.3 Action 
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If radioactive gases are being discharged for a period of 31 consecutive days 
without use of the effluent treatment system to meet the release limits 
specified above, a special report shall be prepared and submitted to the 
Commission within thirty days which includes the following information: 

• Identification of the non-functional equipment or subsystem and the 
reason for non-functionality. 

• Actions taken to restore the non-functional equipment to FUNCTIONAL 
status. 

• Summary description of actions taken to prevent a recurrence. 

The following portions of the gaseous radioactive effluent treatment system 
shall be used to reduce the release of radioactivity: 

• For noble gases, a gas decay tank(s) (GDTs) shall be operated when 
required to maintain gaseous releases within the specified limits, described 
above. 

• During a GDT discharge through the Auxiliary Building vent, at least one 
exhaust fan shall be in operation (FSAR 11.2.3). 

• For iodine-131, iodine-133, tritium, and particulates with half-lives greater 
than eight days, the auxiliary building ventilation exhaust charcoal filter 
and/or air ejector charcoal filter shall be operated when required to 
maintain gaseous releases within the specified limits, described above. 

7.4.4 Surveillance Requirement 

Projected dose contributions from radioactive effluents shall be determined 
for the current calendar quarter and current calendar year in accordance with 
the methodology described Sections 9 .3 and 10. 7 at least every 31 days. 

7.4.5 Basis 

The requirement that the appropriate portions of these systems be used, when 
specified, provides reasonable assurance that the release of radioactive 
materials in gaseous effluents will be kept "as low as is reasonably 
achievable". This specification implements the requirements of PBNP GDC 
70, 10 CFR Part 50.36a, General Design Criterion 60 of Appendix A to 10 
CFR Part 50 and the design objective given in Section II.D of Appendix I to 
lo CFR Part 50. The specified limits governing the use of appropriate 
portions of the GASEOUS RADWASTE TREATMENT SYSTEM were 
specified as a suitable fraction (2%) of the annual dose design objectives set 
forth in Sections II.B and II.C of Appendix I, 10 CFR Part 50, for gaseous 
effluents. 
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7.5 Gaseous Effluent Monitoring Instrumentation 

7.5.l Specification 
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a. In accordance with PBNP TS 5.5.4.a, the radioactive gaseous monitoring 
instrumentation channels listed in Table 7-2 shall be FUNCTIONAL and 
alarm or trip setpoints established such that effluent releases do not exceed 
the values described in Section 7 .1.1. 

1. All monitors are defined by the term FUNCTIONAL
FUNCTIONALITY, EXCEPT 1(2) RE-212 Containment Noble 
Gas Monitor which is defined by the term OPERABLE -
OPERABILITY. 

2. IF the ability of 1(2) RE-212, Containment Noble Gas Monitor, to 
perform its function is questioned, 
THEN the Operability Determination process is applicable. 
(LCO 3.4.15, RCS Leakage Detection Instrumentation) 

b. The alarm or trip setpoints of the monitoring instrumentation channels 
shall be determined in accordance with the methodology in Section 10.1 of 
the ODCM. 

7.5.2 Applicability 

During releases via the monitored pathway. 

7.5.3 Action 

a. If a radioactive effluent monitoring instrumentation channel alarm or trip 
setpoint is found less conservative than required by Section 7.5.1, 
immediately suspend the release of radioactive gaseous effluents 
monitored by the affected channel, or declare the channel non-functional, 
or change the setpoint so it is acceptably conservative. 

b. If fewer than the minimum number of radioactive effluent monitoring 
channels is FUNCTIONAL, the appropriate ACTION should be taken for 
the instrument as listed in. Best effort shall be made to return the 
non-functional channel to a FUNCTIONAL status within 30 days. If the 
number of channels FUNCTIONAL is not restored to the minimum 
required for any release pathway within 30 days, the circumstances of the 
instrument failures and schedule for repair shall be reported in the Annual 
Monitoring Report. 

c. Report all deviations in the Annual Monitoring Report 
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7.5.4 Surveillance Requirement 
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Each radioactive effluent monitoring instrumentation channel shall be 
demonstrated FUNCTIONAL by performance of the CHANNEL CHECK, 
calibration, FUNCTIONAL TEST, and SOURCE CHECK at the frequencies 
described in Table 7-3. 

7.5.5 Basis 

The radioactive gaseous effluent monitoring instrumentation is provided to 
monitor and control, as applicable, the releases of radioactive materials in 
gaseous effluents during actual or potential releases of gaseous effluents. The 
Alarm/Trip Setpoint for these instruments SHALL be calculated and adjusted 
in accordance with the methodologies and parameters in the ODCM to ensure 
that the alarm/trip will occur prior to exceeding the limits of 10 CPR Part 20. 
The FUNCTIONALITY and use of the instrumentation is consistent with the 
requirements of Point Beach General Design Criteria 17 and 70 and General 
Design Criteria 60, 63, and 64 of Appendix A to 10 CPR Part 50. 

Page 41 of 278 REFERENCE USE 



POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

ODCM 
Revision 22 

OFFSITE DOSE CALCULATION MANUAL 

TABLE 7-2 
GASEOUS EFFLUENT MONITORING INSTRUMENTATION 

iJ~I ·~····.·.·······~~, .~~~.··-~-~-.·.~~~-~~,.,-·~IW.wim]Jll.I 
. ' . · . · . . . ·. · . · ·~OOJ!J;i\1~1!~01lJI 

. :. : .. · · rn~~~'fll1f1~m·. "" · ·: · · ·. ." '· "· rtli.]i~-Ki'fl:r~r 
~~~· ~· ~· ~~~·~· -~~~}li :~· 

1. 

2. 

3. 

4. 

5. 

6. 

Gas Decay Tank System 
a. RE-214, Noble Gas (Auxiliary Building Vent Stack), or RE-315, Noble Gas 1 Note 1 

(Auxiliary Building Vent SPING) 
b. Gas Decay Tank Flow Measuring Meter 1 Note2 

Auxiliary Building Ventilation 
a. RE-214, Noble Gas (Auxiliary Building Vent Stack), or RE-315, Noble Gas 1 Note 3 

(Auxiliary Building Vent SPING) 
b. Isokinetic Iodine and Particulate Continuous Air Sampling System or SPING 23 1 Note4 
Condenser Air Ejector System 
a. RE-225, Noble Gas (Combined Air Ejector Discharge Monitor), or RE-215, 1 Note3 

Noble Gas (Air Ejector Monitors - 1 per unit), or RE-214, Noble Gas (Auxiliary 
Building Vent Stack); or RE-315, Noble Gas (Auxiliary Building Vent SPING) 

b. Flow Rate Monitor -Air Ejectors 1 Notes 

Containment Purge and Vent System 
a. RE-212, Noble Gas Monitors (1 per unit); or RE-305, Noble Gas (Purge Exhaust 1 Note3 

SPING - 1 per unit) 
b. 30 cfm Forced Vent Path Flow Indicators 1 Notes 
c. Iodine and Particulate - Continuous Air Samplers 1 Note4 
d. Sampler Flow Rate Measuring Device 1 Notes 
Fuel Storage and Drumming Area Ventilation 
a. RE-221, Noble Gas (Drumming Area Stack), or RE-325, Noble Gas (Drumming 1 Note 3 

Area SPING) 
b. Isokinetic Iodine and Particulate Continuous Air Sampling System or SPING 24 1 Note4 
Gas Stripper Building Ventilations 
a. RE-224, Noble Gas (Gas Stripper Building), or RE-305, Unit 2 Purge Exhaust 1 Note3 

SP ING 
b. Iodine and Particulate - Continuous Air Sampler or SPING 22 1 Note4 
c. Sampler Flow Rate Measuring Device 1 Notes 

NOTE 1: If the number of channels FUNCTIONAL is fewer than the minimum required, effluent releases via this 
pathway may continue provided that prior to initiating a release, two separate samples are analyzed by 
two technically qualified people in accordance with the applicable part of Table 7-1 and the release rate is 
reviewed by two technically qualified people. 

NOTE 2: If the number of channels FUNCTIONAL is fewer than the minimum required, effluent releases via this 
pathway may continue provided the flow rate is estimated at least once every four hours during actual 
gaseous releases. 

NOTE 3: If the number of channels FUNCTIONAL is fewer than the minimum required, effluent releases via this 
pathway may continue provided grab samples are collected at least once per 12 hours and are analyzed in 
accordance with Table 7-1. (Reference Step 7.S.1 for additional information regarding RE-212) 

NOTE 4: If the number of channels FUNCTIONAL is fewer than the minimum required, effluent releases via the 
affected pathway may continue provided samples are continuously collected with auxiliary sampling 
equipment, (e.g., any low volume sampler which meets the requirements of Table 7-1). 

NOTES: If the number of channels FUNCTIONAL is fewer than the minimum required, effluent releases via this 
pathway may continue provided the flow is estimated or determined with auxiliary indication at least 
once every 24 hours. 
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TABLE 7-3 
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RADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION SURVEILLANCE 
REQUIREMENTS 

1. Gas Decay Tank System 

a. RE-214, Noble Gas (Auxiliary Building Vent Stack) D R Q M 

b. Gas Decay Tank Flow Measuring Device p R NIA NIA 

2. Auxiliary Building Ventilation System 

a. RE-214, Noble Gas (Auxiliary Building Vent Stack D R Q M 

b. RE-315, Noble Gas (Auxiliary Building SPINO) D R Q M 

c. Isokinetic Iodine and Particulate Continuous Air w R NIA NIA 
Sampling System 

3. Condenser Air Ejector System 

a. RE-225, Noble Gas (Combined Air Ejector D R Q M 
Discharge) 

b. RE-215, Noble Gas (Air Ejectors - 1 per unit) D R Q M 

c. Flow Rate Monitor -Air Ejectors (1 per unit) D R NIA NIA 

4. Containment Purge and Vent System 

a. RE-212, Noble Gas (1 per unit) D R Q M1 

b. 30 cfm Vent Path Flow Indication PID R NIA NIA 

c. RE-305, Noble Gas (Purge Exhaust SPINO - 1 per D R Q M1 
unit) 

d. Iodine and Particulate Continuous Air Sampler PIW NIA NIA NIA 

e. Sampler Flow Rate Measuring Device PID R NIA NIA 

5. Fuel Storage and Drumming Area Ventilation Stack 

a. RE-221, Noble Gas (Drumming Area Vent Stack) D R Q M 

b. RE-325, Noble Gas (Drumming Area SPINO) D R Q M 

c. Isokinetic Iodine and Particulate Continuous Air w R NIA NIA 
Sampling System 

6. Gas Stripper Building Ventilation System 

a. RE-224, Noble Gas D R Q M 

b. Iodine and Particulate Continuous Air Sampler w NIA NIA NIA 

c. Sampler Flow Rate Measuring Device w R NIA NIA 

Legend: D=Daily R = Once per 18 months, typically during refueling 

W=Weekly PID(W) =Prior to or immediately upon initiation of a release or daily (weekly) if a release 
continues for more than one day (week) 

M=Monthly Q = Quarterly NI A =Not applicable 

NOTE 1: SOURCE CHECK required prior to containment purge 
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8.0 TOTAL DOSE 

8.1 Specification 
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The annual (calendar year) dose or dose commitment to any MEMBER OF THE 
PUBLIC due to releases of radioactivity and to radiation from URANIUM FUEL 
SOURCES shall be limited to less than or equal to 25 mrem to the total body or any 
organ, except the thyroid, which shall be limited to less than or equal to 75 mrem. 

8 .2 Applicability 

At all times. 

8.3 Action 

a. With the calculated doses from the release or radioactive materials in liquid or 
gaseous effluents exceeding twice the limits of Sections 6.2.1, 7.2.1, or 7.3.1, 
calculations should be made including direct radiation contributions from the site to 
determine whether the above limits have been exceeded. If the limits are exceeded, a 
special report shall be prepared and submitted to the Commission within 30 days in 
lieu of a License Event Report, that includes the following: 

• the corrective action(s) taken to reduce subsequent releases to prevent recurrence 
of exceeding the above limits and includes the schedule for achieving 
conformance with the above limits. 

• An analysis that estimates the radiation exposure (dose) to a MEMBER OF THE 
PUBLIC from URANIUM FUEL CYCLE sources, including all effluent 
pathways and direct radiation, for the calendar year that includes the release(s) 
covered by this report, as defined in 10 CFR 20.2203. 

• A description of the levels of radiation and concentrations of radioactive material 
involved, and the cause of the exposure levels or concentrations. 

b. If the estimated dose(s) exceeds the above limits, and ifthe release condition resulting 
in violation of 40 CFR Part 190 has not already been corrected, a request for a 
variance in accordance with the provisions of 40 CFR Part 190 shall be made. 
Submittal of the report is considered a timely request, and a variance is granted until 
staff action on the request is complete. 

8.4 Surveillance Requirements 

8.4.1 Cumulative dose contributions from liquid and gaseous effluents shall be 
determined in accordance with Surveillance Requirements 6.2.4, 7.2.4, and 
7.3.4 and in accordance with the methodology of Sections 9.2, 10.5, and 10.6, 
respectively. 
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8.4.2 Cumulative dose contributions from direct radiation from the reactor units 
shall be determined using the procedure outlined in Section 11.0. This 
application is applicable only under the conditions set forth in ACTION 7.1.3. 

8.5 Basis 

This specification is provided to meet the dose limitations of 40 CFR Part 190 that have 
been incorporated into 10 CFR Part 20 by 46 FR 18525. The specification requires the 
preparation and submittal of a special report whenever the calculated doses due to 
releases of radioactivity and to radiation from the URANIUM FUEL CYCLE sources 
exceed 25 mrem to the whole body or any organ, except the thyroid, which shall be 
limited to less than or equal to 75 mrem. For sites containing up to four reactors, it is 
highly unlikely that the resultant dose to a MEMBER OF THE PUBLIC will exceed the 
dose limits of 40 CFR 190 if the individual reactors remain within twice the dose design 
objectives of Appendix I and if direct radiation doses from the units (including outside 
storage tanks, the ISFSI, etc.) are kept small. The special report will describe a course of 
action that should result in the limitation of the annual dose to a MEMBER OF THE 
PUBLIC to within 40 CFR 190 limits. For the purposes of the special report, it may be 
assumed that the dose commitment to a 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. 

The Kewaunee Nuclear Power Plant (KNPP) is within a radius of 8 Km of Point Beach. 
KNPP is now shut down. However, should there be any stored licensed material on that 
site which is released to the environment; the dose contribution from that release would 
have to be considered when evaluating Point Beach compliance with 40 CFR 190 limits. 

If the dose to any MEMBER OF THE PUBLIC is estimated to exceed the requirements 
of 40CFR190, the special report with a request for a variance (provided the release 
conditions resulting in violation of 40CFR190 have not already been corrected), in 
accordance with the provisions of 40CFR190.11 and 1 OCFR20 .2203( a)( 4 ), is considered 
to be a timely request and fulfills the requirements of 40CFR190 until NRC staff action is 
completed. The variance only relates to the limits of 40CFR190, and does not apply in 
any way to the other requirements for dose limitation of 1 OCFR20, as addressed in 
Sections 6.2, 7.2 and 7.3. 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. 
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9.0 LIQUID EFFLUENT CALCULATIONS 

9.1 Monitor Alarm Setpoint Determination 
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The effluent monitor setpoints are established to ensure that controlled releases of liquid 
radioactive effluents are maintained as low as is reasonably achievable, to ensure releases 
result in concentrations to unrestricted areas within the limits specified in Section 6.1 and 
to ensure that the dose limits of 10 CPR 50, Appendix I are not exceeded. 

The computerized PBNP Radiation Monitoring System (RMS) permits each effluent 
radiation monitor to be programmed to alarm at two distinct setpoints. The alert setpoint, 
typically twice the steady-state reading, is intended to delineate a changing plant 
condition, and is established for evaluation purposes only. The high alarm or trip setpoint 
either will actuate a control function as applicable or will require corrective action to be 
initiated. 

Alert Setpoint Guidelines 
The alert setpoint of each effluent monitor normally will be set to alarm at two times the 
established steady-state reading. The alert setpoint is normally set at concentrations well 
below the alarm setpoint value and is never to be set in excess of the alarm setpoint. 
Certain situations during the course of plant operations may require a deviation from the 
two times steady-state value. The intent of this setpoint is to warn of changing plant 
conditions, which may warrant an evaluation to determine the cause of the increased 
reading. If the increased level is actually due to an increased radiation inventory within 
the system being monitored, as opposed to an increased background radiation field in the 
vicinity of the detector, an evaluation should be made to determine the impact of the 
release. The alert setpoint may be adjusted with prior approval. Alert setpoint 
adjustments are to be made in accordance with the PBNP RMS Alarm Setpoint and 
Response Book (Ref. OM 4.1.7). 

High Alarm or Trip Setpoint Guidelines 
In accordance with TS 5.5.4 and as stated in Section 6.1, the high alarm or trip setpoint 
for effluent monitors shall be established to annunciate at concentrations that would result 
in an UNRESTRICTED AREA concentration equal to or greater than lOx the applicable 
maximum effluent concentration (MEC) for a single radionuclide. For a mixture of 
radionuclides, the setpoint shall be established so that the sum of fractions (SOP), as 
defined in Appendix B of 10 CPR 20, is less than or equal to one. If the setpoints listed 
in Table 9-1 exceed the monitor's saturation or fail high level, the setpoint may be set at a 
value :S70% of the fail high level (MSSM No. 93-01). These monitors are indicated by 
an asterisk (*) in Table 9-1. The appropriate detailed response to an effluent alarm is 
described in the PBNP RMS Alarm Setpoint and Response Book. 

The effluent monitor setpoints are established to ensure that controlled releases of liquid 
radioactive effluent are maintained as low as is reasonably achievable, to ensure releases 
result in concentrations to UNRESTRICTED AREAS within the specified limits 
described in Section 6.1.1 and to ensure that the dose limits of 10 CFR50, Appendix 1 are 
not exceeded. 
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The following equation must be satisfied to meet the liquid effluent restriction: 

C(F + f) [9-1] 
c :5 f 

Where: c The setpoint of the radioactivity monitor measuring the 
radioactivity concentration in the effluent line prior to 
dilution and subsequent release; the setpoint, which is 
inversely proportional to the volumetric flow of the dilution 
stream plus the effluent stream, represents a value which, if 
exceeded, would result in concentration exceeding the TS 
limits of 1 Ox the 10 CFR 20 values in the UNRESTRJCTED 
AREA ( µCi/mL) 

C 1 Ox the effluent concentration limit from 10 CFR 20, 
Appendix B, Table 2 Column 2 (see section 6.1.l) (µCi/mL) 

f the flow rate at the radiation monitor location (volume/time) 
F The dilution water flow rate as measured prior to the release 

point (volume/time) 
Note: Ifno dilution is provided, then c :SC. Also if Fis large comparedtof, then (F+f) ;:::,F 

Where: 

The liquid monitor setpoints are based on 1 Ox the 1 OCFR20, Appendix B, Table 2, 
Column 2 maximum effluent concentration (MEC) values as allowed by the Point Beach 
TS. For a mixture of radionuclides, the setpoint is calculated so that the summation of 
fractions (SOF) will not exceed unity, i.e. 

SOF = _i_ < 1 I c. 
MECi-

C; = The concentration of radionuclide i in the liquid effluent 
(µCi/mL) 

MEC; = 10 times the Maximum Effluent Concentration value 
corresponding to radionuclide "i "from 10 CFR Part 20, 
Appendix B, Column 2 (µCilmL), 

[9-2] 

The SOF meeting the :Sl criterion means that the discharge concentration could have 
been higher by a factor of 1/SOF such that the effective maximum effluent concentration 
(EMEC) for the mixture could have been 

""c. EMEC = L.. i c. 
LMEC. 

l 

[9-3] 

The setpoints for liquid effluent monitors are determined by the following equation: 

[9-4] 
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EMEC x CW 
SP$ RR {3cf [9-5] 

Where: SP = Setpoint of the radiation monitor (cpm or µCi/mL, depending upon 
the specific monitor), 

EMEC = 
The effective MEC value for the mixture of radionuclides in the 
effluent stream (µCilmL) 

cw 

C; 

RR 

fJcf 

= 

= 

= 

= 

the circulating water flow rate (dilution water flow) at the time of the 
release (gpm) 

The concentration of radionuclide i in the liquid effluent (µCi/mL) 

The liquid effluent release rate (gpm) 

Beta correction factor to account for pure beta emitters such as H-3 
which are not detected by the monitors 

Note: The EMEC includes pure beta emitting radionuclides that may are not be detected by the 
monitors (i.e., non-gamma emitters). See Appendix A for a discussion of this factor. 

If the nuclide specific sensitivity is unavailable, the default sensitivity based upon system 
calibration should be used. The default sensitivity is based upon the monitor response to 
the 2000 - 2010 average liquid isotopic distribution, as presented in Appendix A. 

. . . Monitor Response 
Sensztwzty = " ( c·; ) 

L.. µ z cci 
[9-6] 

Where: Monitor = the counts per minute registered by the monitor exposed to 
a calibration source 

Where: 

Response 
I(µCi/ccJ = total concentration ofradionuclides in the 2000 - 2010 

average liquid effluent isotopic distribution. 

In the event that an alarm setpoint, based upon the concentration limits of Section 6.1.1, 
is exceeded during any release of liquid effluents, an evaluation of compliance with the 
concentration limits may be performed using the following equation: 

L [Mdci x ~~]:::; 1 

C; = the concentration of radionuclide "i" in the liquid effluent 
(µCilmL), 

RR = the liquid effluent release rate (gpm) 
CW = the circulating water flow rate (dilution water flow) at the 

time of the release (gpm), 

[9-7] 
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A default alarm setpoint for each liquid monitor is based upon the 2000 - 2010 average 
radionuclide concentration in the effluent discharged to the UNRESTRICTED AREA. 
The concentration in the release is calculated assuming a minimum circulating water flow 
rate of 243,000 gpm and the physical maximum flow rate of the individual liquid effluent 
waste stream. Maximum waste discharge flow rates, the monitors associated with each 
liquid effluent pathway and the maximum TS default setpoints are listed in Table 9-1. 
The isotopic distribution of the waste system is obtained from the historical PBNP release 
data for the eleven years mentioned above. This information can be found in Appendix 
A. 

As indicated in Table 9-1, several liquid RMS monitors fail high before reaching the TS 
high alarm setpoint. For these monitors, as described above, the~ 70% of the fail high 
value will be applied to the monitor in lieu of the calculated default setpoint. 

Additionally, RE-230, Waste Water Effluent Monitor, is impacted by a PBNP EP 
requirement for EAL declaration, therefore the application of the ~70% of the fail high 
value is not an acceptable option. To fulfill the EAL requirement, RE-230 must be 
capable of reading 2x the ODCM setpoint on the liquid radiation monitor. As a result, 
the alarm setpoint as described in this section cannot be implemented for RE-230, Waste 
Water Effluent Monitor. 

Therefore, instead of utilizing the TS limit of lOx the 10 CFR 20, Appendix B, Table 2, 
Column 2, concentrations, the ODCM (Revision 18) RE-230 setpoint of l .03E-03 µCi/cc 
value will be used as the basis for the new setpoint. This setpoint is based on lx the 
current 10 CFR 20, Appendix B, Table 2, Column 2, concentrations AND the old 
circulating water minimum flow rate of 206 Kgal/min. The ODCM (Revision 18) 
setpoint will be modified by the ratio of the current minimum circulating water flow rate 
of 243 Kgal/min to the old minimum circulating water flow rate. The flow augmentation 
factor is 1.18E+OO (243/206 = l.18E+OO). The application of this flow factor results in 
an RE-230 setpoint of 1.22E-03 µCi/cc. 
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TABLE 9-1 
LIQUID EFFLUENT PATHWAYS 

Recirculation Water None 

Service Water 
Return (normal cool 1(2)RE-229 
down per pump) 

Steam Generator 
1(2)RE-219* 

Blowdown 
& 
1 2 RE-222 

Waste Water 
RE-230 

Effluent2 

Spent Fuel Pool RE-220* 

Waste Distillate & 
RE-218* & 

Condensate Storage 
RE-223* 

Tank Discharge 

Containment Fan 
1(2)RE-216* 

Cooler Return 

.................... J .. P.Y.!P:P?. .. ~.i.!h~.r...~P..i! ................ ~4.?..?.9.9.9. ...................................... NI.A ...................... . 

................... ~ .. P.~.!P:P~?. .. ~.i.!h~.r...~P.J.! .............. J.~4.?.9.9.9. ..................................... .NI.A ...................... . 

....................... .J ... P.Y..1!.lP.i ... ~.a.:~h.~P.J.! ................ .4..?4.&99. ..................................... .NI.A ...................... . 
1 pump, one unit 8:- 619 000 NIA 

..................... ~ .. P.Y..1!.lP.~.? ... <:>.!h~.r._-~p_l! ... ·························-~·-························ ····························································· 
2 um s, each unit 744,000 NIA 

............ ~ .. P.~.!P:P~ .. @ ... ?..?..Q.9 ... mJ..1!.1 .................. J .. ?..?.9.9.9. ............................................................................ . 

............ ?. .. P.~.!P:P~ .. @ ... §}.Q.Q __ gpl!.1 ___ ................ J..??.~9.9. ................ ····························································· 

............ 4 .. P.~.1!.lP~ .. @ ... ?.J..Q.Q __ gr.1!.1 .................... ~9.A9.9. ............................................................................ . 

............ ?. .. P.Y.!P:P~ .. @ ... 4.?..Q.Q __ gpl!.1 ____ ................ ~.L.?...99. ............................................................................ . 
6 3700 22,200 l.14E-03 

Max Flow Rate 

Max Flow Rate (both 
filter skids running in 

arallel 

Max Flow Rate 

Max Flow Rate 

Max Flow Rate (per 
Containment) 

200 

700 

700 

100 

4000 

1.26E-01 

1.22E-03 

3.61E-02 

2.53E-01 

6.32E-03 

NOTE 1: Setpoints except for RE-230 are based on lOx the MEC values listed in 10CFR20, Appendix B, Table 2, 
Column 2. PBNP TS Section 5.5.4.b allows concentrations of radioactive material released to 
unrestricted areas to be lOx the MEC values. 

NOTE 2: RE-230 setpoint explanation can be found in Section 9.1, Default Monitor Setpoints. 

NOTE 3: Monitors marked with an asterisk(*) have a calculated default alarm setpoint above the monitors fail 
high or saturation level. See Section 9.1, High Alarm or Trip Setpoint Guidelines for further explanation. 
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9 .2 Liquid Dose Calculations 

Where: 

Section 6.2.1 establishes dose or dose commitment limits to members of the public from 
radioactive materials in liquid effluents. 

The following equation may be used to determine the dose or dose commitment to 
members of the public due to these releases: 

1.67£ - 02 *Vol 
* Icci *Aia) Do= cw 

Do = dose or dose commitment for the release or release 
period evaluated, to organ "o ", including total body 
(mrem) 

Vol = volume of liquid effluent released for the release or 
release period evaluated (gal), 

cw = average circulating water discharge rate during the 
release period (gpm) 

C; = average concentration of radionuclide "i", in undiluted 
liquid effluent representative of the waste volume Vol 
(µCi/mL), 

A;a = ingestion dose factor to the total body or any organ "o" 
for radionuclide "i" (mrem/hr per µCi/mL) 

1.67E-02 = Conversionfactor (hr/min) 

The default PBNP site-specific liquid dose commitment factors (A;a), presented in 

[9-8] 

Table 9-3, have been derived using guidance from Regulatory Guide 1.109 and 
NUREG-0133. NUREG-0133 states that the maximum exposed individual's cumulative 
dose contribution should consider consumption of fish, invertebrates (not applicable to 
Point Beach) and potable water as appropriate. The NUREG goes on to state that the 
adult is normally the maximum exposed individual. Therefore, the default factors 
contained in Table 9-3 are based on adult dose conversion factors, fish consumption from 
Lake Michigan plus potable water consumption from the Two Rivers facility. The 
derivation of these factors is described in detail in Appendix B. Dose conversion factors 
for other age ranges are provided in Appendix K. A summary of the liquid effluent 
sub-pathways applicable to Point Beach is described below in Table 9-2. 
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TABLE9-2 
LIQUID EFFLUENT SUB-PATHWAYS 

Yes 
Fish assumed to be caught at 
PBNP dischar e 

No 
No invertebrates are consumed 
from Lake Michi an 
In the area of PBNP, only well 

Irrigated Foods (meat 
No 

water is used to irrigate crops or 
from watered cattle) water animals. Lake Michigan 

water is not used. 
In the area of PBNP, only well 

Irrigated Foods (milk 
No 

water is used to irrigate crops or 
from watered cattle) water animals. Lake Michigan 

water is not used. 
Assumed drinking water obtained 

Potable Water Yes from Two Rivers facility, 11 
miles south of PBNP. 
Although shoreline deposits could 
be considered, NUREG-0133 

Shoreline Deposits No provides guidance that the dose 
consequence of this pathway is 

enerall ne li ible. 
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PBNP SITE-SPECIFIC LIQUID DOSE COMMITMENTFACTORS,A;a 

H-3 0.00E+OO 2.06E-01 2.06E-01 2.06E-Ol 2.06E-01 2.06E-01 2.06E-01 
C-14 3.56E+03 7.13E+02 7.13E+02 7.13E+02 7.13E+02 7.13E+02 7.13E+02 
F-18 l.80E-02 0.00E+OO 2.00E-03 O.OOE+OO 0.00E+OO O.OOE+OO 5.34E-04 
Na-22 5.29E+02 5.29E+02 5.29E+02 5.29E+02 5.29E+02 5.29E+02 5.29E+02 
Na-24 2.71E+Ol 2.71E+Ol 2.71E+Ol 2.71E+Ol 2.71E+Ol 2.71E+Ol 2.71E+Ol 
P-32 5.13E+06 3.19E+05 1.98E+05 O.OOE+OO O.OOE+OO 0.00E+OO 5.76E+05 
Sc-46 2.03E-02 3.95E-02 l.15E-02 0.00E+OO 3.68E-02 O.OOE+OO l.92E+02 
Cr-51 0.00E+OO O.OOE+OO l.51E-01 9.03E-02 3.33E-02 2.00E-01 3.80E+Ol 
Mn-54 O.OOE+OO 5.11E+02 9.76E+Ol 0.00E+OO l.52E+02 O.OOE+OO 1.57E+03 
Mn-56 O.OOE+OO 4.97E-01 8.82E-02 O.OOE+OO 6.31E-01 O.OOE+OO l.59E+Ol 
Fe-55 8.36E+Ol 5.78E+Ol l.35E+Ol O.OOE+OO O.OOE+OO 3.22E+Ol 3.31E+Ol 
Fe-59 l.31E+02 3.07E+02 l.18E+02 O.OOE+OO 0.00E+OO 8.58E+Ol 1.02E+03 
Co-57 0.00E+OO 2.93E+OO 4.88E+OO 0.00E+OO 0.00E+OO O.OOE+OO 7.45E+Ol 
Co-58 0.00E+OO 1.24E+Ol 2.78E+Ol 0.00E+OO 0.00E+OO O.OOE+OO 2.52E+02 
Co-60 O.OOE+OO 3.60E+Ol 7.93E+Ol 0.00E+OO O.OOE+OO O.OOE+OO 6.75E+02 
Ni-63 3.95E+03 2.74E+02 l.33E+02 0.00E+OO O.OOE+OO O.OOE+OO 5.72E+Ol 
Ni-65 5.28E-Ol 6.85E-02 3.13E-02 O.OOE+OO 0.00E+OO O.OOE+OO 1.74E+OO 
Cu-64 O.OOE+OO 6.08E-01 2.86E-Ol O.OOE+OO 1.53E+OO 0.00E+OO 5.18E+Ol 
Zn-65 2.65E+03 8.42E+03 3.80E+03 0.00E+OO 5.63E+03 O.OOE+OO 5.30E+03 
Zn-69m 5.06E+Ol 1.21E+02 1.1 lE+Ol 0.00E+OO 7.35E+Ol 0.00E+OO 7.41E+03 
Zn-69 7.56E-04 l.45E-03 1.00E-04 O.OOE+OO 9.39E-04 0.00E+OO 2.17E-04 
As-76 8.45E+OO 2.46E+Ol 1.23E+02 7.37E+OO 3.00E+Ol 7.68E+OO l.08E+03 
Br-82 0.00E+OO O.OOE+OO 2.07E+02 O.OOE+OO 0.00E+OO O.OOE+OO 2.37E+02 
Br-83 O.OOE+OO O.OOE+OO 1.44E-01 0.00E+OO 0.00E+OO O.OOE+OO 2.07E-01 
Br-84 O.OOE+OO O.OOE+OO 9.lOE-07 0.00E+OO O.OOE+OO O.OOE+OO 7.14E-12 
Br-85 O.OOE+OO 0.00E+OO 0.00E+OO 0.00E+OO O.OOE+OO 0.00E+OO 0.00E+OO 
Rb-86 O.OOE+OO l.13E+04 5.28E+03 O.OOE+OO 0.00E+OO O.OOE+OO 2.23E+03 
Rb-88 O.OOE+OO l.87E-11 9.93E-12 O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO 
Rb-89 O.OOE+OO 1.84E-13 1.29E-13 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Sr-89 3.46E+03 0.00E+OO 9.92E+Ol O.OOE+OO 0.00E+OO O.OOE+OO 5.54E+02 
Sr-90 9.90E+04 O.OOE+OO l.33E+03 O.OOE+OO 0.00E+OO O.OOE+OO 2.49E+03 
Sr-91 1.98E+Ol O.OOE+OO 8.0lE-01 O.OOE+OO 0.00E+OO O.OOE+OO 9.44E+Ol 
Sr-92 8.15E-Ol O.OOE+OO 3.53E-02 0.00E+OO 0.00E+OO O.OOE+OO 1.62E+Ol 
Y-90 7.58E-02 O.OOE+OO 2.03E-03 0.00E+OO 0.00E+OO O.OOE+OO 8.04E+02 
Y-91m 2.84E-08 O.OOE+OO l.lOE-09 0.00E+OO 0.00E+OO O.OOE+OO 8.36E-08 
Y-91 l.39E+OO O.OOE+OO 3.73E-02 0.00E+OO O.OOE+OO 0.00E+OO 7.67E+02 
Y-92 5.49E-04 O.OOE+OO 1.60E-05 0.00E+OO O.OOE+OO 0.00E+OO 9.61E+OO 
Y-93 8.40E-03 0.00E+OO 2.32E-04 0.00E+OO O.OOE+OO 0.00E+OO 2.66E+02 
Zr-95 1.22E-01 3.92E-02 2.65E-02 O.OOE+OO 6.15E-02 0.00E+OO l.24E+02 
Zr-97 1.66E-03 3.35E-04 l.53E-04 O.OOE+OO 5.06E-04 0.00E+OO l.04E+02 
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Nb-95 5.03E+Ol 2.80E+Ol l.50E+Ol O.OOE+OO 2.77E+Ol O.OOE+OO 1.70E+05 

Nb-97 4.93E-04 l.25E-04 4.55E-05 O.OOE+OO 1.45E-04 O.OOE+OO 4.60E-01 

Mo-99 O.OOE+OO 1.87E+Ol 3.55E+OO O.OOE+OO 4.23E+Ol O.OOE+OO 4.33E+Ol 

Tc-99m 2.56E-04 7.23E-04 9.21E-03 O.OOE+OO l.lOE-02 3.54E-04 4.28E-01 

Tc-99 9.lOE-01 l.35E+OO 3.65E-01 O.OOE+OO 1.70E+Ol l.15E-01 4.43E+Ol 

Tc-101 5.94E-19 8.56E-19 8.39E-18 O.OOE+OO 1.54E-17 4.37E-19 O.OOE+OO 

Ru-103 1.07E+OO O.OOE+OO 4.61E-01 O.OOE+OO 4.08E+OO O.OOE+OO 1.25E+02 

Ru-105 6.46E-03 O.OOE+OO 2.55E-03 O.OOE+OO 8.35E-02 O.OOE+OO 3.95E+OO 

Ru-106 1.62E+Ol O.OOE+OO 2.05E+OO O.OOE+OO 3.14E+Ol O.OOE+OO 1.05E+03 

Rh-105 4.12E-01 3.0lE-01 1.98E-01 0.00E+OO 1.28E+OO O.OOE+OO 4.80E+Ol 

Ag-llOm 6.09E-Ol 5.63E-01 3.34E-01 0.00E+OO 1.1 lE+OO O.OOE+OO 2.30E+02 

Sn-113 7.87E+02 l.33E+02 2.21E+03 6.96E+Ol 1.82E+02 8.17E+Ol 2.42E+04 

Sn-117m 1.48E+03 5.03E+Ol 2.10E+03 1.0lE+Ol 7.69E+Ol 1.60E+Ol 2.37E+04 

Sb-122 1.44E+OO 7.92E-01 l.36E+Ol 1.68E-01 5.60E-01 2.16E-Ol 1.44E+02 

Sb-124 9.51E+OO 1.80E-01 3.77E+OO 2.31E-02 O.OOE+OO 7.40E+OO 2.70E+02 

Sb-125 6.20E+OO 6.93E-02 1.48E+OO 6.31E-03 O.OOE+OO 4.78E+OO 6.83E+Ol 

Te-125m 2.98E+02 l.08E+02 4.00E+Ol 8.97E+Ol 1.21E+03 O.OOE+OO l.19E+03 

Te-127m 7.56E+02 2.70E+02 9.21E+Ol 1.93E+02 3.07E+03 O.OOE+OO 2.53E+03 

Te-127 4.95E+OO 1.78E+OO 1.07E+OO 3.67E+OO 2.02E+Ol O.OOE+OO 3.91E+02 

Te-129m 1.27E+03 4.75E+02 2.02E+02 4.38E+02 5.32E+03 O.OOE+OO 6.42E+03 

Te-129 2.63E-03 9.88E-04 6.40E-04 2.02E-03 l.lOE-02 O.OOE+OO 1.98E-03 

Te-131m 1.45E+02 7.07E+Ol 5.89E+Ol l.12E+02 7.16E+02 O.OOE+OO 7.02E+03 

Te-131 4.59E-09 l.92E-09 1.45E-09 3.77E-09 2.0lE-08 O.OOE+OO 6.50E-10 

Te-132 2.51E+02 1.63E+02 l.53E+02 1.80E+02 l.57E+03 O.OOE+OO 7.69E+03 

I-130 1.74E+OO 5.13E+OO 2.02E+OO 4.35E+02 8.00E+OO O.OOE+OO 4.41E+OO 

I-131 2.75E+Ol 3.93E+Ol 2.25E+Ol 1.29E+04 6.73E+Ol 0.00E+OO 1.04E+Ol 

I-132 2.16E-02 5.77E-02 2.02E-02 2.02E+OO 9.19E-02 O.OOE+OO 1.08E-02 

1-133 4.80E+OO 8.35E+OO 2.55E+OO 1.23E+03 1.46E+Ol O.OOE+OO 7.51E+OO 

1-134 3.28E-05 8.91E-05 3.19E-05 l.54E-03 1.42E-04 O.OOE+OO 7.76E-08 

1-135 5.19E-01 l.36E+OO 5.0lE-01 8.96E+Ol 2.18E+OO 0.00E+OO l.53E+OO 

Cs-134 3.40E+04 8.10E+04 6.62E+04 O.OOE+OO 2.62E+04 8.70E+03 1.42E+03 

Cs-134m 6.59E-01 l.39E+OO 7.08E-01 O.OOE+OO 7.51E-01 l.18E-01 4.88E-01 

Cs-136 3.47E+03 l.37E+04 9.86E+03 O.OOE+OO 7.62E+03 1.04E+03 l.56E+03 

Cs-137 4.36E+04 5.97E+04 3.91E+04 O.OOE+OO 2.03E+04 6.73E+03 l.16E+03 

Cs-138 5.58E-06 l.lOE-05 5.46E-06 O.OOE+OO 8.lOE-06 8.00E-07 4.70E-11 

Ba-139 2.73E-04 1.94E-07 7.99E-06 O.OOE+OO l.82E-07 l.lOE-07 4.84E-04 

Ba-140 7.97E+Ol 1.00E-01 5.22E+OO O.OOE+OO 3.41E-02 5.73E-02 1.64E+02 

Ba-141 7.35E-14 5.55E-17 2.48E-15 0.00E+OO 5.16E-17 3.15E-17 O.OOE+OO 

Ba-142 O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO 

La-140 1.73E-02 8.74E-03 2.31E-03 O.OOE+OO O.OOE+OO O.OOE+OO 6.41E+02 

La-142 3.93E-06 1.79E-06 4.45E-07 O.OOE+OO O.OOE+OO O.OOE+OO l.30E-02 
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Ce-141 

Ce-143 

Ce-144 

Pr-143 

Pr-144 

Nd-147 

Eu-152 

W-187 

U-235 

U-238 

Np-239 

Am-241 

NOTE: 

9.3 

Where: 

TABLE 9-3 
PBNP SITE-SPECIFIC LIQUID DOSE COMMITMENT FACTORS, A;o 

3.12E-02 2.llE-02 2.39E-03 O.OOE+OO 9.80E-03 O.OOE+OO 8.07E+Ol 

2.28E-03 1.68E+OO l.86E-04 0.00E+OO 7.41E-04 0.00E+OO 6.29E+Ol 

l.69E+OO 7.05E-01 9.05E-02 0.00E+OO 4.18E-Ol 0.00E+OO 5.70E+02 

8.76E-02 3.51E-02 4.34E-03 O.OOE+OO 2.03E-02 O.OOE+OO 3.84E+02 

5.87E-17 2.44E-17 2.98E-18 O.OOE+OO l.37E-17 O.OOE+OO O.OOE+OO 

5.92E-02 6.84E-02 4.09E-03 O.OOE+OO 4.00E-02 O.OOE+OO 3.28E+02 

1.97E+OO 4.44E-Ol 3.90E-Ol 0.00E+OO 2.75E+OO 0.00E+OO 2.56E+02 

2.38E+Ol 1.99E+Ol 6.96E+OO O.OOE+OO O.OOE+OO O.OOE+OO 6.52E+03 

2.56E+03 O.OOE+OO 1.55E+02 O.OOE+OO 5.98E+02 O.OOE+OO 2.50E+02 

2.45E+03 0.00E+OO 1.45E+02 0.00E+OO 5.60E+02 0.00E+OO 1.76E+02 

4.91E-03 4.83E-04 2.66E-04 O.OOE+OO 1.51E-03 O.OOE+OO 9.90E+Ol 

8.19E+03 2.88E+03 5.41E+02 O.OOE+OO 4.07E+03 O.OOE+OO 7.42E+02 

Aio factors listed above are for the controlling (adult) age group, per NUREG-0133 
guidance. The pathways included are fish and potable water, the only significant, 
applicable pathways present at Point Beach. 

Dose Projections 

As required by TS 5.5.4.e and TS 5.5.4.f dose projections shall be made at least once 
every 31 days. As described in Section 6.3 .1, when the projected doses in a period of 31 
days would exceed 2% of the guidelines for the annual dose or dose commitment, 
appropriate portions of the liquid effluent treatment system should be used to reduce 
releases of radioactivity to within the allowable limits. The following equations should 
be used to perform dose projections: 

Dtbp = Dtb c:) [9-9] 

Dmaxp = Dmax (3d
1
) [9-1 O] 

D1bp = total body dose projection for the current calendar month 
(mrem) 

D1b = total body dose to date for the current calendar month as 
determined by Equation 9-7 (mrem) 

Dmaxp = maximum organ dose projection for the current calendar 
month (mrem) 

Dmax = maximum organ dose to date for the current calendar month 
as determined by Equation 9-7 (mrem) 

d = number of days to date for the current calendar month 
31 = number of days in projection 
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10.0 GASEOUS EFFLUENT CALCULATIONS 

10.1 Monitor Alarm Setpoint Determination 
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The computerized PBNP radiation monitoring system permits each effluent radiation 
monitor to be programmed to alarm at two distinct setpoints. The alert setpoint, typically 
twice the steady state reading, is intended to delineate a changing plant condition, and is 
established for evaluation purposes only. The high alarm or trip setpoint either will 
actuate a control function as applicable or will require corrective action to be initiated. 

Alert Setpoint Guidelines 

The alert setpoint of each effluent monitor will normally be set to alarm at two times the 
established steady-state reading. The alert setpoint is normally set at concentrations well 
below the alarm setpoint value and is never to be set in excess of the alarm setpoint. 
Certain situations during the course of plant operations may require a deviation from the 
two times steady-state value. The intent of this setpoint is to warn of changing plant 
conditions, which may warrant an evaluation to determine the cause of the increased 
reading. If the increased level is actually due to an increased radiation inventory with the 
system being monitored, as opposed to an increased background radiation field in the 
vicinity of the detector, an evaluation should be made to determine the impact of the 
release. The alert setpoint may be adjusted with prior approval. Alert setpoint 
adjustments are to be made in accordance with the PBNP RMS Alarm Setpoint and 
Response Book (Ref. OM 4.1. 7). The appropriate detailed response to an effluent alarm 
also is described in the PBNP RMS Alarm Setpoint and Response Book. 

High Alarm or Trip Setpoint Guidelines 

In accordance with PBNP TS 5.5.4.a, alarm setpoints shall be established for the gaseous 
effluent monitoring instrumentation to ensure that the release rate of noble gases does not 
exceed the instantaneous dose rate limits of Section 7 .1.1. These limits correspond to a 
dose rate at or beyond the SITE BOUNDARY of 500 mrem/yr to the total body or 3000 
mrem/yr to the skin. 

Certain airborne effluent monitors cannot reach the calculated setpoint because they fail 
high at a lower value. These monitors are indicated by an asterisk (*) in Table 10-1. It is 
plant operational practice to set these monitors at :S 70% of the fail high value 
(MSSM No. 93-01). The following mid-range SPING monitors can read the calculated 
default setpoints: SPING 21, lRE-307; SPING22, 2RE-307; SPING 23, RE-317; and 
SPING 24, RE-327. 
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The radiation monitoring alarm setpoints are established using the following equations: 

L Ci* 500 
S~B< *AF 

- 472 * x/QNG *VF* l:(Ci *Ki) 

L Ci* 3000 
[ 10-1] SP < *AF 

s - 472 * x/QNc *VF* l:[Ci *(Li+ 1.1Mi)] 

Where: SPTB = monitor setpoint corresponding to the release rate limit for 
the total body dose rate of 500 mrem/yr (µCi/cc) 

SPs = monitor setpoint corresponding to the release rate limit for 
the skin dose rate of 3000 mrem/yr (µCi/cc) 

500 = total body dose rate limit (mremlyr) 
3000 = skin dose rate limit (mremlyr) 

xfQNG = atmospheric dispersion for direct exposure to noble gas at 
or beyond the SITE BOUNDARY (sec!m3see Table 10-2) 

VF = ventilation flow rate for the applicable release point and 
monitor (ft3 /min) 

C; = concentration of noble gas radionuclide "i" as determined 
by radioanalysis of grab sample (µCi/cc) 

K; = total body dose conversion factor for noble gas radionuclide 
"i" (mremlyr per µCi/m 3, see 
Table 10-3) 

L; = beta skin dose conversion factor for noble gas radionuclide 
"i" (mrem/yr per µCi/m 3, see 
Table 10-3) 

M; = gamma air dose conversion factor for noble gas 
radionuclide "i" (mrad/yr per µCi!m 3, see 
Table 10-3) 

1.1 = mrem skin dose per mrad gamma air dose (mrem/mrad), 
472 = 28317 (cclft3) x 1160 (min/sec) 
AF = additional reduction factor of0.25 applied to the four 

release point monitors(RE-214,-221, -224, and -225) to 
ensure that the maximum allowable SITE BOUNDARY dose 
rates will not be exceeded in the event simultaneous release 
from these points occur 

The lesser value of SPrn and SPs is used to establish the monitor setpoint. 
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Default setpoints are established to eliminate the potential of periodically having to adjust 
the setpoint to reflect slight variations in the radionuclide distribution and variations in 
release flow rates. Using activities obtained from the 2000-2010 average annual 
atmospheric releases (see Appendix C for a detailed discussion), the highest annual x/Q, 
and the maximum ventilation flow rates for each pathway, default setpoints can be 
determined using Equations 10-1 and 10-2. 
Gaseous effluent pathway discharge flow rates, the monitors associated with each 
pathway and default setpoints are listed in Table 10-1. If the default setpoints listed in 
Table 10-1 exceed the monitors' saturation or fail high levels, the MSS has approved 
(MSSM No. 93-01) the use of a setpoint which is set at:::; 70% of that monitor's fail high 
level. The current alarm levels are recorded in the RMS Alarm Setpoint and Response 
Book. 

Adjustments may be made to the alarm setpoints for release periods if actual flow rates 
are reduced to less than the maximum values or the actual x/Q values are calculated. 

This is not typical under conditions with elevated levels in containment or the waste gas 
decay tank. Alarm setpoint adjustments which result in values higher than the default 
values are to be made in accordance with the provisions and methodologies of the PBNP 
RMS Alarm Setpoint and Response Book. 

To maintain the inequality of Equations 10-1 and 10-2 during the release, the release rate 
(or release of gaseous effluents) may be adjusted. If at any time the monitor response is 
greater than that anticipated for the gaseous release (i.e., above the alert alarm setpoint), 
the activity should be re-evaluated. This re-evaluation will may include resampling of 
the applicable waste stream. 

With the setpoints being calculated based on TS release limits, some monitors fail high 
below the calculated default alarm setpoint. This value is the TS limit that will be 
reached at the sector of the site boundary with the highest X/Q and D/Q values. For the 
current airborne monitors, one of the associated SPING monitors has the range required 
to encompass the default alarm setpoint. 
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1. 

2. 

3. 

4. 

5. 

6. 

TABLE 10-1 
GASEOUS EFFLUENT PATHWAYS 

Auxiliary Building Vent RE-214* & SPINO 23 
66,400 

(1500 1) 
6.75E-04 

Combined Air Ejector RE-225* 20 2.24E+OO 

Unit Air Ejector 1(2) RE-215* 10 l.79E+Ol 

Containment Purge/Vent 

Unit 1 lRE-212* & SPINO 21 25,0002 
7.17E-03 

Unit 2 2RE-212* & SPINO 22 38,0003 4.72E-03 

Unit 1(2) 1(2) RE-212* 354 5.12E+OO 

Gas Stripper Building RE-224* 
13,000 

(2501) 
3.45E-03 

Drumming Area Vent RE-221 * & SPINO 24 
43,100 

(5001) 
l.04E-03 

NOTE 1: From RAM 5.1, Radioactive Airborne Effluent Releases, Table 2, convective flow with fans off 

NOTE 2: Two fans of 12,500 cfm 

NOTE 3: Two fans+ 13,000 cfm from gas stripper bldg. 

NOTE 4: Forced vent with nominal 35 cfm flow rate 

NOTE 5: Monitors marked with an asterisk(*) have a calculated default alarm setpoint above the monitors 
fail high or saturation level. See Section 10.1, High Alarm or Trip Setpoint Guidelines for further 
explanation and designation of SPING monitors that can be set at the calculated default setpoint. 
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CONTROLLING LOCATIONS, PATHWAYS AND ATMOSPHERIC DISPERSION FOR DOSE 
CALCULATIONS 

7.1.1.a Site boundary 

7.1.1.b Site boundar 

7.2.l Site boundary 

7.3.l Residence/dairy 

SSE, 1220 meters2 Noble gases 
Direct ex osure 

SSE, 1220 meters Inhalation 

SSE, 1220 meters 

SSW, 1290 
meters3 

Gamma-air 
Beta-air 
Inhalation, milk, 
meat, produce, 
leafy vegetables 
and ground 

lane. 

l.09E-06 NIA 

l.09E-06 NIA 

l.09E-06 NIA 

7.lSE-07 5.90E-9 

NOTE 1: Atmospheric dispersion and deposition data taken from Point Beach Annual Meteorological and 
Atmospheric Dispersion Report for 2009, Report No. R-2330244-001, December 2010. 

NOTE 2: Location corresponds to site boundary distance and sector with the greatest x/Q and D/Q values. 

NOTE 3: The nearest residence/dairy is in the SSW sector. The distance is conservatively assumed to be at the 
site boundary. 
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10.2 Carbon-14 

Carbon-14 is a constituent of a nuclear power plants atmospheric effluent that requires 
specific attention and evaluation. 14C is a pure, low-energy beta emitter (0.156 Me V) that 
historically has not been a focus of ODCM and nuclear power plant radiological effluent 
evaluations. The low beta energy means that 14C is not detected by installed effluent 
monitors, and can only be quantified with sensitive, in-laboratory equipment. 
Historically, 14C has not been identified as a significant contributor to the effluent source 
term, on either an activity or dose basis. However, the continued reduction in total 
effluent releases has increased the relative importance of 14C, with respect to both the 
activity released and dose consequence. The PBNP methodology for estimating the 
activity of 14C released and the dose consequence of the release is described in the 
sections below. 

10.2.1 Carbon-14 Effluent Activity 

The annual release rate of 14C in gaseous effluents is calculated in accordance 
with the methodology described in EPRI Technical Report 1021106 
"Estimation of Carbon-14 in Nuclear Power Plant Gaseous Effluents" (EPRI, 
2010). 14C is primarily generated in a nuclear power plant by one of 2 
reactions: 

170(n,a)14C or 

14N(n,p)14c 

The 14C production rate is determined by the following equation: 

Where: 

N x ( O"th x <.pth + O"i+f x <.pi+f) x 1.0E - 24 x II. 
Prod. Rate = 3.?E _ 04 
Prod. 
Rate 

N 

= Production rate ofC-14 production (µCi/s-kgfrom 170 
and µCils-kg-ppm N from 14N) 

= Atoms 

(J1h = 

170 = 1.27E+22 atoms 170/kg H20 
14N = 4.284E+ 19 atoms 14N/kg-ppm N 
"effective" thermal cross-section (b) 
170 = 0.121 
14N = 0.951 (from EPRI TR-1021106) 

f{J1h = Thermal neutron flux (n/cm2-s) 

{i;+J = 

f{Ji+f = 

1.0E-24 = 
A. = 

3.7E-04 = 

=3.55E13 n/cm2-s at BOC (from EPRI TR-1021106) 
"effective" intermediate +fast cross-section (b) 
170 = 0.0479 
14N = 0.0392 (from EPRI TR-1021106) 
Intermediate +fast neutron flux (n/cm2-s) 
=3.5JE17 n/cm2-s at BOC (from EPRI TR-1021106) 
(cm2/b) 
14C decay constant, 3.833E-12 s·1 

d/s-µCi 

[10-2] 
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Where: 

10.2.2 

Using the above formula and example PWR data values (for neutron flux, 
water mass in the active core and nitrogen content) from the EPRI report, the 
calculated 14C generation rate is 0.349 µCi/s from the 170 reaction and 
2.96E-3 µCi/s from the 14N reaction. This results in a total 14C production rate 
of 11.1 Ci/year. According to the EPRI report, the atmospheric release rate is 
approximately 90-98% of the production rate. The remainder is effectively 
released via solid waste. For PWRs virtually all of the released C-14 is in the 
non-C02 form, a form which does not contributes to ingestion dose. Based on 
measurements at Ginna (a Westinghouse plant the same vintage as PBNP), 
approximately 10% is release as C02 (Kunz, "Measurement of 14C Production 
and Discharge From the Ginna Nuclear Power Plant, June 1982, p. 20) 

The neutron flux values listed in the formulae above are based on an assumed 
3548 MWth Westinghouse PWR operating continuously at full power. Annual 
14C production and release values can be determined based on actual reactor 
operating performance at PBNP. As needed, the neutron flux data are 
obtained from ENG-Fuel/JB each year to estimate the year's 14C production. 
An evaluation of plant conditions and operating data will be considered to 
determine if adjustments are needed to the assumed production rate of 14C. 

Carbon-14 Vegetation Concentration 

The concentration of 14C incorporated in vegetation from 14CO or 14C02 is 
calculated as described in Regulatory Guide 1.109 (Rev 1) Appendix C, 
equation C-8: 

v [X ] 0.11 Cc_14(r, 8) = 3.17 E + 07 x p X Qc-14 / Q (r, 8) O.l
6 

[10-3] 

cv c-u(r, 8) = the concentration of carbon-14 in vegetation grown 
at location (r,8) in pCi/kg 

3.17E+07 = conversion factor equivalent to (JE+ 12 
pCi/Ci)(lx103 glkg)/(3.15E+07 sec/year) 

p = the fractional equilibrium ratio defined as the total 
annual release time (for 14C atmospheric releases) 
to the total annual release time during which 
photosynthesis occurs (assumed to be 4400 hours) 
with p -:::.1.0. 

0.1110.16 = total plant mass as natural carbon (0.11) divided 
the concentration of natural carbon in the 
atmosphere (0.16 g/m3) 

Qc-14 = the annual release rate of 14C (Ci/year) 
x!Q (r, B) = the annual average atmospheric dispersion factor, 

in sec/m3 for the point of interest defined by (r, 8). 

The concentration calculated above is then used to determine the 
concentration in meat and milk, no different from other radionuclides. The 
resultant dose is calculated in the same fashion as listed in the applicable 
sections below. 
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10.3 Dose Rate Calculations - Noble Gases 

Where: 

PBNP TS 5.5.4.g limits the instantaneous dose rate at the SITE BOUNDARY due to 
noble gas releases to: 

• :::; 500 mrem/yr to the total body 

• :::; 3000 mrem/yr to the skin 

Radiation monitor alarm setpoints are established to ensure that these release limits are 
not exceeded. If the alarm setpoint is exceeded by any gaseous release from the station, 
and evaluation of the SITE BOUNDARY dose rate resulting from the release shall be 
performed using the following equations: 

Dtb = x/Q * L(Ki * Qa [l 0-4] 
i 

bs = x/Q * L[(Li + 1.1Ma *Qi] [10-5] 
i 

btb = the total body dose rate (mrem/yr), 

bs = the skin dose rate (mrem/yr), 
x!Q = the atmospheric dispersion to the controlling SITE 

BOUNDARY location (seclm3, see Table 10-2) 
Qi = the average release rate of radionuclide "i" over the release 

period under evaluation, not to exceed one hour (µCi/sec) 
K; = total body dose conversion factor for noble gas radionuclide 

"i" (mrem/yr per f-tCi/m 3 see 
Table 10-3) 

L; = beta skin dose conversion factor for noble gas radionuclide 
"i" (mrem/yr per f-tCilm 3 see 
Table 10-3) 

M; = gamma air dose conversion factor for noble gas 
radionuclide "i" (mradlyr per µCi!m 3 see 
Table 10-3) 

1.1 = mrem skin dose per mrad gamma air dose (mrem/mrad) 
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DOSE FACTORS FOR NOBLE GASES 

Kr-83m 7.56E-02 1.93 E+Ol 
Kr-85m 1.17 E+03 1.46 E+03 1.23 E+03 
Kr-85 1.61 E+Ol 1.34 E+03 1.72 E+Ol 
Kr-87 5.92 E+03 9.73 E+03 6.17 E+03 
Kr-88 1.47 E+04 2.37 E+03 1.52 E+04 
Kr-89 1.66 E+04 1.01 E+04 1.73 E+04 
Kr-90 1.56 E+04 7.29 E+03 1.63 E+04 

Xe-131m 9.15 E+Ol 4.76 E+02 1.56 E+02 
Xe-133m 2.51 E+02 9.94 E+02 3.27 E+02 
Xe-133 2.94 E+02 3.06 E+02 3.53 E+02 

Xe-135m 3.12 E+03 7.11 E+02 3.36 E+03 
Xe-135 1.81 E+03 1.86 E+03 1.92 E+03 
Xe-137 1.42 E+03 1.22 E+04 1.51 E+03 
Xe-138 8.83 E+03 4.13 E+03 9.21 E+03 
Ar-41 8.84 E+03 2.69 E+03 9.30 E+03 

Source: Reg. Guide 1.109, Table B-1 

10.4 Dose Rate Calculations - Radioiodine, Tritium, Particulates 

2.88 E+02 
1.97 E+03 
1.95 E+03 
1.03 E+04 
2.93 E+03 
1.06 E+04 
7.83 E+03 
1.11 E+03 
1.48 E+03 
1.05 E+03 
7.39 E+02 
2.46 E+03 
1.27 E+04 
4.75 E+03 
3.28 E+03 

PBNP TS 5.5.4.g limits the instantaneous dose rate to 1500 mrem/yr to any organ for 
1-131, 1-133, tritium, and particulates with half-lives greater than eight days. To 
demonstrate compliance with this limit, an evaluation may be performed at a frequency 
no greater than that corresponding to the sampling and analysis time period for 
CONTINUOUS RELEASES and for BATCH RELEASES on the time period over which 
any BATCH RELEASE is to occur when conditions depart from bounding conditions of 
the previous year. The following equation shall be used for the dose rate evaluation: 

TAThere.· n' yy j 0 

x!Q 

Do = x/Q * L (Rio* Qi) 
i 

the average organ dose rate over the sampling time period 
(mrem/yr) 
the atmospheric dispersion to the controlling SITE 
BOUNDARY location (sec/m3, see Table 10-2) 
the dose parameter for radionuclide "i'', for the child 
inhalation pathway (mrem/yr per JlCi/m3 see Table 10-6) 
the average release rate over the appropriate sampling 
period and analysis frequency for radionuclide "i ", 1-131, 
1-133, tritium, or other radionuclide in particulate form with 
a half-life greater than 8 days (JlCilsec) 

[10-6] 
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10.5 Dose Calculations - Noble Gases 

Where: 

PBNP TS 5.5.4.h requires that dose contributions due to the release of noble gases should 
be determined at least once every 31 days in order to evaluate compliance with the 
quarterly dose limits of< 5 mrad, gamma-air and < 10 mrad, beta-air and annual dose 
limits of< 10 mrad, gamma-air and< 20 mrad, beta-air. The following equations shall 
be used to calculate the gamma-air and beta-air doses: 

Dv 

Dp 

x!Q 

Q1 

M; 

Dy= 3.17£ - 08 * x/Q * LCMi * Qa 
i 

Dp = 3.17£ - 08 * x/Q * LCNi * Qa 
i 

air dose due to gamma emissions for noble gas 
radionuclides (mrad), 
air dose due to beta emissions for noble gas 
radionuclides (mrad), 
atmospheric dispersion to the controlling SITE 
BOUNDARY location (sec/m3 , see Table 10-2) 
cumulative release of noble gas radionuclide "i" over 
the period of interest (JlCi) 
air dose factor due to gamma emissions form noble 
gas radionuclide "i" (mrad/yr per JlCi /m 3, see 
Table 10-3) 

N1 air dose factor due to beta emissions form noble gas 
radionuclide "i" (mradlyr per JlCi /m3, see 
Table 10-3) 

3.17E-08 yr/sec 

[10-7] 

[10-8] 
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I 0.6 Dose Calculations - Radioiodine, Tritium, Particulates 

Where: 

PBNP TS 5.5.4.i requires that dose contributions due to the release ofl-131, I-133, 
tritium, and/or particulates with half-lives greater than eight days should be determined at 
least once every 31 days in order to evaluate compliance with the quarterly dose limit of 
< 7.5 mrem and annual dose limit of < 15 mrem to any organ, per unit. For the two unit 
PBNP site, the limit is 15 mrem per quarter and 30 mrem per year. The following 
equation shall be used to evaluate the maximum organ dose: 

Daop = 3.17£- 08 X W X L(Rio *Qi) 
i 

Daop = dose for age group "a" to organ "o '', including the 
total body, via pathway ''p" (mrem), 

W = atmospheric dispersion factor to the controlling 
location(s) as identified in Table 10-2 
= x!Q (sec/m3) for inhalation pathway and C-14 or 
H-3 in food pathways 
= DIQ (m-2) for ground plane and food pathways 
(except C-14 and H-3). 

R;o = dose/actor for radionuclide "i" to organ "o"for 
each age group "a" and the applicable pathway ''p" 
(mremlyr per µCi /m3 or m2-mrem/yr per µCi/sec, see 
Table 10-4 through Table 10-21) 

Q; = cumulative release for radionuclide "i" (µCi), 
3.17E-08 = conversion factor for yr/sec 

[10-9] 

In general, the infant or child is expected to be the controlling age group for gaseous 
exposures. 
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10. 7 Gaseous Dose Projection 

Where: 

As required by TS 5.5.4.e and TS 5.5.4.f dose projections shall be made at least once 
every 31 days. As described in Section 7.4.1, when the projected doses in a period of 31 
days would exceed 2% of the guidelines for the annual dose or dose commitment, 
appropriate portions of the gaseous effluent treatment system should be used to reduce 
releases of radioactivity to within the allowable limits. The following equations should 
be used to perform dose projections: 

Dyp = Dy(31/d) [10-10] 
Dpp = Dp(31/d) [10-11] 

Dmaxp = Dmax(31/d) [10-12] 
Dyp = projected 31-day gamma-air dose (mrad) 
Dy = gamma-air dose for current calendar month (mrad) 

Dpp = projected 31-day beta-air dose (mrad) 
Dp = beta-air dose for current calendar month (mrad) 

Dmaxp = maximum organ dose projection for the current calendar 
month (mrem) 

d = number of days to date for the current month (days) 
31 = number of days in projection (days) 
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H-3 O.OOE+OO 7.18E+02 7.18E+02 7.18E+02 7.18E+02 7.18E+02 7.18E+02 

C-14 l.82E+04 3.41E+03 3.41E+03 3.41E+03 3.41E+03 3.41E+03 3.41E+03 

F-18 3.77E+03 O.OOE+OO 4.15E+02 O.OOE+OO O.OOE+OO O.OOE+OO 7.39E+Ol 

Na-22 1.04E+05 1.04E+05 1.04E+05 1.04E+05 1.04E+05 1.04E+05 l.04E+05 

Na-24 l.02E+04 l.02E+04 1.02E+04 l.02E+04 1.02E+04 1.02E+04 1.02E+04 

Sc-46 4.41E+05 8.56E+05 2.49E+05 O.OOE+OO 7.99E+05 O.OOE+OO 2.15E+05 

P-32 1.32E+06 7.71E+04 5.0IE+04 O.OOE+OO O.OOE+OO O.OOE+OO 8.64E+04 
Cr-51 O.OOE+OO O.OOE+OO 1.00E+02 5.95E+Ol 2.28E+Ol 1.44E+04 3.32E+03 

Mn-54 O.OOE+OO 3.96E+04 6.30E+03 O.OOE+OO 9.84E+03 1.40E+06 7.74E+04 
Mn-56 O.OOE+OO 1.24E+OO l.83E-01 O.OOE+OO l.30E+OO 9.44E+03 2.02E+04 

Fe-55 2.46E+04 1.70E+04 3.94E+03 O.OOE+OO O.OOE+OO 7.21E+04 6.03E+03 

Fe-59 l.18E+04 2.78E+04 1.06E+04 O.OOE+OO O.OOE+OO 1.02E+06 1.88E+05 
Co-57 O.OOE+OO 6.92E+02 6.71E+02 O.OOE+OO O.OOE+OO 3.70E+05 3.14E+04 

Co-58 O.OOE+OO 1.58E+03 2.07E+03 O.OOE+OO O.OOE+OO 9.28E+05 1.06E+05 

Co-60 O.OOE+OO l.15E+04 1.48E+04 O.OOE+OO O.OOE+OO 5.97E+06 2.85E+05 
Ni-63 4.32E+05 3.14E+04 1.45E+04 O.OOE+OO O.OOE+OO 1.78E+05 1.34E+04 

Ni-65 1.54E+OO 2.26E-01 9.12E-02 O.OOE+OO O.OOE+OO 5.60E+03 1.23E+04 

Cu-64 O.OOE+OO 1.46E+OO 6.15E-01 O.OOE+OO 4.62E+OO 6.78E+03 4.90E+04 
Zn-65 3.24E+04 l.03E+05 4.66E+04 O.OOE+OO 6.90E+04 8.64E+05 5.34E+04 

Zn-69m 8.16E+OO 1.96E+Ol l.79E+OO O.OOE+OO l.18E+Ol l.90E+04 1.37E+05 

Zn-69 3.38E-02 6.51E-02 4.52E-03 O.OOE+OO 4.22E-02 9.20E+02 l.63E+Ol 
As-76 9.78E+02 2.61E+03 2.19E+04 9.48E+02 2.90E+03 1.0IE+05 8.59E+04 

Br-82 O.OOE+OO O.OOE+OO 1.35E+04 O.OOE+OO O.OOE+OO O.OOE+OO l.04E+04 

Br-83 O.OOE+OO O.OOE+OO 2.41E+02 O.OOE+OO O.OOE+OO O.OOE+OO 2.32E+02 

Br-84 O.OOE+OO O.OOE+OO 3.13E+02 O.OOE+OO O.OOE+OO O.OOE+OO 1.64E-03 

Br-85 O.OOE+OO O.OOE+OO 1.28E+Ol O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Rb-86 O.OOE+OO l.35E+05 5.90E+04 O.OOE+OO O.OOE+OO O.OOE+OO 1.66E+04 

Rb-88 O.OOE+OO 3.87E+02 1.93E+02 O.OOE+OO O.OOE+OO O.OOE+OO 3.34E-09 
Rb-89 O.OOE+OO 2.56E+02 1.70E+02 O.OOE+OO O.OOE+OO O.OOE+OO 9.28E-12 

Sr-89 3.04E+05 O.OOE+OO 8.72E+03 O.OOE+OO O.OOE+OO l.40E+06 3.50E+05 

Sr-90 2.87E+07 O.OOE+OO 5.77E+05 O.OOE+OO O.OOE+OO 9.60E+06 7.22E+05 

Sr-91 6.19E+Ol O.OOE+OO 2.50E+OO O.OOE+OO O.OOE+OO 3.65E+04 1.91E+05 

Sr-92 6.74E+OO O.OOE+OO 2.91E-Ol O.OOE+OO O.OOE+OO 1.65E+04 4.30E+04 

Y-90 2.09E+03 O.OOE+OO 5.61E+Ol O.OOE+OO O.OOE+OO 1.70E+05 5.06E+05 

Y-91m 2.61E-01 O.OOE+OO l.02E-02 O.OOE+OO O.OOE+OO l.92E+03 1.33E+OO 

Y-91 4.62E+05 O.OOE+OO 1.24E+04 O.OOE+OO O.OOE+OO 1.70E+06 3.85E+05 
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Y-92 l.03E+Ol O.OOE+OO 3.02E-01 O.OOE+OO O.OOE+OO l.57E+04 7.35E+04 

Y-93 9.44E+Ol O.OOE+OO 2.61E+OO O.OOE+OO O.OOE+OO 4.85E+04 4.22E+05 

Zr-95 l.07E+05 3.44E+04 2.33E+04 O.OOE+OO 5.42E+04 l.77E+06 1.50E+05 

Zr-97 9.68E+Ol l.96E+Ol 9.04E+OO O.OOE+OO 2.97E+Ol 7.87E+04 5.23E+05 

Nb-95 1.41E+04 7.82E+03 4.21E+03 O.OOE+OO 7.74E+03 5.05E+05 1.04E+05 

Nb-97 2.22E-01 5.62E-02 2.05E-02 O.OOE+OO 6.54E-02 2.40E+03 2.42E+02 

Mo-99 O.OOE+OO l.21E+02 2.30E+Ol O.OOE+OO 2.91E+02 9.12E+04 2.48E+05 

Tc-99m l.03E-03 2.91E-03 3.70E-02 O.OOE+OO 4.42E-02 7.64E+02 4.16E+03 

Tc-99 2.50E+02 3.71E+02 l.OOE+02 O.OOE+OO 4.68E+03 8.08E+05 6.03E+04 

Tc-101 4.18E-05 6.02E-05 5.90E-04 O.OOE+OO 1.08E-03 3.99E+02 1.09E-11 

Ru-103 l.53E+03 O.OOE+OO 6.58E+02 O.OOE+OO 5.83E+03 5.05E+05 1.10E+05 

Ru-105 7.90E-Ol O.OOE+OO 3.l lE-01 O.OOE+OO 1.02E+OO l.10E+04 4.82E+04 

Ru-106 6.91E+04 O.OOE+OO 8.72E+03 O.OOE+OO l.34E+05 9.36E+06 9.12E+05 

Rh-105 7.39E+OO 5.38E+OO 3.54E+OO O.OOE+OO 2.29E+Ol l.93E+04 8.72E+04 

Ag-llOm l.08E+04 l.OOE+04 5.94E+03 O.OOE+OO l.97E+04 4.63E+06 3.02E+05 

Sn-113 2.70E+04 l.01E+04 8.00E+04 5.63E+03 5.33E+03 5.63E+05 6.22E+04 

Sn-117m 2.79E+04 1.48E+03 7.11E+04 7.l 1E+02 7.11E+02 5.63E+05 5.33E+04 

Sb-122 1.90E+03 l.48E+03 2.96E+04 6.52E+02 7.70E+02 l.63E+05 1.16E+05 

Sb-124 3.12E+04 5.89E+02 l.24E+04 7.55E+Ol O.OOE+OO 2.48E+06 4.06E+05 

Sb-125 5.34E+04 5.95E+02 1.26E+04 5.40E+Ol O.OOE+OO l.74E+06 l.01E+05 

Te-125m 3.42E+03 l.58E+03 4.67E+02 l.05E+03 1.24E+04 3.14E+05 7.06E+04 

Te-127m l.26E+04 5.77E+03 l.57E+03 3.29E+03 4.58E+04 9.60E+05 l.50E+05 

Te-127 1.40E+OO 6.42E-Ol 3.lOE-01 l.06E+OO 5.lOE+OO 6.51E+03 5.74E+04 

Te-129m 9.76E+03 4.67E+03 l.58E+03 3.44E+03 3.66E+04 l.16E+06 3.83E+05 

Te-129 4.98E-02 2.39E-02 1.24E-02 3.90E-02 l.87E-01 l.94E+03 l.57E+02 

Te-131m 6.99E+Ol 4.36E+Ol 2.90E+Ol 5.50E+Ol 3.09E+02 l.46E+05 5.56E+05 

Te-131 1.1 lE-02 5.95E-03 3.59E-03 9.36E-03 4.37E-02 l.39E+03 l.84E+Ol 

Te-132 2.60E+02 2.15E+02 l.62E+02 l.90E+02 1.46E+03 2.88E+05 5.10E+05 

1-130 4.58E+03 1.34E+04 5.28E+03 1.14E+06 2.09E+04 O.OOE+OO 7.69E+03 

1-131 2.52E+04 3.58E+04 2.05E+04 1.19E+07 6.13E+04 O.OOE+OO 6.28E+03 

1-132 1.16E+03 3.26E+03 1.16E+03 1.14E+05 5.18E+03 O.OOE+OO 4.06E+02 

1-133 8.64E+03 1.48E+04 4.52E+03 2.15E+06 2.58E+04 O.OOE+OO 8.88E+03 

1-134 6.44E+02 l.73E+03 6.15E+02 2.98E+04 2.75E+03 O.OOE+OO l.OIE+OO 

1-135 2.68E+03 6.98E+03 2.57E+03 4.48E+05 1.11E+04 O.OOE+OO 5.25E+03 

Cs-134 3.73E+05 8.48E+05 7.28E+05 O.OOE+OO 2.87E+05 9.76E+04 l.04E+04 

Cs-134m l.27E+02 2.56E+02 l.38E+02 O.OOE+OO 1.46E+02 2.34E+Ol 6.34E+Ol 

Cs-136 3.90E+04 l.46E+05 l.10E+05 O.OOE+OO 8.56E+04 l.20E+04 l.17E+04 
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Cs-137 4.78E+05 6.21E+05 4.28E+05 O.OOE+OO 2.22E+05 7.52E+04 8.40E+03 

Cs-138 3.31E+02 6.21E+02 3.24E+02 O.OOE+OO 4.80E+02 4.86E+Ol l.86E-03 

Ba-139 9.36E-01 6.66E-04 2.74E-02 O.OOE+OO 6.22E-04 3.76E+03 8.96E+02 

Ba-140 3.90E+04 4.90E+Ol 2.57E+03 O.OOE+OO l.67E+Ol l.27E+06 2.18E+05 

Ba-141 l.OOE-01 7.53E-05 3.36E-03 O.OOE+OO 7.00E-05 l.94E+03 l.16E-07 

Ba-142 2.63E-02 2.70E-05 1.66E-03 O.OOE+OO 2.29E-05 l.19E+03 l.57E-16 

La-140 3.44E+02 l.74E+02 4.58E+Ol O.OOE+OO O.OOE+OO l.36E+05 4.58E+05 

La-142 6.83E-01 3.lOE-01 7.72E-02 O.OOE+OO O.OOE+OO 6.33E+03 2.11E+03 

Ce-141 l.99E+04 l.35E+04 l.53E+03 O.OOE+OO 6.26E+03 3.62E+05 l.20E+05 

Ce-143 l.86E+02 l.38E+02 l.53E+Ol O.OOE+OO 6.08E+Ol 7.98E+04 2.26E+05 

Ce-144 3.43E+06 1.43E+06 l.84E+05 O.OOE+OO 8.48E+05 7.78E+06 8.16E+05 

Pr-143 9.36E+03 3.75E+03 4.64E+02 O.OOE+OO 2.16E+03 2.81E+05 2.00E+OS 

Pr-144 3.0lE-02 l.25E-02 l.53E-03 O.OOE+OO 7.0SE-03 l.02E+03 2.lSE-08 

Nd-147 5.27E+03 6.10E+03 3.65E+02 O.OOE+OO 3.56E+03 2.21E+05 l.73E+05 

Eu-152 l.90E+06 4.33E+05 3.81E+05 O.OOE+OO 2.68E+06 2.74E+06 l.27E+05 

W-187 8.48E+OO 7.08E+OO 2.48E+OO O.OOE+OO O.OOE+OO 2.90E+04 1.55E+05 

U-235 8.00E+07 O.OOE+OO 4.86E+06 O.OOE+OO l.87E+07 3.92E+08 3.87E+05 

U-238 7.66E+07 O.OOE+OO 4.54E+06 O.OOE+OO l.74E+07 3.66E+08 2.73E+05 

Np-239 2.30E+02 2.26E+Ol l.24E+Ol O.OOE+OO 7.00E+Ol 3.76E+04 l.19E+05 

Am-241 8.08E+09 2.87E+09 5.37E+08 O.OOE+OO 4.03E+09 4.85E+08 3.68E+05 
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H-3 O.OOE+OO 7.25E+02 7.25E+02 7.25E+02 7.25E+02 7.25E+02 7.25E+02 
C-14 2.60E+04 4.87E+03 4.87E+03 4.87E+03 4.87E+03 4.87E+03 4.87E+03 
F-18 5.22E+03 O.OOE+OO 5.68E+02 O.OOE+OO O.OOE+OO O.OOE+OO 3.l 1E+02 
Na-22 l.04E+05 l.04E+05 l.04E+05 1.04E+05 1.04E+05 1.04E+05 1.04E+05 
Na-24 l.38E+04 1.38E+04 1.38E+04 l.38E+04 1.38E+04 1.38E+04 1.38E+04 
Sc-46 5.79E+05 l.13E+06 3.34E+05 O.OOE+OO l.08E+06 O.OOE+OO 2.38E+05 
P-32 1.89E+06 l.10E+05 7.16E+04 O.OOE+OO O.OOE+OO O.OOE+OO 9.28E+04 
Cr-51 O.OOE+OO O.OOE+OO l.35E+02 7.50E+Ol 3.07E+Ol 2.10E+04 3.00E+03 
Mn-54 O.OOE+OO 5.l 1E+04 8.40E+03 O.OOE+OO 1.27E+04 1.98E+06 6.68E+04 
Mn-56 O.OOE+OO 1.70E+OO 2.52E-01 O.OOE+OO 1.79E+OO 1.52E+04 5.74E+04 
Fe-55 3.34E+04 2.38E+04 5.54E+03 O.OOE+OO O.OOE+OO 1.24E+05 6.39E+03 
Fe-59 1.59E+04 3.70E+04 l.43E+04 O.OOE+OO O.OOE+OO 1.53E+06 1.78E+05 
Co-57 O.OOE+OO 9.44E+02 9.20E+02 O.OOE+OO O.OOE+OO 5.86E+05 3.14E+04 
Co-58 O.OOE+OO 2.07E+03 2.78E+03 O.OOE+OO O.OOE+OO 1.34E+06 9.52E+04 
Co-60 O.OOE+OO 1.51E+04 1.98E+04 O.OOE+OO O.OOE+OO 8.72E+06 2.59E+05 
Ni-63 5.80E+05 4.34E+04 1.98E+04 O.OOE+OO O.OOE+OO 3.07E+05 1.42E+04 
Ni-65 2.18E+OO 2.93E-Ol 1.27E-01 O.OOE+OO O.OOE+OO 9.36E+03 3.67E+04 
Cu-64 O.OOE+OO 2.03E+OO 8.48E-01 O.OOE+OO 6.41E+OO l.11E+04 6.14E+04 
Zn-65 3.86E+04 1.34E+05 6.24E+04 O.OOE+OO 8.64E+04 1.24E+06 4.66E+04 
Zn-69m 1.15E+Ol 2.71E+Ol 2.49E+OO O.OOE+OO 1.65E+Ol 3.14E+04 l.71E+05 
Zn-69 4.83E-02 9.20E-02 6.46E-03 O.OOE+OO 6.02E-02 1.58E+03 2.85E+02 
As-76 l.16E+03 3.26E+03 2.61E+04 l.10E+03 3.56E+03 l.19E+05 1.04E+05 
Br-82 O.OOE+OO O.OOE+OO l.82E+04 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Br-83 O.OOE+OO O.OOE+OO 3.44E+02 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Br-84 O.OOE+OO O.OOE+OO 4.33E+02 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Br-85 O.OOE+OO O.OOE+OO 1.83E+Ol O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Rb-86 O.OOE+OO 1.90E+05 8.40E+04 O.OOE+OO O.OOE+OO O.OOE+OO 1.77E+04 
Rb-88 O.OOE+OO 5.46E+02 2.72E+02 O.OOE+OO O.OOE+OO O.OOE+OO 2.92E-05 
Rb-89 O.OOE+OO 3.52E+02 2.33E+02 O.OOE+OO O.OOE+OO O.OOE+OO 3.38E-07 
Sr-89 4.34E+05 O.OOE+OO 1.25E+04 O.OOE+OO O.OOE+OO 2.42E+06 3.71E+05 
Sr-90 3.31E+07 O.OOE+OO 6.66E+05 O.OOE+OO O.OOE+OO 1.65E+07 7.65E+05 
Sr-91 8.80E+Ol O.OOE+OO 3.51E+OO O.OOE+OO O.OOE+OO 6.07E+04 2.59E+05 
Sr-92 9.52E+OO O.OOE+OO 4.06E-01 O.OOE+OO O.OOE+OO 2.74E+04 l.19E+05 
Y-90 2.98E+03 O.OOE+OO 8.00E+Ol O.OOE+OO O.OOE+OO 2.93E+05 5.59E+05 
Y-91m 3.70E-Ol O.OOE+OO l.42E-02 O.OOE+OO O.OOE+OO 3.20E+03 3.02E+Ol 
Y-91 6.61E+05 O.OOE+OO 1.77E+04 O.OOE+OO O.OOE+OO 2.94E+06 4.09E+05 
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Y-92 l.47E+Ol O.OOE+OO 4.29E-01 O.OOE+OO O.OOE+OO 2.68E+04 l.65E+05 
Y-93 l.35E+02 O.OOE+OO 3.72E+OO O.OOE+OO O.OOE+OO 8.32E+04 5.79E+05 
Zr-95 1.46E+05 4.58E+04 3.15E+04 O.OOE+OO 6.74E+04 2.69E+06 l.49E+05 
Zr-97 l.38E+02 2.72E+Ol l.26E+Ol O.OOE+OO 4.12E+Ol l.30E+05 6.30E+05 
Nb-95 l.86E+04 l.03E+04 5.66E+03 O.OOE+OO l.OOE+04 7.51E+05 9.68E+04 
Nb-97 3.14E-01 7.78E-02 2.84E-02 O.OOE+OO 9.12E-02 3.93E+03 2.17E+03 
Mo-99 O.OOE+OO l.69E+02 3.22E+Ol O.OOE+OO 4.l 1E+02 l.54E+05 2.69E+05 
Tc-99m l.38E-03 3.86E-03 4.99E-02 O.OOE+OO 5.76E-02 l.15E+03 6.13E+03 
Tc-99 3.58E+02 5.26E+02 l.43E+02 O.OOE+OO 6.68E+03 l.39E+06 6.39E+04 
Tc-101 5.92E-05 8.40E-05 8.24E-04 O.OOE+OO 1.52E-03 6.67E+02 8.72E-07 
Ru-103 2.10E+03 O.OOE+OO 8.96E+02 O.OOE+OO 7.43E+03 7.83E+05 l.09E+05 
Ru-105 l.12E+OO O.OOE+OO 4.34E-Ol O.OOE+OO l.41E+OO l.82E+04 9.04E+04 
Ru-106 9.84E+04 O.OOE+OO l.24E+04 O.OOE+OO l.90E+05 1.61E+07 9.60E+05 
Rh-105 1.06E+Ol 7.58E+OO 4.99E+OO O.OOE+OO 3.23E+Ol 3.27E+04 9.84E+04 
A -llOm l.38E+04 l.31E+04 7.99E+03 O.OOE+OO 2.50E+04 6.75E+06 2.73E+05 
Sn-113 2.81E+04 l.24E+04 9.48E+04 6.52E+03 6.52E+03 6.81E+03 7.41E+04 
Sn-117m 2.73E+04 l.87E+03 9.19E+04 8.59E+02 9.19E+02 7.11E+05 6.22E+04 
Sb-122 2.01E+03 l.84E+03 3.85E+04 7.41E+02 9.48E+02 l.99E+05 l.39E+05 
Sb-124 4.30E+04 7.94E+02 1.68E+04 9.76E+Ol O.OOE+OO 3.85E+06 3.98E+05 
Sb-125 7.38E+04 8.08E+02 1.72E+04 7.04E+Ol O.OOE+OO 2.74E+06 9.92E+04 
Te-125m 4.88E+03 2.24E+03 6.67E+02 l.40E+03 O.OOE+OO 5.36E+05 7.50E+04 
Te-127m 1.80E+04 8.16E+03 2.18E+03 4.38E+03 6.54E+04 l.66E+06 1.59E+05 
Te-127 2.0lE+OO 9.12E-01 4.42E-01 1.42E+OO 7.28E+OO 1.12E+04 8.08E+04 
Te-129m l.39E+04 6.58E+03 2.25E+03 4.58E+03 5.19E+04 l.98E+06 4.05E+05 
Te-129 7.lOE-02 3.38E-02 1.76E-02 5.18E-02 2.66E-01 3.30E+03 1.62E+03 
Te-131m 9.84E+Ol 6.0lE+Ol 4.02E+Ol 7.25E+Ol 4.39E+02 2.38E+05 6.21E+05 
Te-131 1.58E-02 8.32E-03 5.04E-03 l.24E-02 6.18E-02 2.34E+03 l.51E+Ol 
Te-132 3.60E+02 2.90E+02 2.19E+02 2.46E+02 1.95E+03 4.49E+05 4.63E+05 
1-130 6.24E+03 1.79E+04 7.l 7E+03 l.49E+06 2.75E+04 O.OOE+OO 9.12E+03 
1-131 3.54E+04 4.91E+04 2.64E+04 1.46E+07 8.40E+04 O.OOE+OO 6.49E+03 
1-132 l.59E+03 4.38E+03 1.58E+03 1.51E+05 6.92E+03 O.OOE+OO 1.27E+03 
1-133 1.22E+04 2.05E+04 6.22E+03 2.92E+06 3.59E+04 O.OOE+OO l.03E+04 
1-134 8.88E+02 2.32E+03 8.40E+02 3.95E+04 3.66E+03 O.OOE+OO 2.04E+Ol 
1-135 3.70E+03 9.44E+03 3.49E+03 6.21E+05 1.49E+04 O.OOE+OO 6.95E+03 
Cs-134 5.02E+05 l.13E+06 5.49E+05 O.OOE+OO 3.75E+05 1.46E+05 9.76E+03 
Cs-134m l.76E+02 3.48E+02 l.88E+02 O.OOE+OO 2.03E+02 3.65E+Ol 1.62E+02 
Cs-136 5.15E+04 1.94E+05 l.37E+05 O.OOE+OO l.10E+05 l.78E+04 l.09E+04 
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Cs-137 6.70E+05 8.48E+05 3.l 1E+05 O.OOE+OO 3.04E+05 1.21E+05 8.48E+03 
Cs-138 4.66E+02 8.56E+02 4.46E+02 O.OOE+OO 6.62E+02 7.87E+Ol 2.70E-01 
Ba-139 l.34E+OO 9.44E-04 3.90E-02 O.OOE+OO 8.88E-04 6.46E+03 6.45E+03 
Ba-140 5.47E+04 6.70E+Ol 3.52E+03 O.OOE+OO 2.28E+Ol 2.03E+06 2.29E+05 
Ba-141 1.42E-Ol 1.06E-04 4.74E-03 O.OOE+OO 9.84E-05 3.29E+03 7.46E-04 
Ba-142 3.70E-02 3.70E-05 2.27E-03 O.OOE+OO 3.14E-05 1.91E+03 4.79E-10 
La-140 4.79E+02 2.36E+02 6.26E+Ol O.OOE+OO O.OOE+OO 2.14E+05 4.87E+05 
La-142 9.60E-01 4.25E-01 1.06E-01 O.OOE+OO O.OOE+OO 1.02E+04 1.20E+04 
Ce-141 2.84E+04 1.90E+04 2.17E+03 O.OOE+OO 8.88E+03 6.14E+05 1.26E+05 
Ce-143 2.66E+02 1.94E+02 2.16E+Ol O.OOE+OO 8.64E+Ol 1.30E+05 2.55E+05 
Ce-144 4.89E+06 2.02E+06 2.62E+05 O.OOE+OO 1.21E+06 l.34E+07 8.64E+05 
Pr-143 1.34E+04 5.31E+03 6.62E+02 O.OOE+OO 3.09E+03 4.83E+05 2.14E+05 
Pr-144 4.30E-02 1.76E-02 2.18E-03 O.OOE+OO 1.0lE-02 1.75E+03 2.35E-04 
Nd-147 7.86E+03 8.56E+03 5.13E+02 O.OOE+OO 5.02E+03 3.72E+05 1.82E+05 
Eu-152 2.37E+06 5.75E+05 5.04E+05 O.OOE+OO 2.67E+06 4.01E+06 1.08E+05 
W-187 1.20E+Ol 9.76E+OO 3.43E+OO O.OOE+OO O.OOE+OO 4.74E+04 1.77E+05 
U-235 1.14E+08 O.OOE+OO 6.94E+06 O.OOE+OO 2.67E+07 6.75E+08 4.10E+05 
U-238 1.09E+08 O.OOE+OO 6.48E+06 O.OOE+OO 2.50E+07 6.31E+08 2.90E+05 
N -239 3.38E+02 3.19E+Ol 1.77E+Ol O.OOE+OO l.OOE+02 6.49E+04 1.32E+05 
Am-241 8.48E+09 3.26E+09 5.68E+08 O.OOE+OO 4.26E+09 8.40E+08 3.90E+05 
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H-3 O.OOE+OO 6.40E+02 6.40E+02 6.40E+02 6.40E+02 6.40E+02 6.40E+02 
C-14 3.59E+04 6.73E+03 6.73E+03 6.73E+03 6.73E+03 6.73E+03 6.73E+03 
F-18 6.96E+03 O.OOE+OO 6.85E+02 O.OOE+OO O.OOE+OO O.OOE+OO 1.25E+03 
Na-22 l.63E+05 l.63E+05 l.63E+05 l.63E+05 l.63E+05 l.63E+05 l.63E+05 
Na-24 l.61E+04 l.61E+04 l.61E+04 l.61E+04 1.61E+04 l.61E+04 l.61E+04 
Sc-46 · 7.29E+05 9.99E+05 3.85E+05 O.OOE+OO 8.84E+05 O.OOE+OO 9.07E+04 

P-32 2.60E+06 l.14E+05 9.88E+04 O.OOE+OO O.OOE+OO O.OOE+OO 4.22E+04 
Cr-51 O.OOE+OO O.OOE+OO l.54E+02 8.55E+Ol 2.43E+Ol l.70E+04 l.08E+03 
Mn-54 O.OOE+OO 4.29E+04 9.51E+03 O.OOE+OO l.OOE+04 l.58E+06 2.29E+04 
Mn-56 O.OOE+OO l.66E+OO 3.12E-01 O.OOE+OO l.67E+OO l.31E+04 l.23E+05 
Fe-55 4.74E+04 2.52E+04 7.77E+03 O.OOE+OO O.OOE+OO l.11E+05 2.87E+03 
Fe-59 2.07E+04 3.34E+04 l.67E+04 O.OOE+OO O.OOE+OO 1.27E+06 7.07E+04 
Co-57 O.OOE+OO 9.03E+02 1.07E+03 O.OOE+OO O.OOE+OO 5.07E+05 1.32E+04 
Co-58 O.OOE+OO 1.77E+03 3.16E+03 O.OOE+OO O.OOE+OO l.11E+06 3.44E+04 
Co-60 O.OOE+OO 1.31E+04 2.26E+04 O.OOE+OO O.OOE+OO 7.07E+06 9.62E+04 
Ni-63 8.21E+05 4.63E+04 2.80E+04 O.OOE+OO O.OOE+OO 2.75E+05 6.33E+03 
Ni-65 2.99E+OO 2.96E-01 1.64E-01 O.OOE+OO O.OOE+OO 8.18E+03 8.40E+04 
Cu-64 O.OOE+OO 1.99E+OO 1.07E+OO O.OOE+OO 6.03E+OO 9.58E+03 3.67E+04 
Zn-65 4.26E+04 l.13E+05 7.03E+04 O.OOE+OO 7.14E+04 9.95E+05 1.63E+04 
Zn-69m 1.58E+Ol 2.69E+Ol 3.18E+OO O.OOE+OO 1.56E+Ol 2.72E+04 l.OOE+05 

Zn-69 6.70E-02 9.66E-02 8.92E-03 O.OOE+OO 5.85E-02 1.42E+03 l.02E+04 
As-76 1.64E+03 4.l 1E+03 3.01E+04 1.51E+03 4.11E+03 9.32E+04 1.64E+05 
Br-82 O.OOE+OO O.OOE+OO 2.09E+04 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Br-83 O.OOE+OO O.OOE+OO 4.74E+02 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Br-84 O.OOE+OO O.OOE+OO 5.48E+05 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Br-85 O.OOE+OO O.OOE+OO 2.53E+Ol O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Rb-86 O.OOE+OO 1.98E+05 l.14E+05 O.OOE+OO O.OOE+OO O.OOE+OO 7.99E+03 
Rb-88 O.OOE+OO 5.62E+02 3.66E+02 O.OOE+OO O.OOE+OO O.OOE+OO 1.72E+Ol 
Rb-89 O.OOE+OO 3.45E+02 2.90E+02 O.OOE+OO O.OOE+OO O.OOE+OO l.89E+OO 
Sr-89 5.99E+05 O.OOE+OO l.72E+04 O.OOE+OO O.OOE+OO 2.16E+06 1.67E+05 
Sr-90 3.85E+07 O.OOE+OO 7.66E+05 O.OOE+OO O.OOE+OO 1.48E+07 3.43E+05 
Sr-91 1.21E+02 O.OOE+OO 4.59E+OO O.OOE+OO O.OOE+OO 5.33E+04 l.74E+05 
Sr-92 l.31E+Ol O.OOE+OO 5.25E-Ol O.OOE+OO O.OOE+OO 2.40E+04 2.42E+05 
Y-90 4.l 1E+03 O.OOE+OO l.11E+02 O.OOE+OO O.OOE+OO 2.62E+05 2.68E+05 
Y-91m 5.07E-01 O.OOE+OO 1.84E-02 O.OOE+OO O.OOE+OO 2.81E+03 l.72E+03 
Y-91 9.14E+05 O.OOE+OO 2.44E+04 O.OOE+OO O.OOE+OO 2.63E+06 1.84E+05 
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Y-92 2.04E+Ol O.OOE+OO 5.81E-Ol O.OOE+OO O.OOE+OO 2.39E+04 2.39E+05 

Y-93 1.86E+02 O.OOE+OO 5.1 lE+OO O.OOE+OO O.OOE+OO 7.44E+04 3.89E+05 

Zr-95 1.90E+05 4.18E+04 3.70E+04 O.OOE+OO 5.96E+04 2.23E+06 6.11E+04 

Zr-97 1.88E+02 2.72E+Ol 1.60E+Ol O.OOE+OO 3.89E+Ol 1.13E+05 3.51E+05 

Nb-95 2.35E+04 9.18E+03 6.55E+03 O.OOE+OO 8.62E+03 6.14E+05 3.70E+04 

Nb-97 4.29E-01 7.70E-02 3.60E-02 O.OOE+OO 8.55E-02 3.42E+03 2.78E+04 

Mo-99 O.OOE+OO 1.72E+02 4.26E+Ol O.OOE+OO 3.92E+02 1.35E+05 1.27E+05 

Tc-99m 1.78E-03 3.48E-03 5.77E-02 O.OOE+OO 5.07E-02 9.51E+02 4.81E+03 

Tc-99 4.96E+02 5.51E+02 1.98E+02 O.OOE+OO 6.48E+03 l.25E+06 2.87E+04 

Tc-101 8.lOE-05 8.51E-05 1.08E-03 O.OOE+OO 1.45E-03 5.85E+02 1.63E+Ol 

Ru-103 2.79E+03 O.OOE+OO 1.07E+03 O.OOE+OO 7.03E+03 6.62E+05 4.48E+04 

Ru-105 1.53E+OO O.OOE+OO 5.55E-Ol O.OOE+OO l.34E+OO 1.59E+04 9.95E+04 

Ru-106 l.36E+05 O.OOE+OO 1.69E+04 O.OOE+OO 1.84E+05 1.43E+07 4.29E+05 

Rh-105 1.45E+Ol 7.77E+OO 6.62E+OO O.OOE+OO 3.lOE+Ol 2.89E+04 4.92E+04 

Ag-1 lOm 1.69E+04 1.14E+04 9.14E+03 O.OOE+OO 2.12E+04 5.48E+06 1.00E+05 

Sn-113 3.56E+04 1.18E+04 7.95E+04 7.67E+03 6.99E+03 5.21E+05 1.12E+05 

Sn-117m 4.11E+04 1.78E+03 6.30E+04 1.04E+03 1.06E+03 4.39E+05 9.87E+04 

Sb-122 2.60E+03 2.06E+03 3.84E+04 8.63E+02 1.11E+03 l.37E+05 2.33E+05 

Sb-124 5.74E+04 7.40E+02 2.00E+04 1.26E+02 O.OOE+OO 3.24E+06 1.64E+05 

Sb-125 9.84E+04 7.59E+02 2.07E+04 9.lOE+Ol O.OOE+OO 2.32E+06 4.03E+04 

Te-125m 6.73E+03 2.33E+03 9.14E+02 1.92E+03 O.OOE+OO 4.77E+05 3.38E+04 

Te-127m 2.49E+04 8.55E+03 3.03E+03 6.07E+03 6.36E+04 1.48E+06 7.14E+04 

Te-127 2.77E+OO 9.51E-01 6.1 lE-01 1.96E+OO 7.07E+OO 1.00E+04 5.62E+04 

Te-129m 1.92E+04 6.85E+03 3.04E+03 6.33E+03 5.03E+04 1.76E+06 l.82E+05 

Te-129 9.77E-02 3.50E-02 2.38E-02 7.14E-02 2.57E-01 2.93E+03 2.55E+04 

Te-13lm l.34E+02 5.92E+Ol 5.07E+Ol 9.77E+Ol 4.00E+02 2.06E+05 3.08E+05 

Te-131 2.17E-02 8.44E-03 6.59E-03 l.70E-02 5.88E-02 2.05E+03 l.33E+03 

Te-132 4.81E+02 2.72E+02 2.63E+02 3.17E+02 1.77E+03 3.77E+05 1.38E+05 

I-130 8.18E+03 1.64E+04 8.44E+03 l.85E+06 2.45E+04 O.OOE+OO 5.11E+03 

I-131 4.81E+04 4.81E+04 2.73E+04 1.62E+07 7.88E+04 O.OOE+OO 2.84E+03 

I-132 2.12E+03 4.07E+03 l.88E+03 l.94E+05 6.25E+03 O.OOE+OO 3.20E+03 

I-133 1.66E+04 2.03E+04 7.70E+03 3.85E+06 3.38E+04 O.OOE+OO 5.48E+03 

I-134 l.l 7E+03 2.16E+03 9.95E+02 5.07E+04 3.30E+03 O.OOE+OO 9.55E+02 

I-135 4.92E+03 8.73E+03 4.14E+03 7.92E+05 1.34E+04 O.OOE+OO 4.44E+03 

Cs-134 6.51E+05 1.01E+06 2.25E+05 O.OOE+OO 3.30E+05 1.21E+05 3.85E+03 

Cs-134m 2.34E+02 3.30E+02 2.26E+02 O.OOE+OO l.83E+02 3.09E+Ol 2.93E+02 

Cs-136 6.51E+04 1.71E+05 1.16E+05 O.OOE+OO 9.55E+04 l.45E+04 4.18E+03 
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Cs-137 9.07E+05 8.25E+05 l.28E+05 O.OOE+OO 2.82E+05 1.04E+05 3.62E+03 

Cs-138 6.33E+02 8.40E+02 5.55E+02 O.OOE+OO 6.22E+02 6.81E+Ol 2.70E+02 

Ba-139 l.84E+OO 9.84E-04 5.37E-02 O.OOE+OO 8.62E-04 5.77E+03 5.77E+04 

Ba-140 7.40E+04 6.48E+Ol 4.33E+03 O.OOE+OO 2.llE+Ol l.74E+06 l.02E+05 

Ba-141 l.96E-01 l.09E-04 6.36E-03 O.OOE+OO 9.47E-05 2.92E+03 2.75E+02 

Ba-142 5.00E-02 3.60E-05 2.79E-03 O.OOE+OO 2.91E-05 l.64E+03 2.74E+OO 

La-140 6.44E+02 2.25E+02 7.55E+Ol O.OOE+OO O.OOE+OO l.83E+05 2.26E+05 

La-142 1.30E+OO 4.llE-01 l.29E-01 O.OOE+OO O.OOE+OO 8.70E+03 7.59E+04 

Ce-141 3.92E+04 l.95E+04 2.90E+03 O.OOE+OO 8.55E+03 5.44E+05 5.66E+04 

Ce-143 3.66E+02 l.99E+02 2.87E+Ol O.OOE+OO 8.36E+Ol l.15E+05 l.27E+05 

Ce-144 6.77E+06 2.12E+06 3.61E+05 O.OOE+OO l.17E+06 1.20E+07 3.89E+05 

Pr-143 l.85E+04 5.55E+03 9.14E+02 O.OOE+OO 3.00E+03 4.33E+05 9.73E+04 

Pr-144 5.96E-02 l.85E-02 3.00E-03 O.OOE+OO 9.77E-03 l.57E+03 l.97E+02 

Nd-147 l.08E+04 8.73E+03 6.81E+02 O.OOE+OO 4.81E+03 3.28E+05 8.21E+04 

Eu-152 2.75E+06 5.07E+05 5.96E+05 O.OOE+OO 2.12E+06 3.33E+06 4.22E+04 

W-187 l.63E+Ol 9.66E+OO 4.33E+OO O.OOE+OO O.OOE+OO 4.11E+04 9.IOE+04 

U-235 1.58E+08 O.OOE+OO 9.58E+06 O.OOE+OO 2.59E+07 6.03E+08 l.84E+05 

U-238 l.51E+08 O.OOE+OO 8.95E+06 O.OOE+OO 2.42E+07 5.66E+08 l.30E+05 

Np-239 4.66E+02 3.34E+Ol 2.35E+Ol O.OOE+OO 9.73E+Ol 5.81E+04 6.40E+04 

Am-241 6.44E+09 2.90E+09 4.59E+08 O.OOE+OO 2.82E+09 7.47E+08 l.75E+05 

Page 76 of278 REFERENCE USE 



POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

TABLE 10-7 

ODCM 
Revision 22 

R;o, INHALATION PATHWAY DOSE FACTORS-INFANT 

H-3 O.OOE+OO 3.68E+02 3.68E+02 3.69E+02 3.68E+02 3.68E+02 3.68E+02 
C-14 2.65E+04 5.31E+03 5.31E+03 5.31E+03 5.31E+03 5.31E+03 5.31E+03 

F-18 5.49E+03 O.OOE+OO 4.66E+02 O.OOE+OO O.OOE+OO O.OOE+OO 8.54E+02 
Na-22 l.03E+05 l.03E+05 l.03E+05 1.03E+05 1.03E+05 l.03E+05 l.03E+05 

Na-24 1.06E+04 1.06E+04 1.06E+04 1.06E+04 1.06E+04 1.06E+04 1.06E+04 
Sc-46 5.25E+05 7.57E+05 2.37E+05 O.OOE+OO 4.98E+05 O.OOE+OO 3.07E+04 

P-32 2.03E+06 1.12E+05 7.74E+04 O.OOE+OO O.OOE+OO O.OOE+OO 1.61E+04 
Cr-51 O.OOE+OO O.OOE+OO 8.92E+Ol 5.75E+Ol 1.32E+Ol l.28E+04 3.57E+02 
Mn-54 O.OOE+OO 2.53E+04 4.98E+03 O.OOE+OO 4.98E+03 1.00E+06 7.06E+03 
Mn-56 O.OOE+OO 1.54E+OO 2.21E-01 O.OOE+OO 1.lOE+OO 1.25E+04 7.17E+04 

Fe-55 1.97E+04 1.17E+04 3.33E+03 O.OOE+OO O.OOE+OO 8.69E+04 l.09E+03 

Fe-59 1.36E+04 2.35E+04 9.48E+03 O.OOE+OO O.OOE+OO 1.02E+06 2.48E+04 
Co-57 O.OOE+OO 6.51E+02 6.41E+02 O.OOE+OO O.OOE+OO 3.79E+05 4.86E+03 
Co-58 O.OOE+OO 1.22E+03 1.82E+03 O.OOE+OO O.OOE+OO 7.77E+05 1.11E+04 
Co-60 O.OOE+OO 8.02E+03 l.18E+04 O.OOE+OO O.OOE+OO 4.51E+06 3.19E+04 
Ni-63 3.39E+05 2.04E+04 1.16E+04 O.OOE+OO O.OOE+OO 2.09E+05 2.42E+03 

Ni-65 2.39E+OO 2.84E-Ol l.23E-01 O.OOE+OO O.OOE+OO 8.12E+03 5.01E+04 
Cu-64 O.OOE+OO l.88E+OO 7.74E-01 O.OOE+OO 3.98E+OO 9.30E+03 l.50E+04 
Zn-65 1.93E+04 6.26E+04 3.11E+04 O.OOE+OO 3.25E+04 6.47E+05 5.14E+04 
Zn-69m l.26E+Ol 2.58E+Ol 2.34E+OO O.OOE+OO l.04E+Ol 2.67E+04 4.09E+04 
Zn-69 5.39E-02 9.67E-02 7. l 8E-03 O.OOE+OO 4.02E-02 1.47E+03 l.32E+04 
As-76 3.58E+03 9.33E+03 2.64E+04 3.58E+03 9.33E+03 7.78E+04 9.85E+04 
Br-82 O.OOE+OO O.OOE+OO 1.33E+04 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Br-83 O.OOE+OO O.OOE+OO 3.81E+02 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Br-84 O.OOE+OO O.OOE+OO 4.00E+02 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Br-85 O.OOE+OO O.OOE+OO 2.04E+Ol O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Rb-86 O.OOE+OO 1.90E+05 8.82E+04 O.OOE+OO O.OOE+OO O.OOE+OO 3.04E+03 
Rb-88 O.OOE+OO 5.57E+02 2.87E+02 O.OOE+OO O.OOE+OO O.OOE+OO 3.39E+02 
Rb-89 O.OOE+OO 3.21E+02 2.06E+02 O.OOE+OO O.OOE+OO O.OOE+OO 6.82E+Ol 
Sr-89 3.98E+05 O.OOE+OO 1.14E+04 O.OOE+OO O.OOE+OO 2.03E+06 6.40E+04 
Sr-90 1.55E+07 O.OOE+OO 3.12E+05 O.OOE+OO O.OOE+OO 1.12E+07 l.31E+05 
Sr-91 9.56E+Ol O.OOE+OO 3.46E+OO O.OOE+OO O.OOE+OO 5.26E+04 7.34E+04 
Sr-92 1.05E+Ol O.OOE+OO 3.91E-Ol O.OOE+OO O.OOE+OO 2.38E+04 1.40E+05 
Y-90 3.29E+03 O.OOE+OO 8.82E+Ol O.OOE+OO O.OOE+OO 2.69E+05 l.04E+05 

Y-9lm 4.07E-01 O.OOE+OO 1.39E-02 O.OOE+OO O.OOE+OO 2.79E+03 2.35E+03 
Y-91 5.88E+05 O.OOE+OO 1.57E+04 O.OOE+OO O.OOE+OO 2.45E+06 7.03E+04 
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Y-92 l.64E+Ol O.OOE+OO 4.61E-01 O.OOE+OO O.OOE+OO 2.45E+04 l.27E+05 

Y-93 l.50E+02 O.OOE+OO 4.07E+OO O.OOE+OO O.OOE+OO 7.64E+04 l.67E+05 

Zr-95 1.15E+05 2.79E+04 2.03E+04 O.OOE+OO 3.11E+04 l.75E+06 2.17E+04 

Zr-97 1.50E+02 2.56E+Ol 1.17E+Ol O.OOE+OO 2.59E+Ol 1.10E+05 l.40E+05 

Nb-95 l.57E+04 6.43E+03 3.78E+03 O.OOE+OO 4.72E+03 4.79E+05 l.27E+04 

Nb-97 3.42E-01 7.29E-02 2.63E-02 O.OOE+OO 5.70E-02 3.32E+03 2.69E+04 

Mo-99 O.OOE+OO l.65E+02 3.23E+Ol O.OOE+OO 2.65E+02 1.35E+05 4.87E+04 

Tc-99m 1.40E-03 2.88E-03 3.72E-02 O.OOE+OO 3.l lE-02 8.11E+02 2.03E+03 

Tc-99 2.93E+02 3.75E+02 l.24E+02 O.OOE+OO 3.49E+03 9.48E+05 l.09E+04 

Tc-101 6.51E-05 8.23E-05 8.12E-04 O.OOE+OO 9.79E-04 5.84E+02 8.44E+02 

Ru-103 2.02E+03 O.OOE+OO 6.79E+02 O.OOE+OO 4.24E+03 5.52E+05 l.61E+04 

Ru-105 l.22E+OO O.OOE+OO 4.lOE-01 O.OOE+OO 8.99E-01 1.57E+04 4.84E+04 

Ru-106 8.68E+04 O.OOE+OO l.09E+04 O.OOE+OO l.07E+05 1.16E+07 l.64E+05 

Rh-105 1.16E+Ol 7.57E+OO 5.08E+OO O.OOE+OO 2.lOE+Ol 2.91E+04 l.92E+04 

Ag-llOm 9.98E+03 7.22E+03 5.00E+03 O.OOE+OO l.09E+04 3.67E+06 3.30E+04 

Sn-113 2.80E+04 9.33E+03 6.74E+04 6.22E+03 6.22E+03 3.99E+05 1.45E+05 

Sn-117m 3.27E+04 1.66E+03 5.19E+04 9.85E+02 l.09E+03 3.32E+05 1.35E+05 

Sb-122 2.39E+03 2.13E+03 4.30E+04 8.30E+02 1.14E+03 1.14E+05 3.16E+05 

Sb-124 3.79E+04 5.56E+02 l.20E+04 l.01E+02 O.OOE+OO 2.65E+06 5.91E+04 

Sb-125 5.l 7E+04 4.77E+02 l.09E+04 6.23E+Ol O.OOE+OO l.64E+06 1.47E+04 

Te-125m 4.76E+03 1.99E+03 6.58E+02 l.62E+03 O.OOE+OO 4.47E+05 l.29E+04 

Te-127m l.67E+04 6.90E+03 2.07E+03 4.87E+03 3.75E+04 l.31E+06 2.73E+04 

Te-127 2.23E+OO 9.53E-01 4.89E-01 l.85E+OO 4.86E+OO l.03E+04 2.44E+04 

Te-129m 1.41E+04 6.09E+03 2.23E+03 5.47E+03 3.18E+04 l.68E+06 6.90E+04 

Te-129 7.88E-02 3.47E-02 1.88E-02 6.75E-02 l.75E-01 3.00E+03 2.63E+04 

Te-13lm l.07E+02 5.50E+Ol 3.63E+Ol 8.93E+Ol 2.65E+02 l.99E+05 1.19E+05 

Te-131 l.74E-02 8.22E-03 5.00E-03 l.58E-02 3.99E-02 2.06E+03 8.22E+03 

Te-132 3.72E+02 2.37E+02 l.76E+02 2.79E+02 l.03E+03 3.40E+05 4.41E+04 

1-130 6.36E+03 1.39E+04 5.57E+03 l.60E+06 l.53E+04 O.OOE+OO l.99E+03 

1-131 3.79E+04 4.44E+04 l.96E+04 l.48E+07 5.18E+04 O.OOE+OO l.06E+03 

1-132 l.69E+03 3.54E+03 l.26E+03 l.69E+05 3.95E+03 O.OOE+OO l.90E+03 

1-133 l.32E+04 l.92E+04 5.60E+03 3.56E+06 2.24E+04 O.OOE+OO 2.16E+03 

1-134 9.21E+02 l.88E+03 6.65E+02 4.45E+04 2.09E+03 O.OOE+OO l.29E+03 

1-135 3.86E+03 7.60E+03 2.77E+03 6.96E+05 8.47E+03 O.OOE+OO l.83E+03 

Cs-134 3.96E+05 7.03E+05 7.45E+04 O.OOE+OO 1.90E+05 7.97E+04 l.33E+03 

Cs-134m l.85E+02 2.94E+02 l.55E+02 O.OOE+OO 1.19E+02 2.80E+Ol l.62E+02 

Cs-136 4.83E+04 1.35E+05 5.29E+04 O.OOE+OO 5.64E+04 1.18E+04 l.43E+03 

Page 78 of278 REFERENCE USE 



POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

TABLE 10-7 

ODCM 
Revision 22 

R;o, INHALATION PATHWAY DOSE FACTORS - INF ANT 

Cs-137 5.49E+05 6.12E+05 4.55E+04 O.OOE+OO l.72E+05 7.13E+04 l.33E+03 

Cs-138 5.05E+02 7.81E+02 3.98E+02 O.OOE+OO 4.10E+02 6.54E+Ol 8.76E+02 
Ba-139 1.48E+OO 9.84E-04 4.30E-02 O.OOE+OO 5.92E-04 5.95E+03 5.10E+04 

Ba-140 5.60E+04 5.60E+Ol 2.90E+03 O.OOE+OO l.34E+Ol l.60E+06 3.84E+04 

Ba-141 l.57E-01 l.08E-04 4.97E-03 O.OOE+OO 6.50E-05 2.97E+03 4.75E+03 
Ba-142 3.98E-02 3.30E-05 l.96E-03 O.OOE+OO 1.90E-05 l.55E+03 6.93E+02 

La-140 5.05E+02 2.00E+02 5.15E+Ol O.OOE+OO O.OOE+OO l.68E+05 8.48E+04 

La-142 l.03E+OO 3.77E-Ol 9.04E-02 O.OOE+OO O.OOE+OO 8.22E+03 5.95E+04 

Ce-141 2.77E+04 l.67E+04 l.99E+03 O.OOE+OO 5.25E+03 5.l 7E+05 2.16E+04 

Ce-143 2.93E+02 l.93E+02 2.21E+Ol O.OOE+OO 5.64E+Ol 1.16E+05 4.97E+04 

Ce-144 3.19E+06 l.21E+06 l.76E+05 O.OOE+OO 5.38E+05 9.84E+06 l.48E+05 

Pr-143 l.40E+04 5.24E+03 6.99E+02 O.OOE+OO l.97E+03 4.33E+05 3.72E+04 

Pr-144 4.79E-02 l.85E-02 2.41E-03 O.OOE+OO 6.72E-03 l.61E+03 4.28E+03 

Nd-147 7.94E+03 8.13E+03 5.00E+02 O.OOE+OO 3.15E+03 3.22E+05 3.12E+04 
Eu-152 l.10E+06 2.48E+05 2.41E+05 O.OOE+OO 8.32E+05 2.07E+06 l.38E+04 

W-187 l.30E+Ol 9.02E+OO 3.12E+OO O.OOE+OO O.OOE+OO 3.96E+04 3.56E+04 

U-235 7.01E+07 O.OOE+OO 4.93E+06 O.OOE+OO l.41E+07 4.59E+08 7.03E+04 

U-238 6.71E+07 O.OOE+OO 4.61E+06 O.OOE+OO l.32E+07 4.28E+08 4.96E+04 

Np-239 3.71E+02 3.32E+Ol l.88E+Ol O.OOE+OO 6.62E+Ol 5.95E+04 2.49E+04 

Am-241 2.58E+09 1.18E+09 l.83E+08 O.OOE+OO 1.11E+09 5.68E+08 6.69E+04 
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H-3 O.OOE+OO 6.33E+02 6.33E+02 6.33E+02 6.33E+02 6.33E+02 6.33E+02 
C-14 3.63E+05 7.26E+04 7.26E+04 7.26E+04 7.26E+04 7.26E+04 7.26E+04 

F-18 l.16E-03 O.OOE+OO l.28E-04 O.OOE+OO O.OOE+OO O.OOE+OO 3.43E-05 

Na-22 4.18E+09 4.18E+09 4.18E+09 4.18E+09 4.18E+09 4.18E+09 4.18E+09 
Na-24 6.05E+05 6.05E+05 6.05E+05 6.05E+05 6.05E+05 6.05E+05 6.05E+05 

Sc-46 8.96E+Ol l.74E+02 5.06E+Ol O.OOE+OO l.62E+02 O.OOE+OO 8.47E+05 

P-32 4.34E+09 2.70E+08 1.68E+08 O.OOE+OO O.OOE+OO O.OOE+OO 4.88E+08 
Cr-51 O.OOE+OO O.OOE+OO 8.39E+03 5.02E+03 l.85E+03 l.11E+04 2.11E+06 

Mn-54 O.OOE+OO 5.80E+06 l.11E+06 O.OOE+OO l.73E+06 O.OOE+OO l.78E+07 

Mn-56 O.OOE+OO l.05E-03 l.86E-04 O.OOE+OO 1.33E-03 O.OOE+OO 3.35E-02 
Fe-55 l.87E+07 1.29E+07 3.01E+06 O.OOE+OO O.OOE+OO 7.20E+06 7.40E+06 
Fe-59 l.11E+07 2.60E+07 9.97E+06 O.OOE+OO O.OOE+OO 7.27E+06 8.67E+07 

Co-57 O.OOE+OO 8.59E+05 l.43E+06 O.OOE+OO O.OOE+OO O.OOE+OO 2.18E+07 
Co-58 O.OOE+OO 2.20E+06 4.93E+06 O.OOE+OO O.OOE+OO O.OOE+OO 4.46E+07 

Co-60 O.OOE+OO l.27E+07 2.80E+07 O.OOE+OO O.OOE+OO O.OOE+OO 2.38E+08 
Ni-63 5.68E+09 3.94E+08 l.90E+08 O.OOE+OO O.OOE+OO O.OOE+OO 8.21E+07 

Ni-65 9.23E-02 l.20E-02 5.47E-03 O.OOE+OO O.OOE+OO O.OOE+OO 3.04E-01 

Cu-64 O.OOE+OO 5.99E+03 2.81E+03 O.OOE+OO l.51E+04 O.OOE+OO 5.10E+05 
Zn-65 l.03E+09 3.26E+09 l.47E+09 O.OOE+OO 2.18E+09 O.OOE+OO 2.05E+09 

Zn-69m 4.52E+04 l.08E+05 9.91E+03 O.OOE+OO 6.56E+04 O.OOE+OO 6.62E+06 

Zn-69 7.14E-13 1.36E-12 9.49E-14 O.OOE+OO 8.87E-13 O.OOE+OO 2.05E-13 
As-76 9.68E+04 2.82E+05 1.41E+06 8.45E+04 3.43E+05 8.80E+04 l.23E+07 
Br-82 O.OOE+OO O.OOE+OO 8.19E+06 O.OOE+OO O.OOE+OO O.OOE+OO 9.38E+06 
Br-83 O.OOE+OO O.OOE+OO 2.66E-02 O.OOE+OO O.OOE+OO O.OOE+OO 3.83E-02 
Br-84 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Br-85 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Rb-86 O.OOE+OO 6.67E+08 3.11E+08 O.OOE+OO O.OOE+OO O.OOE+OO l.32E+08 
Rb-88 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Rb-89 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Sr-89 5.78E+08 O.OOE+OO l.66E+07 O.OOE+OO O.OOE+OO O.OOE+OO 9.27E+07 

Sr-90 4.45E+10 O.OOE+OO 8.93E+08 O.OOE+OO O.OOE+OO O.OOE+OO l.52E+09 
Sr-91 7.26E+03 O.OOE+OO 2.93E+02 O.OOE+OO O.OOE+OO O.OOE+OO 3.46E+04 

Sr-92 l.24E-01 O.OOE+OO 5.36E-03 O.OOE+OO O.OOE+OO O.OOE+OO 2.45E+OO 

Y-90 l.77E+Ol O.OOE+OO 4.75E-Ol O.OOE+OO O.OOE+OO O.OOE+OO l.88E+05 
Y-91m 1.55E-20 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 4.56E-20 

Y-91 3.67E+03 O.OOE+OO 9.82E+Ol O.OOE+OO O.OOE+OO O.OOE+OO 2.02E+06 
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Y-92 1.41E-05 O.OOE+OO 4.12E-07 O.OOE+OO O.OOE+OO O.OOE+OO 2.47E-01 

Y-93 5.85E-02 O.OOE+OO 1.61E-03 O.OOE+OO O.OOE+OO O.OOE+OO l.85E+03 
Zr~95 4.21E+02 1.35E+02 9.13E+Ol O.OOE+OO 2.12E+02 O.OOE+OO 4.28E+05 
Zr-97 1.07E-01 2.15E-02 9.84E-03 O.OOE+OO 3.25E-02 O.OOE+OO 6.67E+03 

Nb-95 2.72E+04 1.51E+04 8.12E+03 O.OOE+OO 1.49E+04 O.OOE+OO 9.17E+07 
Nb-97 1.64E-12 4.16E-13 1.52E-13 O.OOE+OO 4.85E-13 O.OOE+OO 1.53E-09 
Mo-99 O.OOE+OO 6.20E+06 1.18E+06 O.OOE+OO 1.40E+07 O.OOE+OO 1.44E+07 
Tc-99m 8.30E-01 2.34E+OO 2.99E+Ol O.OOE+OO 3.56E+Ol 1.15E+OO 1.39E+03 

Tc-99 4.26E+07 6.33E+07 1.71E+07 O.OOE+OO 7.97E+08 5.38E+06 2.07E+09 
Tc-101 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Ru-103 3.57E+02 O.OOE+OO l.54E+02 O.OOE+OO l.36E+03 O.OOE+OO 4.16E+04 

Ru-105 2.16E-04 O.OOE+OO 8.54E-05 O.OOE+OO 2.79E-03 O.OOE+OO 1.32E-01 
Ru-106 1.45E+04 O.OOE+OO 1.84E+03 O.OOE+OO 2.81E+04 O.OOE+OO 9.42E+05 
Rh-105 l.05E+05 7.70E+04 5.07E+04 O.OOE+OO 3.27E+05 O.OOE+OO 1.23E+07 
Ag-1 lOm 4.05E+07 3.74E+07 2.22E+07 O.OOE+OO 7.36E+07 O.OOE+OO 1.53E+10 

Sn-113 9.13E+06 1.54E+06 2.56E+07 8.07E+05 2.11E+06 9.48E+05 2.81E+08 
Sn-117m 3.90E+06 1.33E+05 5.54E+06 2.65E+04 2.03E+05 4.21E+04 6.24E+07 

Sb-122 l.89E+05 l.04E+05 1.78E+06 2.20E+04 7.34E+04 2.83E+04 l.89E+07 
Sb-124 l.12E+07 2.11E+05 4.43E+06 2.71E+04 O.OOE+OO 8.69E+06 3.l 7E+08 
Sb-125 1.54E+07 l.72E+05 3.67E+06 l.57E+04 O.OOE+OO 1.19E+07 l.70E+08 
Te-125m 7.74E+06 2.80E+06 l.04E+06 2.33E+06 3.15E+07 O.OOE+OO 3.09E+07 

Te-127m 3.02E+07 1.08E+07 3.68E+06 7.71E+06 1.23E+08 O.OOE+OO 1.01E+08 
Te-127 1.71E+02 6.15E+Ol 3.70E+Ol 1.27E+02 6.97E+02 O.OOE+OO 1.35E+04 

Te-129m 2.08E+07 7.77E+06 3.30E+06 7.16E+06 8.70E+07 O.OOE+OO l.05E+08 
Te-129 7.44E-11 2.79E-11 1.81E-11 5.71E-11 3.13E-10 O.OOE+OO 5.61E-11 
Te-131m 1.07E+05 5.26E+04 4.38E+04 8.32E+04 5.32E+05 O.OOE+OO 5.22E+06 
Te-131 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Te-132 6.01E+05 3.89E+05 3.65E+05 4.29E+05 3.74E+06 O.OOE+OO l.84E+07 
1-130 5.27E+04 1.55E+05 6.13E+04 1.32E+07 2.42E+05 O.OOE+OO l.34E+05 
1-131 3.64E+07 5.20E+07 2.98E+07 1.70E+10 8.92E+07 O.OOE+OO 1.37E+07 
1-132 1.82E-02 4.88E-02 1.71E-02 1.71E+OO 7.77E-02 O.OOE+OO 9.16E-03 
1-133 4.85E+05 4.83E+05 2.57E+05 l.24E+08 1.47E+06 O.OOE+OO 7.58E+05 
1-134 2.63E-13 7.16E-13 2.56E-13 l.24E-11 1.14E-12 O.OOE+OO 6.24E-16 
1-135 1.56E+03 4.07E+03 1.50E+03 2.69E+05 6.53E+03 O.OOE+OO 4.60E+03 
Cs-134 4.19E+09 9.97E+09 8.15E+09 O.OOE+OO 3.23E+09 l.07E+09 1.74E+08 
Cs-134m 4.40E-02 9.25E-02 4.73E-02 O.OOE+OO 5.02E-02 7.91E-03 3.26E-02 
Cs-136 6.44E+07 2.54E+08 l.83E+08 O.OOE+OO 1.42E+08 1.94E+07 2.89E+07 
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Cs-137 5.94E+09 8.12E+09 5.32E+09 O.OOE+OO 2.76E+09 9.16E+08 l.57E+08 
Cs-138 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Ba-139 l.38E-08 9.86E-12 4.05E-10 O.OOE+OO 9.21E-12 5.89E-12 2.45E-08 
Ba-140 6.56E+06 8.23E+03 4.30E+05 O.OOE+OO 2.80E+03 4.71E+03 1.35E+07 
Ba-141 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Ba-142 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
La-140 1.1 lE+OO 5.70E-01 l.51E-01 O.OOE+OO O.OOE+OO O.OOE+OO 4.19E+04 
La-142 2.34E-12 l.06E-12 2.65E-13 O.OOE+OO O.OOE+OO O.OOE+OO 7.76E-09 
Ce-141 l.54E+03 l.04E+03 1.18E+02 O.OOE+OO 4.83E+02 O.OOE+OO 3.97E+06 
Ce-143 l.04E+Ol 7.71E+03 8.54E-01 O.OOE+OO 3.40E+OO O.OOE+OO 2.88E+05 
Ce-144 2.41E+05 l.01E+05 l.29E+04 O.OOE+OO 5.98E+04 O.OOE+OO 8.15E+07 
Pr-143 3.87E+Ol l.55E+Ol l.92E+OO O.OOE+OO 8.96E+OO O.OOE+OO l.70E+05 
Pr-144 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Nd-147 2.30E+Ol 2.66E+Ol l.59E+OO O.OOE+OO l.55E+Ol O.OOE+OO l.27E+05 
Eu-152 5.87E+03 l.32E+03 1.16E+03 O.OOE+OO 8.20E+03 O.OOE+OO 7.63E+05 
W-187 1.64E+03 l.37E+03 4.80E+02 O.OOE+OO O.OOE+OO O.OOE+OO 4.50E+05 
U-235 2.43E+09 O.OOE+OO l.47E+08 O.OOE+OO 5.66E+08 O.OOE+OO 2.36E+08 
U-238 2.32E+09 O.OOE+OO 1.37E+08 O.OOE+OO 5.30E+08 O.OOE+OO l.67E+08 

Np-239 9.19E-01 9.03E-02 4.98E-02 O.OOE+OO 2.82E-01 O.OOE+OO l.85E+04 
Am-241 2.45E+07 8.62E+06 l.62E+06 O.OOE+OO l.22E+07 O.OOE+OO 2.22E+06 
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H-3 O.OOE+OO 8.23E+02 8.23E+03 8.23E+03 8.23E+03 8.23E+03 8.23E+03 
C-14 6.70E+05 1.34E+05 l.34E+05 l.34E+05 l.34E+05 l.34E+05 l.34E+05 
F-18 2.07E-03 O.OOE+OO 2.26E-04 O.OOE+OO O.OOE+OO O.OOE+OO 1.86E-04 
Na-22 7.26E+09 7.26E+09 7.26E+09 7.26E+09 7.26E+09 7.26E+09 7.26E+09 
Na-24 l.06E+06 l.06E+06 l.06E+06 l.06E+06 l.06E+06 l.06E+06 l.06E+06 
Sc-46 l.52E+02 2.96E+02 8.77E+Ol O.OOE+OO 2.83E+02 O.OOE+OO l.01E+06 
P-32 8.02E+09 4.97E+08 3.11E+08 O.OOE+OO O.OOE+OO O.OOE+OO 6.74E+08 
Cr-51 O.OOE+OO O.OOE+OO l.47E+04 8.14E+03 3.21E+03 2.09E+04 2.46E+06 
Mn-54 O.OOE+OO 9.67E+06 l.92E+06 O.OOE+OO 2.88E+06 O.OOE+OO l.98E+07 
Mn-56 O.OOE+OO l.86E-03 3.31E-04 O.OOE+OO 2.36E-03 O.OOE+OO 1.23E-01 
Fe-55 3.31E+07 2.35E+07 5.48E+06 O.OOE+OO O.OOE+OO l.49E+07 l.02E+07 
Fe-59 l.93E+07 4.51E+07 l.74E+07 O.OOE+OO O.OOE+OO l.42E+07 l.07E+08 

Co-57 O.OOE+OO l.51E+06 2.53E+06 O.OOE+OO O.OOE+OO O.OOE+OO 2.81E+07 
Co-58 O.OOE+OO 3.71E+06 8.54E+06 O.OOE+OO O.OOE+OO O.OOE+OO 5.11E+07 
Co-60 O.OOE+OO 2.15E+07 4.84E+07 O.OOE+OO O.OOE+OO O.OOE+OO 2.80E+08 
Ni-63 9.98E+09 7.05E+08 3.38E+08 O.OOE+OO O.OOE+OO O.OOE+OO l.12E+08 
Ni-65 l.69E-01 2.16E-02 9.84E-03 O.OOE+OO O.OOE+OO O.OOE+OO l.17E+OO 
Cu-64 O.OOE+OO l.07E+04 5.02E+03 O.OOE+OO 2.70E+04 O.OOE+OO 8.27E+05 
Zn-65 l.57E+09 5.47E+09 2.55E+09 O.OOE+OO 3.50E+09 O.OOE+OO 2.31E+09 
Zn-69m 8.23E+04 l.94E+05 l.78E+04 O.OOE+OO l.18E+05 O.OOE+OO l.07E+07 
Zn-69 9.70E-13 l.85E-12 l.29E-13 O.OOE+OO l.21E-12 O.OOE+OO 3.41E-12 

As-76 1.48E+05 4.65E+05 2.27E+06 1.36E+05 5.45E+05 l.36E+05 2.04E+07 
Br-82 O.OOE+OO O.OOE+OO l.42E+07 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Br-83 O.OOE+OO O.OOE+OO 4.89E-02 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Br-84 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Br-85 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Rb-86 O.OOE+OO l.22E+09 5.71E+08 O.OOE+OO O.OOE+OO O.OOE+OO l.80E+08 
Rb-88 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Rb-89 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Sr-89 l.07E+09 O.OOE+OO 3.05E+07 O.OOE+OO O.OOE+OO O.OOE+OO l.27E+08 
Sr-90 6.72E+10 O.OOE+OO l.34E+09 O.OOE+OO O.OOE+OO O.OOE+OO 2.08E+09 
Sr-91 l.33E+04 O.OOE+OO 5.31E+02 O.OOE+OO O.OOE+OO O.OOE+OO 6.05E+04 
Sr-92 2.27E-01 O.OOE+OO 9.66E-03 O.OOE+OO O.OOE+OO O.OOE+OO 5.78E+OO 
Y-90 3.25E+Ol O.OOE+OO 8.77E-Ol O.OOE+OO O.OOE+OO O.OOE+OO 2.68E+05 
Y-91m 2.85E-20 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO l.34E-18 
Y-91 6.76E+03 O.OOE+OO l.81E+02 O.OOE+OO O.OOE+OO O.OOE+OO 2.77E+06 
Y-92 2.61E-05 O.OOE+OO 7.54E-07 O.OOE+OO O.OOE+OO O.OOE+OO 7.15E-01 

Page 83 of 278 REFERENCE USE 



POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

TABLE 10-9 

ODCM 
Revision 22 

R;o, GRASS-COW-MILK PATHWAY DOSE FACTORS - TEEN 

Y-93 1.0SE-01 O.OOE+OO 2.96E-03 O.OOE+OO O.OOE+OO O.OOE+OO 3.29E+03 

Zr-95 7.35E+02 2.32E+02 1.60E+02 O.OOE+OO 3.41E+02 O.OOE+OO 5.36E+05 

Zr-97 1.94E-01 3.84E-02 l.77E-02 O.OOE+OO 5.82E-02 O.OOE+OO 1.04E+04 

Nb-95 4.63E+04 2.57E+04 1.41E+04 O.OOE+OO 2.49E+04 O.OOE+OO l.10E+08 

Nb-97 3.00E-12 7.44E-13 2.72E-13 O.OOE+OO 8.70E-13 O.OOE+OO 1.78E-08 

Mo-99 O.OOE+OO l.12E+07 2.13E+06 O.OOE+OO 2.56E+07 O.OOE+OO 2.00E+07 

Tc-99m 1.44E+OO 4.0lE+OO 5.20E+Ol O.OOE+OO 5.98E+Ol 2.23E+OO 2.63E+03 

Tc-99 7.87E+07 1.16E+08 3.15E+07 O.OOE+OO 1.47E+09 1.20E+07 2.83E+09 

Tc-101 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ru-103 6.34E+02 O.OOE+OO 2.71E+02 O.OOE+OO 2.24E+03 O.OOE+OO 5.30E+04 
Ru-105 3.95E-04 O.OOE+OO l.53E-04 O.OOE+OO 4.98E-03 O.OOE+OO 3.19E-01 

Ru-106 2.68E+04 O.OOE+OO 3.37E+03 O.OOE+OO 5.16E+04 O.OOE+OO l.28E+06 

Rh-105 1.94E+05 1.40E+05 9.21E+04 O.OOE+OO 5.96E+05 O.OOE+OO 1.79E+07 
Ag-llOm 6.69E+07 6.33E+07 3.85E+07 O.OOE+OO 1.21E+08 O.OOE+OO 1.78E+10 

Sn-113 1.27E+07 2.54E+06 4.l 7E+07 1.22E+06 3.31E+06 1.49E+06 4.48E+08 

Sn-117m 5.13E+06 2.21E+05 8.86E+06 4.13E+04 3.12E+05 7.55E+04 9.97E+07 
Sb-122 2.57E+05 1.76E+05 2.84E+06 3.52E+04 1.15E+05 4.74E+04 2.98E+07 

Sb-124 1.99E+07 3.67E+05 7.77E+06 4.52E+04 O.OOE+OO 1.74E+07 4.01E+08 

Sb-125 2.76E+07 3.01E+05 6.44E+06 2.63E+04 O.OOE+OO 2.42E+07 2.14E+08 

Te-125m 1.43E+07 5.14E+06 1.91E+06 3.99E+06 O.OOE+OO O.OOE+OO 4.21E+07 

Te-127m 5.56E+07 1.97E+07 6.62E+06 1.32E+07 2.26E+08 O.OOE+OO l.39E+08 

Te-127 3.17E+02 1.12E+02 6.83E+Ol 2.19E+02 1.29E+03 O.OOE+OO 2.45E+04 

Te-129m 3.81E+07 1.41E+07 6.03E+06 l.23E+07 l.59E+08 O.OOE+OO 1.43E+08 

Te-129 1.37E-10 5.lOE-11 3.33E-11 9.78E-11 5.74E-10 O.OOE+OO 7.49E-10 

Te-131m 1.96E+05 9.38E+04 7.82E+04 1.41E+05 9.78E+05 O.OOE+OO 7.53E+06 

Te-131 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Te-132 1.07E+06 6.80E+05 6.40E+05 7.17E+05 6.52E+06 O.OOE+OO 2.15E+07 

1-130 9.26E+04 2.68E+05 1.07E+05 2.18E+07 4.13E+05 O.OOE+OO 2.06E+05 

1-131 6.60E+07 9.24E+07 4.96E+07 2.70E+10 1.59E+08 O.OOE+OO l.83E+07 

1-132 3.23E-02 8.46E-02 3.04E-02 2.85E+OO 1.33E-01 O.OOE+OO 3.69E-02 

1-133 8.85E+05 1.50E+06 4.58E+05 2.10E+08 2.63E+06 O.OOE+OO 1.14E+06 

1-134 4.68E-13 1.24E-12 4.46E-13 2.17E-11 1.96E-12 O.OOE+OO 1.64E-14 

1-135 2.76E+03 7.12E+03 2.64E+03 4.58E+05 1.12E+04 O.OOE+OO 7.89E+03 

Cs-134 7.27E+09 1.71E+10 7.94E+09 O.OOE+OO 5.44E+09 2.08E+09 2.13E+08 
Cs-134m 7.84E-02 1.62E-01 8.34E-02 O.OOE+OO 9.03E-02 l.59E-02 1.0SE-01 

Cs-136 1.10E+08 4.32E+08 2.90E+08 O.OOE+OO 2.35E+08 3.70E+07 3.47E+07 

Cs-137 1.08E+10 1.43E+10 4.99E+09 O.OOE+OO 4.87E+09 1.89E+09 2.04E+08 
Cs-138 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
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Ba-139 2.56E-08 l.80E-l 1 7.45E-10 O.OOE+OO l.70E-11 l.24E-11 2.28E-07 

Ba-140 l.18E+07 1.45E+04 7.63E+05 O.OOE+OO 4.92E+03 9.75E+03 1.83E+07 

Ba-141 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ba-142 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

La-140 2.03E+OO 9.99E-01 2.66E-Ol O.OOE+OO O.OOE+OO O.OOE+OO 5.73E+04 

La-142 4.22E-12 l.87E-12 4.66E-13 O.OOE+OO O.OOE+OO O.OOE+OO 5.70E-08 

Ce-141 2.82E+03 l.88E+03 2.16E+02 O.OOE+OO 8.85E+02 O.OOE+OO 5.38E+06 

Ce-143 l.92E+Ol 1.40E+04 1.56E+OO O.OOE+OO 6.26E+OO O.OOE+OO 4.19E+05 

Ce-144 4.43E+05 l.84E+05 2.38E+04 O.OOE+OO l.10E+05 O.OOE+OO l.12E+08 

Pr-143 7.llE+Ol 2.84E+Ol 3.54E+OO O.OOE+OO l.65E+Ol O.OOE+OO 2.34E+05 

Pr-144 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Nd-147 4.42E+Ol 4.81E+Ol 2.88E+OO O.OOE+OO 2.82E+Ol O.OOE+OO l.73E+05 

Eu-152 9.42E+03 2.27E+03 2.00E+03 O.OOE+OO l.05E+04 O.OOE+OO 8.35E+05 

W-187 3.00E+03 2.45E+03 8.58E+02 O.OOE+OO O.OOE+OO O.OOE+OO 6.63E+05 
U-235 4.45E+09 O.OOE+OO 2.71E+08 O.OOE+OO l.04E+09 O.OOE+OO 3.23E+08 

U-238 4.26E+09 O.OOE+OO 2.54E+08 O.OOE+OO 9.77E+08 O.OOE+OO 2.28E+08 

Np-239 l.75E+OO l.65E-01 9.19E-02 O.OOE+OO 5.19E-01 O.OOE+OO 2.66E+04 

Am-241 3.33E+07 l.27E+07 2.22E+06 O.OOE+OO l.66E+07 O.OOE+OO 3.04E+06 
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H-3 O.OOE+OO l.30E+03 l.30E+03 l.30E+03 l.30E+03 l.30E+03 l.30E+03 
C-14 1.65E+06 3.29E+05 3.29E+05 3.29E+05 3.29E+05 3.29E+05 3.29E+05 
F-18 4.91E-03 O.OOE+OO 4.87E-04 O.OOE+OO O.OOE+OO O.OOE+OO 1.33E-03 
Na-22 l.50E+10 l.50E+10 1.50E+10 1.50E+10 1.50E+10 1.50E+10 l.50E+10 
Na-24 2.20E+06 2.20E+06 2.20E+06 2.20E+06 2.20E+06 2.20E+06 2.20E+06 
Sc-46 3.41E+02 4.67E+02 l.80E+02 O.OOE+OO 4.14E+02 O.OOE+OO 6.84E+05 
P-32 1.98E+10 9.25E+08 7.62E+08 O.OOE+OO O.OOE+OO O.OOE+OO 5.46E+08 
Cr-51 O.OOE+OO O.OOE+OO 2.99E+04 1.66E+04 4.54E+03 3.03E+04 1.59E+06 
Mn-54 O.OOE+OO l.45E+07 3.85E+06 O.OOE+OO 4.05E+06 O.OOE+OO 1.21E+07 
Mn-56 O.OOE+OO 3.25E-03 7.33E-04 O.OOE+OO 3.93E-03 O.OOE+OO 4.71E-01 
Fe-55 8.31E+07 4.41E+07 l.37E+07 O.OOE+OO O.OOE+OO 2.49E+07 8.17E+06 
Fe-59 4.48E+07 7.25E+07 3.61E+07 O.OOE+OO O.OOE+OO 2.10E+07 7.55E+07 
Co-57 O.OOE+OO 2.58E+06 5.21E+06 O.OOE+OO O.OOE+OO O.OOE+OO 2.l 1E+07 
Co-58 O.OOE+OO 5.66E+06 l.73E+07 O.OOE+OO O.OOE+OO O.OOE+OO 3.30E+07 
Co-60 O.OOE+OO 3.34E+07 9.85E+07 O.OOE+OO O.OOE+OO O.OOE+OO l.85E+08 
Ni-63 2.50E+10 1.34E+09 8.51E+08 O.OOE+OO O.OOE+OO O.OOE+OO 9.02E+07 
Ni-65 4.13E-01 3.89E-02 2.27E-02 O.OOE+OO O.OOE+OO O.OOE+OO 4.77E+OO 
Cu-64 O.OOE+OO 1.87E+04 l.13E+04 O.OOE+OO 4.53E+04 O.OOE+OO 8.80E+05 
Zn-65 3.09E+09 8.23E+09 5.12E+09 O.OOE+OO 5.19E+09 O.OOE+OO 1.45E+09 
Zn-69m 2.01E+05 3.42E+05 4.05E+04 O.OOE+OO 1.99E+05 O.OOE+OO l.11E+07 
Zn-69 3.23E-12 4.67E-12 4.31E-13 O.OOE+OO 2.83E-12 O.OOE+OO 2.94E-10 
As-76 3.37E+05 9.37E+05 5.43E+06 3.18E+05 1.03E+06 3.18E+05 4.87E+07 
Br-82 O.OOE+OO O.OOE+OO 2.91E+07 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Br-83 O.OOE+OO O.OOE+OO l.20E-01 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Br-84 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Br-85 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
.Rb-86 O.OOE+OO 2.26E+09 1.39E+09 O.OOE+OO O.OOE+OO O.OOE+OO 1.45E+08 
Rb-88 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Rb-89 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Sr-89 2.64E+09 O.OOE+OO 7.53E+07 O.OOE+OO O.OOE+OO O.OOE+OO l.02E+08 
Sr-90 1.39E+ 11 O.OOE+OO 2.80E+09 O.OOE+OO O.OOE+OO O.OOE+OO 1.24E+09 
Sr-91 3.27E+04 O.OOE+OO 1.24E+03 O.OOE+OO O.OOE+OO O.OOE+OO 7.23E+04 
Sr-92 5.54E-01 O.OOE+OO 2.22E-02 O.OOE+OO O.OOE+OO O.OOE+OO l.05E+Ol 

Y-90 8.06E+Ol O.OOE+OO 2.16E+OO O.OOE+OO O.OOE+OO O.OOE+OO 2.29E+05 
Y-91m 6.95E-20 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO l.36E-16 
Y-91 1.67E+04 O.OOE+OO 4.46E+02 O.OOE+OO O.OOE+OO O.OOE+OO 2.22E+06 
Y-92 6.40E-05 O.OOE+OO 1.83E-06 O.OOE+OO O.OOE+OO O.OOE+OO 1.85E+OO 
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Y-93 2.65E-01 O.OOE+OO 7.27E-03 O.OOE+OO O.OOE+OO O.OOE+OO 3.95E+03 
Zr-95 1.71E+03 3.76E+02 3.34E+02 O.OOE+OO 5.38E+02 O.OOE+OO 3.92E+05 

Zr-97 4.72E-Ol 6.83E-02 4.03E-02 O.OOE+OO 9.SOE-02 O.OOE+OO l.03E+04 
Nb-95 l.05E+05 4.07E+04 2.91E+04 O.OOE+OO 3.82E+04 O.OOE+OO 7.53E+07 
Nb-97 7.28E-12 1.3 lE-12 6.14E-13 O.OOE+OO 1.46E-12 O.OOE+OO 4.06E-07 
Mo-99 O.OOE+OO 2.04E+07 5.04E+06 O.OOE+OO 4.35E+07 O.OOE+OO l.68E+07 
Tc-99m 3.30E+OO 6.47E+OO l.07E+02 O.OOE+OO 9.40E+Ol 3.29E+OO 3.68E+03 
Tc-99 1.94E+08 2.16E+08 7.76E+07 O.OOE+OO 2.54E+09 1.91E+07 2.27E+09 

Tc-101 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Ru-103 1.50E+03 O.OOE+OO 5.77E+02 O.OOE+OO 3.78E+03 O.OOE+OO 3.88E+04 
Ru-105 9.64E-04 O.OOE+OO 3.50E-04 O.OOE+OO 8.47E-03 O.OOE+OO 6.29E-01 

Ru-106 6.59E+04 O.OOE+OO 8.22E+03 O.OOE+OO 8.90E+04 O.OOE+OO l.02E+06 
Rh-105 4.76E+05 2.56E+05 2.19E+05 O.OOE+OO l.02E+06 O.OOE+OO l.58E+07 
Ag-1 lOm 1.45E+08 9.80E+07 7.83E+07 O.OOE+OO 1.83E+08 O.OOE+OO 1.17E+ 10 
Sn-113 2.95E+07 6.35E+06 9.71E+07 2.54E+06 6.73E+06 3.18E+06 l.08E+09 
Sn-117m l.33E+07 6.31E+05 2.08E+07 9.97E+04 6.40E+05 l.83E+05 2.41E+08 
Sb-122 6.14E+05 3.69E+05 6.81E+06 8.04E+04 2.23E+05 l.05E+05 7.37E+07 
Sb-124 4.71E+07 6.11E+05 1.65E+07 1.04E+05 O.OOE+OO 2.61E+07 2.95E+08 
Sb-125 6.56E+07 5.06E+05 1.37E+07 6.08E+04 O.OOE+OO 3.66E+07 l.57E+08 

Te-125m 3.51E+07 9.50E+06 4.67E+06 9.84E+06 O.OOE+OO O.OOE+OO 3.38E+07 
Te-127m 1.37E+08 3.69E+07 l.63E+07 3.28E+07 3.91E+08 O.OOE+OO 1.11E+08 

Te-127 7.80E+02 2.10E+02 l.67E+02 5.40E+02 2.22E+03 O.OOE+OO 3.05E+04 
Te-129m 9.39E+07 2.62E+07 1.46E+07 3.03E+07 2.76E+08 O.OOE+OO 1.15E+08 
Te-129 3.38E-10 9.43E-11 8.02E-11 2.41E-10 9.88E-10 O.OOE+OO 2.lOE-08 
Te-131m 4.76E+05 1.65E+05 1.75E+05 3.39E+05 1.59E+06 O.OOE+OO 6.68E+06 
Te-131 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Te-132 2.56E+06 l.13E+06 1.37E+06 1.65E+06 1.05E+07 O.OOE+OO 1.14E+07 
1-130 2.17E+05 4.38E+05 2.25E+05 4.82E+07 6.564E+05 O.OOE+OO 2.05E+05 

1-131 1.60E+08 l.61E+08 9.15E+07 5.32E+10 2.64E+08 O.OOE+OO 1.43E+07 
1-132 7.65E-02 1.41E-01 6.46E-02 6.52E+OO 2.15E-01 O.OOE+OO 1.65E-01 
1-133 2.15E+06 2.66E+06 l.01E+06 4.94E+08 4.43E+06 O.OOE+OO 1.07E+06 
1-134 1.1 lE-12 2.06E-12 9.47E-13 4.73E-11 3.15E-12 O.OOE+OO 1.36E-12 

1-135 6.54E+03 l.18E+04 5.57E+03 l.04E+06 1.81E+04 O.OOE+OO 8.97E+03 
Cs-134 1.68E+10 2.75E+10 5.81E+09 O.OOE+OO 8.53E+09 3.06E+09 1.48E+08 
Cs-134m 1.86E-Ol 2.75E-01 1.79E-Ol O.OOE+OO 1.45E-Ol 2.39E-02 3.47E-01 
Cs-136 2.48E+08 6.80E+08 4.40E+08 O.OOE+OO 3.62E+08 5.40E+07 2.39E+07 

Cs-137 2.59E+10 2.48E+10 3.66E+09 O.OOE+OO 8.09E+09 2.91E+09 l.55E+08 
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Cs-138 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Ba-139 6.29E-08 3.36E-11 l.82E-09 O.OOE+OO 2.93E-11 l.97E-11 3.63E-06 
Ba-140 2.86E+07 2.50E+04 l.67E+06 O.OOE+OO 8.15E+03 l.49E+04 1.45E+07 
Ba-141 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Ba-142 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
La-140 4.87E+OO l.70E+OO 5.73E-01 O.OOE+OO O.OOE+OO O.OOE+OO 4.74E+04 
La-142 l.02E-11 3.25E-12 1.02E-12 O.OOE+OO O.OOE+OO O.OOE+OO 6.43E-07 
Ce-141 6.94E+03 3.46E+03 5.14E+02 O.OOE+OO l.52E+03 O.OOE+OO 4.32E+06 
Ce-143 4.70E+Ol 2.55E+04 3.69E+OO O.OOE+OO l.07E+Ol O.OOE+OO 3.74E+05 
Ce-144 l.09E+06 3.43E+05 5.84E+04 O.OOE+OO l.90E+05 O.OOE+OO 8.94E+07 
Pr-143 l.76E+02 5.28E+Ol 8.73E+OO O.OOE+OO 2.86E+Ol O.OOE+OO l.90E+05 
Pr-144 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Nd-147 l.08E+02 8.79E+Ol 6.80E+OO O.OOE+OO 4.82E+Ol O.OOE+OO l.39E+05 
Eu-152 l.95E+04 3.55E+03 4.22E+03 O.OOE+OO l.50E+04 O.OOE+OO 5.84E+05 
W-187 7.28E+03 4.31E+03 1.94E+03 O.OOE+OO O.OOE+OO O.OOE+OO 6.06E+05 
U-235 1.lOE+lO O.OOE+OO 6.67E+08 O.OOE+OO l.81E+09 O.OOE+OO 2.59E+08 
U-238 l.05E+10 O.OOE+OO 6.25E+08 O.OOE+OO l.69E+09 O.OOE+OO 1.82E+08 
Np-239 4.32E+OO 3.lOE-01 2.18E-01 O.OOE+OO 8.96E-01 O.OOE+OO 2.29E+04 
Am-241 4.55E+07 2.04E+07 3.25E+06 O.OOE+OO l.98E+07 O.OOE+OO 2.43E+06 
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H-3 O.OOE+OO l.98E+03 1.98E+03 l.98E+03 1.98E+03 1.98E+03 1.98E+03 
C-14 3.23E+06 6.89E+05 6.89E+05 6.89E+05 6.89E+05 6.89E+05 6.89E+05 

F-18 1.02E-02 O.OOE+OO 8.74E-04 O.OOE+OO O.OOE+OO O.OOE+OO 2.41E-03 
Na-22 2.52E+10 2.52E+10 2.52E+l0 2.52E+10 2.52E+l0 2.52E+10 2.52E+l0 

Na-24 3.83E+06 3.83E+06 3.83E+06 3.83E+06 3.83E+06 3.83E+06 3.83E+06 

Sc-46 6.49E+02 9.36E+02 2.93E+02 O.OOE+OO 6.16E+02 O.OOE+OO 6.l 1E+05 

P-32 4.07E+10 2.40E+09 1.58E+09 O.OOE+OO O.OOE+OO O.OOE+OO 5.51E+08 
Cr-51 O.OOE+OO O.OOE+OO 4.74E+04 3.09E+04 6.75E+03 6.01E+04 1.38E+06 
Mn-54 O.OOE+OO 2.69E+07 6.10E+06 O.OOE+OO 5.96E+06 O.OOE+OO 9.88E+06 
Mn-56 O.OOE+OO 7.96E-03 1.37E-03 O.OOE+OO 6.84E-03 O.OOE+OO 7.23E-Ol 
Fe-55 1.00E+08 6.49E+07 l.73E+07 O.OOE+OO O.OOE+OO 3.l 7E+07 8.24E+06 

Fe-59 8.36E+07 1.46E+08 5.76E+07 O.OOE+OO O.OOE+OO 4.32E+07 6.98E+07 

Co-57 O.OOE+OO 6.01E+06 9.77E+06 O.OOE+OO O.OOE+OO O.OOE+OO 2.05E+07 
Co-58 O.OOE+OO l.13E+07 2.82E+07 O.OOE+OO O.OOE+OO O.OOE+OO 2.82E+07 
Co-60 O.OOE+OO 6.82E+07 1.61E+08 O.OOE+OO O.OOE+OO O.OOE+OO 1.62E+08 
Ni-63 2.95E+10 l.82E+09 1.02E+09 O.OOE+OO O.OOE+OO O.OOE+OO 9.07E+07 

Ni-65 8.75E-01 9.90E-02 4.51E-02 O.OOE+OO O.OOE+OO O.OOE+OO 7.54E+OO 
Cu-64 O.OOE+OO 4.66E+04 2.16E+04 O.OOE+OO 7.88E+04 O.OOE+OO 9.57E+05 
Zn-65 4.15E+09 1.42E+10 6.56E+09 O.OOE+OO 6.90E+09 O.OOE+OO 1.20E+ 10 

Zn-69m 4.24E+05 8.66E+05 7.89E+04 O.OOE+OO 3.51E+05 O.OOE+OO l.20E+07 
Zn-69 6.88E-12 1.24E-11 9.22E-13 O.OOE+OO 5.15E-12 O.OOE+OO 1.0lE-09 
As-76 2.06E+06 5.43E+06 9.37E+06 2.06E+06 5.71E+06 2.06E+06 5.99E+07 

Br-82 O.OOE+OO O.OOE+OO 4.90E+07 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Br-83 O.OOE+OO O.OOE+OO 2.55E-01 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Br-84 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Br-85 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Rb-86 O.OOE+OO 5.72E+09 2.83E+09 O.OOE+OO O.OOE+OO O.OOE+OO 1.46E+08 
Rb-88 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Rb-89 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Sr-89 5.02E+09 O.OOE+OO 1.44E+08 O.OOE+OO O.OOE+OO O.OOE+OO l.03E+08 
Sr-90 1.54E+l 1 O.OOE+OO 3.12E+09 O.OOE+OO O.OOE+OO O.OOE+OO 1.26E+09 
Sr-91 6.82E+04 O.OOE+OO 2.47E+03 O.OOE+OO O.OOE+OO O.OOE+OO 8.07E+04 
Sr-92 l.18E+OO O.OOE+OO 4.37E-02 O.OOE+OO O.OOE+OO O.OOE+OO 1.27E+Ol 

Y-90 l.70E+02 O.OOE+OO 4.57E+OO O.OOE+OO O.OOE+OO O.OOE+OO 2.35E+05 

Y-91m 1.47E-19 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 4.91E-16 
Y-91 3.13E+04 O.OOE+OO 8.35E+02 O.OOE+OO O.OOE+OO O.OOE+OO 2.25E+06 
Y-92 1.36E-04 O.OOE+OO 3.82E-06 O.OOE+OO O.OOE+OO O.OOE+OO 2.59E+OO 
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Y-93 5.64E-01 O.OOE+OO l.54E-02 O.OOE+OO O.OOE+OO O.OOE+OO 4.46E+03 

Zr-95 3.03E+03 7.39E+02 5.24E+02 O.OOE+OO 7.97E+02 O.OOE+OO 3.68E+05 
Zr-97 1.00E+OO l.72E-01 7.84E-02 O.OOE+OO l.73E-01 O.OOE+OO l.09E+04 

Nb-95 l.95E+05 8.04E+04 4.65E+04 O.OOE+OO 5.76E+04 O.OOE+OO 6.79E+07 
Nb-97 l.54E-11 3.28E-12 l.18E-12 O.OOE+OO 2.57E-12 O.OOE+OO l.04E-06 
Mo-99 O.OOE+OO 5.21E+07 1.02E+07 O.OOE+OO 7.78E+07 O.OOE+OO l.71E+07 
Tc-99m 6.86E+OO l.42E+Ol l.82E+02 O.OOE+OO l.52E+02 7.32E+OO 4.11E+03 
Tc-99 3.92E+08 5.29E+08 l.65E+08 O.OOE+OO 4.46E+09 5.15E+07 2.29E+09 

Tc-101 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Ru-103 3.04E+03 O.OOE+OO l.02E+03 O.OOE+OO 6.32E+03 O.OOE+OO 3.69E+04 
Ru-105 2.03E-03 O.OOE+OO 6.84E-04 O.OOE+OO l.49E-02 O.OOE+OO 8.08E-01 

Ru-106 l.36E+05 O.OOE+OO l.70E+04 O.OOE+OO l.60E+05 O.OOE+OO l.03E+06 
Rh-105 l.01E+06 6.61E+05 4.44E+05 O.OOE+OO l.83E+06 O.OOE+OO 1.64E+07 
Ag-1 lOm 2.68E+08 l.96E+08 l.29E+08 O.OOE+OO 2.80E+08 O.OOE+OO l.OlE+lO 
Sn-113 l.08E+08 2.17E+07 2.91E+08 l.16E+07 2.17E+07 1.46E+07 3.21E+09 
Sn-117m 4.73E+07 l.91E+06 6.40E+07 5.40E+05 l.66E+06 7.81E+05 7.31E+08 
Sb-122 2.35E+06 l.56E+06 2.01E+07 4.69E+05 7.48E+05 5.36E+05 2.12E+08 
Sb-124 9.08E+07 l.34E+06 2.81E+07 2.41E+05 O.OOE+OO 5.69E+07 2.80E+08 
Sb-125 l.13E+08 l.09E+06 2.32E+07 l.41E+05 O.OOE+OO 7.08E+07 l.50E+08 
Te-125m 7.16E+07 2.40E+07 9.69E+06 2.41E+07 O.OOE+OO O.OOE+OO 3.41E+07 
Te-127m 2.78E+08 9.21E+07 3.36E+07 8.02E+07 6.84E+08 O.OOE+OO l.12E+08 
Te-127 l.66E+03 5.55E+02 3.56E+02 1.35E+03 4.04E+03 O.OOE+OO 3.48E+04 
Te-129m l.93E+08 6.61E+07 2.97E+07 7.41E+07 4.82E+08 O.OOE+OO l.15E+08 
Te-129 7.16E-10 2.47E-10 l.67E-10 6.00E-10 l.78E-09 O.OOE+OO 5.72E-08 
Te-13lm l.01E+06 4.05E+05 3.34E+05 8.20E+05 2.78E+06 O.OOE+OO 6.81E+06 
Te-131 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Te-132 5.28E+06 2.61E+06 2.44E+06 3.86E+06 l.63E+07 O.OOE+OO 9.67E+06 
1-130 4.45E+05 9.79E+05 3.93E+05 l.10E+08 l.08E+06 O.OOE+OO 2.10E+05 
1-131 3.34E+08 3.94E+08 l.73E+08 l.29E+ 11 4.60E+08 O.OOE+OO l.41E+07 
1-132 l.59E-01 3.22E-Ol l.15E-01 l.51E+Ol 3.59E-01 O.OOE+OO 2.61E-01 
1-133 4.54E+06 6.61E+06 l.94E+06 l.20E+09 7.77E+06 O.OOE+OO l.12E+06 
1-134 2.30E-12 4.71E-12 l.67E-12 l.lOE-10 5.26E-10 O.OOE+OO 4.87E-12 
1-135 l.36E+04 2.71E+04 9.87E+03 2.43E+06 3.02E+04 O.OOE+OO 9.80E+03 
Cs-134 2.70E+10 5.04E+10 5.09E+09 O.OOE+OO 1.30E+10 5.32E+09 1.37E+08 
Cs-134m 3.87E-01 6.44E-01 3.25E-01 O.OOE+OO 2.48E-01 5.72E-02 5.lOE-01 
Cs-136 4.84E+08 l.42E+09 5.31E+08 O.OOE+OO 5.67E+08 l.16E+08 2.16E+07 
Cs-137 4.14E+10 4.84E+10 3.43E+09 O.OOE+OO l.30E+10 5.26E+09 l.51E+08 
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Cs-138 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ba-139 1.34E-07 8.87E-11 3.87E-09 O.OOE+OO 5.33E-11 5.38E-11 8.474E-06 
Ba-140 5.88E+07 5.88E+04 3.03E+06 O.OOE+OO 1.40E+04 3.61E+04 1.44E+07 
Ba-141 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Ba-142 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
La-140 1.02E+Ol 4.0lE+OO 1.03E+OO O.OOE+OO O.OOE+OO O.OOE+OO 4.71E+04 
La-142 2.14E-11 7.85E-12 1.88E-12 O.OOE+OO O.OOE+OO O.OOE+OO 1.33E-06 
Ce-141 l.38E+04 8.39E+03 9.87E+02 O.OOE+OO 2.59E+03 O.OOE+OO 4.33E+06 

Ce-143 9.96E+Ol 6.61E+04 7.54E+OO O.OOE+OO 1.92E+Ol O.OOE+OO 3.86E+05 
Ce-144 1.57E+06 6.41E+05 8.78E+04 O.OOE+OO 2.59E+05 O.OOE+OO 8.99E+07 
Pr-143 3.64E+02 1.36E+02 1.80E+Ol O.OOE+OO 5.06E+Ol O.OOE+OO 1.92E+05 
Pr-144 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Nd-147 2.15E+02 2.21E+02 1.35E+Ol O.OOE+OO 8.52E+Ol O.OOE+OO 1.40E+05 
Eu-152 2.14E+04 5.68E+03 4.79E+03 O.OOE+OO 1.59E+04 O.OOE+OO 5.05E+05 
W-187 1.53E+04 1.07E+04 3.68E+03 O.OOE+OO O.OOE+OO O.OOE+OO 6.27E+05 
U-235 1.51E+10 O.OOE+OO 1.15E+09 O.OOE+OO 3.20E+09 O.OOE+OO 2.61E+08 
U-238 1.44E+10 O.OOE+OO 1.07E+09 O.OOE+OO 2.99E+09 O.OOE+OO l.84E+08 
Np-239 9.12E+OO 8.16E-Ol 4.61E-01 O.OOE+OO 1.63E+OO O.OOE+OO 2.36E+04 

Am-241 4.87E+07 2.29E+07 3.47E+06 O.OOE+OO 2.09E+07 O.OOE+OO 2.45E+06 
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H-3 O.OOE+OO 2.69E+02 2.69E+02 2.69E+02 2.69E+02 2.69E+02 2.69E+02 

C-14 3.33E+05 6.66E+04 6.66E+04 6.66E+04 6.66E+04 6.66E+04 6.66E+04 

F-18 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Na-22 l.10E+09 l.10E+09 l.10E+09 l.10E+09 l.10E+09 l.10E+09 l.10E+09 

Na-24 3.22E-04 3.22E-04 3.22E-04 3.22E-04 3.22E-04 3.22E-04 3.22E-04 

Sc-46 8.77E+04 1.70E+05 4.95E+04 O.OOE+OO 1.59E+05 O.OOE+OO 8.29E+08 

P-32 l.18E+09 7.36E+07 4.58E+07 O.OOE+OO O.OOE+OO O.OOE+OO 1.33E+08 

Cr-51 O.OOE+OO O.OOE+OO 2.07E+03 l.24E+03 4.56E+02 2.75E+03 5.21E+05 

Mn-54 O.OOE+OO 6.33E+06 1.21E+06 O.OOE+OO 1.88E+06 O.OOE+OO 1.94E+07 

Mn-56 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Fe-55 2.18E+08 1.51E+08 3.51E+07 O.OOE+OO O.OOE+OO 8.41E+07 8.65E+07 

Fe-59 9.89E+07 2.33E+08 8.91E+07 O.OOE+OO O.OOE+OO 6.50E+07 7.75E+08 

Co-57 O.OOE+OO 3.78E+06 6.29E+06 O.OOE+OO O.OOE+OO O.OOE+OO 9.60E+07 

Co-58 O.OOE+OO 8.51E+06 1.91E+07 O.OOE+OO O.OOE+OO O.OOE+OO 1.73E+08 

Co-60 O.OOE+OO 5.82E+07 1.28E+08 O.OOE+OO O.OOE+OO O.OOE+OO 1.09E+09 

Ni-63 1.59E+10 l.10E+09 5.34E+08 O.OOE+OO O.OOE+OO O.OOE+OO 2.30E+08 

Ni-65 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Cu-64 O.OOE+OO 7.00E-08 3.29E-08 O.OOE+OO 1.77E-07 O.OOE+OO 5.97E-06 

Zn-65 2.66E+08 8.46E+08 3.82E+08 O.OOE+OO 5.66E+08 O.OOE+OO 5.33E+08 

Zn-69m 4.37E-06 1.05E-05 9.58E-06 O.OOE+OO 6.34E-06 O.OOE+OO 6.39E-04 

Zn-69 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

As-76 l.30E-01 3.78E-01 1.89E+OO l.13E-01 4.61E-01 l.18E-Ol 1.65E+Ol 

Br-82 O.OOE+OO O.OOE+OO 3.01E+02 O.OOE+OO O.OOE+OO O.OOE+OO 3.59E+02 

Br-83 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Br-84 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Br-85 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Rb-86 O.OOE+OO 1.25E+08 5.84E+07 O.OOE+OO O.OOE+OO O.OOE+OO 2.47E+07 

Rb-88 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Rb-89 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Sr-89 1.20E+08 O.OOE+OO 3.45E+06 O.OOE+OO O.OOE+OO O.OOE+OO 1.93E+07 

Sr-90 l.18E+ 10 O.OOE+OO 2.37E+08 O.OOE+OO O.OOE+OO O.OOE+OO 2.97E+08 

Sr-91 3.96E-11 O.OOE+OO l.60E-12 O.OOE+OO O.OOE+OO O.OOE+OO 1.88E-10 

Sr-92 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Y-90 2.70E+Ol O.OOE+OO 7.25E-01 O.OOE+OO O.OOE+OO O.OOE+OO 2.86E+05 

Y-91m O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Y-91 4.83E+05 O.OOE+OO 1.29E+04 O.OOE+OO O.OOE+OO O.OOE+OO 2.67E+08 

Y-92 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
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Y-93 1.70E-12 O.OOE+OO 4.69E-14 O.OOE+OO O.OOE+OO O.OOE+OO 5.39E-08 
Zr-95 8.35E+05 2.68E+05 1.81E+05 O.OOE+OO 4.28E+05 O.OOE+OO 8.49E+08 
Zr-97 4.67E-06 9.43E-05 4.31E-07 O.OOE+OO l.42E-06 O.OOE+OO 2.92E-Ol 
Nb-95 7.55E+05 4.20E+05 2.26E+05 O.OOE+OO 4.15E+05 O.OOE+OO 2.55E+09 
Nb-97 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Mo-99 O.OOE+OO 2.50E+04 4.76E+03 O.OOE+OO 5.67E+04 O.OOE+OO 5.80E+04 
Tc-99m O.OOE+OO O.OOE+OO 3.90E-20 O.OOE+OO 4.65E-20 O.OOE+OO 1.81E-18 
Tc-99 2.42E+08 3.60E+08 9.71E+07 O.OOE+OO 4.52E+09 3.05E+07 l.18E+10 
Tc-101 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ru-103 3.68E+07 O.OOE+OO 1.59E+07 O.OOE+OO 1.41E+08 O.OOE+OO 4.30E+09 
Ru-105 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Ru-106 2.00E+09 O.OOE+OO 2.53E+08 O.OOE+OO 3.86E+09 O.OOE+OO 1.29E+ll 
Rh-105 l.19E+OO 8.69E-01 5.73E-01 O.OOE+OO 3.69E+OO O.OOE+OO 1.38E+02 
Ag-llOm 4.64E+06 4.30E+06 2.55E+06 O.OOE+OO 8.44E+06 O.OOE+OO 1.75E+09 
Sn-113 9.30E+07 1.57E+07 2.61E+08 8.22E+06 2.15E+07 9.65E+06 2.86E+09 
Sn-117m 1.77E+07 6.08E+05 2.51E+07 1.20E+05 9.20E+05 1.91E+05 2.83E+08 
Sb-122 1.82E+03 1.00E+03 l.72E+04 2.12E+02 7.08E+02 2.73E+02 1.82E+05 
Sb-124 8.59E+06 1.62E+05 3.40E+06 2.08E+04 O.OOE+OO 6.69E+06 2.44E+08 
Sb-125 1.44E+07 1.61E+05 3.43E+06 1.46E+04 O.OOE+OO l.11E+07 1.59E+08 

Te-125m 1.71E+08 6.18E+07 2.28E+07 5.13E+07 6.94E+08 O.OOE+OO 6.81E+08 
Te-127m 7.36E+08 2.63E+08 8.96E+07 1.88E+08 2.99E+09 O.OOE+OO 2.47E+09 
Te-127 6.85E-11 2.46E-11 1.48E-11 5.07E-11 2.79E-10 O.OOE+OO 5.40E-09 
Te-129m 3.93E+08 1.46E+08 6.21E+07 1.35E+08 l.64E+09 O.OOE+OO 1.98E+09 
Te-129 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Te-131m 2.84E+02 l.39E+02 l.16E+02 2.20E+02 1.41E+03 O.OOE+OO l.38E+04 
Te-131 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Te-132 3.33E+05 2.15E+05 2.02E+05 2.38E+05 2.07E+06 O.OOE+OO 1.02E+07 
1-130 l.72E-07 8.02E-07 3.17E-07 6.80E-05 l.25E-06 O.OOE+OO 6.91E-07 
1-131 l.32E+06 l.88E+06 l.08E+06 6.17E+08 3.23E+06 O.OOE+OO 4.97E+05 
1-132 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
1-133 4.65E-02 8.09E-02 2.47E-02 l.19E+Ol 1.41E-Ol O.OOE+OO 7.27E-02 
1-134 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
1-135 4.29E-18 1.12E-17 4.15E-18 7.41E-16 l.80E-17 O.OOE+OO 1.27E-17 
Cs-134 4.87E+08 l.16E+09 9.48E+08 O.OOE+OO 3.75E+08 l.25E+08 2.03E+07 
Cs-134m O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Cs-136 2.95E+06 l.l 7E+07 8.39E+06 O.OOE+OO 6.49E+06 8.89E+05 l.32E+06 
Cs-137 7.01E+08 9.59E+08 6.28E+08 O.OOE+OO 3.26E+08 1.08E+08 l.86E+07 
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Cs-138 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ba-139 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ba-140 6.99E+06 8.79E+03 4.58E+05 O.OOE+OO 2.99E+03 5.03E+03 1.44E+07 

Ba-141 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ba-142 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

La-140 9.48E-03 4.78E-03 1.26E-03 O.OOE+OO O.OOE+OO O.OOE+OO 3.51E+02 

La-142 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ce-141 4.46E+03 3.01E+03 3.42E+02 O.OOE+OO 1.40E+03 O.OOE+OO l.15E+07 

Ce-143 5.16E-03 3.81E+OO 4.22E-04 O.OOE+OO l.68E-03 O.OOE+OO l.43E+02 

Ce-144 9.82E+05 4.11E+05 5.27E+04 O.OOE+OO 2.44E+05 O.OOE+OO 3.32E+08 

Pr-143 5.15E+03 2.06E+03 2.55E+02 O.OOE+OO 1.19E+03 O.OOE+OO 2.26E+07 

Pr-144 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Nd-147 l.73E+03 2.00E+03 l.19E+02 O.OOE+OO l.17E+03 O.OOE+OO 9.58E+06 

Eu-152 2.00E+06 4.50E+05 3.95E+05 O.OOE+OO 2.79E+06 O.OOE+OO 2.59E+08 

W-187 5.49E-03 4.59E-03 l.60E-03 O.OOE+OO O.OOE+OO O.OOE+OO 1.50E+OO 

U-235 5.85E+08 O.OOE+OO 3.55E+07 O.OOE+OO 1.37E+08 O.OOE+OO 5.71E+07 

U-238 5.60E+08 O.OOE+OO 3.32E+07 O.OOE+OO 1.28E+08 O.OOE+OO 4.02E+07 

Np-239 6.52E-02 6.41E-03 3.54E-03 O.OOE+OO 2.00E-02 O.OOE+OO 1.32E+03 

Am-241 3.48E+08 1.22E+08 2.30E+07 O.OOE+OO 1.73E+08 O.OOE+OO 3.15E+07 

Page 94 of 278 REFERENCE USE 



POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

TABLE 10-13 

ODCM 
Revision 22 

R;o, GRASS-COW-MEAT PATHWAY DOSE FACTORS-TEEN 

H-3 O.OOE+OO l.60E+02 l.60E+02 l.60E+02 l.60E+02 l.60E+02 l.60E+02 
C-14 2.81E+05 5.62E+04 5.62E+04 5.62E+04 5.62E+04 5.62E+04 5.62E+04 
F-18 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Na-22 8.73E+08 8.73E+08 8.73E+08 8.73E+08 8.73E+08 8.73E+08 8.73E+08 

Na-24 2.58E-04 2.58E-04 2.58E-04 2.58E-04 2.58E-04 2.58E-04 2.58E-04 
Sc-46 6.81E+04 l.33E+05 3.93E+04 O.OOE+OO l.27E+05 O.OOE+OO 4.51E+08 
P-32 l.OOE+09 6.20E+07 3.88E+07 O.OOE+OO O.OOE+OO O.OOE+OO 8.41E+07 
Cr-51 O.OOE+OO O.OOE+OO l.66E+03 9.20E+02 3.63E+02 2.37E+03 2.78E+05 
Mn-54 O.OOE+OO 4.83E+06 9.58E+05 O.OOE+OO 1.44E+06 O.OOE+OO 9.90E+06 

Mn-56 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Fe-55 l.77E+08 l.26E+08 2.93E+07 O.OOE+OO O.OOE+OO 7.97E+07 5.44E+07 
Fe-59 7.91E+07 l.85E+08 7.13E+07 O.OOE+OO O.OOE+OO 5.82E+07 4.36E+08 
Co-57 O.OOE+OO 3.04E+06 5.10E+06 O.OOE+OO O.OOE+OO O.OOE+OO 5.67E+07 
Co-58 O.OOE+OO 6.56E+06 l.51E+07 O.OOE+OO O.OOE+OO O.OOE+OO 9.05E+07 
Co-60 O.OOE+OO 4.51E+07 l.02E+08 O.OOE+OO O.OOE+OO O.OOE+OO 5.88E+08 
Ni-63 l.28E+ 10 9.06E+08 4.35E+08 O.OOE+OO O.OOE+OO O.OOE+OO 1.44E+08 
Ni-65 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Cu-64 O.OOE+OO 5.71E-08 2.69E-08 O.OOE+OO 1.45E-07 O.OOE+OO 4.43E-06 
Zn-65 1.87E+08 6.49E+08 3.03E+08 O.OOE+OO 4.15E+08 O.OOE+OO 2.75E+08 
Zn-69m 3.64E-06 8.59E-06 7.88E-07 O.OOE+OO 5.22E-06 O.OOE+OO 4.72E-04 
Zn-69 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
As-76 9.08E-02 2.86E-01 1.40E+OO 8.35E-02 3.35E-01 8.38E-02 l.26E+Ol 
Br-82 O.OOE+OO O.OOE+OO 2.49E+02 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Br-83 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Br-84 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Br-85 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Rb-86 O.OOE+OO l.05E+08 4.91E+07 O.OOE+OO O.OOE+OO O.OOE+OO 1.55E+07 
Rb-88 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Rb-89 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Sr-89 l.01E+08 O.OOE+OO 2.91E+06 O.OOE+OO O.OOE+OO O.OOE+OO l.21E+07 
Sr-90 8.18E+09 O.OOE+OO l.64E+08 O.OOE+OO O.OOE+OO O.OOE+OO l.87E+08 
Sr-91 3.33E-11 O.OOE+OO l.32E-12 O.OOE+OO O.OOE+OO O.OOE+OO l.51E-10 
Sr-92 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Y-90 2.27E+Ol O.OOE+OO 6.12E-01 O.OOE+OO O.OOE+OO O.OOE+OO 1.88E+05 
Y-91m O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Y-91 4.08E+05 O.OOE+OO l.09E+04 O.OOE+OO O.OOE+OO O.OOE+OO l.67E+08 
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Y-92 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Y-93 l.43E-12 O.OOE+OO 3.93E-14 O.OOE+OO O.OOE+OO O.OOE+OO 4.38E-08 

Zr-95 6.69E+05 2.11E+05 1.45E+05 O.OOE+OO 3.10E+05 O.OOE+OO 4.87E+08 

Zr-97 3.90E-06 7.71E-07 3.55E-07 O.OOE+OO l.17E-06 O.OOE+OO 2.09E-01 

Nb-95 5.90E+05 3.27E+05 l.80E+05 O.OOE+OO 3.17E+05 O.OOE+OO l.40E+09 

Nb-97 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Mo-99 O.OOE+OO 2.07E+04 3.94E+03 O.OOE+OO 4.73E+04 O.OOE+OO 3.70E+04 

Tc-99m O.OOE+OO O.OOE+OO 3.llE-20 O.OOE+OO 3.58E-20 O.OOE+OO l.58E-18 

Tc-99 2.05E+08 3.00E+08 8.19E+07 O.OOE+OO 3.82E+09 3.11E+07 7.36E+09 
Tc-101 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ru-103 3.00E+07 O.OOE+OO l.28E+07 O.OOE+OO l.06E+08 O.OOE+OO 2.51E+09 

Ru-105 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Ru-106 l.68E+09 O.OOE+OO 2.12E+08 O.OOE+OO 3.24E+09 O.OOE+OO 8.07E+10 

Rh-105 1.00E+OO 7.25E-01 4.76E-01 O.OOE+OO 3.08E+OO O.OOE+OO 9.23E+Ol 
Ag-llOm 3.52E+06 3.33E+06 2.02E+06 O.OOE+OO 6.34E+06 O.OOE+OO 9.35E+08 

Sn-113 5.92E+07 l.18E+07 l.94E+08 5.71E+06 l.54E+07 6.97E+06 2.09E+09 

Sn-117m l.07E+07 4.60E+05 1.84E+07 8.58E+04 6.48E+05 l.57E+05 2.07E+08 
Sb-122 l.13E+03 7.76E+02 l.25E+04 l.55E+02 5.08E+02 2.09E+02 l.31E+05 

Sb-124 7.01E+06 l.29E+05 2.74E+06 l.59E+04 O.OOE+OO 6.13E+06 l.41E+08 

Sb-125 l.18E+07 l.29E+05 2.76E+06 l.13E+04 O.OOE+OO l.04E+07 9.18E+07 
Te-125m 1.44E+08 5.19E+07 l.93E+07 4.02E+07 O.OOE+OO O.OOE+OO 4.25E+08 

Te-127m 6.21E+08 2.20E+08 7.38E+07 l.48E+08 2.52E+09 O.OOE+OO l.55E+09 

Te-127 5.81E-11 2.06E-11 1.25E-11 4.0lE-11 2.35E-10 O.OOE+OO 4.49E-09 
Te-129m 3.29E+08 l.22E+08 5.21E+07 l.07E+08 l.38E+09 O.OOE+OO l.23E+09 

Te-129 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Te-131m 2.37E+02 l.14E+02 9.48E+Ol l.71E+02 l.19E+03 O.OOE+OO 9.12E+03 
Te-131 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Te-132 2.72E+05 1.72E+05 l.62E+05 l.82E+05 l.65E+06 O.OOE+OO 5.46E+06 

I-130 2.19E-07 6.33E-07 2.53E-07 5.16E-05 9.76E-07 O.OOE+OO 4.87E-07 
I-131 l.09E+06 l.53E+06 8.23E+05 4.47E+08 2.64E+06 O.OOE+OO 3.03E+05 
I-132 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

I-133 3.89E-02 6.60E-02 2.0lE-02 9.21E+OO l.16E-01 O.OOE+OO 4.99E-02 
I-134 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
I-135 3.49E-18 8.99E-18 3.33E-18 5.78E-16 l.42E-17 O.OOE+OO 9.96E-18 
Cs-134 3.87E+08 9.12E+08 4.23E+08 O.OOE+OO 2.90E+08 l.11E+08 l.13E+07 
Cs-134m O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Cs-136 2.30E+06 9.06E+06 6.08E+06 O.OOE+OO 4.93E+06 7.77E+05 7.29E+05 

Cs-137 5.82E+08 7.75E+08 2.70E+08 O.OOE+OO 2.64E+08 l.02E+08 l.10E+07 
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Cs-138 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ba-139 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Ba-140 5.78E+06 7.09E+03 3.73E+05 O.OOE+OO 2.40E+03 4.76E+03 8.92E+06 

Ba-141 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ba-142 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

La-140 7.79E-03 3.83E-03 1.02E-03 O.OOE+OO O.OOE+OO O.OOE+OO 2.20E+02 
La-142 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ce-141 3.74E+03 2.50E+03 2.87E+02 O.OOE+OO l.18E+03 O.OOE+OO 7.15E+06 

Ce-143 4.34E-03 3.16E+OO 3.53E-04 O.OOE+OO 1.42E-03 O.OOE+OO 9.50E+Ol 
Ce-144 8.28E+05 3.43E+05 4.45E+04 O.OOE+OO 2.05E+05 O.OOE+OO 2.08E+08 
Pr-143 4.33E+03 l.73E+03 2.16E+02 O.OOE+OO l.01E+03 O.OOE+OO l.43E+07 

Pr-144 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Nd-147 1.52E+03 l.65E+03 9.91E+Ol O.OOE+OO 9.72E+02 O.OOE+OO 5.97E+06 
Eu-152 l.47E+06 3.53E+05 3.l 1E+05 O.OOE+OO l.64E+06 O.OOE+OO l.30E+08 

W-187 4.60E-03 3.75E-03 1.3 lE-03 O.OOE+OO O.OOE+OO O.OOE+OO l.OlE+OO 
U-235 4.92E+08 O.OOE+OO 3.00E+07 O.OOE+OO l.15E+08 O.OOE+OO 3.57E+07 
U-238 4.71E+08 O.OOE+OO 2.80E+07 O.OOE+OO l.08E+08 O.OOE+OO 2.52E+07 
Np-239 5.70E-02 5.38E-03 2.99E-03 O.OOE+OO l.69E-02 O.OOE+OO 8.65E+02 

Am-241 2.16E+08 8.26E+07 l.44E+07 O.OOE+OO l.08E+08 O.OOE+OO l.97E+07 
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H-3 O.OOE+OO l.94E+02 1.94E+02 l.94E+02 1.94E+02 l.94E+02 1.94E+02 

C-14 5.29E+05 1.06E+05 1.06E+05 1.06E+05 l.06E+05 1.06E+05 1.06E+05 

F-18 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Na-22 1.38E+09 1.38E+09 1.38E+09 l.38E+09 1.38E+09 l.38E+09 1.38E+09 

Na-24 4.lOE-04 4.lOE-04 4.lOE-04 4.lOE-04 4.lOE-04 4.lOE-04 4.lOE-04 

Sc-46 l.17E+05 1.60E+05 6.17E+04 O.OOE+OO 1.42E+05 O.OOE+OO 2.34E+08 

P-32 l.89E+09 8.83E+07 7.27E+07 O.OOE+OO O.OOE+OO O.OOE+OO 5.21E+07 

Cr-51 O.OOE+OO O.OOE+OO 2.58E+03 1.43E+03 3.92E+02 2.62E+03 1.37E+05 

Mn-54 O.OOE+OO 5.52E+06 1.47E+06 O.OOE+OO l.55E+06 O.OOE+OO 4.64E+06 

Mn-56 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Fe-55 3.40E+08 1.80E+08 5.59E+07 O.OOE+OO O.OOE+OO 1.02E+08 3.34E+07 

Fe-59 1.40E+08 2.27E+08 l.13E+08 O.OOE+OO O.OOE+OO 6.58E+07 2.36E+08 

Co-57 O.OOE+OO 3.97E+06 8.04E+06 O.OOE+OO O.OOE+OO O.OOE+OO 3.26E+07 

Co-58 O.OOE+OO 7.67E+06 2.35E+07 O.OOE+OO O.OOE+OO O.OOE+OO 4.47E+07 

Co-60 O.OOE+OO 5.36E+07 1.58E+08 O.OOE+OO O.OOE+OO O.OOE+OO 2.97E+08 

Ni-63 2.46E+10 l.32E+09 8.36E+08 O.OOE+OO O.OOE+OO O.OOE+OO 8.86E+07 

Ni-65 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Cu-64 O.OOE+OO 7.68E-08 4.64E-08 O.OOE+OO l.86E-07 O.OOE+OO 3.60E-06 
Zn-65 2.80E+08 7.47E+08 4.65E+08 O.OOE+OO 4.71E+08 O.OOE+OO l.31E+08 

Zn-69m 6.80E-06 l.16E-05 l.37E-06 O.OOE+OO 6.73E-06 O.OOE+OO 3.77E-04 

Zn-69 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

As-76 l.59E-01 4.41E-Ol 2.56E+OO l.50E-Ol 4.85E-01 1.50E-01 2.29E+Ol 

Br-82 O.OOE+OO O.OOE+OO 3.90E+02 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Br-83 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Br-84 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Br-85 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Rb-86 O.OOE+OO 1.48E+08 9.12E+07 O.OOE+OO O.OOE+OO O.OOE+OO 9.54E+06 

Rb-88 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Rb-89 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Sr-89 1.92E+08 O.OOE+OO 5.48E+06 O.OOE+OO O.OOE+OO O.OOE+OO 7.43E+06 

Sr-90 l.29E+ 10 O.OOE+OO 2.60E+08 O.OOE+OO O.OOE+OO O.OOE+OO l.16E+08 

Sr-91 6.24E-11 O.OOE+OO 2.36E-12 O.OOE+OO O.OOE+OO O.OOE+OO l.38E-10 

Sr-92 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Y-90 4.30E+Ol O.OOE+OO l.15E+OO O.OOE+OO O.OOE+OO O.OOE+OO l.22E+05 

Y-91m O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Y-91 7.71E+05 O.OOE+OO 2.06E+04 O.OOE+OO O.OOE+OO O.OOE+OO 1.03E+08 
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Y-92 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Y-93 2.69E-12 O.OOE+OO 7.39E-14 O.OOE+OO O.OOE+OO O.OOE+OO 4.02E-08 

Zr-95 1.19E+06 2.61E+05 2.32E+05 O.OOE+OO 3.74E+05 O.OOE+OO 2.72E+08 

Zr-97 7.25E-06 l.05E-06 6.18E-07 O.OOE+OO l.50E-06 O.OOE+OO l.59E-Ol 

Nb-95 l.02E+06 3.97E+05 2.83E+05 O.OOE+OO 3.73E+05 O.OOE+OO 7.33E+08 

Nb-97 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Mo-99 O.OOE+OO 2.88E+04 7.12E+03 O.OOE+OO 6.14E+04 O.OOE+OO 2.38E+04 

Tc-99m O.OOE+OO O.OOE+OO 4.91E-20 O.OOE+OO 4.30E-20 O.OOE+OO l.68E-18 

Tc-99 3.86E+08 4.29E+08 l.54E+08 O.OOE+OO 5.06E+09 3.80E+07 4.50E+09 

Tc-101 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ru-103 5.43E+07 O.OOE+OO 2.09E+07 O.OOE+OO l.37E+08 O.OOE+OO l.40E+09 

Ru-105 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ru-106 3.l 7E+09 O.OOE+OO 3.95E+08 O.OOE+OO 4.28E+09 O.OOE+OO 4.93E+10 

Rh-105 l.88E+OO l.OlE+OO 8.64E-Ol O.OOE+OO 4.03E+OO O.OOE+OO 6.26E+Ol 

Ag-1 lOm 5.83E+06 3.94E+06 3.15E+06 O.OOE+OO 7.33E+06 O.OOE+OO 4.68E+08 

Sn-113 l.05E+08 2.27E+07 3.47E+08 9.06E+06 2.40E+07 1.13E+07 3.87E+09 

Sn-l 17m 2.11E+07 l.OOE+06 3.30E+07 l.58E+05 l.02E+06 2.90E+05 3.83E+08 

Sb-122 2.07E+03 l.24E+03 2.30E+04 2.71E+02 7.54E+02 3.54E+02 2.49E+05 

Sb-124 l.27E+07 l.65E+05 4.45E+06 2.80E+04 O.OOE+OO 7.04E+06 7.93E+07 

Sb-125 2.15E+07 l.66E+05 4.50E+06 l.99E+04 O.OOE+OO l.20E+07 5.13E+07 

Te-125m 2.70E+08 7.33E+07 3.61E+07 7.59E+07 O.OOE+OO O.OOE+OO 2.61E+08 

Te-127m l.17E+09 3.15E+08 1.39E+08 2.84E+08 3.34E+09 O.OOE+OO 9.48E+08 

Te-127 1.09E-10 2.95E-1 l 2.34E-11 7.56E-11 3.l lE-10 O.OOE+OO 4.27E-09 

Te-129m 6.20E+08 l.73E+08 9.62E+07 2.00E+08 l.82E+09 O.OOE+OO 7.56E+08 

Te-129 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Te-131m 4.41E+02 1.53E+02 l.62E+02 3.14E+02 l.48E+03 O.OOE+OO 6.19E+03 

Te-131 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Te-132 4.97E+05 2.20E+05 2.66E+05 3.20E+05 2.04E+06 O.OOE+OO 2.21E+06 

1-130 3.91E-07 7.91E-07 4.08E-07 8.71E-05 1.18E-06 O.OOE+OO 3.70E-07 
1-131 2.03E+06 2.04E+06 1.16E+06 6.75E+08 3.35E+06 O.OOE+OO l.82E+05 

1-132 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

1-133 7.23E-02 8.94E-02 3.38E-02 l.66E+Ol l.49E-01 O.OOE+OO 3.60E-02 

1-134 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

1-135 6.32E-18 1.14E-17 5.38E-18 l.OlE-15 l.74E-17 O.OOE+OO 8.67E-18 

Cs-134 6.83E+08 1.12E+09 2.36E+08 O.OOE+OO 3.47E+08 l.25E+08 6.04E+06 

Cs-134m O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Cs-136 3.97E+06 l.09E+07 7.07E+06 O.OOE+OO 5.82E+06 8.67E+05 3.84E+05 
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Cs-137 l.07E+09 1.03E+09 l.52E+08 O.OOE+OO 3.34E+08 l.20E+08 6.43E+06 

Cs-138 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Ba-139 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ba-140 l.07E+07 9.35E+03 6.23E+05 O.OOE+OO 3.04E+03 5.57E+03 5.41E+06 

Ba-141 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Ba-142 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
La-140 1.43E-02 4.99E-03 1.68E-03 O.OOE+OO O.OOE+OO O.OOE+OO l.39E+02 
La-142 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Ce-141 7.04E+03 3.51E+03 5.22E+02 O.OOE+OO l.54E+03 O.OOE+OO 4.38E+06 
Ce-143 8.15E-03 4.42E+OO 6.40E-04 O.OOE+OO l.85E-03 O.OOE+OO 6.47E+Ol 
Ce-144 l.56E+06 4.89E+05 8.33E+04 O.OOE+OO 2.71E+05 O.OOE+OO l.28E+08 
Pr-143 8.20E+03 2.46E+03 4.07E+02 O.OOE+OO 1.33E+03 O.OOE+OO 8.84E+06 
Pr-144 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Nd-147 2.86E+03 2.31E+03 l.79E+02 O.OOE+OO l.27E+03 O.OOE+OO 3.66E+06 
Eu-152 2.32E+06 4.23E+05 5.02E+05 O.OOE+OO 1.79E+06 O.OOE+OO 6.95E+07 

W-187 8.52E-03 5.04E-03 2.26E-03 O.OOE+OO O.OOE+OO O.OOE+OO 7.09E-01 
U-235 9.31E+08 O.OOE+OO 5.64E+07 O.OOE+OO 1.53E+08 O.OOE+OO 2.19E+07 
U-238 8.90E+08 O.OOE+OO 5.28E+07 O.OOE+OO 1.43E+08 O.OOE+OO 1.54E+07 

Np-239 1.07E-01 7.70E-03 5.41E-03 O.OOE+OO 2.23E-02 O.OOE+OO 5.70E+02 
Am-241 2.26E+08 1.01E+08 1.61E+07 O.OOE+OO 9.86E+07 O.OOE+OO 1.21E+07 
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H-3 O.OOE+OO l.60E+03 l.60E+03 l.60E+03 l.60E+03 l.60E+03 l.60E+03 

C-14 7.72E+05 l.54E+05 1.54E+05 l.54E+05 l.54E+05 1.54E+05 l.54E+05 
F-18 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Na-22 l.24E+09 1.24E+09 l.24E+09 l.24E+09 l.24E+09 l.24E+09 l.24E+09 
Na-24 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Sc-46 l.92E+05 3.73E+05 l.08E+05 O.OOE+OO 3.48E+05 O.OOE+OO l.82E+09 
P-32 3.98E+08 2.48E+07 l.54E+07 O.OOE+OO O.OOE+OO O.OOE+OO 4.48E+07 
Cr-51 O.OOE+OO O.OOE+OO 2.69E+04 l.60E+04 5.92E+03 3.56E+04 6.75E+06 
Mn-54 O.OOE+OO 2.60E+08 4.95E+07 O.OOE+OO 7.73E+07 O.OOE+OO 7.95E+08 
Mn-56 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Fe-55 l.71E+08 1.18E+08 2.75E+07 O.OOE+OO O.OOE+OO 6.59E+07 6.78E+07 
Fe-59 8.77E+07 2.06E+08 7.90E+07 O.OOE+OO O.OOE+OO 5.76E+07 6.87E+08 
Co-57 O.OOE+OO 9.50E+06 l.58E+07 O.OOE+OO O.OOE+OO O.OOE+OO 2.41E+08 
Co-58 O.OOE+OO 2.32E+07 5.21E+07 O.OOE+OO O.OOE+OO O.OOE+OO 4.71E+08 
Co-60 O.OOE+OO l.43E+08 3.15E+08 O.OOE+OO O.OOE+OO O.OOE+OO 2.68E+09 
Ni-63 l.03E+10 7.15E+08 3.46E+08 O.OOE+OO O.OOE+OO O.OOE+OO l.49E+08 
Ni-65 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Cu-64 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Zn-65 3.36E+08 l.07E+09 4.84E+08 o·.OOE+OO 7.16E+08 O.OOE+OO 6.74E+08 
Zn-69m O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Zn-69 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
As-76 6.72E-11 l.96E-10 9.78E-10 5.87E-11 2.38E-10 6.1 lE-11 8.56E-09 
Br-82 O.OOE+OO O.OOE+OO 8.08E-06 O.OOE+OO O.OOE+OO O.OOE+OO 9.26E-06 
Br-83 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Br-84 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Br-85 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Rb-86 O.OOE+OO 9.00E+07 4.19E+07 O.OOE+OO O.OOE+OO O.OOE+OO l.77E+07 
Rb-88 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Rb-89 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Sr-89 7.16E+09 O.OOE+OO 2.06E+08 O.OOE+OO O.OOE+OO O.OOE+OO 1.15E+09 
Sr-90 6.64E+l 1 O.OOE+OO l.33E+10 O.OOE+OO O.OOE+OO O.OOE+OO l.67E+l0 
Sr-91 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Sr-92 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Y-90 1.83E-02 O.OOE+OO 4.90E-04 O.OOE+OO O.OOE+OO O.OOE+OO l.94E+02 
Y-91m O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Y-91 3.76E+06 O.OOE+OO l.01E+05 O.OOE+OO O.OOE+OO O.OOE+OO 2.07E+09 
Y-92 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
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Y-93 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Zr-95 8.75E+05 2.80E+05 l.90E+05 O.OOE+OO 4.40E+05 O.OOE+OO 8.89E+08 

Zr-97 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 5.43E-18 

Nb-95 9.19E+04 5.11E+04 2.75E+04 O.OOE+OO 5.06E+04 O.OOE+OO 3.10E+08 

Nb-97 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Mo-99 O.OOE+OO l.31E+Ol 2.49E+OO O.OOE+OO 2.97E+Ol O.OOE+OO 3.03E+Ol 

Tc-99m O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Tc-99 3.25E+07 4.84E+07 l.31E+07 O.OOE+OO 6.09E+08 4.11E+06 l.58E+09 

Tc-101 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ru-103 3.23E+06 O.OOE+OO l.39E+06 O.OOE+OO l.23E+07 O.OOE+OO 3.77E+08 

Ru-105 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ru-106 l.65E+08 O.OOE+OO 2.09E+07 O.OOE+OO 3.19E+08 O.OOE+OO l.07E+10 

Rh-105 7.23E-07 5.29E-07 3.48E-07 O.OOE+OO 2.25E-06 O.OOE+OO 8.42E-05 

Ag-1 lOm 9.51E+06 8.79E+06 5.22E+06 O.OOE+OO l.73E+07 O.OOE+OO 3.59E+09 

Sn-113 3.98E+07 6.74E+06 l.12E+08 3.52E+06 9.19E+06 4.14E+06 l.23E+09 

Sn-117m 2.95E+06 l.OOE+05 4.19E+06 2.01E+04 l.53E+05 3.19E+04 4.72E+07 

Sb-122 l.71E+OO 9.42E-01 l.62E+Ol 2.00E-01 6.66E-01 2.57E-01 l.71E+02 

Sb-124 7.67E+07 l.45E+06 3.04E+07 l.86E+05 O.OOE+OO 5.97E+07 2.18E+09 

Sb-125 l.15E+08 l.28E+06 2.73E+07 l.17E+05 O.OOE+OO 8.86E+07 1.26E+09 

Te-125m 9.l 1E+07 3.30E+07 l.22E+07 2.74E+07 3.71E+08 O.OOE+OO 3.64E+08 

Te-127m 4.07E+08 1.46E+08 4.96E+07 1.04E+08 l.65E+09 O.OOE+OO 1.37E+09 

Te-127 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Te-129m l.90E+08 7.08E+07 3.01E+07 6.52E+07 7.93E+08 O.OOE+OO 9.56E+08 

Te-129 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Te-131m 4.64E-07 2.27E-07 l.89E-07 3.60E-07 2.30E-06 O.OOE+OO 2.25E-05 

Te-131 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Te-132 7.82E+Ol 5.06E+Ol 4.75E+Ol 5.59E+Ol 4.87E+02 O.OOE+OO 2.39E+03 

1-130 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

1-131 1.46E+06 2.09E+06 l.20E+06 6.86E+08 3.59E+06 O.OOE+OO 5.52E+05 

1-132 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

1-133 2.06E-14 3.58E-14 l.09E-14 5.27E-12 6.26E-14 O.OOE+OO 3.22E-14 

1-134 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

1-135 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Cs-134 3.88E+09 9.24E+09 7.55E+09 O.OOE+OO 2.99E+09 9.93E+08 l.62E+08 

Cs-134m O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Cs-136 9.22E+06 3.64E+07 2.62E+07 O.OOE+OO 2.02E+07 2.77E+06 4.13E+06 

Cs-137 5.71E+09 7.81E+09 5.12E+09 O.OOE+OO 2.65E+09 8.82E+08 l.51E+08 
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Cs-138 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ba-139 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Ba-140 2.55E+07 3.21E+04 1.67E+06 O.OOE+OO 1.09E+04 l.84E+04 5.26E+07 
Ba-141 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Ba-142 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
La-140 3.18E-07 l.60E-07 4.23E-08 O.OOE+OO O.OOE+OO O.OOE+OO l.18E-02 
La-142 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Ce-141 1.24E+05 8.37E+04 9.49E+03 O.OOE+OO 3.89E+04 O.OOE+OO 3.20E+08 
Ce-143 7.79E-10 5.76E-07 6.37E-11 O.OOE+OO 2.53E-10 O.OOE+OO 2.15E-05 
Ce-144 2.66E+07 l.11E+07 1.43E+06 O.OOE+OO 6.58E+06 O.OOE+OO 8.98E+09 
Pr-143 1.45E+04 5.83E+03 7.21E+02 O.OOE+OO 3.37E+03 O.OOE+OO 6.37E+07 
Pr-144 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Nd-147 4.31E+03 4.99E+03 2.98E+02 O.OOE+OO 2.92E+03 O.OOE+OO 2.39E+07 
Eu-152 l.30E+07 2.93E+06 2.58E+06 O.OOE+OO 1.82E+07 O.OOE+OO l.69E+09 
W-187 3.44E-13 2.88E-13 1.0lE-13 O.OOE+OO O.OOE+OO O.OOE+OO 9.42E-11 
U-235 5.40E+ 10 O.OOE+OO 3.28E+09 O.OOE+OO 1.26E+10 O.OOE+OO 5.26E+09 
U-238 5.l 7E+ 10 O.OOE+OO 3.06E+09 O.OOE+OO 1.18E+10 O.OOE+OO 3.71E+09 
Np-239 2.53E-04 2.49E-05 1.37E-05 O.OOE+OO 7.76E-05 O.OOE+OO 5.lOE+OO 
Am-241 5.37E+10 1.89E+10 3.55E+09 O.OOE+OO 2.67E+10 O.OOE+OO 4.87E+09 
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ODCM 
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H-3 O.OOE+OO l.95E+03 l.95E+03 l.95E+03 l.95E+03 l.95E+03 l.95E+03 

C-14 1.34E+06 2.67E+05 2.67E+05 2.67E+05 2.67E+05 2.67E+05 2.67E+05 

F-18 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Na-22 2.02E+09 2.02E+09 2.02E+09 2.02E+09 2.02E+09 2.02E+09 2.02E+09 

Na-24 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Sc-46 3.06E+05 5.96E+05 1.77E+05 O.OOE+OO 5.70E+05 O.OOE+OO 2.03E+09 

P-32 6.90E+08 4.27E+07 2.67E+07 O.OOE+OO O.OOE+OO O.OOE+OO 5.80E+07 

Cr-51 O.OOE+OO O.OOE+OO 4.40E+04 2.45E+04 9.65E+03 6.29E+04 7.40E+06 

Mn-54 O.OOE+OO 4.06E+08 8.05E+07 O.OOE+OO l.21E+08 O.OOE+OO 8.33E+08 

Mn-56 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Fe-55 2.85E+08 2.02E+08 4.71E+07 O.OOE+OO O.OOE+OO l.28E+08 8.74E+07 

Fe-59 1.44E+08 3.35E+08 l.29E+08 O.OOE+OO O.OOE+OO l.06E+08 7.93E+08 

Co-57 O.OOE+OO l.56E+07 2.62E+07 O.OOE+OO O.OOE+OO O.OOE+OO 2.92E+08 

Co-58 O.OOE+OO 3.67E+07 8.47E+07 O.OOE+OO O.OOE+OO O.OOE+OO 5.06E+08 

Co-60 O.OOE+OO 2.27E+08 5.12E+08 O.OOE+OO O.OOE+OO O.OOE+OO 2.96E+09 

Ni-63 l.70E+10 1.20E+09 5.77E+08 O.OOE+OO O.OOE+OO O.OOE+OO l.91E+08 

Ni-65 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Cu-64 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Zn-65 4.85E+08 l.68E+09 7.86E+08 O.OOE+OO l.08E+09 O.OOE+OO 7.13E+08 

Zn-69m O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Zn-69 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

As-76 9.62E-11 3.04E-10 1.48E-09 8.88E-11 3.55E-10 8.88E-11 1.33E-08 

Br-82 O.OOE+OO O.OOE+OO l.32E-05 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Br-83 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Br-84 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Br-85 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Rb-86 O.OOE+OO l.54E+08 7.24E+07 O.OOE+OO O.OOE+OO O.OOE+OO 2.28E+07 

Rb-88 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Rb-89 O.OOE+OO . O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Sr-89 l.24E+10 O.OOE+OO 3.55E+08 O.OOE+OO O.OOE+OO O.OOE+OO 1.48E+09 

Sr-90 9.42E+ll O.OOE+OO l.88E+10 O.OOE+OO O.OOE+OO O.OOE+OO 2.15E+10 

Sr-91 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Sr-92 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Y-90 3.15E-02 O.OOE+OO 8.49E-04 O.OOE+OO O.OOE+OO O.OOE+OO 2.60E+02 

Y-91m O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Y-91 6.49E+06 O.OOE+OO l.74E+05 O.OOE+OO O.OOE+OO O.OOE+OO 2.66E+09 

Y-92 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
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Y-93 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Zr-95 1.44E+06 4.53E+05 3.12E+05 O.OOE+OO 6.66E+05 O.OOE+OO 1.05E+09 

Zr-97 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 7.96E-18 

Nb-95 1.47E+05 8.17E+04 4.50E+04 O.OOE+OO 7.92E+04 O.OOE+OO 3.49E+08 

Nb-97 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Mo-99 O.OOE+OO 2.22E+Ol 4.23E+OO O.OOE+OO 5.08E+Ol O.OOE+OO 3.97E+Ol 

Tc-99m O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Tc-99 5.65E+07 8.29E+07 2.26E+07 O.OOE+OO 1.05E+09 8.58E+06 2.03E+09 

Tc-101 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ru-103 5.49E+06 O.OOE+OO 2.31E+06 O.OOE+OO 1.90E+07 O.OOE+OO 4.51E+08 

Ru-105 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ru-106 2.86E+08 O.OOE+OO 3.60E+07 O.OOE+OO 5.51E+08 O.OOE+OO 1.37E+10 

Rh-105 l.25E-06 9.05E-07 5.94E-07 O.OOE+OO 3.84E-06 O.OOE+OO l.15E-04 

Ag-1 lOm l.48E+07 1.40E+07 8.49E+06 O.OOE+OO 2.66E+07 O.OOE+OO 3.92E+09 

Sn-113 5.20E+07 1.04E+07 1.71E+08 5.01E+06 1.35E+07 6.12E+06 1.84E+09 

Sn-117m 3.65E+06 1.57E+05 6.29E+06 2.93E+04 2.22E+05 5.36E+04 7.08E+07 

Sb-122 2.19E+OO 1.50E+OO 2.42E+Ol 3.00E-01 9.80E-01 4.04E-01 2.54E+02 

Sb-124 1.28E+08 2.37E+06 5.01E+07 2.91E+05 O.OOE+OO l.12E+08 2.59E+09 

Sb-125 1.93E+08 2.11E+06 4.51E+07 l.84E+05 O.OOE+OO 1.70E+08 1.50E+09 

Te-125m 1.58E+08 5.68E+07 2.11E+07 4.41E+07 O.OOE+OO O.OOE+OO 4.66E+08 

Te-127m 7.05E+08 2.50E+08 8.38E+07 1.68E+08 2.86E+09 O.OOE+OO 1.76E+09 

Te-127 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Te-129m 3.26E+08 1.21E+08 5.15E+07 1.05E+08 1.36E+09 O.OOE+OO 1.22E+09 

Te-129 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Te-131m 7.93E-07 3.80E-07 3.17E-07 5.72E-07 3.97E-06 O.OOE+OO 3.05E-05 

Te-131 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Te-132 1.31E+02 8.31E+Ol 7.82E+Ol 8.76E+Ol 7.97E+02 O.OOE+OO 2.63E+03 

1-130 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

1-131 2.49E+06 3.49E+06 1.87E+06 1.02E+09 6.01E+06 O.OOE+OO 6.90E+05 

1-132 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

1-133 3.53E-14 6.00E-14 1.83E-14 8.37E-12 1.05E-13 O.OOE+OO 4.54E-14 

1-134 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

1-135 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Cs-134 6.33E+09 1.49E+10 6.91E+09 O.OOE+OO 4.74E+09 1.81E+09 l.85E+08 

Cs-134m O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Cs-136 1.47E+07 5.80E+07 3.89E+07 O.OOE+OO 3.16E+07 4.97E+06 4.66E+06 

Cs-137 9.73E+09 1.29E+10 4.51E+09 O.OOE+OO 4.40E+09 l.71E+09 l.84E+08 
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Cs-138 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ba-139 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Ba-140 4.33E+07 5.30E+04 2.79E+06 O.OOE+OO l.80E+04 3.57E+04 6.67E+07 
Ba-141 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ba-142 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
La-140 5.36E-07 2.63E-07 7.0IE-08 O.OOE+OO O.OOE+OO O.OOE+OO l.51E-02 

La-142 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Ce-141 2.13E+05 l.42E+05 l.63E+04 O.OOE+OO 6.70E+04 O.OOE+OO 4.07E+08 
Ce-143 l.34E-09 9.78E-07 l.09E-10 O.OOE+OO 4.39E-10 O.OOE+OO 2.94E-05 
Ce-144 4.59E+07 l.90E+07 2.47E+06 O.OOE+OO l.13E+07 O.OOE+OO l.15E+ 10 
Pr-143 2.51E+04 1.00E+04 l.25E+03 O.OOE+OO 5.82E+03 O.OOE+OO 8.25E+07 
Pr-144 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Nd-147 7.80E+03 8.48E+03 5.08E+02 O.OOE+OO 4.98E+03 O.OOE+OO 3.06E+07 
Eu-152 l.96E+07 4.72E+06 4.16E+06 O.OOE+OO 2.19E+07 O.OOE+OO l.74E+09 
W-187 5.91E-13 4.82E-13 l.69E-13 O.OOE+OO O.OOE+OO O.OOE+OO 1.30E-10 

U-235 9.31E+10 O.OOE+OO 5.67E+09 O.OOE+OO 2.18E+10 O.OOE+OO 6.76E+09 
U-238 8.90E+10 O.OOE+OO 5.30E+09 O.OOE+OO 2.04E+10 O.OOE+OO 4.76E+09 
Np-239 4.53E-04 4.27E-05 2.37E-05 O.OOE+OO l.34E-04 O.OOE+OO 6.88E+OO 

Am-241 6.85E+10 2.62E+10 4.57E+09 O.OOE+OO 3.43E+10 O.OOE+OO 6.26E+09 
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H-3 O.OOE+OO 3.10E+03 3.10E+03 3.10E+03 3.10E+03 3.10E+03 3.10E+03 

C-14 3.29E+06 6.58E+05 6.58E+05 6.58E+05 6.58E+05 6.58E+05 6.58E+05 

F-18 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Na-22 4.20E+09 4.20E+09 4.20E+09 4.20E+09 4.20E+09 4.20E+09 4.20E+09 

Na-24 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Sc-46 6.87E+05 9.42E+05 3.63E+05 O.OOE+OO 8.33E+05 O.OOE+OO 1.38E+09 

P-32 1.70E+09 7.96E+07 6.56E+07 O.OOE+OO O.OOE+OO O.OOE+OO 4.70E+07 

Cr-51 O.OOE+OO O.OOE+OO 8.98E+04 4.99E+04 1.36E+04 9.10E+04 4.76E+06 

Mn-54 O.OOE+OO 6.08E+08 1.62E+08 O.OOE+OO 1.70E+08 O.OOE+OO 5.10E+08 

Mn-56 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Fe-55 7.15E+08 3.79E+08 1.17E+08 O.OOE+OO O.OOE+OO 2.14E+08 7.02E+07 

Fe-59 3.33E+08 5.39E+08 2.69E+08 O.OOE+OO O.OOE+OO 1.56E+08 5.62E+08 

Co-57 O.OOE+OO 2.68E+07 5.42E+07 O.OOE+OO O.OOE+OO O.OOE+OO 2.19E+08 

Co-58 O.OOE+OO 5.62E+07 l.72E+08 O.OOE+OO O.OOE+OO O.OOE+OO 3.28E+08 

Co-60 O.OOE+OO 3.53E+08 1.04E+09 O.OOE+OO O.OOE+OO O.OOE+OO 1.96E+09 

Ni-63 4.27E+10 2.29E+09 1.45E+09 O.OOE+OO O.OOE+OO O.OOE+OO 1.54E+08 

Ni-65 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Cu-64 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Zn-65 9.52E+08 2.54E+09 1.58E+09 O.OOE+OO 1.60E+09 O.OOE+OO 4.46E+08 

Zn-69m O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Zn-69 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

As-76 2.20E-10 6.1 lE-10 3.54E-09 2.08E-10 6.72E-10 2.08E-10 3.18E-08 

Br-82 O.OOE+OO O.OOE+OO 2.70E-05 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Br-83 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Br-84 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Br-85 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Rb-86 O.OOE+OO 2.86E+08 1.76E+08 O.OOE+OO O.OOE+OO O.OOE+OO 1.84E+07 

Rb-88 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Rb-89 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Sr-89 3.07E+10 O.OOE+OO 8.77E+08 O.OOE+OO O.OOE+OO O.OOE+OO 1.19E+09 

Sr-90 1.95E+12 O.OOE+OO 3.92E+10 O.OOE+OO O.OOE+OO O.OOE+OO 1.74E+10 

Sr-91 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Sr-92 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Y-90 7.81E-02 O.OOE+OO 2.09E-03 O.OOE+OO O.OOE+OO O.OOE+OO 2.22E+02 

Y-91m O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Y-91 1.61E+07 O.OOE+OO 4.29E+05 O.OOE+OO O.OOE+OO O.OOE+OO 2.14E+09 

Y-92 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
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Y-93 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Zr-95 3.34E+06 7.34E+05 6.53E+05 O.OOE+OO 1.05E+06 O.OOE+OO 7.65E+08 

Zr-97 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 7.92E-18 

Nb-95 3.33E+05 1.29E+05 9.25E+04 O.OOE+OO 1.22E+05 O.OOE+OO 2.39E+08 

Nb-97 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Mo-99 O.OOE+OO 4.04E+Ol 9.99E+OO O.OOE+OO 8.63E+Ol O.OOE+OO 3.34E+Ol 

Tc-99m O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Tc-99 1.39E+08 l.55E+08 5.55E+07 O.OOE+OO 1.83E+09 1.37E+07 1.63E+09 

Tc-101 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ru-103 1.28E+07 O.OOE+OO 4.91E+06 O.OOE+OO 3.21E+07 O.OOE+OO 3.30E+08 

Ru-105 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ru-106 7.04E+08 O.OOE+OO 8.78E+07 O.OOE+OO 9.50E+08 O.OOE+OO 1.09E+ 10 

Rh-105 3.07E-06 l.65E-06 1.41E-06 O.OOE+OO 6.57E-06 O.OOE+OO 1.02E-04 

Ag-1 lOm 3.20E+07 2.16E+07 1.73E+07 O.OOE+OO 4.03E+07 O.OOE+OO 2.57E+09 

Sn-113 1.21E+08 2.60E+07 3.98E+08 1.04E+07 2.76E+07 1.30E+07 4.44E+09 

Sn-117m 9.44E+06 4.48E+05 1.48E+07 7.08E+04 4.54E+05 l.30E+05 1.71E+08 

Sb-122 5.23E+OO 3.14E+OO 5.81E+Ol 6.84E-Ol l.80E+OO 8.95E-01 6.28E+02 

Sb-124 3.04E+08 3.94E+06 1.07E+08 6.71E+05 O.OOE+OO 1.69E+08 1.90E+09 

Sb-125 4.60E+08 3.54E+06 9.63E+07 4.26E+05 O.OOE+OO 2.56E+08 l.10E+09 

Te-125m 3.88E+08 1.05E+08 5.17E+07 l.09E+08 O.OOE+OO O.OOE+OO 3.74E+08 

Te-127m l.74E+09 4.68E+08 2.06E+08 4.16E+08 4.96E+09 O.OOE+OO 1.41E+09 

Te-127 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Te-129m 8.04E+08 2.25E+08 1.25E+08 2.59E+08 2.36E+09 O.OOE+OO 9.81E+08 

Te-129 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Te-131m l.93E-06 6.68E-07 7.llE-07 l .37E-06 6.47E-06 O.OOE+OO 2.71E-05 

Te-131 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Te-132 3.14E+02 l.39E+02 l.68E+02 2.02E+02 l.29E+03 O.OOE+OO 1.40E+03 

1-130 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

1-131 6.05E+06 6.08E+06 3.46E+06 2.01E+09 9.99E+06 O.OOE+OO 5.42E+05 

1-132 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

1-133 8.49E-14 1.06E-13 4.02E-14 1.97E-ll 1.77E-13 O.OOE+OO 4.28E-14 

1-134 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

1-135 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Cs-134 1.46E+ 10 2.40E+l0 5.06E+09 O.OOE+OO 7.43E+09 2.67E+09 l.29E+08 

Cs-134m O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Cs-136 3.33E+07 9.14E+07 5.92E+07 O.OOE+OO 4.87E+07 7.26E+06 3.21E+06 

Cs-137 2.34E+l0 2.24E+l0 3.31E+09 O.OOE+OO 7.31E+09 2.63E+09 l.41E+08 
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Cs-138 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ba-139 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ba-140 1.05E+08 9.16E+04 6.10E+06 O.OOE+OO 2.98E+04 5.46E+04 5.29E+07 

Ba-141 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ba-142 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

La-140 1.28E-06 4.49E-07 1.51E-07 O.OOE+OO O.OOE+OO O.OOE+OO l.25E-02 

La-142 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ce-141 5.25E+05 2.62E+05 3.89E+04 O.OOE+OO l.15E+05 O.OOE+OO 3.27E+08 

Ce-143 3.30E-09 1.79E-06 2.59E-10 O.OOE+OO 7.51E-10 O.OOE+OO 2.62E-05 

Ce-144 l.13E+08 3.55E+07 6.04E+06 O.OOE+OO 1.96E+07 O.OOE+OO 9.25E+09 
Pr-143 6.21E+04 l.87E+04 3.08E+03 O.OOE+OO 1.01E+04 O.OOE+OO 6.70E+07 
Pr-144 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Nd-147 1.91E+04 l.55E+04 l.20E+03 O.OOE+OO 8.51E+03 O.OOE+OO 2.46E+07 

Eu-152 4.06E+07 7.40E+06 8.78E+06 O.OOE+OO 3.12E+07 O.OOE+OO 1.22E+09 

W-187 1.43E-12 8.49E-13 3.81E-13 O.OOE+OO O.OOE+OO O.OOE+OO l.22E-10 

U-235 2.30E+l l O.OOE+OO 1.39E+10 O.OOE+OO 3.78E+10 O.OOE+OO 5.41E+09 
U-238 2.20E+l 1 O.OOE+OO l.31E+10 O.OOE+OO 3.53E+10 O.OOE+OO 3.81E+09 

Np-239 l.12E-03 8.0lE-05 5.63E-05 O.OOE+OO 2.32E-04 O.OOE+OO 5.93E+OO 

Am-241 9.38E+10 4.20E+10 6.69E+09 O.OOE+OO 4.09E+10 O.OOE+OO 5.01E+09 
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H-3 O.OOE+OO 2.61E+02 2.61E+02 2.61E+02 2.61E+02 2.61E+02 2.61E+02 
C-14 l.25E+05 2.50E+04 2.50E+04 2.50E+04 2.50E+04 2.50E+04 2.50E+04 
F-18 4.24E+OO O.OOE+OO 4.71E-01 O.OOE+OO O.OOE+OO O.OOE+OO l.26E-01 
Na-22 2.10E+08 2.IOE+08 2.10E+08 2.10E+08 2.10E+08 2.10E+08 2.10E+08 
Na-24 2.66E+05 2.66E+05 2.66E+05 2.66E+05 2.66E+05 2.66E+05 2.66E+05 

Sc-46 5.07E+04 9.84E+04 2.86E+04 O.OOE+OO 9.19E+04 O.OOE+OO 4.79E+08 
P-32 l.13E+09 7.03E+07 4.37E+07 O.OOE+OO O.OOE+OO O.OOE+OO l.27E+08 
Cr-51 O.OOE+OO O.OOE+OO l.90E+04 1.14E+04 4.19E+03 2.53E+04 4.79E+06 
Mn-54 O.OOE+OO 4.79E+07 9.15E+06 O.OOE+OO l.43E+07 O.OOE+OO l.47E+08 
Mn-56 O.OOE+OO l.54E+Ol 2.74E+OO O.OOE+OO l.96E+Ol O.OOE+OO 4.92E+02 
Fe-55 2.88E+07 l.99E+07 4.65E+06 O.OOE+OO O.OOE+OO 1.11E+07 1.14E+07 
Fe-59 3.56E+07 8.36E+07 3.21E+07 O.OOE+OO O.OOE+OO 2.34E+07 2.79E+08 

Co-57 O.OOE+OO l.79E+06 2.97E+06 O.OOE+OO O.OOE+OO O.OOE+OO 4.54E+07 
Co-58 O.OOE+OO 6.70E+06 l.50E+07 O.OOE+OO O.OOE+OO O.OOE+OO l.36E+08 
Co-60 O.OOE+OO 2.36E+07 5.21E+07 O.OOE+OO O.OOE+OO O.OOE+OO 4.44E+08 
Ni-63 l.67E+09 1.16E+08 5.61E+07 O.OOE+OO O.OOE+OO O.OOE+OO 2.42E+07 

Ni-65 5.91E+Ol 7.68E+OO 3.51E+OO O.OOE+OO O.OOE+OO O.OOE+OO l.95E+02 
Cu-64 O.OOE+OO 9.19E+03 4.31E+03 O.OOE+OO 2.32E+04 O.OOE+OO 7.84E+05 
Zn-65 6.44E+07 2.05E+08 9.26E+07 O.OOE+OO 1.37E+08 O.OOE+OO l.29E+08 
Zn-69m 2.27E+04 5.44E+04 4.98E+03 O.OOE+OO 3.30E+04 O.OOE+OO 3.32E+06 
Zn-69 5.89E-06 l.13E-05 7.83E-07 O.OOE+OO 7.31E-06 O.OOE+OO 1.69E-06 
As-76 l.76E+05 5.l 1E+05 2.55E+06 l.53E+05 6.22E+05 l.60E+05 2.23E+07 
Br-82 O.OOE+OO O.OOE+OO l.55E+06 O.OOE+OO O.OOE+OO O.OOE+OO l.78E+06 
Br-83 O.OOE+OO O.OOE+OO 3.21E+OO O.OOE+OO O.OOE+OO O.OOE+OO 4.62E+OO 
Br-84 O.OOE+OO O.OOE+OO 2.21E-11 O.OOE+OO O.OOE+OO O.OOE+OO l.73E-16 
Br-85 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Rb-86 O.OOE+OO l.31E+08 6.09E+07 O.OOE+OO O.OOE+OO O.OOE+OO 2.58E+07 
Rb-88 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Rb-89 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Sr-89 2.61E+09 O.OOE+OO 7.48E+07 O.OOE+OO O.OOE+OO O.OOE+OO 4.18E+08 
Sr-90 l.08E+ 11 O.OOE+OO 2.17E+09 O.OOE+OO O.OOE+OO O.OOE+OO 2.71E+09 

Sr-91 3.02E+05 O.OOE+OO l.22E+04 O.OOE+OO O.OOE+OO O.OOE+OO l.44E+06 
Sr-92 4.15E+02 O.OOE+OO l.79E+Ol O.OOE+OO O.OOE+OO O.OOE+OO 8.22E+03 
Y-90 l.33E+04 O.OOE+OO 3.56E+02 O.OOE+OO O.OOE+OO O.OOE+OO l.41E+08 
Y-91m 4.74E-09 O.OOE+OO l.83E-10 O.OOE+OO O.OOE+OO O.OOE+OO l.39E-08 
Y-91 l.22E+06 O.OOE+OO 3.28E+04 O.OOE+OO O.OOE+OO O.OOE+OO 6.74E+08 
Y-92 8.96E-01 O.OOE+OO 2.62E-02 O.OOE+OO O.OOE+OO O.OOE+OO l.57E+04 
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Y-93 l.73E+02 O.OOE+OO 4.77E+OO O.OOE+OO O.OOE+OO O.OOE+OO 5.48E+06 
Zr-95 2.68E+05 8.60E+04 5.82E+04 O.OOE+OO 1.35E+05 O.OOE+OO 2.73E+08 
Zr-97 3.32E+02 6.70E+Ol 3.06E+Ol O.OOE+OO l.01E+02 O.OOE+OO 2.07E+07 
Nb-95 4.79E+04 2.67E+04 1.43E+04 O.OOE+OO 2.64E+04 O.OOE+OO 1.62E+08 
Nb-97 2.84E-06 7.19E-07 2.63E-07 O.OOE+OO 8.39E-07 O.OOE+OO 2.65E-03 
Mo-99 O.OOE+OO 6.l 7E+06 1.17E+06 O.OOE+OO 1.40E+07 O.OOE+OO l.43E+07 
Tc-99m 3.08E+OO 8.69E+OO 1.11E+02 O.OOE+OO 1.32E+02 4.26E+OO 5.14E+03 
Tc-99 5.27E+06 7.84E+06 2.12E+06 O.OOE+OO 9.86E+07 6.66E+05 2.56E+08 
Tc-101 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Ru-103 1.48E+06 O.OOE+OO 6.38E+05 O.OOE+OO 5.66E+06 O.OOE+OO l.73E+08 
Ru-105 5.30E+Ol O.OOE+OO 2.09E+Ol O.OOE+OO 6.85E+02 O.OOE+OO 3.24E+04 
Ru-106 2.99E+07 O.OOE+OO 3.78E+06 O.OOE+OO 5.77E+07 O.OOE+OO 1.94E+09 
Rh-105 l.29E+05 9.41E+04 6.20E+04 O.OOE+OO 4.00E+05 O.OOE+OO 1.50E+07 
Ag-llOm l.81E+06 l.68E+06 9.96E+05 O.OOE+OO 3.30E+06 O.OOE+OO 6.84E+08 
Sn-113 9.20E+06 l.56E+06 2.58E+07 8.14E+05 2.12E+06 9.56E+05 2.83E+08 
Sn-117m 9.66E+06 3.29E+05 l.37E+07 6.57E+04 5.03E+05 l.04E+05 1.55E+08 
Sb-122 9.39E+05 5.17E+05 8.87E+06 1.10E+05 3.65E+05 l.41E+05 9.39E+07 
Sb-124 2.45E+07 4.63E+05 9.71E+06 5.94E+04 O.OOE+OO l.91E+07 6.96E+08 
Sb-125 l.94E+07 2.17E+05 4.61E+06 1.97E+04 O.OOE+OO l.49E+07 2.13E+08 
Te-125m 2.99E+07 1.08E+07 4.00E+06 8.98E+06 l.21E+08 O.OOE+OO 1.19E+08 
Te-127m 9.59E+07 3.43E+07 1.17E+07 2.45E+07 3.90E+08 O.OOE+OO 3.22E+08 
Te-127 6.01E+03 2.16E+03 1.30E+03 4.46E+03 2.45E+04 O.OOE+OO 4.75E+05 
Te-129m l.04E+08 3.87E+07 l.64E+07 3.57E+07 4.33E+08 O.OOE+OO 5.23E+08 
Te-129 7.52E-04 2.83E-04 l.83E-04 5.77E-04 3.16E-03 O.OOE+OO 5.68E-04 
Te-131m l.08E+06 5.27E+05 4.39E+05 8.34E+05 5.34E+06 O.OOE+OO 5.23E+07 
Te-131 l.32E-15 5.49E-16 4.15E-16 l.08E-15 5.76E-15 O.OOE+OO l.86E-16 
Te-132 4.50E+06 2.91E+06 2.73E+06 3.21E+06 2.80E+07 O.OOE+OO 1.38E+08 
1-130 l.95E+05 5.75E+05 2.27E+05 4.87E+07 8.98E+05 O.OOE+OO 4.95E+05 
1-131 3.88E+07 5.55E+07 3.18E+07 1.82E+10 9.51E+07 O.OOE+OO l.46E+07 
1-132 2.59E+Ol 6.93E+Ol 2.42E+Ol 2.42E+03 1.10E+02 O.OOE+OO l.30E+Ol 
1-133 l.04E+06 1.81E+06 5.51E+05 2.66E+08 3.15E+06 O.OOE+OO 1.62E+06 
1-134 4.42E-05 l.20E-04 4.30E-05 2.08E-03 l.91E-04 O.OOE+OO l.05E-07 
1-135 l.89E+04 4.94E+04 l.82E+04 3.26E+06 7.92E+04 O.OOE+OO 5.58E+04 
Cs-134 6.64E+08 l.58E+09 l.29E+09 O.OOE+OO 5.11E+08 1.70E+08 2.76E+07 
Cs-134m 6.57E+OO 1.38E+Ol 7.06E+OO O.OOE+OO 7.50E+OO l.18E+OO 4.87E+OO 
Cs-136 3.34E+07 l.32E+08 9.49E+07 O.OOE+OO 7.33E+07 1.00E+07 1.50E+07 
Cs-137 9.29E+08 l.27E+09 8.32E+08 O.OOE+OO 4.31E+08 l.43E+08 2.46E+07 
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Cs-138 3.39E-11 6.70E-11 3.32E-11 O.OOE+OO 4.92E-11 4.86E-12 2.86E-16 

Ba-139 2.99E-02 2.13E-05 8.77E-04 O.OOE+OO l.99E-05 l.21E-05 5.3 IE-02 

Ba-140 l.02E+08 l.28E+05 6.70E+06 O.OOE+OO 4.36E+04 7.35E+04 2.10E+08 

Ba-141 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ba-142 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

La-140 l.98E+03 9.97E+02 2.63E+02 O.OOE+OO O.OOE+OO O.OOE+OO 7.32E+07 

La-142 l.33E-04 6.04E-05 1.50E-05 O.OOE+OO O.OOE+OO O.OOE+OO 4.41E-01 

Ce-141 7.05E+04 4.77E+04 5.41E+03 O.OOE+OO 2.22E+04 O.OOE+OO l.82E+08 

Ce-143 9.98E+02 7.38E+05 8.16E+Ol O.OOE+OO 3.25E+02 O.OOE+OO 2.76E+07 

Ce-144 4.96E+06 2.08E+06 2.67E+05 O.OOE+OO l.23E+06 O.OOE+OO l.68E+09 

Pr-143 4.80E+04 l.92E+04 2.38E+03 O.OOE+OO l.11E+04 O.OOE+OO 2.10E+08 

Pr-144 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Nd-147 2.90E+04 3.35E+04 2.00E+03 O.OOE+OO l.96E+04 O.OOE+OO l.61E+08 

Eu-152 2.12E+06 4.79E+05 4.21E+05 O.OOE+OO 2.97E+06 O.OOE+OO 2.76E+08 

W-187 3.81E+04 3.19E+04 l.11E+04 O.OOE+OO O.OOE+OO O.OOE+OO l.04E+07 

U-235 8.74E+09 O.OOE+OO 5.30E+08 O.OOE+OO 2.04E+09 O.OOE+OO 8.52E+08 

U-238 8.37E+09 O.OOE+OO 4.95E+08 O.OOE+OO l.91E+09 O.OOE+OO 6.00E+08 

Np-239 1.43E+03 l.40E+02 7.73E+Ol O.OOE+OO 4.37E+02 O.OOE+OO 2.88E+07 

Am-241 8.70E+09 3.06E+09 5.75E+08 O.OOE+OO 4.33E+09 O.OOE+OO 7.89E+08 
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H-3 O.OOE+OO 1.73E+02 l.73E+02 l.73E+02 l.73E+02 l.73E+02 1.73E+02 

C-14 l.l 7E+05 2.34E+04 2.34E+04 2.34E+04 2.34E+04 2.34E+04 2.34E+04 

F-18 3.86E+OO O.OOE+OO 4.23E-Ol O.OOE+OO O.OOE+OO O.OOE+OO 3.47E-Ol 

Na-22 l.85E+08 l.85E+08 l.85E+08 l.85E+08 l.85E+08 l.85E+08 1.85E+08 

Na-24 2.37E+05 2.37E+05 2.37E+05 2.37E+05 2.37E+05 2.37E+05 2.37E+05 

Sc-46 4.37E+04 8.51E+04 2.52E+04 O.OOE+OO 8.15E+04 O.OOE+OO 2.90E+08 

P-32 l.06E+09 6.57E+07 4.l 1E+07 O.OOE+OO O.OOE+OO O.OOE+OO 8.91E+07 

Cr-51 O.OOE+OO O.OOE+OO l.69E+04 9.39E+03 3.70E+03 2.41E+04 2.84E+06 

Mn-54 O.OOE+OO 4.06E+07 8.05E+06 O.OOE+OO 1.21E+07 O.OOE+OO 8.33E+07 

Mn-56 O.OOE+OO l.39E+Ol 2.47E+OO O.OOE+OO l.76E+Ol O.OOE+OO 9.16E+02 

Fe-55 2.60E+07 l.84E+07 4.30E+06 O.OOE+OO O.OOE+OO l.l 7E+07 7.98E+06 

Fe-59 3.16E+07 7.37E+07 2.85E+07 O.OOE+OO O.OOE+OO 2.32E+07 l.74E+08 

Co-57 O.OOE+OO l.60E+06 2.67E+06 O.OOE+OO O.OOE+OO O.OOE+OO 2.98E+07 

Co-58 O.OOE+OO 5.74E+06 l.32E+07 O.OOE+OO O.OOE+OO O.OOE+OO 7.91E+07 

Co-60 O.OOE+OO 2.04E+07 4.59E+07 O.OOE+OO O.OOE+OO O.OOE+OO 2.65E+08 

Ni-63 l.50E+09 l.06E+08 5.07E+07 O.OOE+OO O.OOE+OO O.OOE+OO l.68E+07 

Ni-65 5.51E+Ol 7.03E+OO 3.21E+OO O.OOE+OO O.OOE+OO O.OOE+OO 3.82E+02 

Cu-64 O.OOE+OO 8.33E+03 3.92E+03 O.OOE+OO 2.11E+04 O.OOE+OO 6.46E+05 

Zn-65 5.03E+07 l.75E+08 8.15E+07 O.OOE+OO 1.12E+08 O.OOE+OO 7.40E+07 

Zn-69m 2.10E+04 4.96E+04 4.54E+03 O.OOE+OO 3.01E+04 O.OOE+OO 2.72E+06 

Zn-69 5.51E-06 l.05E-05 7.35E-07 O.OOE+OO 6.86E-06 O.OOE+OO l.93E-05 

As-76 l.36E+05 4.29E+05 2.09E+06 l.26E+05 5.03E+05 l.26E+05 l.89E+07 

Br-82 O.OOE+OO O.OOE+OO l.37E+06 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Br-83 O.OOE+OO O.OOE+OO 3.0IE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Br-84 O.OOE+OO O.OOE+OO 2.0IE-11 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Br-85 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Rb-86 O.OOE+OO l.21E+08 5.69E+07 O.OOE+OO O.OOE+OO O.OOE+OO 1.79E+07 

Rb-88 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Rb-89 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Sr-89 2.44E+09 O.OOE+OO 7.00E+07 O.OOE+OO O.OOE+OO O.OOE+OO 2.91E+08 

Sr-90 8.29E+l0 O.OOE+OO l.66E+09 O.OOE+OO O.OOE+OO O.OOE+OO 2.57E+09 

Sr-91 2.83E+05 O.OOE+OO l.12E+04 O.OOE+OO O.OOE+OO O.OOE+OO l.28E+06 

Sr-92 3.86E+02 O.OOE+OO l.65E+Ol O.OOE+OO O.OOE+OO O.OOE+OO 9.84E+03 

Y-90 l.24E+04 O.OOE+OO 3.34E+02 O.OOE+OO O.OOE+OO O.OOE+OO l.02E+08 

Y-9lm 4.41E-09 O.OOE+OO l.69E-10 O.OOE+OO O.OOE+OO O.OOE+OO 2.08E-07 

Y-91 l.15E+06 O.OOE+OO 3.07E+04 O.OOE+OO O.OOE+OO O.OOE+OO 4.70E+08 

Y-92 8.42E-Ol O.OOE+OO 2.43E-02 O.OOE+OO O.OOE+OO O.OOE+OO 2.31E+04 
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Y-93 1.62E+02 O.OOE+OO 4.44E+OO O.OOE+OO O.OOE+OO O.OOE+OO 4.95E+06 
Zr-95 2.39E+05 7.53E+04 5.18E+04 O.OOE+OO l.11E+05 O.OOE+OO 1.74E+08 
Zr-97 3.07E+02 6.08E+Ol 2.80E+Ol O.OOE+OO 9.22E+Ol O.OOE+OO 1.65E+07 
Nb-95 4.16E+04 2.31E+04 l.27E+04 O.OOE+OO 2.24E+04 O.OOE+OO 9.86E+07 

Nb-97 2.64E-06 6.55E-07 2.39E-07 O.OOE+OO 7.65E-07 O.OOE+OO 1.56E-02 
Mo-99 O.OOE+OO 5.67E+06 1.08E+06 O.OOE+OO 1.30E+07 O.OOE+OO 1.02E+07 
Tc-99m 2.71E+OO 7.57E+OO 9.81E+Ol O.OOE+OO l.13E+02 4.20E+OO 4.97E+03 
Tc-99 4.95E+06 7.28E+06 1.98E+06 O.OOE+OO 9.24E+07 7.52E+05 1.78E+08 
Tc-101 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Ru-103 l.34E+06 O.OOE+OO 5.73E+05 O.OOE+OO 4.73E+06 O.OOE+OO l.12E+08 
Ru-105 4.93E+Ol O.OOE+OO 1.91E+Ol O.OOE+OO 6.22E+02 O.OOE+OO 3.98E+04 
Ru-106 2.80E+07 O.OOE+OO 3.52E+06 O.OOE+OO 5.39E+07 O.OOE+OO 1.34E+09 

Rh-105 1.21E+05 8.73E+04 5.72E+04 O.OOE+OO 3.71E+05 O.OOE+OO l.11E+07 
Ag-1 lOm 1.52E+06 1.44E+06 8.78E+05 O.OOE+OO 2.75E+06 O.OOE+OO 4.05E+08 
Sn-113 6.50E+06 1.30E+06 2.14E+07 6.27E+05 1.70E+06 7.66E+05 2.30E+08 
Sn-117m 6.47E+06 2.79E+05 l.12E+07 5.20E+04 3.93E+05 9.51E+04 1.26E+08 
Sb-122 6.51E+05 4.45E+05 7.19E+06 8.90E+04 2.91E+05 l.20E+05 7.53E+07 
Sb-124 2.22E+07 4.09E+05 8.67E+06 5.04E+04 O.OOE+OO 1.94E+07 4.48E+08 

Sb-125 1.76E+07 l.93E+05 4.12E+06 1.68E+04 O.OOE+OO l.55E+07 1.37E+08 
Te-125m 2.80E+07 1.0IE+07 3.74E+06 7.83E+06 O.OOE+OO O.OOE+OO 8.26E+07 
Te-127m 8.99E+07 3.19E+07 1.07E+07 2.14E+07 3.65E+08 O.OOE+OO 2.24E+08 
Te-127 5.67E+03 2.0IE+03 1.22E+03 3.91E+03 2.30E+04 O.OOE+OO 4.38E+05 

Te-129m 9.66E+07 3.59E+07 1.53E+07 3.12E+07 4.04E+08 O.OOE+OO 3.63E+08 
Te-129 7.04E-04 2.63E-04 1.71E-04 5.03E-04 2.96E-03 O.OOE+OO 3.85E-03 
Te-131m 9.97E+05 4.78E+05 3.99E+05 7.19E+05 4.99E+06 O.OOE+OO 3.84E+07 
Te-131 1.22E-15 5.04E-16 3.82E-16 9.42E-16 5.34E-15 O.OOE+OO 1.00E-16 
Te-132 4.09E+06 2.59E+06 2.44E+06 2.73E+06 2.48E+07 O.OOE+OO 8.20E+07 
1-130 1.74E+05 5.04E+05 2.01E+05 4.11E+07 7.77E+06 O.OOE+OO 3.88E+05 
1-131 3.58E+07 5.0IE+07 2.69E+07 1.46E+IO 8.63E+07 O.OOE+OO 9.92E+06 
1-132 2.34E+Ol 6.llE+Ol 2.19E+Ol 2.06E+03 9.63E+Ol O.OOE+OO 2.66E+Ol 
1-133 9.65E+05 1.64E+06 4.99E+05 2.29E+08 2.87E+06 O.OOE+OO 1.24E+06 
1-134 4.00E-05 1.06E-04 3.80E-05 1.77E-03 1.67E-04 O.OOE+OO 1.40E-06 
1-135 1.70E+04 4.39E+04 l.63E+04 2.82E+06 6.93E+04 O.OOE+OO 4.86E+04 
Cs-134 5.86E+08 l.38E+09 6.40E+08 O.OOE+OO 4.39E+08 1.67E+08 l.72E+07 
Cs-134m 5.95E+OO 1.23E+Ol 6.34E+OO O.OOE+OO 6.86E+OO l.20E+OO 8.20E+OO 
Cs-136 2.89E+07 l.14E+08 7.64E+07 O.OOE+OO 6.19E+07 9.76E+06 9.15E+06 
Cs-137 8.56E+08 l.14E+09 3.97E+08 O.OOE+OO 3.88E+08 1.51E+08 1.62E+07 
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Cs-138 3.13E-11 6.0lE-11 3.0lE-11 O.OOE+OO 4.44E-11 5.16E-12 2.73E-14 

Ba-139 2.82E-02 l.98E-05 8.20E-04 O.OOE+OO l.87E-05 l.37E-05 2.51E-01 

Ba-140 9.38E+07 l.15E+05 6.05E+06 O.OOE+OO 3.90E+04 7.73E+04 1.45E+08 

Ba-141 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ba-142 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

La-140 1.81E+03 8.88E+02 2.36E+02 O.OOE+OO O.OOE+OO O.OOE+OO 5.10E+07 

La-142 l.22E-04 5.41E-05 1.35E-05 O.OOE+OO O.OOE+OO O.OOE+OO l.65E+OO 

Ce-141 6.58E+04 4.39E+04 5.04E+03 O.OOE+OO 2.07E+04 O.OOE+OO l.26E+08 

Ce-143 9.32E+02 6.79E+05 7.58E+Ol O.OOE+OO 3.04E+02 O.OOE+OO 2.04E+07 

Ce-144 4.65E+06 l.92E+06 2.50E+05 O.OOE+OO l.15E+06 O.OOE+OO l.17E+09 

Pr-143 4.48E+04 1.79E+04 2.23E+03 O.OOE+OO 1.04E+04 O.OOE+OO 1.47E+08 

Pr-144 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Nd-147 2.83E+04 3.08E+04 1.85E+03 O.OOE+OO l.81E+04 O.OOE+OO l.11E+08 

Eu-152 l.73E+06 4.17E+05 3.68E+05 O.OOE+OO l.94E+06 O.OOE+OO 1.54E+08 

W-187 3.55E+04 2.89E+04 l.01E+04 O.OOE+OO O.OOE+OO O.OOE+OO 7.82E+06 

U-235 8.16E+09 O.OOE+OO 4.97E+08 O.OOE+OO l.91E+09 O.OOE+OO 5.93E+08 

U-238 7.81E+09 O.OOE+OO 4.65E+08 O.OOE+OO l.79E+09 O.OOE+OO 4.17E+08 

Np-239 l.38E+03 l.31E+02 7.25E+Ol O.OOE+OO 4.10E+02 O.OOE+OO 2.10E+07 

Am-241 6.01E+09 2.29E+09 4.01E+08 O.OOE+OO 3.01E+09 O.OOE+OO 5.49E+08 
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H-3 O.OOE+OO 2.06E+02 2.06E+02 2.06E+02 2.06E+02 2.06E+02 2.06E+02 

C-14 2.16E+05 4.33E+04 4.33E+04 4.33E+04 4.33E+04 4.33E+04 4.33E+04 

F-18 6.88E+OO O.OOE+OO 6.83E-Ol O.OOE+OO O.OOE+OO O.OOE+OO l.86E+OO 

Na-22 2.88E+08 2.88E+08 2.88E+08 2.88E+08 2.88E+08 2.88E+08 2.88E+08 

Na-24 3.69E+05 3.69E+05 3.69E+05 3.69E+05 3.69E+05 3.69E+05 3.69E+05 

Sc-46 7.36E+04 1.0IE+05 3.89E+04 O.OOE+OO 8.93E+04 O.OOE+OO 1.48E+08 

P-32 1.96E+09 9.18E+07 7.56E+07 O.OOE+OO O.OOE+OO O.OOE+OO 5.42E+07 

Cr-51 O.OOE+OO O.OOE+OO 2.59E+04 1.44E+04 3.92E+03 2.62E+04 1.37E+06 

Mn-54 O.OOE+OO 4.56E+07 1.21E+07 O.OOE+OO l.28E+07 O.OOE+OO 3.83E+07 

Mn-56 O.OOE+OO 1.82E+Ol 4.llE+OO O.OOE+OO 2.20E+Ol O.OOE+OO 2.64E+03 

Fe-55 4.90E+07 2.60E+07 8.05E+06 O.OOE+OO O.OOE+OO 1.47E+07 4.81E+06 

Fe-59 5.50E+07 8.89E+07 4.43E+07 O.OOE+OO O.OOE+OO 2.58E+07 9.26E+07 

Co-57 O.OOE+OO 2.05E+06 4.14E+06 O.OOE+OO O.OOE+OO O.OOE+OO l.68E+07 

Co-58 O.OOE+OO 6.58E+06 2.0IE+07 O.OOE+OO O.OOE+OO O.OOE+OO 3.84E+07 

Co-60 O.OOE+OO 2.37E+07 7.00E+07 O.OOE+OO O.OOE+OO O.OOE+OO l.3 IE+08 

Ni-63 2.81E+09 1.51E+08 9.57E+07 O.OOE+OO O.OOE+OO O.OOE+OO 1.01E+07 

Ni-65 1.0IE+02 9.51E+OO 5.55E+OO O.OOE+OO O.OOE+OO O.OOE+OO l.16E+03 

Cu-64 O.OOE+OO 1.10E+04 6.64E+03 O.OOE+OO 2.65E+04 O.OOE+OO 5.16E+05 

Zn-65 7.41E+07 1.97E+08 1.23E+08 O.OOE+OO l.24E+08 O.OOE+OO 3.47E+07 

Zn-69m 3.85E+04 6.56E+04 7.75E+03 O.OOE+OO 3.81E+04 O.OOE+OO 2.14E+06 

Zn-69 1.02E-05 1.47E-05 1.36E-06 O.OOE+OO 8.91E-06 O.OOE+OO 9.26E-04 

As-76 2.33E+05 6.48E+05 3.76E+06 2.20E+05 7.13E+05 2.20E+05 3.37E+07 

Br-82 O.OOE+OO O.OOE+OO 2.10E+06 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Br-83 O.OOE+OO O.OOE+OO 5.55E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Br-84 O.OOE+OO O.OOE+OO 3.41E-1 l O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Br-85 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Rb-86 O.OOE+OO l.69E+08 1.04E+08 O.OOE+OO O.OOE+OO O.OOE+OO l.08E+07 

Rb-88 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Rb-89 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Sr-89 4.54E+09 O.OOE+OO l.30E+08 O.OOE+OO O.OOE+OO O.OOE+OO 1.76E+08 

Sr-90 l.29E+ 11 O.OOE+OO 2.59E+09 O.OOE+OO O.OOE+OO O.OOE+OO l.15E+09 

Sr-91 5.20E+05 O.OOE+OO l.96E+04 O.OOE+OO O.OOE+OO O.OOE+OO l.15E+06 

Sr-92 7.08E+02 O.OOE+OO 2.84E+Ol O.OOE+OO O.OOE+OO O.OOE+OO 1.34E+04 

Y-90 2.30E+04 O.OOE+OO 6.17E+02 O.OOE+OO O.OOE+OO O.OOE+OO 6.56E+07 

Y-91m 8.09E-09 O.OOE+OO 2.940E-10 O.OOE+OO O.OOE+OO O.OOE+OO 1.58E-05 

Y-91 2.12E+06 O.OOE+OO 5.68E+04 O.OOE+OO O.OOE+OO O.OOE+OO 2.83E+08 

Y-92 1.55E+OO O.OOE+OO 4.44E-02 O.OOE+OO O.OOE+OO O.OOE+OO 4.48E+04 
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Y-93 2.98E+02 O.OOE+OO 8.19E+OO O.OOE+OO O.OOE+OO O.OOE+OO 4.45E+06 

Zr-95 4.16E+05 9.14E+04 8.14E+04 O.OOE+OO l.31E+05 O.OOE+OO 9.54E+07 

Zr-97 5.61E+02 8.1 lE+Ol 4.78E+Ol O.OOE+OO l.16E+02 O.OOE+OO l.23E+07 

Nb-95 7.05E+04 2.74E+04 l.96E+04 O.OOE+OO 2.58E+04 O.OOE+OO 5.07E+07 

Nb-97 4.80E-06 8.68E-07 4.05E-07 O.OOE+OO 9.63E-07 O.OOE+OO 2.68E-01 
Mo-99 O.OOE+OO 7.74E+06 l.91E+06 O.OOE+OO l.65E+07 O.OOE+OO 6.40E+06 

Tc-99m 4.67E+OO 9.16E+OO l.52E+02 O.OOE+OO l.33E+02 4.65E+OO 5.21E+03 

Tc-99 9.16E+06 l.02E+07 3.66E+06 O.OOE+OO l.20E+08 9~00E+05 l.07E+08 

Tc-101 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ru-103 2.38E+06 O.OOE+OO 9.14E+05 O.OOE+OO 5.99E+06 O.OOE+OO 6.15E+07 

Ru-105 9.02E+Ol O.OOE+OO 3.27E+Ol O.OOE+OO 7.93E+02 O.OOE+OO 5.89E+04 

Ru-106 5.17E+07 O.OOE+OO 6.45E+06 O.OOE+OO 6.98E+07 O.OOE+OO 8.04E+08 
Rh-105 2.22E+05 1.19E+05 l.02E+05 O.OOE+OO 4.75E+05 O.OOE+OO 7.39E+06 

Ag-1 lOm 2.48E+06 l.68E+06 l.34E+06 O.OOE+OO 3.12E+06 O.OOE+OO l.99E+08 

Sn-113 1.14E+07 2.44E+06 3.74E+07 9.78E+05 2.59E+06 l.22E+06 4.17E+08 

Sn-1l7m l.26E+07 5.97E+05 l.96E+07 9.42E+04 6.05E+05 l.73E+05 2.28E+08 
Sb-122 1.17E+06 7.00E+05 l.29E+07 l.53E+05 4.24E+05 l.99E+05 1.40E+08 

Sb-124 3.95E+07 5.12E+05 l.38E+07 8.71E+04 O.OOE+OO 2.19E+07 2.47E+08 

Sb-125 3.15E+07 2.43E+05 6.60E+06 2.92E+04 O.OOE+OO l.76E+07 7.52E+07 

Te-125m 5.16E+07 l.40E+07 6.88E+06 1.45E+07 O.OOE+OO O.OOE+OO 4.98E+07 

Te-127m l.66E+08 4.48E+07 l.97E+07 3.98E+07 4.74E+08 O.OOE+OO l.35E+08 

Te-127 1.05E+04 2.82E+03 2.24E+03 7.24E+03 2.98E+04 O.OOE+OO 4.09E+05 

Te-129m l.79E+08 4.99E+07 2.77E+07 5.76E+07 5.25E+08 O.OOE+OO 2.18E+08 

Te-129 l .30E-03 3.64E-04 3.09E-04 9.30E-04 3.81E-03 O.OOE+OO 8.12E-02 

Te-131m l.82E+06 6.30E+05 6.70E+05 l.30E+06 6.10E+06 O.OOE+OO 2.56E+07 

Te-131 2.25E-15 6.86E-16 6.70E-16 l.72E-15 6.81E-15 O.OOE+OO 1.18E-14 

Te-132 7.32E+06 3.24E+06 3.91E+06 4.72E+06 3.01E+07 O.OOE+OO 3.26E+07 
I-130 3.06E+05 6.18E+05 3.19E+05 6.81E+07 9.24E+05 O.OOE+OO 2.89E+05 
I-131 6.52E+07 6.56E+07 3.73E+07 2.17E+l0 l.08E+08 O.OOE+OO 5.84E+06 
I-132 4.15E+Ol 7.62E+Ol 3.50E+Ol 3.54E+03 1.17E+02 O.OOE+OO 8.97E+Ol 

I-133 l.76E+06 2.18E+06 8.23E+05 4.04E+08 3.63E+06 O.OOE+OO 8.77E+05 

I-134 7.lOE-05 l.32E-04 6.07E-05 3.03E-03 2.02E-04 O.OOE+OO 8.74E-05 
I-135 3.03E+04 5.45E+04 2.58E+04 4.83E+06 8.35E+04 O.OOE+OO 4.15E+04 

Cs-134 l.01E+09 l.67E+09 3.51E+08 O.OOE+OO 5.16E+08 1.85E+08 8.98E+06 

Cs-134m l.06E+Ol l.57E+Ol l.02E+Ol O.OOE+OO 8.26E+OO 1.37E+OO l.98E+Ol 

Cs-136 4.90E+07 l.35E+08 8.71E+07 O.OOE+OO 7.17E+07 l.07E+07 4.73E+06 

Cs-137 l.55E+09 1.48E+09 2.19E+08 O.OOE+OO 4.83E+08 l.74E+08 9.28E+06 
Cs-138 5.69E-11 7.92E-11 5.02E-11 O.OOE+OO 5.57E-11 5.99E-12 3.65E-11 
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Ba-139 5.19E-02 2.77E-05 1.50E-03 O.OOE+OO 2.42E-05 1.63E-05 3.00E+OO 
Ba-140 l.70E+08 l.49E+05 9.92E+06 O.OOE+OO 4.85E+04 8.88E+04 8.61E+07 
Ba-141 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Ba-142 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
La-140 3.25E+03 l.13E+03 3.82E+02 O.OOE+OO O.OOE+OO O.OOE+OO 3.16E+07 
La-142 2.21E-04 7.04E-05 2.20E-05 O.OOE+OO O.OOE+OO O.OOE+OO l.39E+Ol 
Ce-141 l.22E+05 6.06E+04 9.00E+03 O.OOE+OO 2.66E+04 O.OOE+OO 7.56E+07 
Ce-143 l.72E+03 9.31E+05 l.35E+02 O.OOE+OO 3.91E+02 O.OOE+OO l.36E+07 
Ce-144 8.60E+06 2.69E+06 4.59E+05 O.OOE+OO 1.49E+06 O.OOE+OO 7.03E+08 
Pr-143 8.32E+04 2.50E+04 4.13E+03 O.OOE+OO l.35E+04 O.OOE+OO 8.97E+07 
Pr-144 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Nd-147 5.22E+04 4.23E+04 3.27E+03 O.OOE+OO 2.32E+04 O.OOE+OO 6.70E+07 
Eu-152 2.69E+06 4.91E+05 5.83E+05 O.OOE+OO 2.07E+06 O.OOE+OO 8.06E+07 
W-187 6.45E+04 3.82E+04 l.71E+04 O.OOE+OO O.OOE+OO O.OOE+OO 5.37E+06 
U-235 l.52E+10 O.OOE+OO 9.18E+08 O.OOE+OO 2.49E+09 O.OOE+OO 3.56E+08 
U-238 l.45E+ 10 O.OOE+OO 8.60E+08 O.OOE+OO 2.32E+09 O.OOE+OO 2.51E+08 
Np-239 2.56E+03 l.84E+02 l.29E+02 O.OOE+OO 5.31E+02 O.OOE+OO l.36E+07 
Am-241 6.17E+09 2.76E+09 4.40E+08 O.OOE+OO 2.69E+09 O.OOE+OO 3.30E+08 
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H-3 O.OOE+OO Y-90 4.49E+03 I-132 

C-14 O.OOE+OO Y-91m 1.00E+05 I-133 

F-18 7.87E+05 Y-91 l.07E+06 I-134 

Na-22 2.00E+lO Y-92 l.81E+05 I-135 

Na-24 l.19E+07 Y-93 l.85E+05 Cs-134 

Sc-46 l.65E+09 Zr-95 2.45E+08 Cs-134m 

P-32 O.OOE+OO Zr-97 2.94E+06 Cs-136 

Cr-51 4.66E+06 Nb-95 l.36E+08 Cs-137 

Mn-54 l.38E+09 Nb-97 3.37E+05 Cs-138 

Mn-56 9.04E+05 Mo-99 3.99E+06 Ba-139 

Fe-55 O.OOE+OO Tc-99m l.84E+05 Ba-140 

Fe-59 2.72E+08 Tc-99 3.02E+06 Ba-141 

Co-57 3.18E+08 Tc-101 2.04E+04 Ba-142 

Co-58 3.79E+08 Ru-103 l.08E+08 La-140 

Co-60 2.16E+ 10 Ru-105 6.37E+05 La-142 

Ni-63 O.OOE+OO Ru-106 4.27E+08 Ce-141 

Ni-65 2.97E+05 Rh-105 l.15E+06 Ce-143 

Cu-64 6.07E+05 Ag-llOm 3.44E+09 Ce-144 

Zn-65 7.46E+08 Sn-113 2.50E+07 Pr-143 

Zn-69m 2.41E+06 Sn-117m 2.09E+07 Pr-144 

Zn-69 O.OOE+OO Sb-122 l.21E+07 Nd-147 

As-76 4.74E+06 Sb-124 l.05E+09 Eu-152 

Br-82 3.83E+07 Sb-125 4.27E+09 W-187 

Br-83 4.90E+03 Te-125m 1.55E+06 U-235 

Br-84 2.03E+05 Te-127m 9.l 7E+04 U-238 

Br-85 O.OOE+OO Te-127 3.00E+03 Np-239 

Rb-86 8.99E+06 Te-129m l.98E+07 Am-241 

Rb-88 3.29E+04 Te-129 2.62E+04 

Rb-89 l.23E+05 Te-13lm 8.67E+06 

Sr-89 2.16E+04 Te-131 2.92E+04 

Sr-90 9.24E+06 Te-132 4.16E+06 

Sr-91 2.15E+06 I-130 5.51E+06 

Sr-92 7.77E+05 I-131 l.72E+07 
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8.40E+06 
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The purpose of this section is to describe the method used to calculate the cumulative dose 
contributions from liquid and gaseous effluents in accordance with PBNP Technical 
Specifications for total dose. This method can also be used to demonstrate compliance with the 
Environmental Protection Agency (EPA) 40CFR190, "Environmental Standards for the Uranium 
Fuel Cycle". 

Compliance with the PBNP Technical Specification dose objectives for the maximum individual 
demonstrates compliance with the EPA limits to any MEMBER OF THE PUBLIC, since the 
design dose objectives from 10CFR50, Appendix I are much lower than the 40CFR190 dose 
limits to the general public. With the calculated doses from the releases of radioactive materials 
in liquid or gaseous effluents exceeding twice the limits outlined in Sections 6.2.1, 7.2.1 and 
7.3.1, a special analysis shall be performed. The purpose of this analysis is to demonstrate ifthe 
total dose to any MEMBER OF THE PUBLIC (real individual) from all URANIUM FUEL 
CYCLE sources (including direct radiation contributions from the reactor units and from outside 
storage areas and from all real pathways) is limited to less than or equal to 25 mrem per year to 
the total body or any organ, except the thyroid, which is limited to 75 mrem per year. 

If required, the total dose to a MEMBER OF THE PUBLIC will be calculated for all significant 
effluent release points for all real pathways including direct radiation. As necessary, effluent 
releases from Kewaunee Nuclear Power Plant must also be considered due to its proximity. 
Calculations will be based on the equations in Sections 9.2, 10.5, 10.6 with the exception that 
usage factors and other site specific parameters may be modified using more realistic 
assumptions, where appropriate. 

The direct radiation component from the facility can be determined using environmental TLD 
results. These results will be corrected for natural background and for actual occupancy time of 
any areas accessible to the general public at the location of maximum direct radiation. It is 
recognized that by including the results from the environmental TLDs into the sum of total dose 
component, the direct radiation dose may be overestimated. The TLD measurements may 
include the exposure from noble gases, ground plane deposition, and shoreline deposition, which 
have already been included in the summation of the significant dose pathways to the general 
public. However, this conservative method can be used, if required, as well as any other method 
for estimating the direct radiation dose form contained radioactive sources within the facility. 
The methodology used to incorporate the direct radiation component into total dose estimates 
will be outlined whenever total doses are reported. 

Therefore, the total dose will be determined based on the most realistic site specific data and 
parameters to assess the real dose to any MEMBER OF THE PUBLIC. 

Page 120of278 REFERENCE USE 



POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

ODCM 
Revision 22 

OFFSITE DOSE CALCULATION MANUAL 

12.0 RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM 

12.l REMP Administration 

12.1.1 Definition and Basis 

Radiological environmental monitoring is the measurement of radioactivity in 
samples collected from the atmospheric, aquatic and terrestrial environment 
around the Point Beach Nuclear Plant (PBNP). Monitoring radioactivity in 
effluent streams at or prior to the point of discharge to the environment is not 
part of the Radiological Environmental Monitoring Program (REMP). 

The REMP is designed to fulfill the requirements of 10 CPR 20.1302, PBNP 
GDC 17, and Sections IV.B.2 and IV.B.3 of Appendix I to 10 CPR 50. 
Technical Specification 5 .5 .1. b requires the Off site Dose Calculation Manual 
(ODCM) to contain the radiological environmental monitoring activities. 

No significant radionuclide concentrations of plant origin are expected in the 
plant environs because radioactivity in plant effluent is continuously 
monitored to ensure that releases are well below levels which are considered 
safe upper limits. The REMP is conducted to demonstrate compliance with 
applicable standards, to assess the radiological environmental impact of PBNP 
operations, and to monitor the efficacy of in plant effluent controls. The 
REMP, as outlined in Table 12-2 through Table 12-3 is designed to provide 
sufficient sample types and locations to detect and to evaluate changes in 
environmental radioactivity. 

Radioactivity is released in liquid and gaseous effluents. Air samplers and 
thermoluminescent dosimeters placed at various locations provide means of 
detecting changes in environmental radioactivity as a result of plant releases 
to the atmosphere. Sampling of vegetation is conducted to determine changes 
in radiological conditions at the base of the food chain because the land 
around PBNP is used for farming. Sampling of area-produced milk is 
conducted because dairy farming is a major industry in the area. Land in the 
vicinity of PBNP is used for farming, dairy purposes, and solar power 
projects. 

Water and fish are analyzed to monitor radionuclide levels in Lake Michigan 
in the vicinity of PBNP. Because of the migratory behavior of fish, fish 
sampling is of minimal value for determining radiological impact specifically 
related to the operation of the Point Beach Nuclear Plant. However, fish 
sampling is carried out in order to monitor the status of radioactivity in fish in 
the vicinity of Point Beach. 

Vegetation and fish sampling frequencies are qualified on an "as available" 
basis recognizing that certain biological samples may occasionally be 
unavailable due to environmental conditions. 
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12.1.2 Responsibilities 

a. Chemistry Functions 

Chemistry together with Regulatory Affairs (RA) provides the Plant 
Manager with the technical, regulatory, licensing, and administrative 
support necessary for the implementation of the program. The Chemistry 
administrative functions relating to the REMP fall into the six broad areas 
outlined below. 

1. Program Scope 

The scope of the REMP is determined by the cognizant Chemist 
based on radiological principles for the fulfillment of PBNP 
Technical Specifications (TS) and the applicable Federal 
Regulations. Based on the scope, the ODCM is written to 
accomplish the collection and analyses of the necessary 
environmental samples, and revised as necessary to conform to 
changes in procedures and scope. Chemistry monitors the REMP 
effectiveness and compliance with TS and with the procedures and 
directives in the ODCM. In order to verify compliance with TS, 
Nuclear Oversight arranges for program audits and Supplier 
Assessments of the contracted radioanalytical laboratory. Chemistry 
reviews the REMP annually via the Annual Monitoring Report. 

2. Record Keeping 

The monthly radioanalytical results from the contracted laboratory 
are reviewed by Chemistry and one copy of the monthly 
radioanalytical results from the contracted laboratory is kept for the 
lifetime of the plant. The vendors monthly reports are cumulative 
(e.g. The September report contains all the results from 
January-September). The cognizant Chemist reviews the current 
months results and sends the reviewed report to plants records for 
retention. 

3. Data Monitoring 

Chemistry reviews the monthly analytical results from the vendor. 
Trends, if any, are noted. Any resulting corrections, modifications 
and additions to the data are made by Chemistry. Inconsistencies are 
investigated by Chemistry with the cooperation of Radiation 
Protection (RP) and contractor personnel, as required. Radioactivity 
levels in excess of administrative notification levels would be 
evaluated and notifications made, as appropriate, in accordance with 
applicable fleet policies and procedures (LI-AA-102-1001). 
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Pursuant to TS 5.6.2, REMP results shall be summarized annually 
for inclusion in the PBNP Annual Monitoring Report. This 
summary advises the Plant Manager of the radiological status of the 
environment in the vicinity of PBNP. The summary shall include 
the numbers and types of samples as well as the averages, statistical 
confidence limits and the ranges of analytical results. Methods used 
in summarizing data are at the discretion of Chemistry. 

5. Contractor Communications 

Communication with the contractor regarding data, analytical 
procedures, lower limits of detection, notification levels and 
contractual matters are normally conducted by Chemistry. 
Communication regarding sample shipment may be done by either 
RP or Chemistry as appropriate. 

6. Reportable Items 

Chemistry shall generate reports related to the operation of the 
REMP. The material included shall be sufficient to fulfill the 
objectives outlined in Sections IV.B.2 and IV.B.3 of Appendix I to 
10 CFR 50. The following items specific to the REMP are required 
to be reported in the PBNP Annual Monitoring Report: 

(a) Summary and discussion of monitoring results including 
number and type of samples and measurements, and all 
detected radionuclides, except for naturally occurring 
radionuclides; 

(b) Unavailable, missing, and lost samples and plans to prevent 
recurrence and comments on any significant portion of the 
REMP not conducted as indicated in Table 12-3. 

(c) New or relocated sampling locations and reason for change; 

( d) LLDs that are higher than specified in Table 12-1 and factors 
contributing to inability to achieve specified LLDs; 

(e) Notification that the analytical laboratory does not participate 
in an interlaboratory comparison program and corrective action 
taken to preclude a recurrence; and 
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(f) Results of the annual milk sampling program land use census 
"milk survey" to visually verify that the location of grazing 
animals in the vicinity of the PBNP site boundary so as to 
ensure that the milk sampling program remains as conservative 
as practicable. 

(g) The annual results from the contracted REMP analytical 
laboratory as well as the laboratory's analytical QA/QC results, 
in-house blanks, interlaboratory comparisons, etc., shall be 
submitted to the NRC, via the Annual Monitoring Report. 

b. Non-Chemistry Functions 

The primary responsibility for the implementation of the PBNP REMP 
and for any actions to be taken at PBNP, based on the results of the 
program, resides with the Plant Manager. 

1. Manual control and distribution 

The distribution of the PBNP Off site Dose Calculation Manual is the 
responsibility of Document Control. 

2. Program coordination 

The daily operation of the program is conducted by PBNP Radiation 
Protection personnel, and other qualified personnel as required, 
under the supervision of an RP staff member who consults, as 
needed, with Chemistry. The daily administrative functions of the 
RP Management Employee address those functions required for the 
effective operation of the PBNP Radiological Environmental 
Monitoring Program. These administrative functions include the 
following: 

(a) Ensuring that samples are obtained in accordance with the type 
and frequency in Table 12-3 following procedures outlined in 
this manual; 

(b) Ensuring adequate sampling supplies and calibrated, functional 
equipment are available at all times; 

( c) Ensuring that air sampling pumps are maintained, repaired and 
calibrated as required and that an adequate number of backup 
pumps are readily available at all times; 
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(d) Reporting lost or unavailable samples, as well as other 
potential deviations from the sampling regime in Table 12-3 
will be documented via the radiological environmental 
sampling checklist forms and Corrective Action Program. 
Deviations are to be communicated to the cognizant Chemist. 

( e) As a courtesy to the State of Wisconsin, Point Beach assists in 
obtaining samples at co-located and other sampling sites (this 
is not a TS requirement); and 

( f) Assisting Chemistry, as necessary, with investigations into 
elevated radioactivity levels in environmental samples. 

Quality Assurance I Quality Control 

Quality assurance is an integral part of PBNP's Radiological Environmental 
Monitoring Program. The QATR commits PBNP to Reg. Guide 4.15, Quality 
Assurance for Radiological Monitoring Programs (Inception through Normal 
Operation to License Termination) - Effluent Streams and the Environment. 
The REMP involves the interaction of Chemistry and the contracted analytical 
laboratory. The contracted vendor shall participate in an interlaboratory 
comparison program. The laboratory is audited periodically, either by PBNP 
or by an independent third party. 

Quality control for the PBNP portion of the Radiological Environmental 
Monitoring Program is achieved by following the procedures contained in this 
manual. Radiation Protection Technologists (RPTs) collect, package and ship 
environmental samples under the supervision of Radiation Protection 
supervisors. They are advised by Radiation Protection Management who has 
immediate responsibility for the overall technical operation of the 
environmental sampling functions. The RPTs receive classroom training as 
well as on-the-job training in carrying out these procedures. 

An audit of the PBNP Radiological Environmental Monitoring Program and 
its results shall be completed periodically as a means of monitoring program 
effectiveness and assuring compliance with program directives. The audit 
shall be performed in accordance with Section 2.4. 
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12.2 REMP Implementation 

12.2.1 

12.2.2 

Program Overview 

a. Purpose 

No significant or unexpected radionuclide concentrations of plant origin 
are expected because each normal effluent pathway at PBNP is monitored 
at or before the release point. However, the REMP is conducted to verify 
that plant operations produce no significant radiological impact on the 
environment and to demonstrate compliance with applicable standards. 

b. Samples 

Samples for the REMP are obtained from the aquatic, terrestrial and 
atmospheric environment. The sample types represent key indicators or 
critical pathways which have been identified by applying radiological 
principles from NRC and other guidance documents to the PBNP 
environment. 

c. Monitoring Sensitivity 

The effectiveness of the REMP in fulfilling its purpose depends upon the 
ability to accurately determine the nature and origins of fluctuations in low 
levels of environmental radioactivity. This requires a high degree of 
sensitivity so that it is possible to correctly discriminate between 
fluctuations in background radiation levels and levels of radioactivity that 
may be attributable to the operation of PBNP. Therefore, personnel 
actively paiiicipating in the monitoring program should make every effort 
to minimize the possibility of contaminating environmental samples and to 
obtain samples of the appropriate size. 

Program Parameters 

a. Contamination Avoidance 

Contamination prevents the accurate quantification of environmental 
radioactivity and the correct differentiation between fluctuating 
background radioactivity and levels of radioactivity attributable to the 
operation of PBNP. Therefore, it is necessary that all personnel associated 
with collecting and handling radiological environmental samples take the 
appropriate precautions to minimize the possibility of contaminating the 
samples. Some of the precautions that should be taken and which will 
help to minimize contamination are listed below: 
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Where: LLD = 

Sb = 

E = 
v = 

2.22 = 
y = 
,t = 

L1T = 

1. Equipment which has been in the radiologically controlled area, even 
if released clean, should not normally be used in conjunction with 
radiological environmental monitoring. An exception to this is the 
Health Physics Test Instrument (HPTI) equipment used to calibrate 
the air flow calibrator. 

2. Store sampling equipment in radiologically clean areas only; 

3. Store radiological environmental samples only in radiologically 
clean areas when samples cannot be shipped to the contractor on the 
same day they are collected; 

4. Treat each sample as a possible source of contamination for other 
samples so as to minimize the possibility of cross-contamination; 

5. Radiological environmental monitoring equipment should be 
repaired in clean-side shops; 

6. Avoid entering contaminated areas prior to collecting environmental 
samples. -

b. Lower Limit of Detection 

The sensitivity required for a specific analysis of an environmental sample 
is defined in terms of the lower limit of detection (LLD). The LLD is the 
smallest concentration of radioactive material in a sample that will yield a 
net count, above system background, that will be detected with a 95% 
probability and have only a 5% probability of falsely concluding that a 
blank observation represents a real signal. Mathematically, the LLD is 
defined by the formula: 

4.66Sb 
[12-1] LLD= 

Ex V x 2.22 x Y x e-A.LIT 
The a priori lower limit of detection in picocuries per unit 
volume or mass, as applicable 
The standard deviation of the background counting rate or 
the counting rate of a blank sample, as appropriate, in 
counts per minutes 
counting efficiency in counts per disintegration,· 
sample size in units of volume or mass, as applicable,· 
number of disintegrations per minute per picocurie,· 
the fractional chemical yield as applicable,· 
the radioactive decay constant for the particular 
radionuclide,· and 
the elapsed time between sample collection, or the end of the 
collection period, and the time of counting. 
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Typical values ofE, V, Y, and L1T are used to calculate the LLD. As 
defined, the LLD is an a priori limit representing the capability of a 
measuring system and not an a posteriori limit for a particular 
measurement. 

The required analysis for each environmental sample and the highest 
acceptable LLD associated with each analysis are listed in Table 12-1. 
Whenever LLD values lower than those specified in Table 12-1 are 
reasonably achievable, the analytical contractor for the radiological 
environmental samples will do so. When the LLDs listed in Table 12-1 
are not achieved, a description of the factors contributing to the higher 
LLD shall be reported in the next PBNP Annual Monitoring Report. 

c. Notification Levels 

The Notification Level (NL) is that measured quantity ofradioactivity in 
an environmental sample which, when exceeded, requires a notification of 
such an occurrence be made to the appropriate party. Regulatory and 
administrative notification levels are listed in Table 12-1. 

1. Regulatory notification levels 

The regulatory notification levels listed in Table 12-1 represent the 
concentration levels at which NRC notification is required. If a 
measured level of radioactivity in any radiological environmental 
monitoring program sample exceeds the regulatory notification level 
listed in.Table 12-1, resampling and/or reanalysis for confirmation 
shall be completed within 30 days of the determination of the 
anomalous result. If the confirmed measured level of radioactivity 
remains above the notification level, a written report shall be 
submitted to the NRC. If more than one of the radionuclides listed 
in Table 12-1 are detected in any environmental medium, a weighted 
sum calculation shall be performed if the measured concentration of 
a detected radionuclide is greater than 25% of the notification levels. 
For those radionuclides with LLDs in excess of 25% of the 
notification level, a weighted sum calculation needs to be performed 
only ifthe reported value exceeds the LLD. Radionuclide 
concentration levels, called Weighted Sum Action Levels, which 
trigger a weighted sum calculation, are listed in Table 12-1. 

The weighted sum is calculated as follows: 

concentration (1) concentration (2) 
---------+ + ... =weighted sum 
notification level (1) notification level (2) 

[12-2] 
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If the calculated weighted sum is equal to or greater than 1, 
resampling and/or reanalysis for confirmation shall be completed 
within 30 days of the determination of the anomalous result. If the 
confirmed calculated weighted sum remains equal to or greater than 
1, see Section 12.1.2.a.3 for notification guidance. This calculation 
requirement and report is not required ifthe measured level of 
radioactivity was not the result of plant effluents. 

2. Administrative notification levels 

The administrative notification levels are the concentration levels at 
which the contracted analytical laboratory promptly notifies the 
cognizant Chemistry Specialist by phone, followed by a formal 
written communication. The administrative notification levels are 
lower than the NRC regulatory notification levels and lower than, or 
equal to, the weighted sum action levels so the nature and origin of 
the increased level of environmental radioactivity may be 
ascertained and corrective actions taken, if required. 

d. Sampling Locations 

A list of sampling locations and the corresponding location codes appear 
in Table 12-2. The locations are shown in Figure 12-1 through Figure 
12-3. If samples become unavailable from specified sample locations, 
new locations for obtaining replacement samples shall be identified and 
added to the Radiological Environmental Monitoring Program. If milk or 
vegetation samples become unavailable from the specified sampling 
locations, new sampling locations will be identified within 30 days. The 
specific locations where samples were unavailable may be deleted from 
the monitoring program in accordance with established provisions for 
assessing changes. Any significant changes in existing sampling location 
and the criteria for the change shall be reported in the Annual Monitoring 
Report for the period in which the change occurred. Additional sampling 
locations may be designated if deemed necessary by cognizant company 
personnel. Figures and tables in this manual shall be revised to reflect the 
changes. 

e. Sampling Media and Frequency 

The minimum sampling frequency for the environmental media required 
by the PBNP REMP is found in Table 12-3. Additional samples may be 
collected in response to plant conditions as determined by the cognizant 
Chemistry Analyst. Additionally, the REMP also includes the sampling of 
soil and shoreline sediment, which were not part of the PBNP RETS but 
kept for continuity with the preoperational monitoring program. 
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Samples are collected pursuant to HPIP 3.58.1, Radiological 
Environmental Sampling, which uses a monthly checklist to ensure that all 
the samples for the month are collected. The checklists also identify the 
schedule for the annual milk survey. 

It is recognized that on occasions samples will be lost or that samples 
cannot be collected at the specified frequency because of hazardous 
conditions, seasonable unavailability, automatic sampling equipment 
malfunctions and other legitimate reasons. Reasonable efforts will be 
made to recover lost or missed samples if warranted and appropriate. If 
samples are not obtained at the indicated frequency or location, the 
reasons or explanations for deviations from the sampling frequency 
specified in Table 12-3 shall be documented in an AR and reported in the 
AMR. 

f. Sample Analyses and Frequency 

The PBNP REMP samples shall be analyzed for designated parameters at 
the frequency listed in Table 12-3. Additional samples may be collected 
in response to plant conditions. Gamma isotopic analysis means the 
identification and quantification of gamma-emitting radionuclides that 
may be attributable to effluents from PBNP. Typically, this entails the 
scanning of the spectrum from 80 to 2048 Ke V and decay correcting 
identified radionuclides to the time of collection. The analysis specifically 
includes, but is not limited to, Mn-54, Fe-59, Zn-65, Co-58, Co-60, 
Zr/Nb-95, Ru-103, I-131, Cs-134, Cs-137, Ba/La-140, Ce-141, and 
Ce-144. 

g. Analytical Laboratory 

The contracted laboratory performs the analyses in such a manner as to 
attain the desired LLDs. The contracted laboratory participates in an 
inter-laboratory comparison crosscheck program. 

The laboratory is responsible for providing prompt notification to the 
cognizant Chemist regarding any samples found to exceed the 
administrative notification levels as identified in Table 12-1. 

Assistance to the State of Wisconsin (Non-Technical Specification Activity) 

As a courtesy and convenience, PBNP personnel obtain certain environmental 
samples for the Section of Radiation Protection, Department of Health and 
Family Services of the State of Wisconsin. 
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12.2.4 

12.2.5 

Specification of Sampling Procedures 

General radiological environmental sampling procedures follow the directives 
presented in Sections 12.1 and 12.2. Station procedures provide the specific 
information for the collection of the following samples: 

• Vegetation 

• Thermoluminescent Dosimeters (TLDs) 

• Lake water 

• Well water 

• Air 

• Milk 

• Fish 

• Soil (not part of PBNP RETS,10-3-1985) 

• Shoreline sediment (not part of PBNP RETS,10-3-1985) 

Milk Survey 

The milk sampling program is reviewed annually, including a visual 
verification of animal grazing in the vicinity of the site boundary, to ensure 
that sampling locations remain as conservative as practicable. The 
verification is conducted each summer by cognizant PBNP personnel. 
Because it is already assumed that milk animals may graze up to the site 
boundary, it is only necessary to verify that these animals have not moved 
onto the site. No animal census is required. Upon completion of the visual 
check, a memo will be generated to document the review and the memo sent 
to file. To ensure performance of the annual verification, "milk review" is 
identified on the sampling checklist. 
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SAMPLE TYPES AND ASSOCIATED LOWER LEVEL OF DETECTION (LLD) AND 
NOTIFICATION LEVEL VALUES 

Cs-137 0.08 2 0.40 

Vegetation pCi/g (wet) 
Cs-134 0.06 1 0.20 
I-131 0.06 0.1 0.06 
Other3 0.25 2.0 

Shoreline Cs-134/137 0.15/0.18 20 
Sediment and pCi/g (dry) 

Soil5 Other3 0.15 20 

Cs-137 0.15 2 0.40 
Cs-134 0.13 1 0.20 
Co-58 0.13 30 3 

Fish pCi/g (wet) 
Co-60 0.13 10 1 
Mn-54 0.13 30 3 
Fe-59 0.26 10 1 
Zn-65 0.26 20 2 
Other3 0.5 6 
Sr-895 5 100 
Sr-905 100 
I-131 3 0.5 

Milk pCi/L Cs-134 60 15 
Cs-137 70 18 

Ba-La-140 300 30 
Other3 15 30 

Gross beta 0.01 1.0 
I-131 0.07 0.03 0.9 0.09 

Air Filter6 pCi/m3 Cs-137 0.06 20 2.0 
Cs-134 0.05 10 1.0 
Other3 0.1 1.0 

TLDs mR/7 da s Gamma lmR/TLD 5mR/7 da s 
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SAMPLE TYPES AND ASSOCIATED LOWER LEVEL OF DETECTION (LLD) AND 
NOTIFICATION LEVEL VALUES 

Lakewater4 and 
Well Water 

pCi/L from 
Total Solids 

pCi/L 

Gross beta 

Cs-134 
Cs-137 
Fe-59 
Zn-65 

Zr-Nb-95 
Ba-La-140 

Co-58 
Co-60 
Mn-54 
I-131 
Other3 

H-34 

Lakewater 
H-3 (Well 

Water 
Sr-895 

Sr-905 

4 

15 10 
18 10 

30 
30 
15 
15 

3,000 (200) 

2,000 (200) 

10 (5) 

2 (1) 

100 

30 15 
50 18 

400 40 
300 30 
400 40 
200 20 

1,000 100 
300 30 

1,000 100 
2 2 

100 

30,000 3,000 

20,000 3,000 

50 

20 

NOTE 1: The LLDs in this column are the maximum acceptable values. The values in parentheses are the 
administrative LLDs. 

NOTE 2: Values in this column are not technical specifications. 

NOTE 3: "Other" refers to non-specified identifiable gamma emitters resulting from the operation of PBNP. 
Naturally occurring radionuclides are not included. 

NOTE 4: No drinking water. 

NOTE 5: Items not required by PBNP RETS (10-3-1985) or NUREG-1301 but kept in the REMP for 
comparison to pre-operational and historical data. 

NOTE 6: All particulate filters shall be allowed to decay for at least 24 hours after sampling to allow for radon 
and radon-daughter decay prior to gross p analysis. 

NOTE 7: Lower than NUREG-1301 value 1 pCi/L to support PBNP's sampling frequency. 
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E-01 

E-02 

E-03 

E-04 

E-05 

E-06 

E-07 

E-08 

E-09 

E-10 

E-11 

E-12 

E-13 

E-14 

E-15 

E-16b 

E-17 

E-18 

E-20 

E-21 

E-22 

E-23 

E-24 

E-25 

TABLE 12-2 
RADIOLOGICAL ENVIRONMENTAL SAMPLING LOCATIONS 

Primary Meteorological Tower, South of the plant 

Site Boundary Control Center - East Side of Building 

Tapawingo Road, about 0.4 Miles West ofLakeshore Road 

North Boundary 

Two Creeks Park, the TLD is on South side of Two Creeks Road, West of 
Lakeshore Road on first pole West ofLakeshore. 

Point Beach State Park - Water and shoreline sediment samples near the 
Coast Guard Station; soil and vegetation from the Point Beach State Park 
campground area N of the Coast Guard Station and on the West side of 
County Road O; TLD located South of lighthouse on telephone pole. 

WPSC Substation on County Rt. V, about 0.5 Miles West of Hwy. 42 

G. J. Francar Property, at the SE Corner of the Intersection of Cty. Band 
Zander Road 

Nature Conservancy, East side of Hwy 42. Corner of Hwy 42 and Cty. BB. 
On pole North side of Entrance. 

PBNP Site Well 

Lambert Dairy Farm, 1523 Tapawingo Road, 0.5 miles West of Saxonburg 
Road 

Discharge Flume I Pier, U-1 side 

Pumphouse 

South Boundary, about 0.2 miles East of Site Boundary Control Center 

SW Corner of Site, N side of Nuclear Rd at junction with Twin Elder Rd. 

Pole #2124 23Ll 7, Third pole (beside white underground cable post) 

N of old E-16 pole at residence 14427 Hwy 42 

North of Mishicot, Cty. Band Assman Road, NE Corner of Intersection 

NW of Two Creeks at Zander and Tannery Roads 

Reference Location, 17 miles SW, at Holy Family College 

Local Dairy Farm just South of Site (R. Strutz) on Lakeshore and Irish Roads 

West Side of Hwy. 42, about 0.25 miles North of Johanek Road 

Greenfield Lane, about 4.5 Miles South of Site, 0.5 Miles East of Hwy. 42 

North Side of County Rt. V, near intersection of Saxonburg Road 

South Side of County Rt. BB, about 0.5 miles West ofNorman/Saxonberg 
Road 
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E-26b 

E-27 

E-28 

E-29 

E-30 

E-31 

E-32 

E-38 

E-39 

E-40 

E-41 

E-42 

E-43 

E-44 

E-TC 

TABLE 12-2 
RADIOLOGICAL ENVIRONMENTAL SAMPLING LOCATIONS 

804 Tapawingo Road, Pole #2124 18Ll 7, Second Pole East of Cty. B. North 
Side of Road 

NE corner of Saxonburg and Nuclear Roads, about 4 Miles WSW 

TLD on westernmost pole between the 2nd and 3rd parking lots, 

On microwave tower fence 

NE corner at Intersection of Tapawingo and Lakeshore Roads. 

On utility pole North side of Tapawingo Road closest to the gate at the West 
property line 

On a conduit/pole located near the junction of property lines, about 500 feet east of 
the west gate in line with first designated treeline on Tapawingo Road and about 
1200 feet south of Tapawingo Road. The location is almost under the power lines 
between the blue and gray transmission towers. (The conduit/pole is about 6 feet 
high). 

On tree West of former Retention Pond site 

On tree East of former Retention Pond site 

Local Dairy Farm (Barta), about 1.8 miles north of intersection of Highway 
42 and Nuclear Road (Manitowoc County), on West side of Highway 42. 

NW corner of Woodside and Nuclear Roads (Kewaunee Co.) 

NW corner of Church and Division, East of Mishicot 

West Side of Tannery Road South of Elmwood (7th pole South of Elmwood) 

Utility Pole N side of Tapawingo Rd near house at 5011 

Transportation Control; Reserved for TLDs 
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PBNP RADIOLOGICAL ENVIRONMENTAL SAMPLE COLLECTION AND ANALYSIS 
FREQUENCY 

E-01, -02, -03, -04, -05, -06, 
-07,-08,-09,-12,-14,-15, 

Environmental -16b, -17, -18, -20, -22, -23, 
TLD Quarterly 

Radiation Exposure -24,-25,-26b,-27,-28,-29 
,-30,-31,-32,-38,-39,-41, 

-42, -43, -44, -TC 
Vegetation 

E-01,-02,-03,-04,-06, -20 Gamma isotopic 2x/yr as available 
(Grass and Weeds) 

Fish (edible portions 
E-13 Gamma isotopic 4x/yr as available 

only) 
Gross beta, H-3 

Well Water E-10 Sr-89, 90, I-131 Quarterly 
Gamma isotopic 

Gross beta Monthl 
Quarterly composite 

H-3, Sr-89, 90 of monthly 
Lake Water E-01, -05, -06 collections 

I-131 Monthl 

Gamma isotopic Monthly 

Sr-89, 90 
Milk E-11, -21, -40 I-131 Monthly 

Gamma isoto ic 
Gross beta articulate 

Air Filters 
I-131 charcoal 

E-01, -02, -03, -04, -08, -20 Quarterly (on 
Gamma isotopic composite particulate 

filters 

Soil E-01,-02,-03,-04,-06,-20, Gamma isotopic lx/yr 

Shoreline Sediment E-01, -05, -06 
Gamma isotopic 

lx/yr 
Analysis 
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13.0 RADIOLOGICAL EFFLUENT CONTROLS PROGRAM 

13.1 Radiological Effluent Controls Program 

13 .1.1 Basis 

13.1.2 

The Radiological Effluent Control Program (RECP) shall conform to 
10 CPR 50.36a for the control ofradioactive effluents and maintaining doses 
to members of the public from radioactive effluents as low as reasonably 
achievable (ALARA). The RECP also is established to control the amount 
and concentrations of radioactivity in PBNP effluent pursuant to the following 
documents: 

• 10 CPR 50.34a-Design objectives for equipment to control releases of 
radioactive material in effluents-nuclear power reactors, 

• 10 CPR 50, Appendix A, Criterion 60-Control of releases of radioactive 
material to the environment, 

• 10 CPR 50, Appendix A, Criterion 63-Monitoring fuel and waste storage, 

• 10 CPR 50, Appendix A, Criterion 64-Monitoring radioactivity releases, 

• 10 CPR 20.1302-Compliance with dose limits for individual members of 
the public, 

• 10 CPR 20.1501-General, 

• PBNP General Design Criterion 17-Monitoring Radioactivity Releases, 
and 

• PBNP General Design Criterion 70-Control of releases of radioactivity to 
the environment 

Basis Statement 

Liquid effluent from the radioactive waste disposal system is diluted by the 
circulating water system prior to release to Lake Michigan. With two pumps 
operating per unit, the flow of the circulating water system is approximately 
390,000 gpm per unit. Operation of a single circulating water pump per unit 
reduces the nominal flow rate by about 35%. Liquid waste from the waste 
disposal system may be discharged to the circulating water system of either 
unit via the service water return header. Because of the low radioactivity 
levels in the circulating water discharge, the concentrations of liquid 
radioactive effluents at this point are not measured directly. Instead, the 
concentrations in the circulating water discharge are calculated from the 
measured concentration of the liquid effluent, the discharge flow rate of the 
effluent and the nominal flow in the circulating water system. 
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The release of radioactive materials in liquid effluents to unrestricted areas is 
monitored and controlled to conform to the dose objectives in Section II.A of 
Appendix I to 10 CPR 50 and will be ALARA in accordance with the 
requirements of 10 CPR Parts 50.34a and 50.36a. The monitoring and control 
also is undertaken to keep the concentrations of radionuclides in PBNP liquid 
effluent released to unrestricted areas conforming to ten times the maximum 
effluent concentration (MEC) values specified in Table 2, Column 2 of 
Appendix B to 10 CPR 20. Furthermore, the appropriate portions of the liquid 
radwaste treatment systems will be used as required to keep the releases 
ALARA. 

These actions provide reasonable assurance that the resulting average annual 
dose or dose commitment from liquid effluent from each unit of the Point 
Beach Nuclear Plant for any individual in an unrestricted area from all 
pathways of exposure will not exceed the 10 CPR 50, Appendix I dose 
objectives. Thus, discharge of liquid wastes not exceeding these release limits 
will not result in significant exposure to members of the public because of 
consumption of drinking water from the lake, even ifthe effect of potable 
water treatment systems on reducing radioactive concentrations of the water 
supply is conservatively neglected. 

Prior to release to the atmosphere, gaseous wastes are mixed in the auxiliary 
building vent with the flow from at least one of two auxiliary building exhaust 
fans. Further dilution then occurs in the atmosphere. Release of radionuclides 
to the atmosphere is monitored and controlled so that effluents to unrestricted 
areas conform to the dose objectives of Sections II.B and C of Appendix I to 
10 CPR 50. Monitoring and control also is undertaken to ensure that at the 
point of maximum ground concentration at the site boundary, the radionuclide 
concentrations in the atmosphere will conform to the limits specified in 
Table 2, Column 1 of Appendix B to 10 CPR 20. Furthermore, the 
appropriate portions of the gaseous radwaste treatment system are used as 
required to keep the radioactive releases to the atmosphere ALARA. 

In order to achieve the dose objectives of Appendix I to 10 CPR 50 and the 
aforementioned concentration limits, the setpoints for releases to the 
atmosphere and to Lake Michigan utilize the methodology found in the 
Offsite Dose Calculation Manual. Setpoints for releases to the atmosphere are 
based on conforming to the TS instantaneous dose rate limits using the 
dilution provided by building vents as well as the highest annual average x/Q 
at the site boundary. Setpoints for releases to Lake Michigan are based only 
on dilution by circulation water. Together, control and monitoring provide 
reasonable assurance that the annual dose from each unit's effluents, to an 
individual in an unrestricted area will not exceed the dose objectives of 
Appendix I to 10 CPR 50. 
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13.1.3 

Implementation of the RECP will keep average annual releases ofradioactive 
material in PBNP effluents and their resultant committed effective dose 
equivalents at small percentages of the dose limits specified in 
10 CFR 20.1301. At the same time, the methodology of implementing the 
RECP permits the flexibility of operation, compatible with considerations of 
health and safety, to assure that the public is provided with a dependable 
source of power even under unusual operating conditions which may 
temporarily result in releases higher than such numerical guides for design 
objectives set forth in Appendix I but still within levels that assure that the 
average population exposure is equivalent to small fractions of doses from 
natural background radiation. 

Compliance with the provisions of Appendix I to 10 CFR Part 50 constitutes 
adequate demonstration of conformance to the standards set forth in 40 CFR 
Part 190 regarding the dose commitment to individuals from the uranium fuel 
cycle. 

Other RECP Reportable Events 

a. Radioactive Effluent Non-Treatment 

If the effluent treatment system for radioactive liquids or for releases to 
the atmosphere is non-functional and effluents are being discharged for 
31 consecutive days without the treatment required to meet the release 
limits specified in Section 6.1 and Section 7 .1, a special report shall be 
prepared and submitted to the Commission within thirty days which 
includes the following information: 

1. Identification of the non-functional equipment or subsystem and the 
reason for non-functionality. 

2. Actions taken to restore the non-functional equipment to 
FUNCTIONAL status. 

3. Summary description of actions taken to prevent a recurrence. 

b. Exceeding Radioactive Effluent Release Limits 

If the quantity of radioactive material actually released in liquid or 
gaseous effluents during any calendar quarter exceeds twice the quarterly 
limit as specified in Sections 6.2, 7.2 or 7.3, a special report shall be 
prepared and submitted to the Commission within thirty days of 
determination of the release quantity. 
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The report must describe the extent of exposure of individuals to radiation 
and radioactive material, including as appropriate: 

1. corrective action(s) to be taken to reduce subsequent releases to 
prevent recurrence of exceeding the limits, including the schedule 
for achieving conformance with applicable limits, ALARA 
constraints, generally applicable environmental standards, and 
associated license conditions, 

2. estimates of exposures to a member of the public, including the dose 
from any external storage units, such as the ISFSI and the SGSF, for 
compliance with 40 CPR 190 limits, 

3. levels of radiation and concentrations of radioactive materials 
involved, and 

4. cause of the elevated exposures, dose rates, or concentrations. 

If the dose to any member of the public exceeds 75 mrem to the thyroid or 
25 mrem to the whole body or any organ other than the thyroid, pursuant 
to 40 CPR 190, the report shall also contain a request for a variance from 
this standard pursuant to 40 CPR 190 .11. 

c. Major Change to Radioactive Liquid, Gaseous and Solid Waste Treatment 
Systems 

Licensee initiated major changes to the radioactive waste treatment 
systems (liquid, gaseous, and solid) shall be reported to the U.S. Nuclear 
Regulatory Commission with the periodic update to the FSAR for the 
period for which the updates are submitted. The discussion of each 
change shall include: 

1. A summary of the evaluation that led to the determination that the 
change could be made in accordance with 10 CPR Part 50.59; 

2. Information necessary to support the reason for the change; 

3. A description of the equipment, components and processes involved 
and the interfaces with other plant systems; 

4. An evaluation of the change, which shows how the predicted 
releases of radioactive materials in liquid effluents and gaseous 
effluents and/or quantity of solid waste will differ from those 
previously predicted in the license application and amendments 
thereto; 
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5. An evaluation of the change, which shows the expected maximum 
exposures to an individual in the unrestricted area and to the general 
population that differ from those previously estimated in the license 
application and amendments thereto; 

6. An estimate of the exposure to plant operating personnel because of 
the change 

d. Audits 

The activities of the Radiological Effluent Controls Program as described 
in this manual and its implementing procedures shall be audited in 
accordance with Section 2.4. 

13.2 Radioactive Effluent Control and Accountability 

13.2.l Radiation Monitoring System 

a. Description 

The computerized Radiation Monitoring System (RMS) at Point Beach 
Nuclear Plant consists of area and process monitors. The effluent 
monitors are those process monitors that are designed to detect and 
measure radioactivity in liquid and gaseous releases from PBNP. A 
description of the liquid and gaseous effluent monitors and associated 
isolation and control functions are presented in ODCM Sections 9.1 and 
10.1. 

b. Calibration 

Calibration of the RMS detectors is accomplished according to the PBNP 
instrument and control procedures. 

c. Setpoints 

The methodology for determining effluent RMS detector setpoints is 
described in the ODCM Sections 9.1 and 10.1. 

d. Alarms 

Response to alarms received from RMS effluent detectors is described in 
the PBNP RMS Alarm Setpoint and Response Book. 

e. Effluent Detector Functionality and Surveillance 

Detector functionality and surveillance requirements are addressed in 
Sections 6.0 and 7.0 of this manual. 
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13.2.2 Release Accountability 

Control and accountability of radioactivity in PBNP effluents is accomplished 
by the RMS in conjunction with the characterization of radionuclide 
distributions by laboratory analyses of grab samples from the various waste 
streams. Sampling frequencies and analysis requirements are set forth in 
Sections 6.1.4 and 7.1.4 of this manual. Additional aspects of grab sampling 
and release accountability are described in the PBNP Release Accountability 
Manual 

13 .3 Radioactive Effluent Monitoring Instrumentation Functionality Requirements 

13 .3 .1 

13.3.2 

Objective 

The functionality of detectors is specified in order to ensure that liquid and 
gaseous radioactive effluents are adequately monitored and to ensure that 
alarm or trip setpoints are established such that effluent releases do not exceed 
the values cited in Sections 6.1.1, 6.2.1, 7.1.1, 7.2.1, 7.3.l and 8.1. 

Functionality Specifications 

a. The radioactive effluent monitoring instrumentation channels listed in 
Table 6-2 and Table 7-2 shall be functional. The alarm or trip setpoints of 
these channels shall be determined and adjusted in accordance with the 
methodology and parameters in the ODCM. 

1. All monitors are defined by the term FUNCTIONAL -
FUNCTIONALITY, EXCEPT 1(2) RE-212 Containment Noble 
Gas Monitor which is defined by the term OPERABLE -
OPERABILITY. 

2. IF the ability of 1(2) RE-212, Containment Noble Gas Monitor, to 
perform its function is questioned, 
THEN the Operability Determination process is applicable. 
(LCO 3 .4.15, RCS Leakage Detection Instrumentation) 

b. If fewer than the minimum number of radioactive effluent monitoring 
channels are functional, the action statement listed in either Table 6-2 or 
Table 7-2 shall be taken. Best effort shall be made to return a 
non-functional channel to functional status within 30 days. 

c. If the channel is not returned to a functional status within 30 days, the 
circumstances of the instrument failure and schedule for repair shall be 
reported to the NRC Resident Inspector. 
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d. If a radioactive effluent monitoring instrumentation channel alarm or trip 
setpoint is found less conservative than required by the ODCM, the 
channel shall be declared non-functional 
OR the setpoint shall be changed to the ODCM value or a more 
conservative value. 

13.4 Solid Radioactive Waste 

The solid radwaste system shall be used in accordance with the Process Control Program 
to process radioactive wastes to meet all shipping and burial ground requirements. If the 
provisions of the Process Control Program are not satisfied, shipments of defectively 
processed or defectively packaged radioactive waste from the site will be suspended. The 
Process Control Program shall be used to verify solidification of radwaste. 
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Nuclear Regulatory Commission, Washington DC. 
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14.4 Regulatory Guide 1.21, "Measuring, Evaluating, and Reporting Radioactive Material in 
Liquid and Gaseous Effluents and Solid Waste," U.S. Nuclear Regulatory Commission, 
Washington, DC. 

14.5 NUREG-0133, "Preparation of Radiological Effluent Technical Specifications for 
Nuclear Power Plants," October 1978. 

14.6 NUREG-1301, "Off site Dose Calculation Manual Guidance: Standard Radiological 
Effluent Controls for Pressurized Water Reactors," April 1991. 

14. 7 EPRI Technical Report 1021106 "Estimation of Carbon-14 in Nuclear Power Plant 
Gaseous Effluents", 2010. 

14.8 Report No. R-2330244-001, Point Beach Annual Meteorological and Atmospheric 
Dispersion Report for 2009, December 2010. 

14.9 Regulatory Guide 4.1, "Radiological Environmental Monitoring for Nuclear Power 
Plants," June 2008, Rev. 2, USNRC, Washington, DC. 

NOTE: The NRC documents (References 14.2 - 14.6, and 14.9) are presented for 
informational purposes and do not constitute a NextEra Energy Point Beach 
commitment to these documents. 
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LIQUID PATHWAY EMEC FOR USE IN SETPOINT CALCULATIONS 

The effective maximum effluent concentration (EMEC) is calculated from the annual liquid releases for 
the years 2000 through 2010 (Table A-1). The EMEC is the total concentration ofradionuclides which 
can be discharged without having the summation of concentration fractions exceed unity. To obtain this 
value, the average annual total radionuclide concentration is divided by the sum of the ratio of each 
average individual radionuclide concentration divided by 1 Ox its maximum effluent concentration listed 
in 1 OCFR20, Appendix B, Table 2, Col 2. The EMEC formula (Equation 9-3) is: 

Where: 

L Ci L Ci 
EMEC = Ci or EMEC = SOF 

LMEC. 
l 

SOF = Sum of fractions 
C; = Annual average concentration of radionuclide "i" 

MEC; = I Ox the maximum effluent concentration from I OCFR20, 
Appendix B, Table 2, Column 2. Also referred to as the 
Effluent Concentration Limit (ECL) 

[A-1] 

The 2000 -2010 liquid effluent data are used for calculating the annual averages and EMEC (see Table 
A-1). C-14, Ni-63 and Tc-99 were added to the analytical requirements for liquid wastes in 2009, so 
each of these three radionuclides is averaged only over the two years of available data. 

The annual average concentration is based on the volume for all of the eleven years. In calculating the 
annual average concentrations, the annual liquid waste effluent volumes were not used because they 
were four orders of magnitude lower than the dilution volume and would have but a minor effect on the 
resulting concentrations. 

The calculated value for the EMEC is 9.89E-03 µCi/cc. The NaI detectors do not measure pure 
P-emitters such as H-3, C-14, Fe-55, Ni-63, Sr-90, and Tc-99. Therefore, a P-correction factor CPCF) is 
used to correct for these radionuclides to correct for these isotopes not being detected by the monitors. 
Additional conservatism is realized when calculating individual liquid effluent monitor setpoints 
because the minimum dilution flow is used. PBNP technical specifications allow liquid discharge 
concentrations at ten times the concentrations set forth in 1 OCFR20, Appendix B, Table 2, Column 2. 

The EMEC is the maximum concentration allowed at the point of discharge. Therefore, in addition to a 
PCF, a dilution scaling factor (SF) is applied to determine the monitor setpoint which is the maximum 
allowable discharge concentration. The SF is the ratio of the circ water flow rate (CW) to the release 
rate (RR) [ODCM formula 9-5]. Therefore the SP= EMEC *SF* pcF. The SF is calculated from the 
minimum circ water flow (243,000 gpm) and the maximum effluent release rate (Table 9-1). 
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TABLEA-1 
UID EFFLUENT VOLUMES 

TABLEA-2 
UID EFFLUENT RELEASES 

1.00E-03 8.04E+02 S.88E+02 S.60E+02 7.48E+02 6.08E+02 S.53E+02 6.07E+02 5.88E+02 

3.00E-OS 

7.00E-04 2.26E-04 9.90E-04 3.31E-04 1.08E-03 l.30E-03 1.20E-03 2.S2E-03 2.4SE-03 

6.00E-06 

S.OOE-OS 

S.OOE-04 8.24E-03 9.08E-03 l.41E-02 8.23E-03 4.2SE-04 2.55E-03 7.82E-03 3.IOE-03 

3.00E-OS 4.53E-04 1.52E-03 4.42E-04 1.06E-03 l.21E-04 6.97E-04 4.39E-04 l.24E-04 

7.00E-OS l.92E-06 

1.00E-04 l.12E-02 8.80E-03 6.82E-03 7.21E-03 3.8SE-03 3.23E-03 3.06E-03 6.22E-03 

l.OOE-OS l.23E-04 2.18E-04 1.8SE-03 3.llE-04 S.61E-OS l.04E-OS l.09E-04 l.93E-04 

l.OOE-04 

6.00E-OS 1.29E-04 l.03E-03 1.1 lE-04 l.29E-04 l.06E-OS 3.04E-OS S.SOE-06 

2.00E-OS S.56E-02 9.0IE-02 3.39E-02 1.04E-01 4.12E-03 4.92E-03 3.S8E-03 6.26E-03 

3.00E-06 7.33E-03 l.3SE-02 3.61E-03 l.27E-02 2.13E-03 8.02E-03 9.94E-03 S.4SE-03 

S.OOE-06 1.44E-04 1.76E-04 4.57E-05 6.35E-OS 3.73E-06 8.13E-OS 4.38E-OS 4.62E-06 

l.OOE-05 2.07E-OS l.27E-OS l.97E-OS l.84E-OS 1.99E-OS 

8.00E-06 3.41E-06 

5.00E-07 3.04E-04 8.79E-05 2.14E-04 l.S7E-OS l.71E-06 9.36E-05 

4.00E-OS l.36E-06 4.2SE-OS S.S4E-06 

3.00E-OS l.07E-03 3.86E-03 l.67E-03 l.73E-03 l.83E-04 l.62E-03 9.38E-04 2.71E-04 

3.00E-04 2.93E-OS l.92E-05 9.20E-06 l.92E-OS I.SOE-OS 7.07E-06 9. lOE-06 l.83E-06 
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S.34E+02 6.37E+02 

1.97E-02 

1.97E-03 3.81E-03 

5.S8E-06 

5.50E-06 

2.06E-02 8.63E-03 

6.62E-04 9.lOE-04 

S.SOE-03 4.62E-03 

S.21E-04 1.49E-04 

9.94E-03 

2.72E-04 9.13E-OS 

3.70E-02 1.36E-02 

l.lOE-02 2.17E-02 

l.55E-04 3.SOE-04 

7.09E-06 9.33E-05 

7.69E-OS 

l.03E-OS l.9SE-OS 

l.76E-06 

3.92E-03 l.S7E-03 

I.SOE-OS 6.36E-06 

S.59E+02 

3.39E-03 

S.66E-03 

4.88E-03 

1.42E-04 

4.92E-03 

3.66E-04 

2.26E-03 

S.60E-OS 

4.28E-02 

3.96E-03 

9.33E-06 

8.S9E-09 

1.61E-06 

6.09E-04 

1.13E-05 

6.79E+03 6.17E+02 

2.31E-02 l.lSE-02 

2.lSE-02 l.96E-03 

S.S8E-06 S.07E-07 

S.SOE-06 S.OOE-07 

8.77E-02 7.97E-03 

6.57E-03 S.97E-04 

1.92E-06 l.7SE-07 

6.S4E-02 S.9SE-03 

3.91E-03 3.SSE-04 

l.22E-02 6.lOE-03 

l.86E-03 l.69E-04 

3.96E-Ol 3.60E-02 

9.93E-02 9.03E-03 

1.08E-03 9.79E-OS 

l.92E-04 l.74E-OS 

8.03E-OS 7.30E-06 

7.47E-04 6.79E-OS 

S.27E-OS 4.79E-06 

1.74E-02 l.S9E-03 

l.43E-04 l.30E-OS 
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Zr-95 

Zr-97 

Mo-99 

Tc-99 

Tc-99m 

Ru-103 

Ru-105 

Ru-106 

Ag-llOm 

Sn-113 

Sn-117m 

Sb-122 

Sb-124 

Sb-125 

Te-131 

Te-132 

I-131 

I-132 

I-133 

Cs-134 

Cs-134m 

Cs-136 

Cs-137 

Ba-139 

Ba-140 

La-140 

Ce-141 

W-187 
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TABLEA-2 
UID EFFLUENT RELEASES 

2.00E-05 5.llE-04 l.69E-03 7.02E-03 8.89E-04 5.26E-05 6.85E-04 4.97E-04 4.53E-05 

9.00E-06 1.65E-06 5.31E-08 7.14E-06 O.OOE+OO O.OOE+OO 2.86E-06 

2.00E-05 l.96E-06 8.72E-06 

6.00E-05 

1.00E-03 6.34E-06 8.45E-06 

3.00E-05 9.58E-06 2.68E-06 

7.00E-05 l.68E-05 

3.00E-06 2.31E-05 3.13E-05 2.49E-04 

6.00E-06 2.92E-03 4.66E-03 2.80E-03 3.85E-03 5.45E-04 3.29E-03 2.46E-03 4.74E-03 

3.00E-05 l.20E-04 3.51E-04 6.91E-04 4.17E-04 3.23E-05 l.64E-04 7.81E-05 1.17E-04 

3.00E-05 3.47E-04 5.83E-04 1.32E-03 l.45E-03 l.29E-03 2.45E-03 l.24E-03 2.27E-03 

l.OOE-05 5.90E-06 3.14E-06 4.25E-06 5.75E-06 3.49E-06 1.33E-05 

7.00E-06 2.03E-04 4.3 lE-04 6.09E-04 4.71E-04 l.76E-03 4.76E-05 2.0lE-04 2.90E-04 

3.00E-05 5.70E-03 6.65E-04 2.06E-03 1.30E-02 6.69E-03 2.40E-02 9.15E-04 4.88E-02 

8.00E-05 3.49E-06 

9.00E-06 2.73E-05 3.73E-05 1.17E-04 l.07E-05 2.32E-05 

l.OOE-06 1.65E-04 9.30E-05 l.97E-06 2.SOE-06 3.74E-05 

l.OOE-04 

7.00E-06 2.68E-06 l.74E-05 4.22E-05 2.06E-05 

9.00E-07 2.70E-06 

2.00E-03 4.09E-06 

6.00E-06 l.73E-05 l.60E-05 6.94E-06 6.83E-06 l.51E-06 

l.OOE-06 9.15E-04 9.31E-05 2.84E-05 7.83E-05 3.57E-05 2.62E-04 5.13E-04 l.04E-04 

2.00E-04 5.37E-07 

8.00E-06 9.31E-06 3.66E-05 1.79E-05 

9.00E-06 l.45E-04 8.21E-06 

3.00E-05 O.OOE+OO 2.18E-06 

3.00E-05 1.12E-05 
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2.12E-03 8.17E-04 

6.46E-04 

2.05E-05 

2.67E-03 l.06E-03 

l.22E-03 4.34E-04 

4.34E-03 3.68E-03 

5.66E-07 

l.20E-03 7.59E-04 

2.64E-02 8.90E-03 

1.38E-05 

9.32E-07 

1.IOE-05 

1.53E-06 

5.67E-06 

9.35E-05 2.45E-03 

3.38E-04 

6.67E-06 

6.60E-04 

2.95E-03 

2.88E-04 

1.70E-03 

l.06E-03 

l.57E-03 

l.21E-05 

2.lOE-05 

2.42E-06 

1.17E-05 

1.47E-02 1.33E-03 

1.84E-05 l.67E-06 

1.07E-05 9.71E-07 

1.31E-03 6.53E-04 

1.48E-05 1.34E-06 

3.28E-05 2.98E-06 

l.68E-05 1.52E-06 

3.03E-04 2.76E-05 

3.19E-02 2.90E-03 

3.91E-03 3.56E-04 

2.07E-02 l.88E-03 

3.64E-05 3.31E-06 

7.03E-03 6.39E-04 

1.39E-01 l.26E-02 

3.49E-06 3.17E-07 

2.29E-04 2.09E-05 

3.13E-04 2.85E-05 

1.IOE-05 l.OOE-06 

l.05E-04 9.58E-06 

2.70E-06 2.45E-07 

4.09E-06 3.72E-07 

5.67E-05 5.15E-06 

4.58E-03 4.16E-04 

5.37E-07 4.88E-08 

6.38E-05 5.80E-06 

l.53E-04 1.39E-05 

2.18E-06 l.99E-07 

1.12E-05 l.02E-06 
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LIQUID EFFLUENT CONCENTRATIONS 
(The pure ~ emitters are highlighted) 

H-3 1.00E-03 5.59E-07 5.59E- 05 

C-14 3.00E-05 1.05E-11 3.49E- 08 

F-18 7.00E-04 1.77E-12 2.54E-10 

Na-22 6.00E-06 4.60E-16 7.66E-12 

Na-24 5.00E-05 4.53E-16 9.07E-13 

Cr-51 5.00E-04 7.23E-12 l.45E-09 

Mn-54 3.00E-05 5.41E-13 l.80E-09 

Mn-56 3.00E-05 1.58E-16 2.26E-13 

Fe-55 l.OOE-04 5.39E-12 5.39E-09 

Fe-59 l.OOE-05 3.22E-13 3.22E-09 

Ni-63 1.00E-04 5.53E-12 5.53E-09 

Co-57 6.00E-05 1.53E-13 2.56E-10 

Co-58 2.00E-05 3.26E-ll l.63E-07 

Co-60 3.00E-06 8.19E-12 2.73E-07 

Zn-65 5.00E-06 8.87E-14 l.77E-09 

As-76 1.00E-05 l.58E-14 l.58E-10 

Sr-89 8.00E-06 6.62E-15 8.27E-11 

Sr-90 5.00E-07 6.16E-14 l.23E-08 

Sr-92 4.00E-05 4.35E-15 l.09E-l l 

Nb-95 3.00E-05 1.44E-12 4.79E-09 

Nb-97 3.00E-04 1.18E-14 3.92E-12 

Zr-95 2.00E-05 l.21E-12 6.04E-09 

Zr-97 9.00E-06 1.51E-15 l.68E-ll 

Mo-99 2.00E-05 8.80E-16 4.40E-12 

Tc-99 6.00E-05 5.92E-13 9.86E-10 

Tc-99m l.OOE-03 l.22E-15 l.22E-13 

Ru-103 3.00E-05 2.70E-15 9.00E-12 

Ru-105 7.00E-05 l.38E-15 1.97E-12 

Ru-106 3.00E-06 2.50E-14 8.33E-10 

Ag-1 lOm 6.00E-06 2.63E-12 4.39E-08 

Sn-113 3.00E-05 3.22E-13 l.07E-09 

Sn-117m 3.00E-05 l.70E-12 5.68E-09 

Sb-122 l.OOE-05 3.00E-15 3.00E-11 

Sb-124 7.00E-06 5.80E-13 8.28E-09 

Sb-125 3.00E-05 1.14E-ll 3.81E-08 

Te-131 8.00E-08 2.88E-16 3.60E-13 

Te-132 9.00E-06 l.89E-14 2.lOE-10 

1-131 l.OOE-06 2.58E-14 2.58E-09 

1-132 l.OOE-04 9.07E-16 9.07E-13 
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LIQUID EFFLUENT CONCENTRATIONS 

1-133 7.00E-06 8.69E-15 l.24E-10 

Cs-134 9.00E-07 2.23E-16 2.47E-l 1 

Cs-134m 2.00E-03 3.37E-16 l.69E-14 

Cs-136 6.00E-06 4.67E-15 7.79E-11 

Cs-137 l.OOE-06 3.77E-13 3.77E-08 

Ba-139 2.00E-04 4.43E-17 2.21E-14 

Ba-140 8.00E-06 5.26E-15 6.57E-11 

La-140 9.00E-06 l.26E-14 l.40E-10 

Ce-141 3.00E-05 l.80E-16 6.00E-13 

W-187 3.00E-05 9.23E-16 3.08E-12 

TOTAL 5.59E-07 5.66E-05 

TOTALy 7.07E-ll 5.95E-07 

Total p 5.59E-07 5.60E-05 

The PCF is based on the condition that the total summation of fraction or LSOF :S 1. 
Therefore, at the setpoint, the p and y SOF fractions of the total SOF (LSOF) must satisfy the condition 

1 = SOFp/ LSOF + SOFy/LSOF. 

Because the monitors detect only the gamma fraction of the LSOF, the EMEC is multiplied by the ratio 
SOFy/ LSOF which is the pcF. Using the above Table A-3 SOF values, the 

pcF = SOFy/ LSOF = 5.95E-07/5.66E-05 = l .OSE-02. 

TABLEA-4 
BETA CORRECTED SETPOINTS 

Beta Corrected Set Point= EMEC x SF x pep 
MAX SF ~-Corrected 

Monitor GPM (CW/RR) SP(µCi/cc) 
l/2RE-229 22200 l.09E+Ol l.14E-03 

l/2RE-2 l 9/222 200 l.22E+03 1.26E-Ol 
RE-230 700 3.47E+02 3.61E-02 
RE-220 700 3.47E+02 3.61E-02 

RE-218/223 100 2.43E+03 2.53E-Ol 
l/2RE-216 4000 6.08E+Ol 6.32E-03 
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LIQUID DOSE FACTORS TECHNICAL BASIS 

TECHNICAL BASIS FOR PBNP SITE-SPECIFIC LIQUID DOSE FACTORS 

The site-specific liquid dose factors, presented in Table 9-2, have been extracted from the liquid dose 
equations outlined in Regulatory Guide 1.109, Section C.1, along with the guidance ofNUREG-0133. 
To obtain the liquid dose factors, all variables specific to each release of liquid effluents have been 
removed from the liquid dose equations of Regulatory Guide 1.109, Section C.1. These include the 
dilution flow rate and the average release rate of the effluent. The dose factors for each liquid effluent 
pathway are calculated using the following equations: 

Aquatic Foods (Fish) 

Where: 

Aio = 114000 X Mp X Uap XI BipDaioe-A.itp 

i 
A;o = Ingestion dose factor to the total body or any organ "o "for 

radionuclide "i" (mrem/hr per µCi/ml) 
Mp = the mixing ratio (reciprocal of the dilution factor) at the 

point of harvest of aquatic food 
= 0.1136 (Pointofharvestofthefreshfish is taken ata 
point 1 OOOm downstream. The plume centerline dilution 
factor at this location is 8.8 using RG 1.113 methodology. 
The factor of 2 allowed for current reversals was not used. 
See Appendix E.) 

Uap = annual fish consumption rate for age group "a" and meat 
pathway ''p" (kg/yr) 
= 0 kg/yr for infant 
= 6.9 kg/yr for child 
= 16 kg/yr for teen 
= 21 kg/yr for adult (see RG 1.109, Table E-5for maximum 
exposed individual) 

B;p = the equilibrium bioaccumulation factor for radionuclide 
"i" in pathway ''p ", expressed as the ratio of the 
concentration in biota (in pCi/kg) to the radionuclide 
concentration in water (pCill). (L/kg, see RG 1.109, Table 

Daio = 

A.; = 
tp = 

A-1) 
ingestion dose factor for age group "a", radionuclide "i" 
and organ "o ",from Reg. Guide 1.109 (mrem/pCi) 
the radioactive decay constant of nuclide "i", in day1 

the average transit time required for nuclides to reach the 
point of exposure. For internal dose, tp is the total time 
elapsed between release of the nuclides and the ingestion of 
the water 
= 0.5 d 

114000 = conversion factor (pCilµCi * mL/L per hr/yr) 

[B-1] 
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Irrigated Foods (Meat From Watered Cattle) 

Aio = 114000 X Mp X Uap X QAw XL F1Daioe-A.its 

i 
Where: Mp = the mixing ratio (reciprocal of the dilution factor) at the 

point of harvest of aquatic food 
= 0.1111 (Point at which water is taken from the lake is 
plume centerline 1 mile downstream. The plume centerline 
dilution factor at this location is 9 using RG 1.113 
methodology. See Appendix E.) 

Uap = annual meat consumption rate for age group "a" and meat 
pathway ''p " (kg/yr) 
= 0 kg/yr for infant 
= 41 kg/yr for child 
= 65 kg/yr for teen 
= 110 kg/yr for adult (see RG 1.109, Table E-5 for 
maximum exposed individual) 

QAw = consumption rate of contaminated water by an animal (Lid) 
= 60 L/day (see RG 1.109, Table E-3) 

Ff = stable element transfer coefficients (d/kg, see RG 1.109, 
Table E-1) 

Daio = ingestion dose factor for age group "a", radionuclide "i" 
and organ "o ",from Reg. Guide 1.109 (mremlpCi) 

..i; = the radioactive decay constant of nuclide "i", in day-1 

ts = time from slaughter to consumption ( d) 
= 20d (see RG 1.109, Table E-15) 

114000 = conversion factor (pCilµCi * mLIL per hr/yr) 

[B-2] 
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Irrigated Foods (Milk From Watered Cattle) 

Where: 

Aio = 114000 X Mp X Uap X QAw XI FmDaioe-Aitf 

i 
Mp = the mixing ratio (reciprocal of the dilution factor) at the 

point of harvest of aquatic food,· 
= 0.1111 (Point at which water is taken as plume centerline 
I mile downstream. The plume centerline dilution factor at 
this location is 9 using RG 1.113 methodology. See 
Appendix E.) 

Uap = annual cow's milk consumption rate for age group "a" and 
milk pathway ''p" (Llyr) 
= 330 Llyr for infant 
= 330 Llyr for child 
= 4 00 Llyr for teen 
= 310 Llyr for adult (from RG 1.109, Table E-5 for 
maximum exposed individual) 

QAw = consumption rate of contaminated water by an animal (Lid) 
= 60 Llday (see RG 1.109, Table E-3) 

Fm = stable element transfer coefficients ( d/L, from RG I. I 09, 
Table E-1) 

Daio = ingestion dose factor for age group "a", radionuclide "i" 
and organ "o ",from Reg. Guide I. I 09 (mrem/pCi) 

A; = the radioactive decay constant of nuclide "i ", in day1 

fJ = transport time from pasture to cow, to milk, to receptor (d) 
= 2 d (see RG 1.109, Table E-15) 

114000 = conversion factor (pCilj..tCi * mLIL per hr/yr) 

[B-3] 
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Potable Water 

Where: 

Aio = 114000 X Mp X Uap XL Daioe-A.itp 

i 
Mp = mixing ratio (reciprocal of the dilution factor) at the 

point of withdrawal of drinking water 
= 0. 0384 (Withdrawal point is taken as the Two Rivers 
municipal water intake located a distance of 12 miles 
downstream. The plume centerline dilution factor at this 
location is 26 using RG 1.113 methodology.) 

Uap = a usage factor that specifies the drinking water intake 
rate for an individual of age group "a" associated with 
pathway "p "; 
= 330 Llyr for infant 
= 510 Llyr for child 
= 510 Llyr for teen 
= 730 Llyr for adult (see RG 1.109, Table E-5) 

Da;o = ingestion dose factor for age group "a", radionuclide 
"i" and organ "o",from Reg. Guide 1.109 (mrem/pCi) 

A; = radioactive decay constant of nuclide "i ", in day1 

tp = average transit time required for nuclides to reach the 
point of exposure. (d) 
= 2 d (12.2 cm/s plus 12 hours to reflect the transport of 
the water through the water purification plant and 
distribution system) 

114000 = conversion factor (pCi/ µCi * mL/L per hr/yr) 

[B-4] 
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Shoreline Deposits 

Where: 

A- = 114£ + 07 X M XU X W x ~ T·D·e-A.itp (1 - e-A.itb) w . p ap L i i 

i 
Mp = the mixing ratio (reciprocal of the dilution factor) at 

the point of harvest of aquatic food; 
= 0.01821 (Point of exposure is taken as the Point 
Beach State Park beach which is located 8000 meters 
downstream. The plume shoreline dilution factor at 
this location is 54.9 using RG 1.113 methodology. The 
factor of 2 allowed for current reversals was not used. 
See Appendix E) 

Uap = annual drinking water consumption for age group "a" 
and pathway "p" (L/yr) 

w = 

T; = 
D; = 

A.; = 
tp = 

tb = 

= 0 hr/yr for infant 
= 14 hr/yr for child 
= 67 hr/yr for teen 
= 12 hr/yr for adult (from RG I. I 09, Table E-5 for 
maximum exposed individual) 
the shoreline width factor; 
= 0.3 (from RG 1.109, Table A-2) 
radioactive half-life of radionuclide "i" (d) 
the external dose factor for nuclide "i ", in mrem/hr 
per pCilm2, taken.from Table E-6 of RG 1.109 
the radioactive decay constant of nuclide "i", in day-1 

the average transit time required for nuclides to reach 
the point of exposure ( d) 
= 0.5 d 
time period of long-term buildup for activity in 
sediment or soil (d) 
= 5.47E+03 d (15 yr, see RG 1.109, Table E-15) 

1.14E+07 = conversionfactor (pCilµCi * mL/kgper hr/yr) and to 
account for the proportionality constant used in the 
sediment radioactivity model 

[B-5] 

Following the guidance ofNUREG-0133, the adult age group represents the maximum exposed 
individual. Evaluation of doses for other age groups is not required for demonstrating compliance with 
the dose criteria of Section 6.2. To obtain a composite dose factor, the factors are summed for each 
liquid effluent pathway. (Reference Appendix K) 
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GASEOUS PATHWAY SETPOINT CALCULATIONS 

The calculation of the setpoints for airborne effluents is based on the tech spec requirement that the 
noble gas dose rate at the site boundary nearest the closest residence must be :5500 mrem/yr total body 
or :5 3000 mrem/yr to the skin of the whole body. The calculation proceeds in a manner similar to the 
liquid EMEC calculation. First the average noble gas emission rate for each identified noble gas is 
calculated from the average annual effluent discharge. Next, the site boundary concentrations are 
calculated by multiplying the release rates by the dispersion coefficient, x!Q. Then the product of the 
individual noble gas concentrations and its dose factor is summed to determine the total dose rate from 
this noble gas mixture. Dividing this dose rate into the dose rate limit determines factor by which the 
average total site boundary noble concentration must be multiplied in order to achieve the concentration 
which will yield the limiting dose rate. Finally, based on the flow rate of an individual stack and 
applying the dispersion factor, the alarm setpoint for that stack monitor is calculated. 

The parameters for calculating the setpoints are shown in the spreadsheet below and the setpoints are 
calculated using either equation 10-1 (total body) or equation 10-2 (skin). 
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Ar-41 1.35E+OO 9.28E-01 

Kr-85 O.OOE+OO O.OOE+OO 

Kr-85m 1.47E-02 4.42E-04 

Kr-87 3.SlE-02 1.76E-03 

Kr-88 3.52E-02 2.02E-03 

Xe-131m O.OOE+OO 1.15E-04 

Xe-133 9.86E-01 4.95E-01 

Xe-133m 2.89E-03 4.72E-04 

Xe-135 1.75E-01 3.20E-02 

Xe-135m 6.07E-02 O.OOE+OO 

Xe-138 1.50E-Ol 8.77E-03 

1.87E+OO 7.77E-01 

4.87E-03 3.95E-04 

4.67E-02 O.OOE+OO 

1.68E-01 O.OOE+OO 

1.61E-01 O.OOE+OO 

O.OOE+OO 7.00E-05 

2.37E-01 1.12E-Ol 

O.OOE+OO 8.37E-04 

4.IOE-01 1.59E-04 

1.79E-01 3.46E-04 

7.57E-Ol O.OOE+OO 

TABLEC-1 
NOBLE GAS RELEASES 

8.47E-01 4.61E-01 5.45E-01 

O.OOE+OO 2.63E-04 0.00E+OO 

2.84E-03 3.71E-03 l.43E-04 

7.27E-03 8.80E-03 O.OOE+OO 

7.62E-03 9.12E-03 O.OOE+OO 

O.OOE+OO O.OOE+OO O.OOE+OO 

3.70E-Ol 9.14E-02 4.13E-02 

9.67E-04 5.19E-04 3.65E+OO 

1.97E-02 2.26E-02 9.32E-02 

1.18E-02 1.74E-02 l.48E-02 

3.25E-02 4.43E-02 3.89E-02 

TABLEC-2 

4.98E-01 1.55E+OO 

O.OOE+OO 1.37E-03 

2.07Ec04 8.47E-04 

4.64E-04 2.IOE-03 

2.02E-02 6.50E-03 

O.OOE+OO 1.70E-03 

9.95E-02 3.32E-04 

3.74E-04 2.77E-01 

4.79E-03 4.05E-03 

9.53E-04 O.OOE+OO 

2.17E-03 1.14E-02 

A VERA GE ANNUAL DISCHARGE VOLUME 

RE-214 ABVS 66,400 1.880E+09 9.883E+14 

RE-225 CAE 20 5.663E+05 2.977E+ll 

l/2RE-215 CAE 10 2.832E+05 1.488E+l 1 

lRE-212 U1 25,000 7.079E+08 

2RE-212 U2 38 000 1.076E+09 

l/2RE-212 Ul/2 35 9.911E+05 5.209E+ll 

RE-224 GSVS 13.000 3.681E+08 1.935E+14 

RE-221 DAVS 43.100 1.220E+09 6.415E+l4 

Total (cc/vr) 1.823E+15 
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7.67E-01 

8.66E-03 

7.60E-03 

1.86E-02 

1.80E-02 

8.04E-04 

5.43E-02 

9.40E-04 

4.28E-02 

3.36E-02 

9.17E-02 

7.74E-01 8.52E-Ol 

O.OOE+OO 1.41E-03 

9.73E-03 7.90E-03 

2.35E-02 2.41E-02 

2.33E-02 2.57E-02 

O.OOE+OO 2.44E-04 

2.83E-Ol 2.52E-Ol 

2.1 IE-03 3.58E-01 

6.14E-02 7.88E-02 

5.38E-02 3.38E-02 

1.16E-01 1.14E-Ol 
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The average annual discharge volume is based on the flow from the four pathways monitored by 
RE-214, RE-221, RE-224, and RE-225. A random check of monthly effluent calculations show that 
over a span of one year, only the Aux. Bldg. Vent Stack, the Gas Stripper, and the Drumming Area Vent 
are important. The containment vents typically are about 35 cfm. The purges at 25,000 cfm occur 
during outages at a time when there no noble gas is detected in containment as all results are <MDA. 
Therefore, including the purge volumes would result in a less conservative calculated concentration by 
adding to the total volume at a time when no noble gases would be contributed to the total annual noble 
gas discharge. Also, not included are the GDT discharges. Their volumes are negligible in comparison 
to the main stack discharge volumes. 

TABLE C-3 
NOBLE GAS SETPOINT PARAMETER CALCULATION 

Ar-41 8.52E-OI 4.670E-10 8.84E+03 2.69E+03 9.30E+03 4.129E-06 6.034E-08 

Kr-85 l.41E-03 7.758E-13 l.61E+OI l.34E+03 l.72E+OI l.249E-11 l.054E-09 

Kr-85m 7.90E-03 4.335E-12 1.17E+03 l.46E+03 l.23E+03 5.072E-09 1.219E-08 

Kr-87 2.41E-02 1.324E-11 5.92E+03 9.73E+03 6.17E+03 7.839E-08 2.187E-07 

Kr-88 2.57E-02 l.411E-11 l.47E+04 2.37E+03 l.52E+04 2.074E-07 2.694E-07 

Xe-131m 2.44E-04 l.341E-13 9.15E+OI 4.76E+02 l.56E+02 1.227E-1 I 6.613E-11 

Xe-133 2.52E-OI l.383E-IO 2.94E+02 3.06E+02 3.53E+02 4.065E-08 9.600E-08 

Xe-133m 3.58E-OI l.963E-IO 2.51E+02 9.94E+02 3.27E+02 4.927E-08 2.657E-07 

Xe-135 7.88E-02 4.319E-1 I l.81E+03 l.86E+03 l.92E+03 7.818E-08 l.716E-07 

Xe-135m 3.38E-02 l.857E-l I 3.12E+03 7.llE+02 3.36E+03 5.792E-08 8.182E-08 

Xe-138 1.14E-01 6.247E-11 8.83E+03 4.13E+03 9.21E+03 5.516E-07 8.909E-07 

TOTAL 5.197E-06 8.042E-06 

Inserting these calculated totals and this sector's x!Q into equations 10-1 and 10-2, the equations reduce 
to the following: 

SPrn (µCi/cc)= l.79E+02AF/VF and SPs (µCi/cc) = 6.95E+03AF/VF , or 
SPrn (µCi/cc)= l.95E-04AF/(VF * x/Q) and SPs (µCi/cc) = 7.58E-04AF/(VF* x/Q) 

From this it is seen that the limiting setpoints are derived using the total body dose rate restriction. The 
resulting setpoints are shown in Table C-4 where AF is applied only to RE-214, RE-221, RE-224, and 
RE-225. 
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RMS AIRBORNE ALARM SETPOINTS 

1. Auxiliary Building Vent RE-214 & SPING 23 66,400 

2. Combined Air Ejector RE-225 20 

3. Unit Air Ejector 1(2) RE-215 10 

4. Containment Purge Vent 

Unit 1 lRE-212 & SPING 21 25,0001 

Unit 2 2RE-212 & SPING 22 38,0002 

Unit 1(2) 1(2) RE-212 353 

5. Gas Stripper Building RE-224 13,000 

6. Drumming Area Vent RE-221 & SPING 24 43,100 

Note 1: Two fans of 12,500 cfm 

Note 2: Two fans+ 13,000 cfm from gas stripper bldg. 

Note 3: Forced vent with nominal 35 cfm flow rate 
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2.24E+OO 

1.79E+Ol 

7.17E-03 

4.72E-03 
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GASEOUS DOSE FACTORS TECHNICAL BASIS 

TECHNICAL BASIS FOR PBNP SITE-SPECIFIC GASEOUS DOSE FACTORS 

The site-specific gaseous dose factors, presented in Chapter 10, have been extracted from the gaseous 
effluent dose equations outlined in Regulatory Guide 1.109, Section C.2, along with the guidance of 
NUREG-0133, Section 5.3. 

To obtain the gaseous dose factors, all variables specific to each release of gaseous effluents have been 
removed from the gaseous dose equations of Regulatory Guide 1.109. The dose factors for each gaseous 
effluent pathway are calculated using the following equations: 

Inhalation Pathway (see NUREG-0133, Section 5.3.1.1) 

Rio= 1X106 X BRa X Daio [D-1] 
Where: R;o = dose factor for each identified radionuclide "i" and organ 

"o" (m2(mrem/yr) per µCi/s or mremlyr per µCi/m 3) 

BRa = breathing rate for age group "a"(m3/yr): 
Infant= 1400 
Child= 3700 
Teen & Adult = 8000 (from RG 1.109, Table E-5 for 
maximum exposed individual) 

Daio = Inhalation dose factor for age group "a", radionuclide "i" 
and organ "o",fromReg. Guide 1.109 (mrem/pCi) 

1E+06 = Conversion factor for pCilµCi 

Ground Plane Pathway (see NUREG-0133, Section 5.3.1.2) 

(1 _ e-Aitb) 
Rio = 8.76 x 109 x SF x Daio x A.· [D-2] 

i 

Where: R;o = dose factor for each identified radionuclide "i" and organ 
"o" (m2(mrem/yr) per µCi/s or mremlyr per µCi/m 3) 

Da;o = ground plane dose factor for age group "a'', radionuclide 
"i" and organ "o ", (see RG 1.109, Table E-6) 

A; = the radioactive decay constant of nuclide "i ", in sec-1 

tb = the exposure period (sec) 
= 4. 73E+08 s (15 yr, from RG 1.109, App. C.1) 

8. 76E+09 = conversion factor for pCilµCi and hr/yr 
SF = shieldingfactor 

= 0. 7 (see RG 1.109, Table E-15 for maximum exposed 
individual) 
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The dose from the grass-cow-milk pathway is determined according to Equation 10-11. The produce Rio 
dose factor is calculated according to the following equation for all particulates and iodines, EXCEPT 
H-3 and C-14: 

Where: 

Rio= 1E + 06 X Q1UapFmDaioe-J..itf X {fpfs + (1 - fpfs)e-J..ith} 
X {r(l -e-CJ..i+J..w)te + Biv(l _ e-J..itb)} 

Yv(A.i + A.w) PA.i 
R;o = dose factor for each identified radionuclide "i" and 

organ "o" (m2-mrem/yr per µCi/s or mrem/yr per 
µO/m 3) 

0 = cow feed consumption rate (kg/d) 
= 50 kg/d (from RG 1.109, Table E-3) 

Uap = annual cow's milk consumption rate for age group "a" 
and milk pathway "p" (Llyr) 
= 330 Llyr for infant 
= 330 Llyr for child 
= 400 Llyr for teen 
= 310 Llyr for adult (from RG 1.109, Table E-5 for 
maximum exposed individual) 

Fm = stable element transfer coefficients ( d/L, from RG 
1.109, Table E-1) 

Da;o = ingestion dose factor for age group "a", radionuclide 
"i" and organ "o ",from Reg. Guide 1.109 
(mrem/pCi) 

i\; = decay constant of radionuclide "i" (sec-1) 

tr = transport time from pasture to cow, to milk, to receptor 
(sec) 
= 1. 73E+05 s (2d,from RG 1.109, Table E-15) 

fp = fraction of the year that cow is on pasture 
= 0.5 (from June 1976 Appendix I submittal to NRC. 
Doc. Number NPC-27397) 

fs = fraction of cow feed that is pasture grass while cow is 
on pasture 
= 0.5 (from June 1976 Appendix I submittal to NRC. 
Doc. Number NPC-27397) 

r = fraction of deposited activity retained on cow's feed 
grass 
= 1. 0 for radio iodines 
= 0.2for particulates (see RG 1.109, Table E-15) 

th = transport time from pasture, to harvest, to cow, to milk 
to receptor (sec) 
= 7. 78E+06 s (90d, see RG 1.109, Table E-15) 

[D-3] 
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Aw = decay constant for removal of activity on leaf and 
plant surfaces by weathering (sec-1) 

= 5. 7 3E-07 sec-1 (corresponds to a 14 day half-life, see 
RG 1.109, Table E-15) 

y;, = agricultural productivity by unit area of pasture feed 
grass (kg/m2) 

= 0. 7 kg/m2(from RG 1.109, Table E-15) 
te = time period that crops are exposed to contamination 

during the growing season (s) 
= 2.59E+06 s (30d, see RG 1.109, Table E-15) 

B;v = concentration factor for the uptake of radionuclide 
"I", expressed as the ratio of the concentration in 
biota (pCilkg) to the concentration in water (pCi/L) 
(see RG 1.109, Table E-1) 

tb = time period of long-term buildup for activity in 
sediment or soil (s) 
= 4. 72E+8 s (15 yr, see RG 1.109, Table E-15) 

P = effective surface density for soil (kg/m2) 

= 240 kg/m2 (see RG 1.109, Table E-15) 
1E+06 = conversion factor for pCi/µCi. This factor should be 

reduced to 5E+05 when calculating the dose factors 
for radio iodines. This accounts for the fraction of 
deposited elemental iodine that is accounted for in the 
dose modeling. See Reg. Guide 1.109, Appendix C, 
Section 3.a. 
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For carbon-14, the milk pathway Rio dose factor is calculated according to the following equation: 

Where: 

0.11 -il·t 
Rio = 1E + 09 X O.l6 X FmUap X p X QfDaioe 1 h 

R;o = dose factor for radionuclide "i" (C-14) and organ "o" 
(mrem/yr per µCi/m 3) 

0.11 = fraction of plant mass that is natural carbon (see RG 
1.109, eqn. C-8 

0.16 = concentration of natural carbon in the atmosphere (see 
RG 1.109, eqn, C-8) 

Fm = stable element transfer coefficients ( d/L, from RG 1.109, 
Table E-1) 

Uap = annual cow's milk consumption rate for age group "a" 
and milk pathway "p" (Llyr) 
= 330 Llyr for infant 
= 330 Llyr for child 
= 400 Llyr for teen 
= 310 Llyr for adult (from RG 1.109, Table E-5for 
maximum exposed individual) 

p = Fractional equilibrium ratio 
= 1 for continuous releases (from RG 1.109, page 26) 

Daio = ingestion dose factor for age group "a", radionuclide "i" 
and organ "o ", (mrem/pCi) (from Reg. Guide 1.109, 
Table E-11) 

0 = cow feed consumption rate (kg/d) 
= 50 kg/d (from RG 1.109, Table E-3) 

1E+09 = conversion factor for pCi/µCi and g/kg. 
A; = decay constant of radionuclide "i "(C-14) (sec-1) 

= 3.84E-12 sec-1 

th = time interval between harvest and consumption of food 
(sec) 
= 1. 73E+05 sec (2 d, RG 1.109, Table E-15) 

[D-4] 
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For hydrogen-3, the milk pathway Rio dose factor is calculated according to the following equation: 

Where: 

0.5 -kt 
Rio= 1E + 09 X 0.75 X J!FmUapQfDaioe 1 h 

R;o = dose factor for radionuclide "i" (H-3) and organ "o" 
(mrem/yr per µCi/m 3) 

0. 7 5 = fraction of plant mass that is water (see RG 1.109, eqn. 
C-9) 

0.5 = ratio of tritium concentration in plant water to tritium 
concentration in atmospheric water (see RG 1.109, eqn, 
C-9) 

H = absolute humidity at the location of interest (g/m3) 

= 5.5 g/m3 (from E. L. Entier (1980), Health Physics 
39:318-320) 

Fm = stable element transfer coefficients (d/L,from RG 1.109, 
Table E-1) 

Uap = annual cow's milk consumption rate for age group "a" 
and milk pathway ''p" (Llyr) 
= 330 L/yr for infant 
= 330 L/yr for child 
= 400 Llyr for teen 
= 310 Llyr for adult (from RG 1.109, Table E-5 for 
maximum exposed individual) 

0 = cow feed consumption rate (kgld) 
= 50 kg/d (from RG 1.109, Table E-3) 

Da;o = ingestion dose factor for age group "a", radionuclide "i" 
(H-3) and organ "o ", (mrem/pCi) (from Reg. Guide 
1.109, Table E-11) 

1E+09 = conversion factor for pCilµCi and g/kg. 
A; = decay constant of radionuclide "i"(H-3) (sec-I) 

= 1. 78E-09 sec-I 
th = time interval between harvest and consumption of milk 

(sec) 
= 1. 73E+05 sec (2d,RG1.109, Table E-15) 

[D-5] 

Page 166of278 REFERENCE USE 



POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

Grass-Cow-Meat Pathway 

ODCM 
Revision 22 

The dose from the grass-cow-meat pathway is determined according to Equation 10-11. The produce 
Rio dose factor is calculated according to the following equation for all particulates and iodines, 
EXCEPT H-3 and C-14: 

Where: 

Rio = 1E + 06 X QfUapFfDaioe-Aits X {tpfs + (1 - fpfs)e-Aith} 

X {r(1 -e-(Ai+Aw)te + Biv(1 - e-Aitb)} 

Yv(Ai +Aw) p Ai 
R;o = dose factor for each identified radionuclide "i" and 

organ "o" (m2(mrem/yr) per µCi/s or mrem/yr per 
µCi/m 3) 

0 = cow's consumption rate (kg/day) 
Uap = annual meat consumption rate for age group "a" and 

meat pathway "p" (kg/yr) 
= 0 kg/yr for infant 
= 41 kg/yr for child 
= 65 kg/yr for teen 
= 110 kg/yr for adult (see RG 1.109, Table E-5 for 
maximum exposed individual) 

F1 = stable element transfer coefficients (d/kg, see RG 
1.109, Table E-1) 

Daio = ingestion dose factor for age group "a", radionuclide 
"i" and organ "o ",from Reg. Guide 1.109 (mrem/pCi) 

Jo.; = decay constant of radionuclide "i" (sec-1) 

ts = time from slaughter to consumption (sec) 
= 1. 73E+06 s (20d, see RG 1.109, Table E-15) 

fp = fraction of the year that cow is on pasture 
= 0.5 (from June 1976 Appendix I submittal to NRC. 
Doc. Number NPC-27397) 

fs = fraction of cow feed that is pasture grass while cow is 
on pasture 
= 0.5 (from June 1976 Appendix I submittal to NRC. 
Doc. Number NPC-27397) 

r = fraction of deposited activity retained on cow's feed 
grass 
= 1. 0 for radio iodines 
= 0.2for particulates (see RG 1.109, Table E-15) 

th = transport time from pasture, to harvest, to cow, to milk 
to receptor (sec) 
= 7. 77E+06 s (90d, see RG 1.109, Table E-15) 

Aw = decay constant for removal of activity on leaf and plant 
surfaces by weathering (sec-1) 

= 5. 73E-07 sec-1 (corresponds to a 14 day half-life, see 
RG 1.109, Table E-15) 

[D-6] 
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y;, = agricultural productivity by unit area of pasture feed 
grass (kglm2) 

= 0. 7 kg/m2 (from RG 1.109, Table E-15) 
te = time period that crops are exposed to contamination 

during the growing season (s) 
= 2.59E+06 s (30d, see RG 1.109, Table E-15) 

B;v = concentration factor for the uptake of radionuclide 
"!", expressed as the ratio of the concentration in 
biota (pCilkg) to the concentration in water (pCi/L) 
(see RG 1.109, Table E-1) 

tb = time period of long-term buildup for activity in 
sediment or soil (s) 
= 4. 72E+8 s (15 yr, see RG 1.109, Table E-15) 

P = effective surface density for soil (kg/m2) 

= 240 kglm2 (see RG 1.109, Table E-15) 
JE+06 = conversion factor for pCi/µCi 
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For carbon-14, the meat pathway Rio dose factor is calculated according to the following equation: 

0.11 -A.·t 
Rio = 1E + 09 X O.l

6 
X F1Uap X p X Q1Daioe 1 s 

Where: R;a = dose factor for radionuclide "i" (C-14) and organ "o" 
(mrem/yr per µCi!m 3) 

0.11 = fraction of plant mass that is natural carbon (see RG 
1.109, eqn. C-8 

0.16 = concentration of natural carbon in the atmosphere (see 
RG I. I 09, eqn, C-8) 

Ff = stable element transfer coefficients (dlkg, see RG 1.109, 
Table E-1) 

Uap = annual meat consumption rate for age group "a" and 
meat pathway ''p" (kg/yr) 
= 0 kg/yr for infant 
= 41 kg/yr for child 
= 65 kg/yr for teen 
= 110 kg/yr for adult (see RG 1.109, Table E-5for 
maximum exposed individual) 

p = Fractional equilibrium ratio 
=I for continuous releases (from RG 1.109, page 26) 

Daio = ingestion dose factor for age group "a", radionuclide "i" 
and organ "o ", (mrem/pCi) (from Reg. Guide I. I 09, 
Table E-11) 

0 = cow feed consumption rate (kg/d) 
= 50 kg/d (from RG 1.109, Table E-3) 

IE+09 = conversion factor for pCi/µCi and g/kg. 
.ii.; = decay constant of radionuclide "i "(C-14) (sec-1) 

= 3.84E-12 sec-1 

ts = time from slaughter to consumption (sec) 
= l.73E+06 s (20d, see RG 1.109, Table E-15) 

[D-7] 
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For hydrogen-3, the meat pathway Rio dose factor is calculated according to the following equation: 

0.5 -A.·t 
Rio= 1E + 09 X 0.75 X }[FfUapQfDaioe is [D-8] 

Where: R;o = dose factor for radionuclide "i" (H-3) and organ "o" 
(mrem/yr per µCi/m 3) 

0.75 = fraction of plant mass that is water (see RG 1.109, eqn. 
C-9) 

0.5 = ratio of tritium concentration in plant waer to tritium 
concentration in atmospheric water (see RG 1.109, eqn, 
C-9) 

H = absolute humidity at the location of interest (glm3) 

= 5.5 g/m3 (from E. L. Entier (1980), Health Physics 
39:318-320) 

Ft = stable element transfer coefficients (dlkg, see RG 1.109, 
Table E-1) 

Uap = annual meat consumption rate for age group "a" and 
meat pathway "p" (kg/yr) 
= 0 kg/yr for irifant 
= 41 kg/yr for child 
= 65 kg/yr for teen 
= 110 kg/yr for adult (see RG 1.109, Table E-5 for 
maximum exposed individual) 

0 = cow feed consumption rate (kgld) 
= 50 kgld (from RG 1.109, Table E-3) 

Daio = ingestion dose factor for age group "a", radionuclide "i" 
(H-3) and organ "o ", (mrem/pCi) (from Reg. Guide 
1.109, Table E-11) 

1E+09 = conversion factor for pCilµCi and g/kg. 
A; = decay constant of radionuclide "i"(H-3) (sec-1) 

= 1. 78E-09 sec-1 

ts = time from slaughter to consumption (sec) 
= l.73E+06 s (20d, see RG 1.109, Table E-15) 
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The dose from the fruit, grain, non-leafy vegetable (produce) pathway is determined according to 
Equation 10-11. The produce Rio dose factor is calculated according to the following equation for all 
particulates and iodines, EXCEPT H-3 and C-14: 

{r(l- e-(A.i+A.w)te) B· (1- e-A.itb)} 
Rio= 1E + 06 x y; (A- II. ) + iv Pk fgUavDaioe-A.ith 

v i+ w t 

[D-9] 

Where: R;a = dose factor for each identified radionuclide "i" and organ 
"o" (m2-mremlyr per µCi/s or mrem/yr per µCi/m 3) 

r = fraction of deposited activity remaining on crops 
= 1. 0 for iodines 
= 0.2for other particulates (from RG 1.109, Table E-15) 

A; = decay constant of radionuclide "i "(sec-1) 

Aw = decay constant for removal of activity on leaf and plant 
surfaces by weathering, (sec-1) 

= 5. 73E-07 sec·1 (14 day half-life, from RG 1.109, Table 
E-15) 

Daio = ingestion dose factor for age group "a", radionuclide "i" 
and organ "o ", (mrem/pCi) (from Reg. Guide 1.109, 
Table E-11) 

te = growing season (sec) 
=5.18E+06 sec (60 days, from RG 1.109, Table E-15) 

tb = time that soil is exposed to the effluent (hr). 
= 4.72E+08 sec (15 yr, from RG 1.109, Table E-15) 

th = time interval between harvest and consumption of food 
(sec) 
= 5.18E+06 sec (60d,RG1.109, Table E-15) 

y;, = agricultural productivity by unit area (kg/m2) 

= 2.0 kg/m2 (from RG 1.109, Table E-15) 
p = effective surface density of soil (kg/m2) 

= 240 kglm2 (from RG 1.109, Table E-15) 
B;v = concentration factor for uptake of radionuclide "i "from 

soil by edible parts of crops (pCi/kg, see RG 1.109, Table 
E-1) 

Jg = fraction of ingestion taken from the garden of interest 
= 0.76 (fromNUREG-0133, page 36) 

Uap = annual produce usage rate (consumption rate) for age 
group "a" and produce pathway ''p" (kg/yr) 
= 0 kg/yr for infant 
= 520 kg/yr for child 
= 630 kg/yr for teen 
= 520 kg/yr for adult (from RG 1.109, Table E-5for 
maximum exposed individual) 

1E+06 = conversionfactor for pCilµCi. This factor is reduced by 
50% to 5E+05for iodines. (see RG 1.109, eqn. C-7) 
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For carbon-14, the produce Rio dose factor is calculated according to the following equation: 

Where: 

0.11 -kt 
Rio = 1£ + 09 X O.l6 X fgUap X p X Daioe 1 

h 

R;o = dose factor for radionuclide "i" (C-14) and organ "o" 
(mrem/yr per µCi/m 3) 

0.11 = fraction of plant mass that is natural carbon (see RG 
1.109, eqn. C-8 

0.16 = concentration of natural carbon in the atmosphere (see 
RG 1.109, eqn, C-8) 

Jg = fraction of ingestion taken from the garden of interest 
= 0. 76 (from NUREG-0133, page 36) 

Uap = annual produce usage rate (consumption rate) for age 
group "a" and produce pathway ''p" (kg/yr) 
= 0 kg/yr for infant 
= 520 kg/yr for child 
= 630 kg/yr for teen 
= 520 kg/yr for adult (from RG 1.109, Table E-5for 
maximum exposed individual) 

p = Fractional equilibrium ratio 
= 1 for continuous releases (from RG 1.109, page 26) 

Daio = ingestion dose factor for age group "a", radionuclide "i" 
and organ "o ", (mremlpCi) (from Reg. Guide 1.109, 
Table E-11) 

1E+09 = conversion factor for pCi/µCi and glkg. 
A; = decay constant of radionuclide "i "(C-14) (sec-I) 

= 3.84E-12 sec-I 
th = time interval between harvest and consumption of food 

(sec) 
= 5.18E+06 sec (60d,RG1.109, Table E-15) 

[D-1 O] 
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For hydrogen-3, the produce Rio dose factor is calculated according to the following equation: 

Ria = 1E + 09 X 0.75 XO: fgUapDaioe-J..ith 

Where: R;o = dose factor for radionuclide "i" (H-3) and organ "o" 
(mrem/yr per µCi/m 3) 

0.75 = fraction of plant mass that is water (see RG I. I 09, eqn. 
C-9) 

0.5 = ratio of tritium concentration in plant waer to tritium 
concentration in atmospheric water (see RG 1.109, eqn, 
C-9) 

H = absolute humidity at the location of interest (g/m3
) 

= 5.5 g/m3 (from E. L. Entier (1980), Health Physics 
39:318-320) 

Jg = fraction of ingestion taken from the garden of interest 
= 0. 76 (from NUREG-0133, page 36) 

Uap = annual produce usage rate (consumption rate) for age 
group "a" and produce pathway ''p" (kg/yr) 
= 0 kg/yr for infant 
= 520 kg/yr for child 
= 630 kg/yr for teen 
= 520 kg/yr for adult (from RG I. I 09, Table E-5 for 
maximum exposed individual) 

Daio = ingestion dose factor for age group "a", radionuclide "i" 
(H-3) and organ "o ", (mremlpCi) (from Reg. Guide 
1.109, Table E-11) 

IE+09 = conversion factor for pCilµCi and glkg. 
A; = decay constant of radionuclide "i "(H-3) (sec-1) 

= I. 78E-09 sec-1 

fh = time interval between harvest and consumption of food 
(sec) 
= 5.18E+06 sec (60 d, RG 1.109, Table E-15) 

[D-11] 
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Leafy Vegetable Pathway 

The dose from the leafy vegetable pathway is determined according to Equation 10-11. The leafy 
vegetable Rio dose factor is calculated according to the following equation for all particulates and 
iodines, EXCEPT H-3 and C-14: 

Where: R;o = dose factor for each identified radionuclide "i" and organ 
"o" (m2-mrem/yr per µCi/s or mremlyr per µCi/m3) 

r = fraction of deposited activity remaining on crops 
= 1. 0 for iodines 
= 0.2for other particulates (from RG 1.109, Table E-15) 

A; = decay constant of radionuclide "i "(sec-1) 

Aw = decay constant for removal of activity on leaf and plant 
surfaces by weathering, (sec-1) 

= 5. 73E-07 sec-1 (14 day half-life, from RG 1.109, Table 
E-15) 

Daio = ingestion dose fact or for age group "a", radionuclide "i" 
and organ "o",fromReg. Guide 1.109 

te = growing season (sec) 
=5.18E+06 sec (60 days, from RG 1.109, Table E-15) 

tb = time that soil is exposed to the effluent (hr). 
= 4. 72E+08 sec (15 yr, from RG 1.109, Table E-15) 

th = time interval between harvest and consumption of food 
(sec) 
= 8.64E+04 sec (1 d,from RG 1.109, Table E-15) 

Yv = agricultural productivity by unit area (kglm2) 

= 2. 0 kg/m2 (from RG 1.109, Table E-15) 
p = effective surface density of soil (kg/m2

) 

= 240 kg/m2 

B;v = concentration factor for uptake of radionuclide "i "from 
soil by edible parts of crops (pCi/kg) (from RG 1.109, 
Table E-1) 

Jg = fraction of ingestion taken from the garden of interest 
= 1.0 (from NUREG-0133, page 36) 

[D-12] 
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Uap = annual produce usage rate (consumption rate) for age 
group "a" and produce pathway "p" (kg/yr) 
= 0 kg/yr for infant 
= 26 kg/yr for child 
= 42 kg/yr for teen 
= 64 kg/yr for adult (from RG 1.109, Table E-5 for 
maximum exposed individual) 

1E+06 = conversionfactor for pCilµCi. This factor is reduced by 
50% to 5E+05for iodines. (see RG 1.109, eqn. C-7) 

For carbon-14, the leafy vegetable Rio dose factor is calculated according to the following equation: 

0.11 -A.·t 
Rio = 1£ + 09 X O.l6 X fgUapDaioe 1 

h [D-13] 

Where: R;o = dose factor for radionuclide "i" (C-14) and organ "o" 
(mrem/yr per µCi!m 3) 

0.11 = fraction of plant mass that is natural carbon (see RG 
1.109, eqn. C-8 

0.16 = concentration of natural carbon in the atmosphere (see 
RG 1.109, eqn. C-8) 

Jg = fraction of ingestion taken from the garden of interest 
= 1.0 (from NUREG-0133, page 36) 

Uap = annual produce usage rate (consumption rate) for age 
group "a" and produce pathway ''p" (kg/yr) 
= 0 kg/yr for infant 
= 26 kg/yr for child 
= 42 kg/yr for teen 
= 64 kg/yr for adult (from RG 1.109, Table E-5 for 
maximum exposed individual) 

Daio = ingestion dose factor for age group "a", radionuclide "i" 
and organ "o ", (mrem/pCi) (from Reg. Guide 1.109, 
Table E-11) 

1E+09 = conversion factor for pCilµCi and g/kg. 
t\; = decay constant of radionuclide "i "(C-14) (sec-1) 

= 3.84E-12 sec-1 

th = time interval between harvest and consumption of food 
(sec) 
= 8.64E+04 sec (1 d, RG 1.109, Table E-15) 
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For hydrogen-3, the leafy vegetable Rio dose factor is calculated according to the following equation: 

0.5 -kt 
Rio = 1E + 09 X 0.75 X H fgUapDaioe i h [D-14] 

Where: Rio = dose factor for radionuclide "i" (H-3) and organ "o" 
(mrem/yr per µCilm 3) 

0.75 = .fraction of plant mass that is water (see RG 1.109, eqn. 
C-9) 

0.5 = ratio of tritium concentration in plant waer to tritium 
concentration in atmospheric water (see RG 1.109, eqn, 
C-9) 

H = absolute humidity at the location of interest (g!m3) 

= 5.5 g/m3 (from E. L. Entier (1980), Health Physics 
39:318-320) 

Jg = .fraction of ingestion taken from the garden of interest 
= 1.0 (from NUREG-0133, page 36) 

Uap = annual produce usage rate (consumption rate) for age 
group "a" and produce pathway ''p" (kg/yr) 
= 0 kg/yr for infant 
= 26 kg/yr for child 
= 42 kg/yr for teen 
= 64 kg/yr for adult (from RG 1.109, Table E-5 for 
maximum exposed individual) 

Daio = ingestion dose factor for age group "a", radionuclide "i" 
(H-3) and organ "o ", (mremlpCi) (from Reg. Guide 
1.109, Table E-11) 

1E+09 = conversion factor for pCilµCi and glkg. 
Ai = decay constant of radionuclide "i "(H-3) (sec-1) 

= 1. 78E-09 sec·1 

th = time interval between harvest and consumption of food 
(sec) 
= 8.64E+04 sec (1d,RG1.109, Table E-15) 
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DERIVATION OF DILUTION FACTORS USING REGULATORY GUIDE 1.113 

E.1 Liquid Effluent Dilution Factor Calculations 

E.1.1 Methodology 

The dilution factors used for calculating the doses from liquid effluent released to Lake 
Michigan were calculated using the methodology of Regulatory Guide 1.113, "Estimating 
Aquatic Dispersion of Effluents from Accidental and Routine Reactor Releases for the 
Purpose of Implementing Appendix I." The parameters used in the calculation and the 
results of the calculation are given in Table E-1. The results are presented graphically in 
Figure E-1. 

The centerline and shoreline values were calculated using Reg Guide 1.113 formulae 17 
and 18 which apply to discharges to the Great Lakes. (The formulae are not presented 
here. See Appendix I Section 5 of the PBNP FSAR for the formulae and origin of values 
used.) These results are applied as calculated for fish caught near PBNP. But for other 
pathways, an extra factor of two (2) is applied to account for current reversals which 
occur in Lake Michigan as described in the Appendix I, Section 5, of the PBNP FSAR. 

TABLE E-1 
SURF ACE DILUTION FACTORS FOR LIQUID EFFLUENTS IN A LARGE LAKE 

10 8.81 
20 8.81 
30 8.81 
40 8.81 
50 8.81 
60 8.81 
70 8.81 
80 8.81 
90 8.81 
100 8.81 
200 8.81 
300 8.81 
400 8.81 
500 8.81 
600 8.81 
700 8.81 
800 8.81 
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SURF ACE DILUTION FACTORS FOR LIQUID EFFLUENTS IN A LARGE LAKE 

900 8.81 
1000 8.81 122000 
2000 8.86 1758 
3000 9.01 401 
4000 9.25 186 
5000 9.53 116 
6000 9.85 83.8 
7000 10.2 65.9 
8000 10.5 54.9 
9000 10.8 47.4 
10000 11.1 42.1 
20000 14.0 24.0 
30000 16.1 20.1 
40000 17.7 18.7 
50000 18.8 18.3 
60000 19.6 18.2 
70000 20.3 18.3 
80000 20.9 18.6 
90000 21.4 18.9 
100000 21.9 19.2 
200000 25.9 23.2 
300000 29.2 26.9 
400000 32.3 30.3 
500000 35.2 33.3 
600000 37.8 36.0 
700000 40.2 38.6 
800000 42.6 41.0 
900000 44.8 43.3 
1000000 46.9 45.5 

NOTE 1: These values were calculated using the equation described in Section 5.2 of the 
PBNP FSAR and the following values: 

Ey 900 cm2/sec Zs 0 meters 

Ez 2 cm2/sec d 10 meters 
u 12.2 cm/sec h 10 meters 
Ys 152.5 meters b 305 meters 

Discharge rate 42.2 m3/sec 
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DILUTION FACTORS AT SURFACE 
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E.1.2 Dilution Factor Twelve Miles Downstream: Two Rivers Water Intake 

The dilution factors used at the Two Rivers water intake twelve miles downstream from PBNP 
included the factor of two described in Section El.I. However, instead of using the straight 
centerline dilution factor shown in Table 1, the weighted average dilution factor calculated over 
the width of the plume was used. 

The approach was used for the following reasons. First, the path that the current takes to reach 
the Two Rivers water intake is not straight. In order to reach Two Rivers, the water must flow 
southeast around Point Beach State Park, which juts into Lake Michigan, and then curves back 
90 degrees towards Two Rivers. As a result of this deviation from straight line flow, any part of 
the plume or possibly none of the plume would impinge upon the intake structure. 

Second, there is a difference in the distance offshore of the PBNP discharge and the Two Rivers 
water intake. The Two Rivers water intake is located 5080 feet offshore. By contrast, PBNP 
discharges close to the shoreline through two flumes, one directed north and one directed south, 
and is modeled as a source that extends 1000 feet out into the lake from the shoreline. 

Based on these two considerations, it was concluded that the weighted average dilution across 
the width of the plume as it diverges while flowing south would constitute a better estimate of 
the dilution factor instead of the calculated for the centerline of an area source as is assumed for 
the FSAR calculation. The calculation and the values used are shown below. 

The average dilution factor at 12 miles downstream was calculated in the following manner: 

The standard deviation of the radionuclide concentration in they direction at 12 miles 
downstream on the surface of the lake is 168.8 meters. This calculation used the following 
formula: 

Where: G'y = 

Sy = 

x = 

u = 

~,=)¥ 
Standard deviation of the radionuclide concentration in 
they direction 
Lateral turbulent diffusion coefficient (cm2/sec) 
= 900 cm2/sec 
Downstream distance (cm) 
=l.93E+06 cm 
Current (cm/sec) 
= 12.2 cm/sec 

[E-1] 

At distances of O.lcr, 0.2cr, etc. off the plume centerline, the dilution factor was calculated using 
the equation shown in Appendix I Section 5.2 of the PBNP FSAR. The distances off the plume 
centerline, the calculated dilution factor, and the fraction of the area under the normal 
distribution curve is listed below. 
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NOTE: 

O.lcr 
0.2cr 
0.30' 
0.4cr 
0.50' 
0.60' 
0.70' 
0.80' 
0.90' 
l.Ocr 
l. lcr 
l.2cr 
l.3cr 
1.4cr 
l.5cr 

l.75cr 
2.0cr 

2.25cr 
2.50' 
3.0cr 

TABLEE-2 
DILUTION FACTORS 

16.9 0.080 
33.8 0.080 
50.6 0.078 
67.5 0.075 
84.4 0.072 
101.3 0.068 
118.l 0.065 
135.0 0.060 
151.9 0.056 
168.8 0.051 
185.6 0.046 
202.5 0.042 
219.4 0.037 
236.3 0.032 
253.2 0.028 
295.4 0.053 
337.6 0.035 
379.8 0.021 
421.9 0.012 
506.3 0.010 

TOTAL 1.000 

13.8 
14.0 
14.3 
14.7 
15.2 
15.8 
16.6 
17.6 
18.8 
20.2 
21.9 
23.9 
26.3 
29.2 
32.6 
44.7 
64.7 
98.4 
158.4 
482 

It is assumed that the standard deviation of the radionuclide concentrations across the plume can be 
represented by a normal distribution curve. The fraction of the total area under the curve is that 
fraction of the area under the curve that lies between, for example, the interval 0.10' and 0.20' which also 
includes the area of the curve in the interval -0.la and -0.20'. 
The average dilution factor over the width of the plume was calculated by multiplying the dilution factor 
at each of the locations off of the plume centerline by the fraction of the total area of the curve occupied 
by that interval and then summing over all the intervals. An average dilution factor of 29 was calculated. 
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RADIOLOGICAL IMPACT OF SEW AGE TREATMENT SLUDGE DISPOSAL 

NOTE: Appendix F is for historical reference. Land disposal of sewage sludge is no longer used 
at Point Beach 

The methodology for determining the radiological impact of land application of contaminated sewage 
treatment sludge is presented in this section. The evaluation must be made prior to every land 
application of sewage treatment plant (STP) sludge that contains licensed material. Sludge and other 
STP material which does not contain licensed material may be disposed of by any legal method without 
prior radiological analysis. 

F .1 Basis, Commitments and Actions 

F.1.1 Basis 

With the discovery that the PBNP STP sludge contained licensed material, Wisconsin 
Electric applied for NRC approval to dispose of the sludge by land application on land 
within the PBNP site boundary pursuant to 10 CFR 20.302(a). Wisconsin Electric 
committed to gamma isotopic analysis (GIA) of the sludge to measure the concentrations 
of licensed material in the STP sludge and to compare the results to concentration limits 
prior to each disposal [letter dated October 8, 1987 (VPNPD-87-430, NRC-87-104)] (See 
Appendix G). In addition, the dose to the maximally exposed individual of the general 
public and to the inadvertent intruder would be evaluated for the appropriate exposure 
pathways. 

F .1.2 Basis for NRC Commitment Modification 

Pursuant to NRC guidance, the sludge is clean if no licensed materials are found when 
analyzed under conditions necessary to achieve the environmental LLDs 
(NRC HPPOS 221). Clean sludge is not under NRC jurisdiction and may be disposed of 
by any legal method without prior radioanalyses. Therefore, ifthe sludge is clean and 
there is no pathway to the STP from the RCA, or pathways are administratively 
controlled to prevent the transfer of licensed materials to the STP, there is no need to 
analyze the sludge prior to any disposal. 

Since the 1987 commitment, engineering modifications and administrative controls have 
eliminated the pathways from the RCA to the STP. Three subsequent sludge GIAs (a 
total of eight STP samples) utilizing the analytical parameters required to achieve 
environmental lower limit of detection (LLD) found only naturally occurring 
radionuclides. In each analysis, the licensed materials were below the minimum 
detectable activity for the particular measurement and below the required LLDs. These 
results verify the efficiency of the modifications and administrative controls in 
eliminating pathways from the RCA to the STP. Therefore, because there is no longer 
any reason to believe that the PBNP STP sewage contains licensed material and there are 
no pathways from the RCA to the STP, the sewage may be disposed of by any legal 
method without GIA prior to each disposal. 
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Periodic gamma isotopic analyses (GIA) of the STP sludge shall occur at a frequency set 
forth in the Chemistry Analytical Methods & Procedures (CAMP). This may include 
analyses prior to disposal depending on the results from the periodic analyses. The GIA 
of the STP sludge shall meet the LLD criteria of normal liquid effluents. The detection 
of any licensed material in the sludge during the periodic GIA shall necessitate returning 
to the GIA prior to disposal in order to evaluate the radiological consequences of the 
disposal. The GIA prior to each disposal shall continue until such time that the sludge 
can be shown, using environmental LLD criteria, not to contain licensed material. 

Also, re-initiation of the 1987 commitment to analyze the STP sludge prior to each 
disposal shall be required if plant conditions change in a manner which would lead one to 
believe that the STP sludge may be contaminated. An example of such a condition is the 
opening of valve STP-009 which is controlled by a tag. Again, reversion to a CAMP 
controlled frequency can occur only upon verification that no licensed material is in the 
sludge pursuant to the environmental LLD criteria. 

F .1.4 Exposure Evaluations 

If the sludge contains licensed material, the 1987 commitment requires that the 
appropriate exposure pathways be evaluated prior to each application of sludge to insure 
that the dose to the maximally exposed member of the general public is maintained at less 
than 1 mrem/year and that to the inadvertent intruder, at less than 5 mrem/year. Also, the 
measured concentration shall be compared to the liquid maximum effluent concentrations 
of Appendix B to 10 CFR 20. 

The exposure pathways evaluated for the maximally exposed individual are the 
following: 

1. External whole body exposure due to a ground plane source of radionuclides. 

2. Milk ingestion pathway from cows fed alfalfa grown on plot. 

3. Meat ingestion pathway from cows fed alfalfa grown on plot. 

4. Vegetable ingestion pathway from vegetables grown on plot. 

5. Inhalation of radioactivity resuspended in air above plot. 

6. Pathways associated with a release to Lake Michigan. These pathways are ingestion 
of potable water at the Two Rivers, Wisconsin municipal water supply, ingestion of 
fish from edge of initial mixing zone of radionuclide release, ingestion of fresh and 
stored vegetables irrigated with water from Lake Michigan, ingestion of milk and 
meat from cows utilizing Lake Michigan as drinking water source, swimming and 
boating activities at the edge of the initial mixing zone, and shoreline deposits. 

The exposure pathways evaluated for the inadvertent intruder are the same as items 1, 4, 
5, and 6 identified above for the maximally exposed individual. 
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The following steps are to be performed by the responsible Chemistry Specialist for each 
contaminated sewage treatment sludge disposal. 

1. Determine the radionuclide concentrations in each representative sewage treatment sludge 
sample. The minimum number of representative samples required is three from each 
sludge storage tank. The average of all statistically valid concentration determinations will 
be utilized in determining the sludge storage tank concentration values. 

2. Verify that the concentration of each radionuclide meets the concentration and activity 
limit criteria. The methodology for determining compliance with the concentration and 
activity limit criteria are contained in Wisconsin Electric letter VPNPD 87-430. 

3. Verify that the proposed disposal of the sewage treatment sludge will maintain doses 
within the applicable limits. This calculation will include radionuclides disposed of in 
previous sludge applications. The activity from these prior disposals will be corrected for 
radiological decay prior to performing dose calculations for the meat, milk, and vegetable 
ingestion pathways, the inhalation of resuspended radionuclides, and all pathways 
associated with a potential release to Lake Michigan. The residual radioactivity will be 
corrected, if applicable, for the mixing of radionuclides in the soil prior to performing 
external exposure calculations. 

Microshield, a nationally recognized computer code, will be used to calculate the dose rate 
due to standing on a plot of land utilized for sludge disposal in which the radionuclides 
from prior disposals have been incorporated into the plot by plowing. This calculated dose 
rate will be used to assess the radiological consequences from prior disposals with the 
consequences of proposed future disposals. The total radiological dose consequence of the 
past and the proposed disposal will be compared to the applicable limits to insure the dose 
is maintained at or below the limits. 

The methodology for calculating the radiological impact of the sewage treatment sludge 
disposal is contained in Wisconsin Electric letter VPNPD 87-430. 

4. Inform the appropriate Chemistry Specialist that the sewage treatment sludge disposal may 
proceed after verifying that the sewage treatment sludge meets the concentration, activity, 
and dose limits. 

5. All calculations shall be included with the sewage treatment sludge disposal record. 

Page 184 of278 REFERENCE USE 



POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

F.3 Administrative Requirements 

ODCM 
Revision 22 

The following steps are to be performed by the responsible Chemistry Specialist for each 
contaminated sewage treatment sludge disposal. 

1. Complete records of each contaminated disposal shall be kept as follows: 

a. Radionuclide concentration of the sludge 

b. Total volume of the sludge disposed 

c. The identity of the plot used for the disposal 

d. Dose calculation results 

e. Results of annual chemical composition determination 

2. Modifications to the WE application as documented in the October 8, 1987, letter shall be 
processed in accordance with NP 5 .1. 7, Regulatory Commitment Management. 
(CCE 001-013) 

a. Commitment Change - 1 

Section 3 .2 of Attachment II of the submittal states that physical and chemical 
properties of the sludge would be determined prior the each land application. 
Pursuant to a change in the PBNP WPDES Permit, non-radiological properties are 
now determined annually instead of per application. The frequency for radiological 
characterization did not change. (See Appendix H and CCE 2002-002) 

b. Commitment Change - 2 

In Section 3.3 of Attachment II of the submittal letter, the annual disposal rate was ... " 
limited to 4,000 gallons/acre, provided WDNR chemical composition, NRC dose 
guidelines and activity limits are maintained .... " Modification 2 removes the 
4,000 gallon limit and makes the application unlimited provided the WDNR and NRC 
constraints are met. (See Appendix I and CCE 2002-004) 
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In Section 3.2 of Attachment II ofNRC submittal letter dated October 8, 1987, 
Wisconsin Electric committed to gamma isotopic analysis (GIA) to determine the 
concentration of licensed material in sewage treatment plant (STP) sludge prior to 
each disposal. Pursuant to NRC HPPOS-221 guidance, the sludge has been shown to 
be clean on three different occasions after pathways from the RCA to the STP were 
eliminated by plant modifications and administrative controls. Pursuant to HPPOS, 
the sludge analyses were done under the conditions necessary to achieve the 
environmental LLDs. Only naturally occurring radionuclides were found and 
licensed material was below the minimum detectable concentration. This indicates 
that the former pathways from the RCA to the STP had been eliminated. Therefore, 
there is no need to continue the analyses because there is no RCA to STP pathway 
and there is no reason to believe that the sewage contains licensed material. Hence, 
the commitment to analyze STP sludge prior to every disposal is modified and 
replaced with periodic analyses at a frequency set by CAMP 914. However, if plant 
conditions change in a manner which places the STP sewage outside the guidance 
parameters which allowed for the discontinuance of analyses, the sewage must be 
analyzed prior to each disposal until it again is shown not to contain licensed 
material. (See Appendix J and CCE-2002-3) 
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APPENDIX G 
VPNPD-87-430, NRC-87-104 

Wisconsin Electric submittal to the United States Nuclear Regulatory Commission, dated 
October 8, 1987 (VPNPD-87-430, NRC-87-104) 

The submittal consists of the letter and two Attachments. Attachment II contains Appendices A-G. 

Pursuant to the NRC letter of January 13, 1988 (NPC-30260), a copy of the submittal (VPNPD-87-430, 
NRC-87-104) must be permanently incorporated into the ODCM as an Appendix and future 
modifications of the letter be reported to the NRC in accordance with commitments regarding ODCM 
changes. 
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;CUMf.l,..1 .. <r ...... :~ 1 ·""' 1 " 

... --~·~2 
~·~-i:0 

~sconsm Electnc PO"MR crwP,w 
231 W l~ICH>GAN. P 0 !!OX ~046, tll~WAUKE£. VII 53201 

VPNPD-87- 4 30 
NRC-87-104 

October 8, 1987 

u~s. NUCLEAR REGULATORY COMMISSION 
Document .control Desk 
Washington, o.c. 20555 

Gentlemen: 

DOCKET NOS, ~0-~6& AND S0-301 
RESPONSE TO REQUEST FOR ADDITIONAL 
FOR 10 CFR 20.302 APPLlCATlON 
FOINT BEACH NUCLEAR PLANT 

ODCM 
Revision 22 

. ':. ~"'- .. - ..... 

on ,July 14, 1987. ·wisconsin Electric Power company submitted an 
appl.f"cation, under the provisions ot..;.~b:=CFR 2.0.'. 30;2.:,·;. {M.-~ ~PPX.c;>~p.1,-.• 
of a proposed procedure to dis~ose of sewage treatment ·sludge · 
containing minute quantities of radioactive materials. Sub
sequent to the application, Mr. Ted Qua¥ of the NRC staff 
requested additional information regara1n9 the envi:r;onmem·.i1· 
characteristics of the area surrounding the Point Beach Nuclear 
Plant. The responses to this request were furnisheo in our 
submittal d~ted August 6, 1987. 

By let~er dated September 9, 1987, the NRC has requested 
Wha.:onsin ElucL1h: i.:upply additional info1·mation in ordl!lr to 
complete the review of our application. This Request fcyr 
Additional Inform~tion (RAI) contains ten epecif~c items which 
require responses o·r commitments from Wisconsin Electric. In 
addition, the NRC rcqucotc the previo~~ly submitt~d in~o:r:mation 
and the information supplied in response to the RAI be compiled 
into "one complete, extensive, and self-contain~d package". 
To facilitate your review, Attachment' I is included to provide 
direc:t responses to the ten itP.m!'I r.nntained in the RAI. 
Attachment II is provided as the complete application, including 

.. the info::rnation from our letters dated July 14, · 1987,' and 
/\uqust 6, 1987, ·and in!orll)ation supplied in response· to the 

. ~RC RA! • 

. ~ We request that you. complete your review of ·this complete~ 
..)Jl1 self-contained package .md i_ssue an approval of our application 
R ECE 1\1EOJ 

OCT l 2 19B7 

f'Dttll BEACH 
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NRC Document Controi Desk 
Cctober 8, 1987 
Page 2 · 
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·. 
as ~oon as po$5ible. In order to facilitate ygQ• ~eview an~ 
to expedite processing, we would be pleased to discuss these 
mo.tters or provide .additional information by telephone. Plea1;:e 
feel free to contact us. 

Very truly yours, 

1 ...... 

t< ·- :/;~\ 
C. W. Fay 
Vice President 
Nuclear Power 

bjm 

Attachments 

Copies to NRC Resident Inspector 
NRC Regional Administrator, Region III 

Blind copies to Britt/Gorske/Finke, Burstein, Charnoff, 
Fay, Krieser, Lipke, Newton, z~ 
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. . ("· . . . . ... ··· . 
RESPONSES TO· QUESTIONS CO~TAINED IN THE. 

REQUEST FOR ADDITIONAL·· INFORMATION (RAI) 
ON POINT· BEACH 1 ANO 2 .REQUEST 

FOR DISPOSAL OF LOW LEVEL RADIOACTIVITY 
CONTAMINATED SEWAGE SLUDGE BY LAND APPLICATION 

WISCONSIN ELECTRIC POWER COMPANY . . 
·UNDER 10 CFR 20.302(a) 
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The numbering system used in these responses corresponds directly to numbering 
used in the NRC RAI, dated September 9, 1987. 

1; a. This request is for multiple applications, approximately 2 to 4 
per year. 

b. This request is for multiple years. ~xpiration to coincide with 
conclusion of decoMmfssfonin~ activities associated with retirement 
of PBNP Uni ts 1 & 2. · 

c. Please refer to the response to question number 10. 

2. The pathways used to determine doses to both the m(lximolly exposed 
individual and the inadvertent intruder are docu~ented in Attachment 
II. Appendices ti afld E. · 
Due to the ~xtrem.ely low concentrations of radionuclide& in the sewage 
sludge and the associate low doses. Wisconsin Electric wi 11 control 
access to the disposal sites by conditions of use defined in lease 
agreements wnh the lease. Use of the land ;s· .not controlled beyond 
the conditions of the lease, the~eby not restraining a casual visitor 
from the disposal site. However continuous occupancy would be readily 
observed, and remedial a~tion would be taken. 

3. Information contained in previous. .subinithl ~ ha$ bet'n included in 
AttEchment II with modifications to provide specific commitments to 
the NRC. 

4. Pl°ease refer to the response to Question number 10. 
5. Site maps have been updated and are included fo Attachment 11, 

Appendix c. 

.• i .... ..:.. -· 

Jhe dir~ct orazina nf cattlP. on thP._praposed disposal sites is 
controlled by restrictions tont:aine'Cl~·.thEi' lease ...,a,greement. w - ... '- j""'""'T,), ~- .... ~. 

· There will be no restrictions placed or. fishennen on Lake Michigan. 
Calculations .of dou' due t.o all pathway' auociated with a r~lease 

·to Lake Michigan (Attach~ent 11, Appendix E) do not indicate a need 
to apply rc5trictions to fishermen. · 

7. rlease refer to rev.ised site maps included in Attachment II, 
Appendix C. Site number 5 is located.on coillpany owned land 
beyond the PONP site boundary. All other s;te~ 11.r@ \llithin the 
PRNP site boundary area. 

8. a. Please refer to Attachment 11, ~ection 3;2; nisposal Proced~re. 
b. Plea5e refer to Attachment 11 1 Section 3.2. Di&pu~el ProcedYre. 
c. Please refer to Attact1ment II, Section 3. 2, Disposal Procedure. 
d. Please refer to Attachment II. Appendix A. 

9. Please refer to Attachment H, including Appendix D and Append1x E 
for additional pathways analyzed for this submittal. These identified 
pathways wi 11 be· ana lyz:ed prior to a 11 subsequent di sposa 1 s to insure- . :·p 
doses are maintained within prescribed limits. i.e., 1 ~rem/year to the 
maximally exposed individual and S mrem/year to the inadvertent 
intruder. 

10. A limiting concentration level for the sludge contained in the 
storage tank is discussed, in Attachment 11.- Appendix F. Since this 
application is for multiple applications over multiple years, 
Attachment II, Appendix F also addresses an activity limit. 
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ATT AcHMENT 11 
......... 
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COMfl_LETE ANALYSIS AND EVALUATION 
. " 

PO I NT BEACH fiUCLEAR :P LA'NT · 

10 CFR 20.302(a) ~PPllCATION 
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l. 0 .Purpm;~ ~ 
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By tn1s subm1ttal W1sccns1n Electr1c Powe~ company requests approval of the 
U.S. Nuclear Regulatory Commission for a proposed procedure to dispose of 
sewage treatment sluage containing trace quantities of radionuclides 
generated at the Point Beach Nuclear Plant. This r@quest is submitted in 
accordance with the provisions of 10 CFR ?.0.302(a). 

2.0 Waste Description 1,1 ... 

The waste iovQlved in this disposal process consists of the residual solids 
remaining 1n solution upon completion of the aerobic digestion sewage·treat~ 
ment pro~ess utilized at PBNP. The PBNP sewage treatment plant is used to 
pror.ess waste 'ill'ater frorn the plant sanitary and pot.able water systems. 
Th~se systems produce non-radioactive waste streams w1th the possible 
exception of wash basin~ lQcated in the radiologically 'ontrolled ar&• gf 
the plant. These wash basins are b.el ieved to be the primary source of the 
extrelll@ly small quantit;e~ of radionuclide~ in the sludge. 

lhe 5ewage sludge generated at PBNP is allowed to accumulate in the sewage 
plant digester and aeration basin. Two to four times annually, depending 
on work activities and corresponding work force Gt PONP, the volume of 
the sludge in the digestor and aeration basin needs to be reduced to allow 
continued efficient operat;on of the treatlllent facility. The lutal volume 
of sludge removed during each disposal operatjon is typically on the order 
of lS,000 gallons. The max~murn capacity for the entire PBNP treatment 
facility and hence the maximum disposal volume is about 30,000 ga~lons. 
·l n ... .t.he·".,(;ase t1 f. a max i1J1U~-1:apat:i ty . .Q1 sp,Q§.4!1 1 doses. WOL.l;l,cJ.:·noi~·\'leJ:.es~ari ly ... , .... ~ 
iht'rUSt! tn~proporthm to the Voiume, slToce ioore than 1me" disposal site 
may be used. 

Trace amounts of r~d1onuc11des have Deen identified in PBNP sludge currently 
. befog stored awaiting. d.i.sposal. The radionuclides identified and their 
concentrations in the sludge are summarized be1ow: 

Nuclide 

Co-60 
ts-137 

Concentration (µCi/cc} 

2. 33E-07 
l.SOE-07 

The total activity of the radionuclides in the stored slud~e. based on the 
identified concentrations and a total volume of 15,COO gallons of sewage 
sludge. are as follows: 

Nuclidp 

Co-60 
Cs-137 

Act·i vi ty CvCi > 

13.2 
8.5 

These concentrations and activities are consistent with expected values 
ba~~d on prior analysef of ~ewage sludge. The radionuclide concentration 
in thP sewage sludge has remained relatively constant during sampling 
conducled ~inc~ OQccmbcr 30, 1983. ~ det~iled summary gf the results of 
this sampl;ng program are contained in Appendix A for your review. 
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In·addition to moni~oring for the radionuclide content of the sludge, 
the WONR requires several other phystc~l and chemkal properl ie& oJ _the. 
sludge to be determined. These properties are the percent tota1 solids, 
percent total nitrogen, percent ammonfu~ nitrogen, pH, percent total 
phosphorus, percent total potassiu111 •. cadmium, copper, lead, nickel. 
mercury, zinc~ and boron. An example of a typical sludge sample analysis 
is included in Appendix B · · 

3.0 Disposal Method 

In the context of thi"s a·~~·l:i~~t:f~n, Wisconsin Electric commits to the 
following meth_odology. No dhtinction is made or intended between 11 sha.1l 11 

or 11 wi ll 11, as used in the· descri pt fon·s contained in this sect ion. 

3.1 Transport ofSludge 

The method used to dispose of the sludge ~hall utilize~ technique approved 
by the WDNR. The process of transporting the sewage sludge for disposal 
involves pumping the sludge from the PBNP sewage treatment plant storage 
tanks into a t~uck inoun~ed tank. The truck "1o·unted ·tank. shal 1 be required 
to be m~i~tained.tightly closed to prevent $pillage ~hile in transit to 
the disposal site; The sludge shall .be transported to one or more· of the 
six !ites approved by the 'WD~R for. land epp1ication of the &€wage sludge 
from PSNP. . 

3.2 [lis2os~l Procedure 

The radionuclide ccnc:entrations in the sludge shal 1 be determined prior 
to .. · ea.ch. clispo~a] ~y ~b~~1.~J-~_g_ th.ree, representative. _;;a111µ)..'!l~·:.fJ:'?~~-~ch1 !.:;..·_,._., 
of the sludge s1.orage tanks,' 'The' sludge contai1.ed in the sludge ·tanks 
is prevented from going septic by a process xnownas complete mix and 
continuous aera.,ion. Thf.s process cor.pletely mixtis the sludge allowing 
for representat~v~ ~amples to be obtained. · · 

The samples sha11 ~e counted utilhing a·GeLi detecb.•r.and multi
channel analyzer ~i~h appropriate geometry. The detection system is 
routinely calibrated and checked to ensure the lower li~its of · 
detection.are within values sp•cified in the Radiologi~al Effluent 
Technical Specificati~ns (RETS). 

To insure the sample:f are representative of the o.verall C(.ncentrat ion . 
in th~ storage tanks, the radionuclide conc~ntration deter~ination for 
each of the three samples st.all be analyzed to insure each sample 1 s 
within t·.i10 standard deviations of the ·averaae value of tha three 
samples. If this ~riteria is n~t ~et, addiiional samples will be . 

. ,;~ --·obt.ai'ned ancl·analyz~d to: insure a truly r~pr4'o;~ntativP. radionuclide 
c-0ncentration is utilized for dose calculations and concentration 
l iinit determinations. 1he average of all. stati st.ical ly vaJ ;,~-·: .. .i;,. 
concentration determinations will be utilized in 'de-termining the 
.~toragc tank concrnlration.value5. 
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Prior to disposa1 the waste stream will be monitored to determine the 
physical and chem1ca1 properttes of the sludget a~ d.tscussed)n ~he last 
p11.ragra~-.h cf Section 2.0. Waste Oescript.ion. The results will be compared 
to State of Whconsin limits to insure the sludge does not pose a chemical 
hazard t.o people or to the environment. 

The ranionuclides identified in the slu~~et along ~ith their respective 
conce!'.tr1'.tions 1 wi 11 ba compared to concentration limits prior to 
dtsvosal. The fflethodology discussed in Appendix F will be used in 
determin~~.9.S~P~.hnce w,ith the proposed concentratipn l i."1i.t. ' .• J""IJ!' ... 
total actnnty of the proposed disposal will be compared to hie··· : · ... 
proposed activity limit as described in App~ndix F. 

If the concentration and activity limit criterfa.are met, the appropriate 
exposure pathways (as described in Appendix D) will be evaluated prior to 
each application of sludge. These exposures wi 11 be evaluated to insure 
the dose to the maximally exposed individual will b8 maintained les' than 
l 111rem/year and the dose to the inadvertent intruder is maintained less 
than S mrem/year, The eitposures will be calculated utilizing the meth
odology used in Appendix E, including the. current activity to be landspread 
:ilong with the ac.tiv;ty fro111 al 1 prior disposal. The remain.ing radio
actfvity from pdor disposals will be corrected for radiological decay 
prior to performing dose ulculations for the meat. milk, and vegetable 
ingestion pilth'-~ays, the i nha 1 at ion of resuspended radionucl ides, and a 11 
pathway~ assodated with a releasit lo Lake Hlc;;hiyan. The niiidual 1·adio
activity wi l1 be corrected for radio1ogica1 decay and, H appy·opriate, the 
mixing of the radionuclides in the soil by plowing prfor to perforDiing 
external exposure calculations. ..... . - . 

< • I~ • • • ' ~ • ) '' ~ .. -""':S 

The sewage sludge f's appHed on· the desi~nated area of land utiliz·ing the - · 
WDNR approved lec:hnique and adhering to the fo 11 owing 'requi reillents of 
WPOES Permit Number WI-0000957-3. 

0 

0 

Discharge t.o the land disposal system shall be limited so that during 
surface spreading all of the sludge and any precipitation falling 
onto or flow:ng t1nto the disposal field shal 1 not overflow the peri
meter of the system. 

Sludge shall not be land spread on land with a slope greater than 12%. 
During the period fro~ December 15 throuah March 31 sludae shall not 
be land spread on land with a slope greater than 6_% unless the wastes 
are injected im~edialaly into th@ sail. · 

0 Sludge shall not be surface ~pread closer than 500 feet from the 
nearest inhabited dwelling except that this distance may be reduced 

..;.:;~~4H-:r..;:nlflo\:i'n·~~~.,..i·t'ta~"·~·eon·ioont~=·-.. "' :....=-.-.:... "'···...:....· .. - · ·_ . .: ·:-. ,,,~-·=• .,.,:.. . --

0 

0 

Sludge shall not be spread closer then 1,000 feet f,r;0m a public water 
supply well or 250 feet from a private water supply well. 

Sludge sha 11 not be 1 and spread within 200 feet of any surhce water 
unless a egetative buff!!r strip is maintained bet-ween the surface 
watercourse and the land spreading sys tern, in which case a minimum 
separatian di~tftnce of ot least 100 fP.et is r~quired between the 
system a.nd the surface w.atercour!ite. 
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0 

. '. 

· Depth to groundwater and bedrock shal 1 be greater .than 3 feet from 
the land surface elevation during use of any site . 

- 0 • Sludge sha11 not be land spread in a floodway. 

, ...... -.,t1i•· 

0 

0 

0 

0 

Sludge shall not be land spread within 50 feet of a property line road 
o~ ditch unle~s the sludge is incorporated with th~ SQil. in whi~h 
case a ~inimum separation distance of at least 25 feet.is required. 

The pH of the sludge-soil ~ixture shall be maintained at 6.5 -or higher. 

Low areas of the approved fields, subject,to seasCinally high ground
water levels, are e;.1cluded from the sludge applic~tion. 

Crops for human consW11ption shall not be grown Ol'I the li!lnd for up to 
one year following the application of the sludge. 

The sludge shall be plowed, disked. injected or.otherwise incorporated 
tnto th~ surface soil layer a~ appropriate intervals . 

. Hie tJexibility implied in the lntter prov1s1on for so1l -1nC"orporat1on is 
intended to allow for crops which require more than a one year cycle. 
For the Point Beach dhposal sites. alfalfa is a comon crop which is 
11arvested for several years after a single planting. Sludge disposal on 
an alfalfa plot constitutes good fertilization. but the plot cannot be 
plowed without destroying-th~ crop. -Th~ alfalfa in-this case aids in 
binding the layer of sludge on the surface of the plot. At a minimum, 
howevert plowing (or disking or other ~ethod of injection and mixing to 
a_ nominal depth of 6 inches) shal I be done prior to planting any new crop, 
reo~rdles~ of the crop_ 

"\4~""-::~f.~7.JU'~:·;'.:'I: ~ ~1~.,'i"rf...,,.,.'.');~ · ....... ljf• ·};. t...~·~· •. :~).,,••.":",',tf:!ro"" -*~'. "-•.··.~.·~:·~.~i. I',· 1.•~h·,1·1··_.- ... ~- ' I'.': ... 

3.3 Adminis.trative· Procedures 

Co.'llplete records of each disposal wi11 b~ maintained. These records 
will include thei concentration of ra.dipoucl ides In the s 1 udge, ttie 
total volume.of sljdge disposed, the total activity, the plot on 
which the sludge was applied) the.results of the chemical composition 
determinations~ and a·ll--dos_~ c;;alc::ulation·$., -

The annual disposal rate for each of the approved land spreati sites 
wi.11 tie limited to 4,000 gallons/acre. pro\iided WONR chemical composi
tion, NRC dose guidelines, and concentration ~nd activity li~its arc 
maintained within the appropriate values. 

. . 
The farmer- leasing the site used for the disposal will be notified 
of the applicable nn;t.dctions JJlts.Ced on the !)!te due to the land 
spreadfng of sewage sludge. 

4.0 Evaluation uf E~vironmental Impact 

4.1 Site ~haracteristics · 

4.1.1 Site Topograp_hY 

The disposal site~ are located in th~ Town of T~o Creeks in 
the northeast corner of M~nitowor. County, Wiscon~in, or. the 
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west shore of Lake Michigan about 30 miles south~ast of the 
center·of the ctty of Green Bay, and 90 miles NNE of Milwaukee. 
This ~ite is located at longitude 87° 32.5'W and latitude 44° 
l7.0 1 N. The six sites·· are on pro·perty owned and controlled by 
~isconsin El~~tric and are within or directly adjacent to the 
Point Beach site boundary. The sites are described below and 
are outlined on the map c:ont_ained in Appendix C as Figure 3. 

Site No. PB•Ol - The approx;mately 15.acres located ;h th9 NE 
1/4 of the NE 1/4 of Section 23, T. 21N - R. ·24E. 

Site No. PB-02 • The approximately 20 acres located in the SE 
1/4 of the SC 1/4 of Section 14, T. 21N - R. 24E. 

Site No. PB·O~ - The approximately 5 acres located in tho NW 
1/4 of Secticn 24, T. 21N - R~ 24E. 

Site No. PB-04 • The approximately & acres located in the NW 
1/4 of th~ SW 1/4 Of Sect1on 2~, T. 21N - R. 24E. 

Site No. PB-O~ - The approxi11ately 5 acrss located tn the NE 
"1/4 of the NW 1/4 of Section 25, T. 21N - R. 24E. 

Site No. PB-06 - The approximately 5 acres located in the NE 
1/4 of the SW 1/4 of Section 14. T. 21N - R. 24E. 

The overall ground surface at the site of the Point Beach Nuclear 
Plant is gently rolling to flat with elevations varying from · 
5 to 60 feet above the level of lake Michigan. Subdued knob · 
and .kettle t,opography i~ visible frofl.I aerial photographs. The 

«:·land~sur;face·' sfope·~;~'graduaf\Y t0ward ·th'e lake' frci\'ni tiiile .·hi9hQT-' ,:"';·~.-<; 
glacial moraine areas west of the site. Higher ground adjacent 
to the lake, however, diverts the drainage to the north and 
south. 

The major surfa~e drainage featYres are two small cree~~ whi~h 
drain to the north and south. One creek discharges into the 
lake .:ibout. 1500 feet above the northe~n corner of tha ,;tti and 
the other near the center of the site. Ouring the spring, ponds 
of w.ater may occupy tha shallow depn:;:;ion:;. As mentioned in 
Section 3.2, Disposal Procedure, these low areas are excluded 
from the sludge application. 

A sile lopuy.-aphh.; m.sp ~uv~rlng detai l5 out to o 5 mile radius 
may be found in the FSAR at Figure 2. 2-3 and is iticluded in': 
Appendix C as Figure· 2. 

The disposal or sewage sludge at these s1x sites will hilv!<! 11u 
·impact on .the. ~.opography of this area . 

.r:J ',· h '-:".~ ' 

4.1. 2 Site Geology 

Prior to const, .·ction of the Pof nt Beach Nuclear Plant, an 
evaluation of the geological charact~riitics of the area in and 
surrounding the site was made. The geologic structure of the 
region is e5sentially simple. Gently dipping sedimentary rock 
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strata of Paleozoic age outcrop in a horseshoe pattern around a 
shiQld of Precambrian crystalline rock which occupies the 
western part of the region. The site is located on the western 
flank of the Michigan Basin, which is a broad downwarp ringffd 
by discontinuous outcrops of more resistant formations. The 
bedrock formations are principally lime$tone&J dolomites, and 
sandstones with subordinate shale layers. The rocks form a 
5uc:cession of extensive layers that are relatively uniforin in 
thickness. The bedrock strata di? very gently towards Lake 
Jitkhi9an at rates, from 15 to 35 feet per mi le. 

,.. · ~---'-;?- J'Ot' .. , . ;'· ~~·1.1 . 

The uppemost. liedrock under the site 1s Niagan Dolomi.l'~. -.. · 
Bedrock does not out.crop on the site but is covered by glacial 
t1ll ana lake depos1ts. The so1ls conta1n expans1ve clay 
minerals and have moderately high base exchange capacity. 

ln the area of the site, th.e overburden so; ls are approximately 
70 to lOO feet in thickness. Although the character of the 
glacial deposits may vary greatly within relat~vely short 
distances 1 a generalized section through the overburden soils 
adjacent to Lake Michigan at the site consists of the following 
sequence: 

1. An upper layer of brown clay silt topso;1 underlain with 
several f.et. of brown silty e1ay with hyers of ~ilty o;and: 

2. I\ layer of 20 feet of .reddish .. brown silty clay with some 
sand and gravel and occasional lenses of silt; 

•
1 ·~··; ~- .. ..., . -·" •• ,., .. 3~ ~. ·,laye.r::;;Q;f~.~;.: f ~~.~'. :P~f. t!idd is h;..b rown· ·s i tty . c J.~Y wlt.h ,~):ay.e,t~~ ~ •. ) ~ 

of ~ilty send and lenses of silt; 

4, A hyer or 50 r~at. of reddhh-br.own ~ilty clay with some 
sand and gravel, the lower port ion of which contains 
gravels, cobble.s, anel boulders resting on a glacial eroded 
surface of Niagara dolomite bedrock. 

Site drainage is poor due to the high clay content of the soil 
combined with the pock-marked surface. Additional information 
on site geology may be found in Sect.ion 2.8 of the FSAR. 

The use of these sites for di sposa 1 of ·sewage sludge wi 11 not 
;mpact the geology of the area. 

4.2 Area Characteristics 

4. 2.1 Meteorology 

.. - The <;;li.mate of the site region is influenced by the general 
storms which move eastward along the norihern tier of th~ United 
States and by. those which move northeastward from the south~ 
western part .of the country to the Great Lakes. ThiG i;;onti.
nental type of cl h1ate 1s .-odt ff eo by Lake Michigan. During 
$pring, summer. ~nd fall month5 the lake tempcrnture differs 
markedly from the air ternperature. Wind shifts from westerly 
t.o H:.lerly tlirec.:t.iuns pnn.fuce marked cooling of day-time 
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temperatures in spring and su111t1er. In autumn the relatively 
warm water to the la~e prevents night-time temperatures from 
h ll i ng u l ~ as the)! do a few mil es in h.nd from the shore 1 i ne. 
Su11111er time tepperatures exceed 90°F for six days on the 
average. freeiing temperatures occur 147 days and below iero 
·on 14 days of the winter on the average. Rainfall averages 
~bout 28 inche1 per year w;th 55 percent fGll;ng in th~ ~onths 
of May through Septe11.ber. Snowfall averages about 45 inches 
per year. Sludge spreading shal1 be managed such that the 
surface spreading together with any precipitation falling on 

... the f1eld sha11 not overflow the perimeter of the f1eld. 
··Additiona1 information on site meteorology may be found in 

Section 2. 6 of the FSAR. · · · 

Tnere will be no 1mpact on the meteorology ot tile area due to 
the disposa1 of the sewage sludge. 

4.2.2 Hydrology 

lhe dominant hydrological feature of this site is lake Michigan, 
.one of the largest of the Great Lakes. The normal ~ater level 
in Lake Michigan ts ·appro~imately 580 feet above mean sea leve,. 
In the general vicinity of the site, the 30 foot depth contour 
is batwun 1 and 1-1/~ mil es off shore and the 60 foot contQur 
is 3 to 3-1/2 miles off shore. The disposal sites are twenty · 
or 111on feet above tke n·orinal hke lev@L Th@re h no record 
that. the sites have been flooded· by the 1 ake dud ng 111odern 
timei;, Th&re are nl'.> rive'l"i> or large t;tr&ani which could critlt.Q 
a flood hazard at or near the sites . 

. , , __ ....... ··· ... :·i1r~·-sul>5Til'tae"tv'~aler table'~'!{ thiFPoint Beach".si.te • .h~s.,:~:, .. :,.,. .... ,,~;\.d,.;· .. 
definite slope eastward toward the lake. The gradient indi-
cated by test drilling on the site ;s approximately 30 feet per 
mile. Il is therefore extremely unlikely that any release of 
radioactivity on the site cou·)d spread in1and. Furthermore, 
the rate of subsurfate flow is s.mel i due t.u the relative 
impervious nature of the soil and will not promote the spread 
of releases. further inrorm~t1on on s1te hydrology is detailed 
in· the PBNP FS~R Section 2.5. 

There will be no adverse impact on hydrology of the area due 
to <Ji sposa l ot sewage s l ui:lge llY lane! sprea.e11 ng. 

4.J Wat@r_usage 

4.3.l Surface Water 

Lake Michigan is used as the source of potable water supplies 
in the vicin;ty of the site for the cities of Two Rivers {12 
miles south), Manitowoc (16 miles sourth); Sheboygan (40 miles 
south), and Green Bay (inta~e at Rostok 1 mile north of Kewaunee, 
13 miles north). No other· potab1e water uses are recorded 
within 50 miles of the site along the lake shore. All public 
water suppli~~ drawn from lake Michigan are treated in puri~ 
fkation plants. The nt:>arfl!lt ~.urf1o1ce W<'llPr u!led for drinking 
other tha~ L~ke Michigan are the Fox Rtver 30 miles NW and 
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. ' LakP. Winnebago 40 mil~s W of the site . 

Lake Michigan is also utilized by various rP,creational 
act i vi t ias, including fishi !'IQ, swi,.mi ng and b.oat i ng. 

' ' 

There will be no ;~act.on surface water usage due to the 
di5posal of sewage sludge. 

4.3.2 Ground Water 

Ground water provides the remaining population with potable 
supplies. Public ground water s~~pii~s·within.a 20 mile,radius 
of the site are lhled in Ta.blt! 2:.5-3 ur the fSAR. Additional 
wells for private use are in existence throughout the region. . 

·The location of private wells within a two mile radius of PBNP 
are indicated on Figure 3, Appendix C •. 

· The potable water for use at the Point Beach Nuclear Plant is 
drawn fro~ a 257 feet deep well located at.the southwest corner 
of the plant.yard. Water ,from this well is ro~tinely sampled 
as part of the onvironmental monitoring program. 
' ' ' 

There will be.no adverse impact on ground water usage due to 
the disposal of sewage sludge. 

4.4 Land U!:.agP. 

Manitowoc Countyi in whi\;h the site is located, and the adjacent 
counties of Kewaunee, ·Brown. Calumet, and Sheboygan are predominantly 

, .· ..... _,.,,,._,~!J~a 1, . ., .A$r'(cu1tura1 pursl!i ts. ,.acc:ount. !or ape.:r~xiniately .. ~0%. O.f the 
. : ... ·.to.tal· county ar:reagt'.!. Wit·h ·the except1on of •the -~ewaunee~·Noclear 

Plant.located 4;5 miles north, the region within a radius of five 
miles of the site is presently devoted exclusively to agriculture. 
Dairy products and livastock account for 85% of the counties' farm 
production, with field crops and vegetables accounting for most of 
the remaindtt. The principlll crops are grain corn, silage cornt 
oats, barley, hay, potatoes, green peas, lima beans, snap beans, 
lleet~, {;abbage, sweet corn·, i;;ui;;umbers, and cranberries,. Within the 

··· .. '·:,···township of··Two Creeks surrounding ·the site (15 sq. miles},.thero 
are about 800 prut.lut:i ng <:uws 011 alJuut 40 dairy _farms. SoJne be~f 
cattle are raised 2.5 miles north of the site. Cows are on pasture 
fro~ the first of June to late September or early.Oclv~er. During 
the winter, cows are fed on locally produced t;ay and silage. Of the 
milk pr.oducea 1n t~1s area, about ZS percent is consu~ed a~ riuici 
milk and &O percent is converted to cheese, with the remainder being 
useu in butter making and other by-products. 

It has been the policy of Wisconsin.E1ectric.to permit the controlled 
use of crop land and pasture land on company owned property. No · 
direct grazing of dairy or beef ~at.tle or other animals is permitted 
on these company owned properties. Crops intended for human consurnp-

· t ion shall _not be grown on the disposal sites for at·least one ye~r 
following the application of the sludge. 

The proposed land' application. of sewage sludge will not have ·any 
direct effect on the ad3acent facilities. A~ditional land use 
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information mQy be found in Section 2.4 of the FSAR. 

4,5 Rdtliological Impact 

The rate of sewage sludge aµpllcat1on on eac:h of the six proposed 
sites wnl be monitored to insure doses are maintained within applic· 
able limits. These limits are based on NRC Nuclear Reactor Regulation 
(NRR) staff proposed guidance (described in AIF/tlESP-037. August, 
1986). These 11m1ts requ1 re doses to the maxima 1 ly expos~d member 
of the general public to be maintained less than l mrem/year due to 
the disposal material. In addition, NRR guidance requires doses of 
less than 5 llT'em/year to an inadvertent intruder. 

To assess the doses received by the maximally exposed individual and 
the inadvertent intruder, six credible pathways have been identified 
for the ma><imally exposed ind.ividual and four credible pathways for 
the inadvertent intruder. ihe identified credible pathways are 
described in AppendiK D. · 

CAlr::ulations detailf!d in Appendix E demonstrate the disposal of the 
currently stored P.BNP sewas~ sludge would re11ain below these limits. 
The total annual e~posure to the maximally e~posPd individual based 
on the identified exposure pathways is equal to 0.072 mrem. The 
dose to a hypothetical intruder assL.Wing an o·Jerly conservative 
occupancy factor of 100% is calculated to be 0.115 mrem/ytar. By 
definition, the in;idvertent intrudnr would not be uposed to the 
processed food path'iilays (Meat and milk), 

The calculational methodology used in determining doses for the 
:,.,. :";':'.: proposed di;rtposal of :;ludge stored,,;J!t PBHP sholl b.e utilhed p.r-io.r to 
·~·.:· ....... each additional land applicat;on to insure dOses are maintaihed 'le"ss 

than those proposed by NRR. This calculation will include radio-
nucl ides disposed of in previous sludge applications. The acti~ity 
from these prior disposals w111 be corrected for radiological ~~cay 
prior to performing dose calculations for the meat·. milk, and 
vegetab1e ingestion pattr..lays, the inhalation of resuspended radio
nuclides, and all pathways associated with a potential release to Lake 

···: ~~~~~·b~),~~ee!~\~~·:.~~t~~~~}~g f '!!,~i~~ ~hWiit~ ol9~~~f ~~~c ~i:ie~~.~~ ~~-Hi{ · 
soil prior to perfo~ing external exposure calculations. In addition, 
the dose to a farmer potentially leasing mo;·e than one applicat·ion 
site will be addressed by summing the doses received from the external 
exposure from a ground plane sour~e and resuspension inhalatior. 
pathways for each leased site. In addition, the maximum site specific 
dose due to the other pathways identified in Appendix 0, will be 
utilized in the total exposure estimation. 

5.0 Radiation Protection 

The disposal operation will follow the applicabl~ PBNP procedures to 
m;iint.;iin t;to~es M low l!S re"3SoMbly (lthiP.vablP. T1>c:hnic:a1 rP.view and 
guidance will be provided by the PBNP Superintendent - Health Physics. 
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SUMMARY OF RADIOLOGICAL ANALYSES 
OF SEWAGE SLUDGE SINCE DECEMBE~ 3P, 1983· 
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Sample Tank ·Tank Radionuclide Concentra~ion 
. 0At.P Volume (Gallons) CuCi/cc) 

12-30-~3 01gester 8400 Co-5-8 5.58E-07 
Co·60 l.87E·06 
c;r-51 4.aBE-07° 
Cs .. 134 1. 59E-07 

·cs-137 3. 57E-07. 

4-05-84 Dii;:ester 7560 Co--60 7.89E-07 
Aeratfori 6667 Co-60 1. 87E-07 

12-05-84 Digl!!ster 7560 Co ... 58 1.7SE-07 
Aeration 6667 Co-60 8. 29E-07 . 

6-03-85 Of gester 7560 Co .. 60 8.29E-07 
Cs-137 2.46£•07 

Aeration 6700 Co-60 3.27E-07 
Cs-137 1.33E-07 

4-10-86 Di9e5ter 75GO co.:.60 G.79E-07 

~ 
Cs .. 137 1. 72E-07 
Mn-54 4.91E-OB 
Co-60 l.6SE·07 

11-04-86 Digester 7560 Co-58 s.o4E~os 

Aeration & 
Clarifier 25100 Co-58 1. 37E·07 

Co-60 Z.18£-07 
Cs-137 1. 64E-07 
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CHEMICAL COMPOSlTION ANALYSIS 
OF SEWAGE SLUDGE 
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SLUDGE CHARACTERISTIC 
Wiscol'llln 611tut1 147.D2111 •nd 
Wi11:1:m1i11 Adminlllmlve Cod~ NR 110.27181 
FORt;I J&DD .. t A1£V, 21>-H 

Pleau ..,,mpl~u thli farm and send 10 1h1 DtD9rtlnt11'1 of Natur•1 R1H1i.ln:111 uioroorleu Dlnrict/hn Ollict, K•P one ClOOV lor 
VOi.ir rt(".(ltdS. 
For .ctdillonal f11rm1, p1u11 aonuct your 1piiropri11t Dlnrle!/Area Office. 

rliAMITI'A; 

Wisconsin Elcc~dc Power Company 
_. R .. aT OR llllOUTE 11-.uUlhiTv 

231 W, ~ichi,~n StT~et m1wnukee 
f;ITY.--ITATE. 21• CODE TF'lEPHnNE NUMBER (INCLUDE AREAc.DllEI 

'"i ;.'.;n\!~:;'1·~. ··~:y S '5~0'3 ~1S·277·l1SJ . 

'Pilllm•ltt ADDnvinion Rt111lt •pu1m411cr Abbl'ew1nlo11 fluu11 

T ohl SOiidi, "' l .. r~" Cl'lfOlllium, ppm C1 

Totlll Nilrog1n, ~ TOTN l. (\ 
COPl*'oppm Cu :::mo 

• AMlllOll!ull'I. NIU_"9+'1~ 'lli NH:-1'1 I}. :i-1 Ll•d .... UM •..i. ·:·q -. 1:··~~~b .. N 

Hll 
_,._ ,•' !:~ 

Toul l'flosphor11u1." I' '!l .ll1 Mlrcu•y, pi:1m Hv :;, ii 

T1111l l"otHslum, % K o.H Ni~l<.rl,ppm Ni ! :? 

Arleolc, ppm h 1. 0 Zine•ppm Zn :!SM 

Codmium, ppm Cd l'.L pH j., 11 

•suwnud 1Nl'rJll pro<Cdur .. for tha 1bov1ptl'9ITl1t111Qn119 found in NR 21&, ''"IY1illlll tt1t1 end f!f•aedurtt. Wi1oon1ln 
Adminl1tratin Codi, All p1run1ttu othtr than s-rdnt leilids ind pH 1h11I b1 npo1ud on 1 dry weight bub. · 

2. Wh.it ii the 111me of !he laboratory that did tht INIVlll ud when WH It performed? 

1.abciiatory Name Wisconsin Electric Power Co. 
Laboratory Servi~as Dlvi~ion 

) Whtrt at lhe trenm.ent plant w11 ttie ampla tlktn7 

4. When was the sample uken1 _.:.;A:.:.1'1..:.'l'~i::..l::.'-..::.1-=:?~·......:1:..;9:..8;;..);;.---------------""----------

SIONA R T 1'U: OAT£ 

o ·,1 p ' I ·'' 
.~·. lf3 t:\? ;- C11al!: y E:1 ~t l:iccr 

. ·' 
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1. External whole body exposure due to a ground plane source of 
radi 11nuclides. 

2. M1lk 1ngest1on pattiway fr<i11. cows fed alfalfa grow11 on plot. 

3. Meat. ingestion pathway from <;ows fed alfalfa gto~-1n on plot. 

4. Vegetable ingestion pathway from vegetables grown on p1ot. 

s. Inhalation of radioactivity resuspended in air above application 
site. 

6. Pa~n~~ys assoc;1ted with a release to Lake Michigan. Ingestion of 
pot&tile water at Two River·s, Wisconsin municipal water supply, 
in~estfon of fish from edge of initial mh.tng zone of radionuclide 
release. ingestion of fresh and stored vegetables irrigated with 
w~ter ~Qutc~ ~$ L~k~ Miehigan. ing~stion of milk and meat from 
cows utilizing Lake Michigan as drinking water source, swillm'ling 
and boat;ng activiti~s ~t @dge of initial mixing zona, and shoreline 
deposits~· 

II. cXPOSURE PATHWAYS .. INADVERTENT INTRUDER 

,:,., ::·: :· .. " 1 ..... · Externa.l .whole body.:: .exp:O.-S:ur~ ··dlJe··~ gr.ound P.1 ane". sour.c~~ot;.~:;·':" ·.~ ;;,;t;; ~~-;; 
radionuclides. . · : . 

2. Vegetable ingestion pllthway from vegetables gTown on plot. 

J, lnhal~t1on of radioactivity'res~spended in air ebDve ~pp1ication 
site. 

4. Pathways associated with a releast to lake Michigan. Ingestion of 
potable water at Two Rivers, W1sconsifl ~un1cfpal water sup~1y, 
ingestion of f;sh fro~ edge of initial mixing zone of radionuclide 
release, inge~tfon of fresh and stored vegetables trrtgated with 
water source a~ Lake Michigan, inge$tion of ~ilk and meat from . 
cows uti 1111 ng lake HtcMgan as drink1ng water so•Jrce, S'lii1nrn1ng 
and boating acti~itios at edge of initial miving zone1 and shoreline 
depos~ts~ · 

The milk and meat pathways are not included in calculat;ng the dose to 
the inadvertent intruder. The dcses dl.Je to these pi!1thwe!¥s are calculated 
based on feeding the CO\ll:J a1falfa ""'.rown on the sludge applied lam;I .. $.il'.li;.E! 
direct grazing on these l~nds is prohibited, the alfalfa must be cropped 
prior to befng used as .feed. This effectively re111oves the availability of 
the~e pathways to the inadvertent intruder, who by definition occupies 
the sludge applitd land continuously. 
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The ingestion of grounctwater is not a credible exposure pathWay. The two . 
factors contributing l.o t.his determination are as follows: 

l. · The s1te map 1n Append1x c. Figure 3 details Ute spatial relation
ship between the proposed disposal sites and the local ground water 
wel Js. file flow gradient of ground water was determ1ned for the 
PBNP FSAR to be towards Lake Michigan. Reviewing the sites and 
local ~ells shows no private well lo~~~~d in thP. path of radionuclide 
migration towards lake Michigan. · 

The PBNP site well is located on the plant site, potentially in a 
path of radionuclide 111igration. The PBNP we11 is routinely sampled 
as a requirement of the PBNP envfronmental l(lonitoring program. 

2. The cation exchange capacity (CEC) of ·the soils at each site has 
been ~etermined; · 

Site C_etion Exchange Capacity (MEQ/lOOal_ 

l . 16 
2 11 
3 11 
~ 10 
5 ·8 
G 9 

. ., .. The cat.i,on exchange capacity of 50il is dependent on the valance 
.. : ,of the radionuclides .and.is determine'd. by the rel.~~,i;ori;-,,_.· i'-'··· ··· ..... i;· .,,(\, 

HEQ ::: ATO~!~A~HGHT ~ 1. OE~o3 •. ~ ... , 

Rad1onuc11de Valance CEC ~MEg!ioog~ 

Co-60 +2 J.OOE.;oz 
Co·58 +2 2.90E-02 
Cs-131 +l 1. :nt:-01 
Mn-54 +2 2.70E-02 
Cr-51 +3 l.70E-02 
Cs-134 · +1 l. 34E-Ol 

Using the values for Cs-137 and· site 5 wh'ich has the lowest CEC, the 
total exchange capacity of th!.! soil is 

1.1o·grams ~f.Cs~t37 
· 100 gra111s ·of 5o11 

Calculating the specific activity of cs~l37, 

· · i · -"'---~· =3 ';..;::5;.;..78=E=-t=05"'---- __ 3. 5 78E +OS .S~Pc1fic Act v1ty ~ 
T112(yrs.) •ATOMIC hASS 30 • 137 

= 87. l Ci/gram 
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The cation exchange cepacity of the soil expressed 1n the number 
uf Curie5 of radionuclide per 100 grams of soil is 

95. 8 Ci Cs·l37 
100 grams. of soil 

Since the proposed disposal of sewage ~ludge contains quantities 
of radionuclides on the order of 10·100 ~C1 the 50i1 at each site 
has the capacity to effectively el;minate the migration of the 
rad1onucl1de to ground water. 
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l. Sewage sludge is uniformly applied over plot acreage. 

2. Sewage sludge is applied to one of the 5 acre plotst site PB-03, 
PB-rr4. PB+Q5, or PB-06. (~ssuming the smallest s;te size is 
conserv.ative for the calculatfon methodology herein.),-~· .... · ..... 

3. Based on the sewage sludge currently stored at PBNP, the. following 
data is used ;n the calculations. 

Ground Plane 
Sludge Volu111e ActivitY Concentration Concentration 

R,..dinnucl ide (Gallons) {crnl) (1-1Ci) {µCifcml ) __ {uC1/cm2 ) 

Co~GO . IS,000 ;.Ei.BE+07 n.2 2. 33E-07 · 6. S3E-08 
C.s-137 lSjOOO S.68E+07 s.s 1.SOE-07 4.21E-08 

1. CALCULATION OF EXTERN.AL EXPOSURES 

A. Sp~c1fic Assumptions 

1. · Conservatively il:j:iUmc radioattivity remains on &urfi'' Qf hind plot. 
Calculation ignores any plowing or mixing of radioactivity within 

., -.:, .. -· .s_oi l. . C~ lcula..tt ons for the pro~~d dhpo5a.l ll(il.1 .• ther.~fOJ;.• Jgnp.re_ 
•. .,,...~ ~~-e 1f · 8b-s·orp·tton .. o·r .. sM el ding" fi'oni""kon. · .. · · · · ·~ • :- ·•· "'~...:,!••·i-r; ~,, .... ,. '~""' 

The external exposure at the application site due to prior disposals 
will be calculated·uti1izing the methodology in Appendix G and 
added to that calcu1ated for the proposed disposal. 

2. · The p 1 ots are owned by Wistoi1s in E 1 ectri c and have been approved by 
the Whcons in Deµartmer1t of NC1tu1·al Resources (ONR) u dhposal 
sites. The land is leased and potentially farmed. Occupancy of . 
the land can be realistic;:ally e;itpec;:t.ed only i.Judog plowfog, ple.nting 
and harvesting. Occuparlcy has been. estimated to be 64 hours per 
year. -

B. 5ummarl of Calculat1onal Methodo1ogy 

1. Calculate ground plane radionuclide concentra.t1ons 1n pCi/c:m2 • 

2. . The dose from a plane of uniformly deposited radionuclides is 
calculated using Regulatory Guide 1.109, Revision 1, Appendix c. 
Fonr.t.1la C-2. 

3. Dose' rates ~ere calculated assuming continuous occupancy then 
adjusted for realistic occupancy factors. · 
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· C. External Exposure Rate Calculations 

.... ' . ~. 

The dose from a plane of uniformly deposited radionuclides is calculated 
usinQ Regulatory Guide 1.109t Revision 1, Appendix C, formula C-2 

where 

G G Dj(T.9} = 8760 SF f Ci(r,a} OFGij 

o~ (r·.a} =·yearly dose 
·J 

8760 

SF 

= hours per y~ar 

;::: 1.0. !iiiru:::e oa dos~ reduction du~ to res;r1ential · 
sh;elding 1s applicable. 

c~· (r~e) =ground plane radionuclide concentration (pCi/m2) 

OFGC.i ,j) . == external dose factor for standing on contaminated ·ground 
as given iti lable E ... G of 'ftegulat.o.ty Guide 1.109, 
Revi5ion 1. · · . 

Radionuclide · 
't Dose Factor 

(trirem/hr eer .2,Ci/1112) 

Ground Plane 
Conce.n t ration 

fi!Ci/crn:.l 

Ground Plane 
Concentration 
.. ~pCi/m2 ) 

"i Dose· 
Rate 

(mrem/yr) -----.-...----
Co-60 l,70E-08 

·1,~,,_;.;.:p;~i;J..J~. ,m. "'i't\':~;;;-·:· • 4. ZOE-09:;.-,_:._.,_.:;.. ., .. 
6.S3E-08 6.S3E+02 . 9.72E·02 
·~~lE-OB .. ,.,__ ... ~. ;~:;i.4·.)~~+Q~ .. : ... ~.~; 1. 55E-02 .. ,_ •:, 

. TOTAL: l.13E ... Ol mrem/year 

These calculated do~e rates assume continuous occupancy. In reality~ these 
sites will be occupied only during plow;ng, planting, and harvesting .. · 
Assul'l\i no an occopanc:y of 2 hot1rs · p@r day. 1 day per week.. and 32 weeks {S 
month growing season) per year 1 the occupancy f=-ictor becolfies · · · . 

2. ~r/day * 1 day/wi!ek * 32 weeks/yr * 1/8760 hours/yr == 7. 3E .. 03. 

EXTERNAL EXPOSURE C!OSE RATE (mrem/yearJ 

Rad i onuc 1 i de Conti ouou s _ Or.t: ue..a net 

Co-60· ~,72E-02 
Cs-ll7 1.55£-0i 

TOTAL: ·l.13E-Ol 
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ll. CALCULATION OF MEAT AND.MILK lHGESTION&?ATHWAV EXPOSURCS 

A. Spec\fic Assumptions 

1. 

2. 

. 3. 

Ail feed consumed by cow is grown on sludge appl1ed a~reage. 

A1l meat and mflk consumed by hum.an is from cattle exclus1vely fed 
feed from sludge applied land. 

Stable element transfer coefficients (B ) are utilized from 
Regulatory Guide 1.109 to estimate the •¥action OT radioact1vity 
which is transferred from the soil to tne feed. 

Ra.dionucl ide _.8iv. ·-

9.4E-03 
l.OE-02 

4. ·Alfalfa has _typic:al ly been Q'l"own on the plots. ·soi 1 tests have ;ndi
cated a minimum alfalfa yield of 4.1 ton~ per acre can be expected. 

R. ~ummary cf Ca.lculational Methodology 

1. ThQ concQntration of radionuclides in feed grown on the disposal 
plQts is estimated. Transfer coefficients (B. ) from Table ~-1 of 
Regulatory Guide 1.109 were used to estiinate t~~ fractfon of radio
nuclide which may be expected to transff!!r to the feed from the soil. 

. • - • • • \o· ... ' - ·- ....... ·~'.... ' 

Concentrati-ons of. ·radfonual i-des.;:"i;;;~ milk and, 1111iat:·were est-imated..- .............. ,~ . .:., 
using Formula A-11 from Regulatory Guide 1.109. 

3. Ingoi>tion dose T'<ltl:!& Wl!lriiil "'ti milled using Formula. A-12 fr"li'.I 
Regulatory Gufde 1.109. 

C. Milk and Meat. Ingestion Pathway Dose Rate Calculation 

l. Concentration in feed. 

·Activity in Feed= B;v - Activity in Soil 

Concentration in feed = Activi·i.y in Feed/( kg ~~r~eed lll 5 Acres) 

Radionuc: li de. 

Co-60 
Cs-137 

Activity in 
Soil (µCi) 

13.2 
8.S 

Activity in 
Feed (~Ci) 

1. 24E-Ol 
8.!'>0E-02 

2. tcncentrat1on 1n M1lK an~ Meat 

Radionuclide 
Concentration in 

Feed (pCilW__ 

6.67E+OO 
4.S7E-+OO 

Cal~ul~te ~~nc~~ttAlions of rad1onucltdes in milk and n~at using 
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f.or.mula A-11 in Regulatory Guide 1.109, Revision l which .is _ ,. 
C;A ~ F iA~CIF*QF · 

where c. = radionuclide concentration of i in component A 
F~~ =.stable element transfer coefficient whose values are in 

Table E-1 of the Regulatory Guide 
C . = radionuclidQ con~entration in feed QV .= consumption rate of feed = 50 kg/d (wet weight) from .. -· 

Reaolatory Gu~d~ 1.109 · ·· · · 

Use th.e following ~egu1atory Guide 1-109 values fol" F1·A 

Elemvnt F;~=m (d/l} for milk F;A=F, (d/kg) for nieat 

C<l 
Cs 

· R~d i oriuc H de 

l.OE•Ol 
1. 2E-02 .. 

Concentration in 
Hi1 k (pCi /1) 

1.3£-02 
4.0E .. 03 

Concentration in 
Mee.t (pCi/kg) 

Co~6o 

Cs-137 
3.34E-Ol 

· 2. 74E+OO 
· 4. 34E-t00 

9.14E-Ol 

3. Calcu1ated Dose rates 

The formula for total dose from eating animal products fed vegeta-
.. t1on (alfalfa~ gtOWJ10n PBNP.sJ.J~gg•! applie~. land 1s giv.e..n bY.··· .. ··· .... -

Regulatory Gu1de 1.109. ·Revis'iofi"~t 'fol"mula A ... 12t p:a;ge•il' ..... 1:09-16•:..,~· L. 
But, as noted fo11owing equation A~l3, it is necessary to compute 
separately the ~ilk and.meat portions of .the dos~. . · 

DOSE :;; I(U 11:0. ' *exp(-ll.t )) ' · .f!P i~pg . · 1 $ 

where Ua· ::;::;:. consu"!IPtion rate of animal ·product 
C;A = cone ~f radionuclide i in animal product A 
Dia .. = dose factor 
t

5 
PY= average time between milking or slaughtering and· 

consumption 

Infant 
Uap by Age Group 

'Child Teenager Adult -
330 400 310 Milk (1/yr) 330 

MQat. (kg/yr) -.'.-.1L ~.~..:..~=.:.~§.: .,:. . _.:i,;o,.;""., ..... ;..,;. ....... .' ....... 

ciA '"" .r:onc-entration calcu~~tnd ilbovc 
~. • ~ .. ~.. . ' • t. ..' !"1',.• •• 

Diapg = OF ~h~le body dose factors, Regulatory Guide 1.109, 
Revl51on 1. . · 
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-Whole Body.Dose Factors (l!!!'~m/pCi Ingested) 

Nuclide 

Co-60 
Cs-137 

Infant 
IngestiOn 

2.55E·OS. 
4.33E-05 

Child Teenager 
Ingestion Ingestion 

l.56E·OS 6.33E-06 
4.62E-OS 5.19E·05 

Adult 
Ingestion 

4.72E·06 
7.14E-05 

T
5 
~a for milk (assume consumption on farm) . . 
:::: 20 'Clays for 111eat (Regubtory Guide 1. 109. Revi~iori ·1; ·:rabl2 E-15) 

MllK INGESTION DOSE RATE.~mrem/,:tear) 

Radionuclide lnf ant Child Teenager Adult 

Co-60 2.81E-03 l. 72E-03 8.46E-04 4.89E·04 
C5-l37 3.92E-:"02 4.lSE-02 5.6!)[-02 6.06E-02 

TOTALS; 4.20E-OZ 4.JSE-02 5. 77E-02 6.llE-02 

HEAT IHGESllON DOSE RATE (mrem/~ear) 

Radionuclide Infant Child Teenager Adult. 

TOTALS: 

2.76E-03 
1.73~~~~ 

1.77E-03 2.24E·03 
3. OBl::.-03 7 .18E-JJ_3 __ .. .. , .. ,. ' .;, .......... . 

4.49E-03 4.85E-03 9.42£~03 

MEAT ANO MllK INGESTION PATHWAY DOSE RATES (mrem(~!~r) . 

Infant - 4.20E-02 
Child • 4.SOE-02 
Teenager - 6.26E-02 
Adult ~ 7.0SE-02 

Ill. CAlCULATIOH OF.VEGETABLE INGESTION PATHWAY EXPOSURES 

A. Specific Assumptions 

1. The WPOES permit issued to PBNP for the disposal of sewage 
sludg~ prohibit' the growing of crops for huMan consumption 
for one year following the·application of the sewage sludge. 
Therefor~, prior to planting vegetables on the application 
site, the soil would be plowed. Plowing is assumed to uni
formly mi~ the t~~ 6 Inches of soil. 

, ., 
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2. The· son dens\ty is assu"'ed to be 1. 3 grarris/cm3 •. 

3. All Vi!getables consumed by the individual of interest are 
grown on the sludge ipplied acreage. 

~·. St~blc ~ e·lcmcnt transfer. coeffic::ient& (81). frl')m Rag~~atory 
. Gu1de !.109 are used to estimate the fract1on of· rad10-

activity transfered from the soil to the vegetables. 

s. 

6. 

·-· ·· 'Radi on~c l i df! 

Co-60 
Cs-137 

9.4[-0J 
1.0E-02 

The consumptfon factors of food medium (U · ) and the mass basis 
distributions from Regulatory Guide 1.109~PTabl~ E-5 are used 
to determine annual consumption of vegetables. 

lnf ant 

Uap by Age Group~ 

Child 

280 11:9/yr 

Teen 

340 kg/yr 

Adult 

280 kg/yr 

~Based oo 54% ~egP.table·consumption by mass of frµitt vegetable, 
and grain. 

Ttitf'I~rige~tion Oose Factor~ by a~e gro.up are from Regu,·atory ... ··- ~
Guide 1.109, Tables E*ll, E~12, E-13, and E-14. 

Whole Bodt Ingestion ~(ls~·UFactors (111rem/pCi inS!sted) · 

Radionuclide 

Co .. 60 
Cs-137 

Inf ant 

2,SSE-05 
4.33E .. 05 

Child 

1.SGE-05 
4.62E·05 

Teen 

6.33£-0& 
. 5.19£·05 

Adult 

.4. 72E·06 
. 7 .14£-05 

7. Radi~1ogical decay of the radionuclides applied to the plot is 
not tak~n into account in these ca1~ulations. 

B. Summarl of ':altulatiol'l\l J1ethodolog;t 

1. 

2. 

3. 

The radionucl;de concentration in the soil is calculated in units 
of pCi/kg based on uniform application over 5 acre plot, plowing 
to a dep.th of 6 i nch~s, and a soi 1 dens i t.y of 1. 3. g/cml. 

The B. values are applied to the soil toncenlrdtiu11 values to 
obtaiAvthe radionuclide concentration in the vegetables. . 

The consumption factqrs (U ) for each age group are then used 
to determi('li:! the annual ra8~onuclide intake by age g~o·up due 
to eating these vegetables. · · 
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· 4. Final'ly •. the age dependent ·ingestion do.se fact.ors are used to 
gbtGin annual do5e5 by age group. 

c. Vegetable Pathway Ingestion Dose Rate Calc:ulation! 

,• .', 

1. Concentration iri 5oil 

Activity· Soil Volume 
Radionu£lli!! AMl ied ~~Ci} ~cml) 

Co-60 . 13.Z 3.0SE-+09 
Cs-137 8.5 3.0SE+09 

2. Concentration in vegetables 

3. 

Rad;onuclide 
Concentration ln 
Soil (pCi/kg) 

3.30E+OO 
2.UE+OO 

Calculated Dose Rates 

Soil Mass 
~kg) 

4.00E+06 
4.00E+06 

8iv 

9.4E-03 
1.0E-0~ 

Con,~ntration 
In Soil 
~ECi/kgl 

3.30E+OO 
2.13E+OO 

Concentration 
In Vegetables 

{pCi/kg} 

3.lOE-02 
2.13E-02 

____ .. :......:.....::..1,o;:.._ 

The dose rate for direct ingestion of vegetables grown on the 
sludge applied land is given by. t.he equation. 
••·•~ ............ ..........____.,... •• I ~ • , \11~, ~ o oo .,:. ,• 

' ~~~.2*'"" . ...... 
DOSE RATE= I U * D. . * EXP (~~.t) * C. ap HlpJ 1 l 

where 

Uap = consumption rala of food madium 
o.a . = dose factor for radionuclide, i 
~\ PJ = radio1Qgical d~cay constant 
t = time between harvest and consumption 
Ci =concentration of rad~onuclide. i. in food 

medium. 

t, the time between harvest and ingestion, is assu11ed to be zero 
.--·_-for ~his c~lc:uhition ..... 

VEGETABLE INGESTION DOSE RATE (mre~/year) 

Radionuclide Infant 

Co-60 
Cs-137 

TOTAL 

Child Teen Adult 

l.3~E-04 6.67E-OS •.lOE-0~ 
2. 76E-04 · 3. 76E.-04 4. 26E-04 

4. UE-04 4. 4.3E-04 4. 67E-04 
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!V. CALCULATION OF INHALATION OF RESUSPENDE:O RAOIO.NUCLIDES PATHWAY EX~OSURE 

A. Specific Assum2ti.ons . 

l. The QIOdel used to detem1ne the raclionu1:;l ide c;on~1mt1·ation 
in air above the sludge applied land is taken from WASH-1400, 
USNHC, Reactor· Safety Study - An Ass~ss11i!:nt of Acc1 dent Risks 
in Commercial Nuclear Power Plants 1 Appendix VI; 

2. The radionuclide concenttation in air remains constant for 
year o"f interest, i.e. 1 radiological decay and decrease fa 
resuspension factor are not-taken into accourt for this 
calculation. 

3. The maxi11ally exposed member of the g~nerai public is assumed 
to be the farmer using the plot of land with an occupaocy of 
64 hours per year. 

4. The inadvertent intr.uder is _assumed to occupy the plot of 
land for th~ en.tire year. 

5. The InhalJtion Dose Factors by age group are from Regulatory 
.....,.;;._: .. ,-- ... ~.fWid~ 1 •. 109, .T~~).i,~~ .. 1:L, f:~S, ~-9,. a.9~, E;:JO~ .. 

WHOLE J~ODV INHALATION DOSE .fACfORS .. (mrem/pCi inhaled) 

Radi9nue1ide_ ·infant · Chi.lg ... 
r •• ;.', ··;,,., •• ,.,. ,, .. ,·~. ~;,. •. 

Co~GO. . . . 8.4iE~06 6.12£-06 
Cs-137 3.2SE~os 3.47E-05 

TeP..n ~ Adult 
' .. ·,, 

2.48E-06 l.85E-06 
3.89E-os s.JsE~os 

LUNG INHl\LATION COSE FACTORS (mrem/pCi inha1~d) 

Radionuclide lnfant Chi°ld . Teen Adult 

Co-'iO 3~22E-03 ·1.91E·03 l.09E-03 7.46E·04 
Cs·137 ·s.09[rQ5 Z.01[-05 l.SIE-OS 9.40E-06 

6. . The age dependent. inhalation rate5 are obhin~d from 
Regulatory Guide i .. 109 1 Table E-5. 

Inhalation Rates (ml/yr) 

't:-~ .. ~ !'- . -: ~ . 

Infant Ct•i ld Teen Adult 

·1400 37UO 8000 ·aooo 

.. , .. 

·~ '•' ,. 
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1. The ground plane radionuclide concentrations in pCi/rn2 • 

2. Calculate.the resuspension factor utilizing r:iiuation gfven 
in WA!iH-1400. 

3. Obta1n the radionuc11de concentration in a1r (pCi/m~) above 
plot utiliz1ng ~ethodology fo WASH-1400. · · - ,., ... rt' - I. 'loo -

4. Using parameters contained in Regulatory Gutde 1.109 •. 
calculate annual dose for·continuous occup1DO.Y and for 
realistic occupancy. 

C. Inhalation of Resuspended Rad1onuclides in Afr PatJhway Dose Rate 
CaTculations • Resuspension of Radionuclide fn Air 

l. Ground plane radionuclide concentration 

Rad ic nuc 1 i de 

Co-60 
Cs·l37 

Ground Plane 
Concentration Ca.iCi/cm2) 

6.53E-08 
4.21E .. 08 

.1 
2. Calculation of resuspension factor, K (m ) 

Ground P 1 ane 
.Concentration (pCi/m2) 

6.S3E+02 
4.21E+02 

whor~ t = time since radionuclides were depc~ited on grou~d surface. 

t is assumed to be 0 for these ca1culation;.~ :thereby 111a)(imizfog 
the resuspension factor. 

Therefore, 
-l 

K = l.OE-OS m 

· 3. Calculate radionuclide concentration (pCi/•lJ in air. 

From WASH·l400, 

or _1 
· Air •Com:entr..ation (pC1/m3 ) =- surface deposft (pCi/m2') "''..K{m ··)·· 

Radionuclide 

co-60 
Cs-137 

AIR CONCENTRATIONS 

Air Concentrations (pti/~!.l 

6.53E.""03 
4.21£-03 
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...... ' 

4. Oos@ Rate Calcu1ations 

Dose Rate (111rem/yr) = Inhalation R~. ~· \i:n3/yr) * Air Cone. (pCi/m3) * 
Dose Conversiui' Factor (111rem/pCi) 

. WHOLE BODY INHALATiOt-l ,l>QSE ~TE {mrem/year} 

... • '..,:...>...' ~.l.1. ....... ~ '!"';' .. 

Rad ioouc: 1i da infant Child Teen Adult" 
.. 

Co-60 7.69E-OS i.48E-04 1.30E-04 9.GSE>•·OS 
Cs4 137 l.9~E-04 5.41E ... 04 1.31E-03 l.SOE-03 

TOTAL 2.69E·04 6.89E-04 1.44E .. 03 1.90E-03 

LUNG lHHAlATIOH OOSE RATE (mrem/year) 

Radionuclide 

Co-60. 
CS .. 137 

Infant Child Teen Adult 

2. 94E·02, 4. 61E-02 . 5.69E .. 02. 3. 90E-02 
3. OOE-04 4. JBE-ll4 5. 09E-04 3. l7E•04 

TOTAL 2.97E-02 4.65E-02 5.74E-02 3.9JE~oz 

\ri'llOLE ·BODY DOSE ~ATE (mrem/year) 

· · ·.'' ,.~!!.:,- .. ,Occupancy · 

Continuous 
RPalist.ic 

2.69E .. 04 
L9t;F..:.06 

Child. 

6.89E-04 
5.03E-06 

Teen 

l.44E-03 
1. 05£-05 

. . Acititt 

1. 90E-03 
L39E~05 

LUNG DOSE RATE {mref!J/year) 

Occupancy .. Inf ant ·. Chf l d 

Continuous 2.97E-02 4.65E·02 
Re~11stic· · 2.17E-04 · 3.3~E-04 

Teen 

5. 74E-02 
4.19E-04 

Adult 

3.93E-02 
2.S7E-04 

V. '.C°ALCULATION OF WHOLE BODY EXPOSURES DUE TO RELEASE..,.10· l'AKE HICHlGAN 

A. Specific Assumptions 

1. The methodology cont~ined in· the PBNP Offsite Dose Calculation 
Manual (OOCM) 1s used to perrorm·tn1s calculation. 
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2. The entire activity contained in the sludge is released into 
Lake Michigan. 

3. ·.The exposure pathways addressed by the ODCH methodolcgy are 
i.ngestion of pat.able water from T1ii10 Rivers. WI water supply, 
ingestion of fish at edg~ of in1tia1 mixing zone, ingestion of 
fresh and stored vegetables. irriaated ·with lake Michigan as 

.. , .~puree of water, ingestion of milk and 1;1eat frOl!i ,c9ws uti1 izing 
· ·"· .•. La.ke Michigan as drinking water source. swtmmirig an'd boating 

activities at ~dge of initial mixing zone, and shoreline deposits. 

B. Sumll!arx of Calculational Methodology 

c. 

1. The activity released in the sludge is converted into 
Co-60 dose equi~alent Curies. 

2. Th~ annual dfl'-;ign rell!ase limit from the ODCM is 94.7 Co-60 
equivalen~ curies. 

3 .. The annual design release limit 1s based on.a limiting dose 
of 6 mrem adult whoh body_ The annual dose due to sewage 
sludge is cal~ulate\l °Qy a r~tio of calculated release compared . 

. to release li~it. · 

WholeBody·Expo!iurc Calc:ulations 

~.:~ •fi)~~~;:?{~!~~alent Cur~c:; 
Activity 

Radionuclid~ (~Ci) 

Co-60. 
Cs-137 

13.2 
8.5 

1.00E+OO 
1. SlE+Ol 

~'· r:.,'.'.~.•:·~· .. ·,.',:~·-~~·~') 
Co-60 eq. 

Activity (µCi2 

13.2 
128.4 

TOTAL 141.6µCi Co~GO 
equivalent 

2. Ratio of ~ose 1 imh to annual design T'el ease limit 

6 mrem . 
94.7 Cu-60 equiva1~nt curies 

3. Whoh Boi.Jy Duloe Cah:uhtlu11 

Dose . u . 6 mre~ 
14l.6pcf 94.7x10Gµci 

Dos~= 8.97E-Q6 mrem 

WHOLE BODY OOSE RATE (mrem/yearl 

8.97E-06 

'·'•! ' 
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The identified .credible expos\lre pathways fo~ the inaxi11al ly expm;ed individual 
are: · · · 

1.) External e)(posure fTci111 gTound pla~e souf'.ce (realistic occ'upanc:y) 
2.) Milk ingestion pathway· 
3.) Meat ingestion pathway-
4.) Vegetable ingestion pathway · . 
5.) Resu5pension inhalation pathway (realistic occupancy) 
6,) Pathways identified due to· release to leke Hic~igan • 

. AGE GROUP. 

Pathway Infant Child Teen 

External e.23£-04 8.23E'."'04 8.23E-04 
Milk -4.20E-02 4~35E-02· 5.77£-02 
Mecst. . 4.49E~03 4.SSE-03 
Vegeta~le - · 4.llE-04 · 4.43E-04 
Inhalation l.96E-06 5.03£-06 ' l.05E-05 
Water 8.97E-06 8.97E-06 8.'97E-06. 

TOTAL: 0.043. 0.049 0.064 
(mrem/year) 

Inadvertent Intruder. • , .... ,,L 
~ , .. _~_ ..... ,.~ 

. Adult 

·a. 23[-04 · 
6.UE~o2 
9.42E-03 
4.67E-04 
1.39£-05 
8.97E-06 

0.072 

' ..... ~ .. .:,;.. t u• .. !:r..:~ 
... ---~--

The identified credible exposure pathways for the inadvertent in.truder are: 

1.) !:xt~roat exposure from ground plane 5ource. (continuous ·occupancy) 
2.) Vegetable ingestion pathway . 
3.) Resuspension inhalation pathway (continuous occupancy) 
4.) Pathways identified dua to release to Lake.Michigan. 

AGE GROUP 
Pathway Infant Child · Teen 

hr,:,.'(; : -~~~=~~ ~ e l-)l~~p~ ...... 1..llE;-()1 1.13E .. Ol 
4.11E-il4 

. . . 4; 4:fE·04. 
· Inhalation 2.96£-04 6.B9E-04 1.44£-03 

Water 8.97E-06 8~97E-06 .· 8. 97E-06 

TOTAL: · 0.113 ,0.114 0.115 
(inrem/year} 

Adult 

.Ll3E-Ol 
'4~67E;.04 . 
l.90E•03 
8.97E-06 

0.115 
1. 

;,.,.•- . 

Reviewing the5e tables, the cftlculated limiting dose~ for both the maximally 
exposed individual and the inadvertent intruderocc::ur for the adult age group. 
These doses ar,: · · · ·. 

Maxima1'1y Exposed Individual r 
tnadvertent Intruder: · 

0. 072 111.-er.i/year 
O. 115 mre111/year 
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BASIS FOR SETTING CONCENTRATION llMITS AND ACTIVITY llMIT 
FOR DISPOSAL OF SLUDGE 
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Analyses of pre~iously disposed sewage sludge have .-identfried :six different 
radionuclides in the sludge+ All six. radionuclides did not occur in each· 
disposal. Therefore. it is diffic~lt to determine a single concentration 
limit for regulating t~e disposal of ~he sludge from the ·storage tanks.· 

To provide a basis to regulate the disposal of the sewage sludge based on · 
identified radionuclide concentrations. the following relation is·proposed. 

where 

N 

c, 
l 

.. MPC
1 

= number of ~iffe~e.nt rarlinnuclides identified in 
sewage. sludge. 

= concentration of the ith radfonuclfde in th~ 
sewage s 1 udge·; = the MPC val~e of th~ ith radionuclide in the 
sewage sludge~ as Jisted in 10 CFR Part 20· 
Appendix Bt 'Table ii 1 Cglumn 2. · 

the: 

lf thi !:. cf'i tc-ria is met.! the sewage sludge may be di&posed of by 1 and s:prr.iad
ing provided the dose calculation$ (as identified in Appendix E) indicate · 
dose ra.tes within the preSicri bed 1 imi t~. 

The.l'l,tt~chm-ent to this Appendi>< det.u,ih calc-ul::ition$ performcd .. to dete'r"'mine---·.·· 
·· · dose·s·~fr'Ctni fcii:rr.:-r:adioriuclides "identifie:d in 1the slutlge·~· · "rhe· cah:tilatibn-s"a·rf!':-;.-

. b~sed on an j dent if i ~d concentration equal to 10% of the 10 CFR Part 20, · · 
Appendix B, Table II, Column 2 ·valves. The calc~lations use the methodology 
in Appendix E along with the exposure pathways identified in Appendix 0 to 
deter~ine the dose rates. These calculations indicate tht use of this 
matllo<.Jology win maintain radiation doses.within the appropril.t!'limit:5. 

The mtvdmum a.1lvw~lile cH.:l.1\tH.y ..ih!Ju~i:d. vf per ye.cu· pe1· acre is cakul11ited 
utilizing 10% of the MPC value. 10 CFR Part 20, Appendix B, Table.11 1 Column 2, 
for Co·58. Volume 1 imit per acrl! turn b~en propo~ed at 4,000 ga11ons/acre/y~llf. 
Then 1 

t.riE-05 ~Ci/cc* 4,000 ~alldris/acr~/year x ~.785~43 tc/gallon 
= 151. 4 t-1C i /acre/year' 
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Conc.entra~ion in Sludge: 9.0E~07 111Ci/m1 
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. Sludge Volume 
(Gal 1 ons_)_ · ( cm3 ) 

Concentration 
~~Ct/1;;1111') 

Activity 
(pCi) 

Ground Plane 
Conc;.entration (µCi/c111~) 

15000 . 5·, 68E+07 

EKternal Exposure 

"i Dose Factor 
Cmre;n/hr. per pCi/m:t) 

i. 2ot~oa 

9.00E-07 5. llE-tOl ... 

Ground Plane Concentrat~on 
Cpt:i/m•=). 

2.~Jl:.+03 

Continuous Occupancy: 2.66E·Ol mrem/year 
·l.94E-03 mrem/year Realistic Occupancy: 

Meat & Milk PathWay 

2.53E·07 

V·Dose Rate 
(mrem/year£ 

z. bbE.·U.L 

Activity in· Activity in Concentration in r.onceotration in Concentration in 
Soil {µCi) Feed (µCi} Feed CpCi/Kg) Milk CpCi/lQ · Meat (pCi/kg) 

5;22E+Ol 5. llE·Ol 
. ~·.-:• 

2. 75E+Ol . "·•--'f l. 6SE+Ql: · ~' ·. '5.50E+OO 

Milk Dose Rates (mre111/.)l,ear l 
Infant Child . Teenager Adult 

3.87E·Ol 

Infant 

Vegetable Pathwa:t 

Activity 
{µCi) 

Soi1 Volume 
(Cml) 

3~ 08E+o9 · 

4.41E·Ol 6.03E·Ol 

Me~t Dose Rate (mram/yaar) 

Child 

l.83E .. Q2. 

Soil Mass 
(Kg) 

4.00E-t06 

Teenager 

3.27E-02 

, Concentration 
in SDi1 CpCi/Ks> 

l.28E..-Ol 

Cs-134-1 
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6.19E-Ol 

7.32E~02 

Concentration 
in Veget~ble~ (pCi/Kg) 

1. 28E-01 
·! 
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Vegetable Pathway Dose Rates (11re11/year) 

Infant Child Teenager Adult 

·-
. . 

loh5llation Pathway 

. Ground Plane 
Con~entration (pCi/m2) 

2.53E-t03 

.2. 90E-03 

·Ki 
(m- ) 

l.OE-()5 

3.98E•03 4.34E-o3 

Air Concentration 
. (pCi/m3 ) 

2~53E·02 

Inhalation Pathway Oose Rates (mrem/~ear} 

Infant Child · Teenager Adult 

Continuous Occupancy 
.Realistic Occupancy 

1. 88£-03 .5 •. 68E-03 1. 39E-02 1. 84E-02 
l.38E-05 :4.l5E-05 l.OiE~04 l.35E-04 

Release to Lake Michigan 

ACt1V1ty Df11DFco-60 Co-60 eq. activity 
{11Ci) 

i''•. J.:.!~ ... ,. .. ' ·. . :. ,. ·.._j 

. (µCi) 

5.llE+Ol . 2,56Et01. l.31E+03 

Maxilliatly E~pg_sect Individual 

·Infant Child . 

External 1~ 94E-03 1.94E-03 
Milk 3.87E·Ol 4.41E-Ol 
Heat l.83E~02 
Vegetable 2.90E-03 
Inhalation · 1.38E-05 4.lSE-05 
Water 8.29E-05 a~29E-05 

Totals: 3.89E .. Ol 4.64f .. Ol 

Inadvertent Intruder 

· ·ait1r1t: ··'!\'"· child · 

External· · i: 66E-Ol 
v e~P, t-~ 1:11 P. 
Inhalation· 1.SBE-03 
1.1ar.f!r · a. 29E ... 05 

Totals:. 2.68E,.;Ol 

2.66E-Ol. 
2.90E~03 
5.GSE-03 
B,29E-05 

2.75E-Ol 
Cs-134-2 
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. Teenager 

1.94E-03 
6.'03E-Ol 
3.27E-02 
3.98E-03 
1.0lE-04 
8.29E-O~ 

6.42E""Ol 

Teenager· 

Z.66E-01 
3. 9BE-Q3. 
l,39E-02 
8.29E-05 

· 2.S4E-Ol 

Adult 

l.94E-03 
6.19E~Ol 
7.32E-02 
4.341:-03 
L35E-04 

· 8.29E-05 
.. 

6.'99E-Ol 

Adult 

2. 66E-01" 
4.34E-03 
1. 84E-02 
8;.;>9F-05 

2 .. 89E-Ol 
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Cs-137 . . 

Concentration in Sludge: 2.0E·06·'1-1C1/~1 

Sludge Volume 
(Gallon~) (cml) 

15000 ·. ·: '5'. ta'E+07 

External Exposure 

Concentration 
· (uCi/c111) · 

'- om=-os 

Activity 
CuCO .. 

L 14E:+02 

y Dose factor 
~mrem/hr .. 2cr pCi/m22 

Ground Plane Concentration 
(pc;/m2) 

4.20E-09 S.62E+03 

ODCM 
Revision 22 

Ground Plane 
·concentration·(uCi/cm2} 

·>:·;5~~iE~o1 

-y Dose Rate 
{t.1rem/y4arl 

2.07E-Ol 

Continuous Occu'pancy: 
Realistic Occupancy: 

2. 07E-·01 nrein/yem• 
l.SlE-03 mrem/ye~r 

Meat &. Milk. Pathway 

Canc1mlrat.ion in Con1;.entration in 
Milk (pCi/£) Heat !ECi/k9) 

Act1vlty 1n Act1v1ty 1n Con~entration in 
Soil (!JCi1_ . Feed (µCi) Feed (pCi/Kg). 

Infant 

~.26E:-oo· 

Infant· 

Vegetable Pathwal'. 

~ ":AGt i V·~:lY 
(pC.i) 

1.14~+02 

Soil Vo 1 u11e 
(Cm3) 

3.09£+09 

" :- • .. "'-""" . .. " .t.1~r- ... r11 ...... 6~ 13E+Ol · :~~ 3. 68E+03;:,_,-;·1- · . • ,:;jo. •• F<~~:tl"'"".~ 

Milk uose Rates (mrem/year) 

Teenager 

7.64£-01 

Meat Dose Rate.(mrem/yeur) 

Child 

2.33E~02 

Soil Mass' 
(Kg) 

4.00E+06 

..... __ 

Teenager 

4.15E-Oi! 

Concentrat torr .... 
in Soil (rr.i/Ka} 

' 
2.a5E+Ol · 

Ci;-137-1 

Adult 

B.lSE-01 

Adult 

9.66E:-02 

·-~. Concentration 
in Vegetables'(pCi/Kg) 

2.85E•01 

· ... 
,I!" ' 

·.· 

"· 
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. Vegetable Pathwa¥ Dose Ratesj_l!lrem/~ear) 

. Infant 

Inhalal.iun Pathw~ 

Ground Plane 
::·Concentration (pCi/o2 ) 

5.62E+03. 

Child 

J.69E.-Ol 

K_i. 
(rn .) . 

l.OE-OS 

Teenager 

5.03E .. 03 

Adult 

5.70E-03 

Air ConcentTation 
(pCi/m3 ) . 

S.62E-02 

lnha~ation Pathw~ Dose Rates Cmrern/year) 

lnf ani Chi!!L..· Teenager Adult_ 

Continuous Occupanr-y 2.56E-03 7.22E;.03 1.75E-02 2.41E-02 
· Realistic Occupancy t. 87E·05 5.27E-05 .. L20E-04 l.76E-04 

Reluse to Lake Michiga·n · .. :--· .. 

Activity· OF1/DFco-60 · Co-60 eq. activity 
{µCi) (!!CiJ 

l.14E+02 l.51E+Ol l.12E+03 

- ·6 111rena ,it 1. 72~+0~ .jlj' · l Ci·, - · 1 09E 04 re~ ~:: -:'::r~~· ... 
,_! •• ·_: 

94.7 Ci l. OE+06 µCi -· • . - m .....--· 

M~xima.11,:t Exeoscd Indtvidual 

Infant Child Teenager Adult· 

Externol 1.SlE.-03 1.SlE-03 l.51E-03 l.51E-03 
Milk 5.26E-01 5.61E-Ol 7.64E-Ol 8.lSE-01 
Meat 2,33E-02 · 4.15E-·02 · 5. 70E-03 
Vegetable · 3.69£-03 5.03E-03 5.70E-03 
· lnhci lat ion 1.:S7E-05 5.27E-OS L20E...,Q4 1. 76£-0'1 
Water l.09E-04 l.09E-04 l.09E"'.04 1. 09£-04 

TotaJs: 5.28E-:Ol 5.90E-Ol 8.12E"'.0l 9.19E-Ol 

Inadvertent Intruder 

Infant · .. Cbi ld Teenaatt Adult .. 
FxtP.rna1 2.07E-Ol · 2·.01E-Ol Z.07E-Ol 2.07E-Ol 
Vegetable .3. 69E-03. 5.03E-03 5. 70E-03 . 
Inhalation 2.56E~03 7.22E-03 l.75E-02 . 2.4lf.-02 
Water l.09E-04 ·1.09E·04 l.09E-04 l. 09E-04 · 

·-

Totals: 2.lOE-01 .2.18E ... Ol .· 2.30E-Ol 2.37£-0l 

Cs-137-2 ' 

I. t I 
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Co.;58 

Concentration in ~ludge: t.OOE ... 05 1,.1Ci/ml 

Sludge Vol1JTie 
lGallons) ~cm:i) 

15000 · S.68E+07 

External Exposure 

Concentration 
(!JC1/cm2 ) 

1."00E•05 ,. 

Activity 
(µCi) 

. 5.68E1'0Z 
·-:; 

'I Dose Factor 
(mrem/hr. per pCi/mt} 

Ground Plane Concentration 
CpCi/112 ) 

J;UUE-09 2.81E+04 

ODCM 
Revision 22 

Ground Plan~ 
Conc:entrcition (µCi/c;m:l) 

2.0lE-06 

y Dose Rate 
!J1re111/,xear) 

l.72E+OO 

·continuous Occupancy: 1.7ZE~oo mrem/year 
Realistic Occupancy: l.26E-02 mrem/year 

Meat ~ Milk Pathway. 

Activity in ,Activity in Cor.centration in Concentration in concentrat1on 1n 
Soil (µCi) Feed (J.!Ci) . Fee,d (pCi/Kg) Milk (J!Ci /R.} Meat ( pCi /kg) 

5.68E+02 5.34E+OO 2.87E+02 1.44E+Ol 1.87E+02 
-~ •• - ' 1, 

--I''":'' ·- • 4 ·.::.~.~ ...... --~-~·· i. ~-:··~F.~-· i~7'"-;·· .. · ... 

Infant 

4. 27E-02 

lnfant 

Vegetable Pathway 

Activity Soil Volume 
(pCi) (Cinl) 

S.66E+02 3.08E+09 

Milk Dose Rates- (mrem/year) 

Child 

2.62E-02 

Teenager 

l.29E-02 

Meat Dose Rate (mreM/~ear) 

Child. 

4.22E-02 

Teenager 

2.7~E-02 

Soil Mass' Concentration 
(Kg) -· ·in Soil (pCi/Kgl 

4.00E+06 

co-ss-1· 
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Adult 

7.45E-:-03 

Adult 

3.44E-.02 

. . . ~~ .... ··-:·~~--·~ " ·~ ... ' ·, 

Concentration 
in Vegetab 1 es (pci /K9L~ 

1.33£+00 
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Vegetable Pathway.Cos~ Rates1mre11/year) 

· .. Infant· · Child 
"""""'T - ·--

Teenager · Adult 

2.nsE-03 l. OlE-03 " 6. 22E-04 

Inhalation Pathwa~ 

Ground Plane Ki 
(m- ) 

Air Concentration 
. Concentration (pCi/m2) {pCi/m1

) ..... ~ ... , r~~ r;rr,\~".' ., .. 

~.81E+04 l.OE-OS .. 2.81E-Ol 

J_!lha]!,!-ion Pathway Dose Rates (11re11/year) 
. . 

Continuous Occupancy 
.Realistic Occupancy 

..J!lfa~~- Child·· Teenager Adult 

5.llE-04 8.89(-04 7.SOE-04 ·5.82Ep04 
3.74E-06 6.49E-06 5.70E-06 4~25E-06 

Release to 'Lake Michigan ... 

- .... 

A~tivity 
(~C1) 

5.68E+o2· 3.54E-Ol 

co~60· eq. activity 
(i!CO 

2.01E+02 

~,. :.:i::;.ij:r;:tnreni . '?<. ~~~OZ µCi . 11t •. ,,J.•. Ci · = 1 .. 27E-'"05 mr~ :~.,·f:!C ·~ .~·.}>..;.r.~ 
. 94. 7 Ci · " l~ OE+o6 .. µci · : ''" '"',..,_,~ ...... ~···"' 

Maximall~ Exnosed Individual 

. Infant Child Jeenas.er Adult 

. External 1.26E .. 02 1.26£-02 l.26f-02 l.26E..;.02 
Hilk 4.27E-02 2.62E-02 l.29E-02 7.45E-03 
Heat 4.22E .. 02 2.72E-.02 3.44E~02 

.Veget;ible 2.05E-03 1. 01E•03 6.22E·-04 
InhallltiOn ·3, 74£-06 6.49£-06 5.70£-06 4. 25f.-Ofi. 
water 1.27E-05· l. 27E-os·. 1.27E-05 1.27E"'.05 

Totals: 5.53£-02 8.3lE-02 5.37E-02 5.SlE-02 

· ll'.l~~d.Y.!~t~~nt Intruder 
' 

Infant Child Teena~e! Adult 

External . 1. 72~+00 l.72E+OO 1.72E+OO l.72E+OO 
Vegetable 2.0SE-03 1. OlE-03 ·6.22E-04 
·Inhalation 5.'llE-04 · · 8;89E-04 7.SOE-04 s;s2E~o4 

· Water . · 1.27E.-05 l.27E-05 1. 27E-05 1. 27E-OS 

Totals: 1.72E+OO 1. 72E+OO . .1. 72E-t00 1.72E+OO 

Co-58'2 
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~ 

Concentrjtion in Sludgl!! S.OE-06 µ~f/ml 

s 1·udge Vo I ume 
{Ga 11 ontl (cml) · 

lSOOO 5.68E+07 

External Exposure 

concentrat.1 on 
(SJCi/cm1) 

S.OOE-06 

Ad.1v1ty 
(JJCi) 

2.84E+02 

y Dose Factor 
(mrem/hr. par pCi/m2) 

Grcand Plane concentration 
(pCi/112 ) 

1. 70E-08 1.41E+04 

ODCM 
Revision 22 

llrt1und Plane 
Concentration (~Ci/cm2) 

1.41E-06 

y Dose Rate 
~111rem/year) 

· i.09E+OO 

Continuous Occupancy: 2.09F.+OO 11rem/year 
Rea1istic Occupancy: 1.S3E-02 mrem/year 

Meat & Milk Pathway 

Actfvity in Activity in Concentration in· Concentration in Concentration in. 
Soil (HCi) Feed (JJCi) Feed (pCi/Kg) Milk (pCi/1) Meat (pCi/kg) 

;2. 84E+02 2.67E+OO L 44E+02 ". >' 7. lS'E:f.00'~ ~::"" 9:3JE+O.l 

. Milk Dose Rates· Cmrem/year) 

Infant · Child Teenager 

6·. o4E'.-02 3. JOE•02 l.82E-02 

Meat Dose Rate (mreM/~ear} 

Infant Child Teenager 

· 5:97E-02 3.84E-02 

Activity Soil Volume Soil Mass Concentration 
(µCi) ..;...J,£~ (Kg) in Soil (pCi/Kg) 

2.84E+02· 3.0BE+09 .4.00E+06 7.lOE+Ol 
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Adult 

1. OSE.;02 · 

Adult 

4.84E~02 
~.;' ' 

Conceritratio~ · · 
in Vegetables·(pCi/K9) 

6; 67E".'0l 
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. ' 
Vegetable Pathwal!_ Dose· ftates (mrem/yea!') 

Chit If 

'2.91E-03 

leenager 

1.44E .. 03 

. Adult 

a.a2E-01 

Inhalation Pathway 

Ground Plane 
Concentration CpCi/m2) 

1.41E+04 

·K _l 
Cm . ) 

l.OE-05 

Air Concentration. 
,{ECi/m3 } 

1.41E-Ol 

Inhalation Pathway Oose Rates (mrem/year) 

·Infant ~J:Ji!l~,--- Teenager ~dult . 

Continuous Occupancy 
Realistic Occupancy · 

1.66E-03 3.19Eft03 . 2.80E-03 2.09E-03 
l.21E-05 2.33E-OS · 2.05E-05 l.53E-05 

·Release to lake Michigan 

Activity 
. (µC,i) 

. ; 
.• ·' !.· .. 

DFi/OFco-60 

: · ... 

Co-60 ec1• acthd ty 
---<•!ill.~····:,:., 

.. J·/· 

6 mrem 111 Z.84E+02pCi * · 1 Ci - l BOE o~ m~em 
94.7 Ci .l.OE+06 µC1 - · · - ~ ·~ . 

Maxfmall~ Exeosed Individua·l 

Infant Chilrl T~enager _Adult 

External i.53E-02 · l.53E·0·2 l. 53E-02 ' 1. 53£-02 . 
Milk 6.04E-02 3.70E~o2 l.82E-02 1.05E-02 
Mc.at 5.97£-02 J.84E-02 4.84E-02 
Vegetable 2.91£-03 1. 44E-03 8.82E-04 
Inhalation 1.21E-OS 2.JJE-os· 2.0SE-OS. J.!\3F-05 
Water 1.aoE~os l.aoE-os · l.SOE-05 · 1.BOF.-05 

Totals: 7.57E-02 · i. lSE-01 7.34E-02 7.51E-02 

Inadvertent Intruder 

Infant i:h i 1 d Teenager Adult 

External 2.09£+00 .2. 09f..•00 i.09E+OO 2.09E+OO 
Vegetable 2. 91E-OJ, 1. 44E.-03 8.82E-04 
Inhalatfor1 I. GGE-03 '3.19E-03 2.BOE-03 2.'09E-03 
Water 1. BOE-05 l.80E-OS 1.BOE-03 l.t!OE::Ql 

Totiils: 2.09E+Oll 2.lOE+OO 2.lOE+OO 2.09E+OO 
Co-60-2 

I 1,1 •, 
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CALC.ULATIONAL METHODOLOGY FOR OETERMlNING 
.......... ~ ......... .-......;.;.;.-. ..... _£ "!""',. -

EXTERNAL OOSE RATES foROH RADIONUCLlDES 
AFTER INCORPORATIOK INTO SOIL 
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·.Wisconsin Electric utili?es QAOj a nationally recognized computer code, to 
perform shielding and do'e rate arialyHs, · The ·QAD computer c·ode uti1 izes a 
point kernel ·methodology to calculate the dose rat.e at a specified point 
due to a gi~cn source of r~diation. 

· QAD will be u!lad to calculate the dose rate due to o;t.,ni:tin·g ·an a plot of land 
utilized.for sl~dge dispo~al after the radionuclides have be~n incorporated 
into the plot by plowing. The following parameters will be used in the 
calculation; · · · · · 

.o 

0 

Q 

The total activity from all previous disposals will be 
corrected for Ndiologkal decay and used as the rad111'.1-
nuc1 ide source term. · 

Appropriate values will flee use.d to represerit the surface 
area of the p1ot. 

The radionuclides will be assumed to be incorporated 
uniform1y into the top six inches of soil. 

The dose rate will be ca lCul ated at a height of l meter 
above the ground pl;.ine at a.depth of 5 centimeter~ in 
tissue. (Regulatory Guide 1.109 values) . 

. , .. ~;;,,,,.,~ .. ;.,.,,<t.!f~;~ .... ,;~'11fur:aensitY. 2of the. sof1 ;i,;,rl.'ll b~"·a·~)sumed' to be· .. :=<J.':: 3" grlllfisrkio.-. ;~ ••.... 
cubtc centimeter. 

This calculatad dose rate win be. used to assess the rariio1Qgkal consequences 
of past· disposals iri conjunction with the cons~tjuences of p~oposed future · 
di sposa Is. The total ra.d1ol ogkal dose cuni:.equ1;lJK.t;! of t.he po$t and the pro
posed disposal will be compared to the applicable limits to insure the dose 
is maintained at or belOw the 11m1 ts.· 
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APPENDIXH 
MODIFICATION #1 TO NRC SUBMITTAL 

Modifications to the Wisconsin Electric submittal to the United States Nuclear Regulatory Commission 
dated October 8, 1987 (VPNPD-87-430, NRC-87-104), Disposal by Land Application of Sewage Sludge 
Containing Minute Quantities Of Radioactive Material. 
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MODIFICATION #1 TO NRC SUBMITTAL 

CHANGE TO ORIGINAL SUBMITTAL 

Section 3.2, Disposal Procedure (page 3) 

Section 3.3, Administrative Procedure (page 4) 

The requirements for sludge characterization (the determination of the chemical and physical 
properties of the sludge) contained in the sections referenced above are modified to allow 
characterization of the sludge on an annual basis. 

BASIS/EXPLANATION 

The October 8, 1987 submittal to the USNRC for permission to dispose of sewage treatment 
sludge containing minute quantities of radioactive material requires that, "prior to disposal the 
waste stream will be monitored to determine the physical and chemical properties of the 
sludge ... ". Subsequent to the submittal and the approval by the NRC, a new Wisconsin Pollutant 
Discharge Elimination System (WPDES) permit was issued to the Point Beach Nuclear Plant by 
the Wisconsin Department of Natural Resources on November 30, 1988. Both the new WPDES 
permit and the Point Beach Nuclear Plant Sludge Management Plan specify an annual required 
frequency for the evaluation of the sludge characteristics. 

The original requirement to perform the characterization of the chemical and physical properties 
of the sewage sludge prior to each disposal has proven time consuming and costly for Wisconsin 
Electric Lab Services. Preparation of special analytical standards are required to complete the 
characterization study. The preparation of these standards, sample preparation, and the actual 
analyses are all manpower intensive and difficult to perform on a timely basis. This has led to 
requiring overtime for Lab Services personnel and support from outside companies. In order to 
better utilize the resources of Lab Services while maintaining the requirements of the WPDES 
permit, the frequency of sludge characterization in the October 8, 1987 submittal to the NRC 
should be changed to an annual requirement. 

This change in the required frequency for determination of the sludge characteristics does not 
change the requirement to analyze the sewage sludge for radionuclide content or perform dose 
evaluations prior to each disposal. 
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APPENDIX I 
MODIFICATION #2 TO NRC SUBMITTAL 

Modifications to the Wisconsin Electric submittal to the United States Nuclear Regulatory Commission 
dated October 8, 1987 (VPNPD-87-430, NRC-87-104), Disposal by Land Application of Sewage Sludge 
Containing Minute Quantities Of Radioactive Material. 

Page 241of278 REFERENCE USE 



POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

MODIFICATION #2 

CHANGE TO ORIGINAL SUBMITTAL 

Section 3.3, Administrative Procedures (Page E-10) 
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The limitation on the annual volume of sludge disposal per acre contained in the section 
referenced above is modified to allow unlimited disposal provided the other requirements of this 
submittal are met. 

BASIS/EXPLANATION 

The October 8, 1987, submittal to the USNRC for permission to dispose of sewage treatment 
sludge containing minute quantities of radioactive material requires that "the annual disposal rate 
for each of the approved land spread sites will be limited to 4,000 gallons/acre, provided WDNR 
chemical composition, NRC dose guidelines, and concentration and activity limits are 
maintained with the appropriate values". 

The original requirement to limit sewage sludge disposal to 4,000 gallons per acre is based on 
the assumption that the sewage sludge is contaminated with Co-58 at a concentration that is ten 
percent of the 10 CPR Part 20 Appendix B Table 2 Column 2 value. Past sewage sludge 
disposal experience has shown that the sludge may or may not be contaminated and, if it is, at 
concentrations far below ten percent of the performed prior to each sewage sludge disposal. 
With the removal of some of the land spread sites due to their use as a storage site for dry storage 
of spent fuel, this requirement is limiting our ability to dispose of the sewage sludge on the 
remaining approved land spread sites. 

This removal of the annual volume of sewage sludge that may be disposed of per acre on 
approved land spread sites does not change the requirement to analyze the sewage sludge for 
radionuclide content or perform dose evaluation prior to each disposal. 

This change was evaluation under SER 95-057, "Removal of licensee Commitment Involved 
With Sewage Sludge Disposal", 4/20/95. 
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.. 

• 

MODJFICATlON #2 

Depth t;; ground'!iater and lbtdr;ck 1nal \ boe griUtt t.h•n 3 feet fro11 
the 1and surfac• e1tv1tion d~ring us• of any •ite. 

Sl"dge sM1l JtOt be l•n.d spread in a fl~y. 

Sludge sh•ll n~t be l•nd 1~r11.d w1th1n !O te~t ~t • prop•P"t)f line rDid 
OT ditch ~n1~$5 th• slu.dg.e 1s 1negrpor1ted w1t~ the 1~11, tn ~hie~ 
case a •ini~Ull sirpar•t1on dist.anc:• of at l•ait 1S f••t is rt1q~ired. 

The pH of the 11udge&5oi1 ~ixt4lr>1 shall be 11alnt.alfl*d at 6.5 ~r ~tQher. 

lOIKI areas of t.h~ appr011ed fi~ld~. sut:ij1ct to 1e•5on•lly ~1gh ~round
w•tAtr ltv•l•t •r• exclu!M:d froM the •l~d;t appli~1iion. 

CT'Opl foT hUJH.n con1umptton •ha11 not be gll"oWtl ~n t~ land for up to 
on• yur foHCJ1tfog the appHcat.~on o.f Utt 1ludgt. 

Th~ 5l~ 5ha11 be plgwec, disked, inJcct.ed or othtrw11• incorporated 
into the surfaee soil la~er at appropr1ate interwa1s_ . 

The j\exibility implied in \he latte~ erovisioo f~r soil inca..-por1t1on ii 
, ntended to ill now for crop Ii 'rlf:iic:h req1.n r11 more than a one )'flla I"' eyi:. l •. 
for thtl Poi~t Beach 4f5()1)$al sittt~ ~1falf• 15 • e~n ctt1p lllfiich is 
h1T"Yested for 5ev~ral :yea~$ after a s1~1e ~lanting. S1udve dfsposal on 
1n •lfelf~ p1ot ~nititutes gQQd fe~til1iatio"• but ttl.e plot cannot b• 
Plowed without a.~tt(l)l'tr.g tJie e~op. Tne •lfalf• 1n t11ts c•se •ids 1n 
;1~~ing the 1.,,_r Qf •ll.IO!llt on ~ht iurt•~• of th• ~lut. ~\ • ~1n11111J11, 
hgwt11ver, plowing (or di1ting or ~tn1r ""thod of inje~tian •nd ~i~i~g to 
a ~omfnal depth of 6 1nchits) 1h1ll bt don1 prior ta planting ~n)' ntw crop, 
r1gard\•11 of thl cnip. 

3.3 Administr1tfve IJY~d~~5 

tOll9l•te r~c~rd' af tlch di1posal will be natntafn.ed. Tnt~t ~ot~i 
will include ihe concentr~tign of ~•dfQJ'JUC:lides fn tr,e $l!Jdve, the 
tot1l volLMll• of 'ludi• dt~?Os•d, th• total •~ti~it1. th• plot en 
llltii~h tl'w! ~ludge was appl~ed, th! ~sults of 'lhie ~h.!•ical CllllJIO$it1on 
oet.ermin.lltion&, and •ll dtise ca1tulations. 

~~~ ' ' 
The ann4af diSPCJ$tl l'llt~ for ea~ of the appro'll'ed l.tt1d sp~ead sit~s 
wfl l bt •'Hnfhf \~OGQ 9e-l 1on1i1ere, i;ll"OYtdtd WD:NR i;hHf i;ll 'OITIPOt 1-
tiont MRC dol-4! guidelina1 1 and ccnc1nt~ation and 1ct1v1ty lillits are 
c&intaintid with'~ "t;he •pprapri•t• w1lu11. 

TIM finner 1t.as1~ tlw sfte used for tr. di ilip05111l "n1 tt. not1f1trd 
of the tpp1ic.d:ll• :re1tric~fon$ p11ced ~the site due to the l•~d 
.sprMClirig of :Hwag. t1 ~· 

~.O E¥atu1tion af Enviranm.ent~l lnpact 

~-1 Site Ch•rtstertttlcs 

4.1.l Site Topoqr1phY 

Th• d11µot~l 1it•1 1r• 10,1t1d fn tn• TO'llln of T~o tr•tk5 1n 
the northt!ait 'orner ~1 Kanitowt>t;: CDunty •. ~~1c~n5in, on th• 

.B:-10 
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APPENDIXJ 
MODIFICATION #3 TO NRC SUBMITTAL 

Modifications to the Wisconsin Electric submittal to the United States Nuclear Regulatory Commission 
dated October 8, 1987 (VPNPD-87-430, NRC-87-104), Disposal by Land Application of Sewage Sludge 
Containing Minute Quantities Of Radioactive Material. 
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MODIFICATION #3 TO NRC SUBMITTAL 

CHANGE TO ORIGINAL SUBMITTAL 

Section 3.2 of Attachment II of the October 8, 1987 letter to the NRC contains the commitment 
to perform a gamma isotopic analysis of sewage sludge samples prior to every sludge disposal on 
land surrounding PBNP. The analytical results are to be used to evaluate the dose consequences 
of the radionuclides entering the environmental via this disposal pathway. As described in 
ODCM Section 7, the requirement for a radioisotopic analysis of the sewage sludge prior to 
every disposal on land surrounding PBNP is modified if the sludge has been shown to be clean 
and there is no reason to believe that the sludge is contaminated. 

BASIS/EXPLANATION 

Small µCi quantities of PBNP licensed materials (Co-58/60, Cs-134/137, Cr-51, and Mn-54) 
were found in PBNP sewage treatment plant (STP) sludge. Pursuant to of 10 CFR 20.302(a), 
Wisconsin Electric applied to the NRC for permission to dispose of the licensed material by 
applying the sludge to Wisconsin Electric land surrounding PBNP. In the October 8, 1987 
application letter, Wisconsin Electric committed to gamma isotopic analysis of the sludge prior 
to every disposal in order to evaluate the dose consequences of this disposal and to compare 
radionuclide concentrations to the 10 CPR 20, Appendix B, maximum effluent concentrations. 
However, such analysis are not required ifthe sludge does not contain licensed material. It there 
is no reason to believe that the sludge is contaminated and ifthere is no pathway from the RCA 
to the STP, then there is no reason to analyze the sludge for radionuclides once it has been shown 
to be clean. Administrative controls and engineering modifications to PBNP have removed the 
pathway from the RCA to the STP as verified by subsequent analyses of the sludge under 
conditions required to obtain the environmental LLDs. These analyses have not revealed 
radionuclides attributable to PBNP. Pursuant to NRC HPPOS-221, a substance is clean if 
analyses under analytical parameters necessary to achieve the environmental LLDs does not 
reveal any licensed material. These LLDs define how hard you have to look. Below this 
detection level, 11 

... the probability of undetected radioactivity is negligible and can be 
disregarded when considering the practicality of detecting such potential radioactivity from 
natural background ... 11 (Docket No. 50-206, letter to J.E. Dyer from L. J. Cunningham dated 
September 6, 1991). Therefore the NRC criteria are met and there is no longer any reason to 
believe that the STP sludge is contaminated. However if plant conditions should change in a 
manner compromising the NRC criteria, radiological analysis must be made prior to each STP 
sludge land application until such time that the clean criteria are satisfied pursuant to subsequent 
NRC guidance. 
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LIQUID EFFLUENT DOSE CONVERSION FACTORS 

The tables below identify the expected dose to each of the four age ranges (adult, teen, child and infant) 
as a result of activity released via liquid effluents. These dose conversion factors are based on Reg. 
Guide 1.109 and NUREG-0133 assumptions. The pathways included in these DCFs are drinking water 
and fish. The other pathways (irrigated meat, irrigated milk, invertebrates and shoreline exposure) are 
either not applicable or contribute a negligible contribution to the dose. The dose conversion factors 
below assume a discharge flow of 6.77E+05 gpm. If actual plant conditions are significantly different, 
revised DCFs should be calculated and used. 

9.51E-07 9.51E-07 9.51E-07 9.51E-07 9.51E-07 9.51E-07 

1.75E-06 1.75E-06 1.75E-06 1.75E-06 1.75E-06 1.75E-06 

1.65E-06 1.65E-06 1.65E-06 1.65E-06 1.65E-06 1.65E-06 

4.64E-03 4.64E-03 4.64E-03 4.64E-03 4.64E-03 4.64E-03 

5.05E-03 5.05E-03 5.05E-03 5.05E-03 5.05E-03 5.05E-03 

6.51E-03 6.51E-03 6.51E-03 6.51E-03 6.51E-03 6.51E-03 

4.76E-05 4.76E-05 4.76E-05 4.76E-05 4.76E-05 4.76E-05 

'.); ,'~ :B:~a~:IZ\~ 
1.17E-07 0.00E+OO 1.30E-08 O.OOE+OO O.OOE+OO O.OOE+OO 

l.24E-07 0.00E+OO l.35E-08 O.OOE+OO O.OOE+OO O.OOE+OO 1.llE-08 

1.54E-07 0.00E+OO l.52E-08 O.OOE+OO O.OOE+OO O.OOE+OO 4.16E-08 

6.17E-13 0.00E+OO 5.27E-14 O.OOE+OO O.OOE+OO O.OOE+OO 1.45E-13 

3.44E-03 

3.49E-03 3.49E-03 3.49E-03 3.49E-03 

4.27E-03 4.27E-03 4.27E-03 4.27E-03 4.27E-03 4.27E-03 4.27E-03 

9.23E-04 9.23E-04 9.23E-04 9.23E-04 9.23E-04 9.23E-04 9.23E-04 

tfi(lQf£LtBn£~ 
1.76E-04 

1.81E-04 1.81E-04 1.81E-04 1.81E-04 l.81E-04 l.81E-04 l.81E-04 

2.02E-04 2.02E-04 2.02E-04 2.02E-04 2.02E-04 2.02E-04 2.02E-04 

l.03E-05 1.03E-05 1.03E-05 l.03E-05 l.03E-05 1.03E-05 l.03E-05 
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APPENDIXK 
LIQUID EFFLUENT DOSE CONVERSION FACTORS 

2.25E+OO 1.41E+OO 0.00E+OO O.OOE+OO 0.00E+OO 3.05E+OO 

4.68E+Ol 2.19E+OO 1.81E+OO 0.00E+OO O.OOE+OO 0.00E+OO 1.29E+OO 

1.45E-02 8.53E-04 5.62E-04 O.OOE+OO 0.00E+OO O.OOE+OO 1.96E-04 

2.39E-07 7.lOE-08 0.00E+OO 2.29E-07 0.00E+OO 

3.04E-07 4.17E-07 1.61E-07 0.00E+OO 3.69E-07 O.OOE+OO 6.lOE-04 

3.47E-07 5.00E-07 1.56E-07 O.OOE+OO 3.29E-07 O.OOE+OO 3.26E-04 

O.OOE+OO 1.0lE-06 l.44E-06 l.70E-04 

0.00E+OO 1.lSE-06 6.36E-07 1.74E-07 l.16E-06 6.07E-05 

0.00E+OO 1.26E-07 8.23E-08 1.80E-08 l.60E-07 3.68E-06 

O.OOE+OO 9.74E-04 O.OOE+OO 

2.64E-03 7.03E-04 O.OOE+OO 7.40E-04 O.OOE+OO 2.22E-03 

1.86E-04 4.22E-05 O.OOE+OO 4.13E-05 0.00E+OO 6.84E-05 

3.38E-06 6.02E-07 O.OOE+OO 4.28E-06 O.OOE+OO 2.23E-04 

3.08E-06 6.96E-07 O.OOE+OO 3.73E-06 O.OOE+OO 4.47E-04 

1.91E-ll 3.29E-12 O.OOE+OO 1.64E-ll O.OOE+OO 1.73E-09 

5.64E-04 4.00E-04 9.33E-05 0.00E+OO 2.54E-04 1.73E-04 

8.35E-04 4.43E-04 l.37E-04 0.00E+OO 0.00E+OO 2.SlE-04 8.21E-05 

l.30E-04 8.43E-05 2.25E-05 0.00E+OO O.OOE+OO 4.12E-05 1.07E-05 

Page 247of278 REFERENCE USE 



POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

ODCM 
Revision 22 

OFFSITE DOSE CALCULATION MANUAL 

APPENDIXK 
LIQUID EFFLUENT DOSE CONVERSION FACTORS 

8.68E-04 7.82E-04 0.00E+OO O.OOE+OO 6.39E-04 
l.18E-03 l.92E-03 9.55E-04 0.00E+OO O.OOE+OO 5.56E-04 2.00E-03 
2.81E-04 4.90E-04 1.93E-04 0.00E+OO O.OOE+OO 1.45E-04 2.34E-04 

2.14E-05 4.34E-05 O.OOE+OO 0.00E+OO O.OOE+OO l.76E-04 

1.08E-05 1.75E-05 O.OOE+OO 0.00E+OO O.OOE+OO 3.67E-05 

7.91E-05 1.82E-04 O.OOE+OO O.OOE+OO O.OOE+OO l.09E-03 
7.77E-05 2.38E-04 0.00E+OO O.OOE+OO O.OOE+OO 4.53E-04 

3.32E-05 8.28E-05 O.OOE+OO O.OOE+OO O.OOE+OO 8.27E-05 

Li uid release mrem/Ci released 
·1- . ··tf!I -iI{li '1,'.0j ~?. 

" ,, '<' ; ,>, -- j •~a11~ E~u~tr! 
O.OOE+OO 2.34E-04 5.16E-04 O.OOE+OO 0.00E+OO 0.00E+OO 4.39E-03 
O.OOE+OO 2.30E-04 5.19E-04 O.OOE+OO 0.00E+OO 0.00E+OO 3.00E-03 
O.OOE+OO 2.31E-04 6.80E-04 O.OOE+OO 0.00E+OO O.OOE+OO 1.28E-03 
O.OOE+OO 1.0IE-04 2.40E-04 O.OOE+OO O.OOE+OO O.OOE+OO 2.41E-04 

8.96E-04 O.OOE+OO O.OOE+OO O.OOE+OO 2.97E-04 
3.91E-02 2.09E-03 l.33E-03 0.00E+OO O.OOE+OO O.OOE+OO 1.41E-04 

5.96E-03 3.69E-04 2.07E-04 0.00E+OO O.OOE+OO O.OOE+OO l.83E-05 

3.71E-06 4.74E-07 2.16E-07 0.00E+OO O.OOE+OO O.OOE+OO 2.57E-05 
4.74E-06 4.46E-07 2.60E-07 0.00E+OO O.OOE+OO 0.00E+OO 5.47E-05 

8.03E-11 9.09E-12 4.13E-12 0.00E+OO O.OOE+OO 0.00E+OO 6.92E-10 
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LIQUID EFFLUENT DOSE CONVERSION FACTORS 

4.15E-06 l.95E-06 O.OOE+OO l.05E-05 0.00E+OO 3.22E-04 
3.96E-06 2.39E-06 O.OOE+OO 9.57E-06 0.00E+OO l.86E-04 

O.OOE+OO 4.17E-07 l.93E-07 O.OOE+OO 7.05E-07 O.OOE+OO 8.56E-06 

l.56E-02 5.42E-02 2.53E-02 O.OOE+OO 3.47E-02 0.00E+OO 2.29E-02 
l.61E-02 4.29E-02 2.67E-02 O.OOE+OO 2.70E-02 0.00E+OO 7.54E-03 

l.72E-04 5.90E-04 2.72E-04 O.OOE+OO 2.86E-04 O.OOE+OO 4.98E-04 

3.54E-04 8.34E-04 O.OOE+OO 5.07E-04 O.OOE+OO 4.59E-02 
4.52E-04 7.70E-04 9.llE-05 O.OOE+OO 4.48E-04 O.OOE+OO 2.51E-02 

l.26E-06 2.56E-06 2.34E-07 O.OOE+OO l.04E-06 0.00E+OO 3.55E-05 

5.34E-09 l.02E-08 7.12E-10 O.OOE+OO l.88E-08 
6.87E-09 9.92E-09 9.17E-10 O.OOE+OO 6.02E-09 O.OOE+OO 6.25E-07 

2.89E-22 5.21E-22 3.88E-23 O.OOE+OO 2.l 7E-22 0.00E+OO 4.25E-20 

6.20E-05 l.72E-04 9.99E-04 5.85E-05 l.89E-04 5.85E-05 8.95E-03 

2.16E-05 5.70E-05 9.83E-05 2.16E-05 5.99E-05 2.16E-05 6.29E-04 

0.00E+OO O.OOE+OO 
O.OOE+OO l.SOE-03 O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO 

0.00E+OO O.OOE+OO 4.65E-05 O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO 

Page 249of278 REFERENCE USE 



POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

APPENDIXK 

ODCM 
Revision 22 

LIQUID EFFLUENT DOSE CONVERSION FACTORS 

O.OOE+OO l.02E-06 0.00E+OO O.OOE+OO 0.00E+OO 
O.OOE+OO l.31E-06 O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO 

O.OOE+OO 3.25E-12 O.OOE+OO 0.00E+OO O.OOE+OO 0.00E+OO 

0.00E+OO O.OOE+OO 
0.00E+OO 7.39E-12 O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO 

0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO 

O.OOE+OO 
0.00E+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO 

0.00E+OO 0.00E+OO 0.00E+OO O.OOE+OO 0.00E+OO O.OOE+OO 

0.00E+OO 0.00E+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO 

~151¥fr 
l.45E-02 

7.93E-02 3.73E-02 O.OOE+OO O.OOE+OO 0.00E+OO l.17E-02 
7.74E-02 4.76E-02 O.OOE+OO O.OOE+OO O.OOE+OO 4.98E-03 

1.48E-03 7.33E-04 O.OOE+OO O.OOE+OO O.OOE+OO 3.80E-05 

0.00E+OO 
l.31E-16 6.96E-17 0.00E+OO 0.00E+OO l.12E-23 
1.26E-16 8.73E-17 0.00E+OO 0.00E+OO 0.00E+OO 6.16E-18 

O.OOE+OO O.OOE+OO 0.00E+OO 0.00E+OO 0.00E+OO O.OOE+OO 

Li uid release mrem/Ci released 
>\!t'll~m ifrL: !l.~ i 

0.00E+OO 0.00E+OO 0.00E+OO O.OOE+OO 
1.25E-18 8.84E-19 0.00E+OO 0.00E+OO 0.00E+OO O.OOE+OO 
l.15E-18 l.02E-18 0.00E+OO 0.00E+OO 0.00E+OO 1.00E-20 

O.OOE+OO O.OOE+OO 0.00E+OO 0.00E+OO 0.00E+OO O.OOE+OO 
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2.39E-02 0.00E+OO 6.84E-04 O.OOE+OO 0.00E+OO 
4.15E-02 0.00E+OO l.19E-03 0.00E+OO O.OOE+OO O.OOE+OO 

2.30E-02 0.00E+OO 6.59E-04 0.00E+OO 0.00E+OO 0.00E+OO 

5.61E-Ol 0.00E+OO l.12E-02 O.OOE+OO O.OOE+OO O.OOE+OO 
8.19E-01 0.00E+OO l.65E-02 O.OOE+OO 0.00E+OO 0.00E+OO 

2.66E-01 O.OOE+OO 5.40E-03 0.00E+OO 0.00E+OO O.OOE+OO 

l.40E-04 0.00E+OO 5.55E-06 
l.85E-04 O.OOE+OO 6.98E-06 O.OOE+OO 0.00E+OO 0.00E+OO 

l.42E-05 O.OOE+OO 5.13E-07 0.00E+OO 0.00E+OO O.OOE+OO 

O.OOE+OO 2.44E-07 
7.32E-06 0.00E+OO 2.93E-07 O.OOE+OO 0.00E+OO 0.00E+OO 

8.41E-10 0.00E+OO 3.12E-11 O.OOE+OO 0.00E+OO 0.00E+OO 

5.24E-07 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
8.80E-07 0.00E+OO 2.36E-08 0.00E+OO O.OOE+OO 0.00E+OO 

4.86E-07 0.00E+OO 1.30E-08 O.OOE+OO O.OOE+OO 0.00E+OO 

O.OOE+OO 7.24E-15 0.00E+OO 

2.85E-03 
1.61E-03 

4.72E-04 

1.28E-02 
7.32E-03 

2.17E-03 

6.33E-04 
4.08E-04 

l.68E-05 

1.46E-04 
1.39E-04 

9.06E-09 

2.51E-03 

6.71E-04 

2.42E-13 O.OOE+OO 8.80E-15 0.00E+OO 0.00E+OO O.OOE+OO 4.74E-10 

O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO 9.13E-23 
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9.59E-06 0.00E+OO 2.57E-07 O.OOE+OO O.OOE+OO 0.00E+OO 3.93E-03 
l.72E-05 O.OOE+OO 4.61E-07 O.OOE+OO O.OOE+OO O.OOE+OO 2.30E-03 

1.04E-05 0.00E+OO 2.76E-07 O.OOE+OO O.OOE+OO 0.00E+OO 7.44E-04 

O.OOE+OO 0.00E+OO O.OOE+OO 
5.00E-09 O.OOE+OO l.43E-10 0.00E+OO 0.00E+OO O.OOE+OO 1.44E-04 

5.96E-12 O.OOE+OO 1.67E-13 O.OOE+OO 0.00E+OO 0.00E+OO l.14E-07 

lt(}Jtntx~;~r~ 
1.73E-03 

5.93E-08 O.OOE+OO 1.62E-09 0.00E+OO O.OOE+OO 1.8 lE-03 
7.97E-08 O.OOE+OO 2.19E-09 0.00E+OO O.OOE+OO O.OOE+OO l.19E-03 

8.76E-09 O.OOE+OO 2.38E-10 O.OOE+OO O.OOE+OO O.OOE+OO 6.92E-05 

Bm'i;tliJitJ .. ,~ 
0.00E+OO 8.09E-04 

7.68E-07 1.67E-07 0.00E+OO 0.00E+OO 5.59E-04 
1.87E-06 4.llE-07 3.66E-07 O.OOE+OO 5.89E-07 O.OOE+OO 4.29E-04 

l .90E-06 4.62E-07 3.28E-07 O.OOE+OO 4.98E-07 0.00E+OO 2.30E-04 

2.21E-09 1.02E-09 O.OOE+OO 3.35E-09 O.OOE+OO 
2.22E-08 3.21E-09 1.89E-09 0.00E+OO 4.60E-09 O.OOE+OO 4.86E-04 

1.92E-08 3.30E-09 1.51E-09 O.OOE+OO 3.32E-09 O.OOE+OO 2.lOE-04 

3.29E-04 1.83E-04 1.0lE-04 O.OOE+OO 1.77E-04 O.OOE+OO 
3.89E-04 1.51E-04 1.08E-04 O.OOE+OO 1.42E-04 O.OOE+OO 2.80E-01 

3.80E-07 1.56E-07 9.04E-08 O.OOE+OO l.12E-07 O.OOE+OO l.32E-04 
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3.45E-09 8.56E-10 3.13E-10 O.OOE+OO 1.00E-09 O.OOE+OO 2.04E-05 
4.38E-09 7.91E-10 3.69E-10 O.OOE+OO 8.78E-10 O.OOE+OO 2.44E-04 

7.72E-21 1.65E-21 5.94E-22 0.00E+OO 1.29E-21 O.OOE+OO 5.20E-16 

l.25E-04 2.38E-05 O.OOE+OO 2.85E-04 O.OOE+OO 2.23E-04 
l.85E-04 4.57E-05 O.OOE+OO 3.95E-04 O.OOE+OO 1.53E-04 

l.93E-04 3.76E-05 0.00E+OO 2.88E-04 0.00E+OO 6.36E-05 

1.70E-09 4.75E-09 6.15E-08 O.OOE+OO 7.07E-08 2.63E-09 3.12E-06 
2.07E-09 4.06E-09 6.73E-08 O.OOE+OO 5.90E-08 2.06E-09 2.31E-06 

7.05E-11 l.47E-10 l.89E-09 O.OOE+OO 1.58E-09 7.67E-11 4.26E-08 

5.92E-06 8.81E-06 2.38E-06 7.48E-07 2.88E-04 
6.22E-06 9.14E-06 2.49E-06 O.OOE+OO 1.16E-04 9.45E-07 2.24E-04 
1.24E-05 l.39E-05 4.98E-06 O.OOE+OO l.63E-04 l.23E-06 1.45E-04 

l.02E-05 l.37E-05 4.28E-06 O.OOE+OO l.16E-04 l.33E-06 5.93E-05 

5.83E-23 0.00E+OO l.07E-22 3.61E-24 O.OOE+OO 
5.35E-24 5.60E-24 7.09E-23 O.OOE+OO 9.54E-23 2.96E-24 l.78E-23 

0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

6.99E-06 O.OOE+OO 2.99E-06 O.OOE+OO 2.46E-05 O.OOE+OO 5.83E-04 
l.45E-05 O.OOE+OO 5.56E-06 O.OOE+OO 3.64E-05 O.OOE+OO 3.74E-04 

1.34E-05 O.OOE+OO 4.49E-06 O.OOE+OO 2.SOE-05 0.00E+OO 1.63E-04 
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5.72E-07 O.OOE+OO 

5.81E-08 0.00E+OO 2.llE-08 0.00E+OO 5.llE-07 O.OOE+OO 

7.12E-10 0.00E+OO 2.40E-10 0.00E+OO 5.23E-09 O.OOE+OO 

3.79E-05 

2.83E-07 

lttmi'Jnti~~ 
6.84E-03 

l.IOE-04 O.OOE+OO l.38E-05 2.l lE-04 O.OOE+OO 5.25E-03 

2.37E-04 O.OOE+OO 2.96E-05 O.OOE+OO 3.20E-04 O.OOE+OO 3.69E-03 

2.26E-04 O.OOE+OO 2.82E-05 O.OOE+OO 2.67E-04 O.OOE+OO 1.71E-03 

!f(jj~i!LU~~ 
l.96E-06 l.29E-06 8.32E-06 O.OOE+OO 3.12E-04 

2.04E-06 l.34E-06 O.OOE+OO 8.68E-06 O.OOE+OO 2.60E-04 

2.84E-06 2.42E-06 O.OOE+OO l.13E-05 O.OOE+OO 1.76E-04 

2.62E-06 1.76E-06 O.OOE+OO 7.27E-06 O.OOE+OO 6.50E-05 

Li uid release mrem/Ci released 
i~i~un111~~ 

2.18E-06 O.OOE+OO 7.20E-06 O.OOE+OO 1.49E-03 

3.60E-06 3.40E-06 2.07E-06 O.OOE+OO 6.49E-06 O.OOE+OO 9.56E-04 

8.51E-06 5.75E-06 4.59E-06 O.OOE+OO l.07E-05 O.OOE+OO 6.83E-04 

9.31E-06 6.80E-06 4.50E-06 O.OOE+OO 9.72E-06 O.OOE+OO 3.52E-04 

1t&:i~nnt1~ 
1.44E-02 4.53E-04 l.18E-03 5.31E-04 l.57E-01 

8.40E-04 l.38E-02 4.05E-04 1.09E-03 4.95E-04 l.48E-01 

5.13E-03 l.IOE-03 1.69E-02 4.42E-04 1.17E-03 5.52E-04 l.88E-01 

9.98E-05 2.00E-05 2.68E-04 l.07E-05 2.00E-05 l.34E-05 2.96E-03 

3.27E-04 l.37E-02 6.54E-05 5.00E-04 1.04E-04 1.54E-01 

7.47E-03 3.22E-04 1.29E-02 6.0lE-05 4.54E-04 l.IOE-04 1.45E-01 

1.02E-02 4.82E-04 l.59E-02 7.62E-05 4.89E-04 l.40E-04 l.84E-01 

1.79E-04 7.23E-06 2.42E-04 2.04E-06 6.29E-06 2.96E-06 2.77E-03 
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4.77E-06 7.71E-05 9.55E-07 3.12E-06 l.29E-06 8.08E-04 
l.88E-05 l.13E-05 2.09E-04 2.46E-06 6.84E-06 3.22E-06 2.26E-03 

4.39E-05 2.93E-05 3.76E-04 8.78E-06 l.40E-05 l.OOE-05 3.97E-03 

6.0lE-05 l.l lE-06 2.35E-05 O.OOE+OO 5.25E-05 l.21E-03 
l.64E-04 2.13E-06 5.75E-05 3.62E-07 O.OOE+OO 9.lOE-05 l.03E-03 

l .97E-04 2.89E-06 6.09E-05 5.22E-07 O.OOE+OO l.23E-04 6.06E-04 

3.93E-05 4.30E-07 9.20E-06 3.76E-08 3.06E-04 

l.08E-04 8.33E-07 2.26E-05 l.OOE-07 O.OOE+OO 6.02E-05 2.58E-04 

l.15E-04 l.12E-06 2.38E-05 1.45E-07 0.00E+OO 7.25E-05 1.54E-04 

mmuri 
2.1 lE-03 2.82E-04 5.89E-04 O.OOE+OO O.OOE+OO 6.22E-03 
2.80E-03 7.58E-04 3.73E-04 7.85E-04 O.OOE+OO O.OOE+OO 2.70E-03 

2.14E-04 7.15E-05 2.89E-05 7.20E-05 O.OOE+OO O.OOE+OO l.02E-04 

5.34E-03 l.89E-03 6.35E-04 2.16E-02 O.OOE+OO l.33E-02 

7.12E-03 l.92E-03 8.45E-04 l.70E-03 2.03E-02 O.OOE+OO 5.76E-03 

5.43E-04 l.80E-04 6.57E-05 l .57E-04 l .34E-03 O.OOE+OO 2.19E-04 

3.52E-05 l.25E-05 7.58E-06 2.43E-05 O.OOE+OO 2.72E-03 

4.54E-05 l.22E-05 9.74E-06 3.14E-05 l.29E-04 O.OOE+OO l.77E-03 

2.73E-07 9.14E-08 5.87E-08 2.22E-07 6.66E-07 0.00E+OO 5.73E-06 
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3 .3 lE-03 1.4 IE-03 3.74E-02 0.00E+OO 3.35E-02 
l.19E-02 3.32E-03 l.85E-03 3.83E-03 3.49E-02 O.OOE+OO 1.45E-02 

9.02E-04 3.09E-04 l.39E-04 3.46E-04 2.26E-03 O.OOE+OO 5.39E-04 

1.86E-08 6.93E-09 

2.40E-08 6.69E-09 5.69E-09 1.71E-08 7.0lE-08 O.OOE+OO 1.49E-06 

9.33E-19 3.22E-19 2.18E-19 7.82E-19 2.32E-18 O.OOE+OO 7.46E-17 

1.0lE-03 4.04E-04 7.28E-04 5.05E-03 O.OOE+OO 3.88E-02 

l.30E-03 4.51E-04 4.80E-04 9.27E-04 4.36E-03 O.OOE+OO l.83E-02 

4.71E-05 1.90E-05 l.57E-05 3.85E-05 l.31E-04 O.OOE+OO 3.19E-04 

\lm"fEiJf;~;! 
1.25E-14 l.31E-13 O.OOE+OO 4.23E-15 

3.22E-14 l.33E-14 1.0lE-14 1.41E-13 O.OOE+OO 2.64E-15 

4.13E-14 1.26E-14 1.23E-14 3.16E-14 l.25E-13 O.OOE+OO 2.l 7E-13 

0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

1.72E-03 1.09E-03 1.03E-03 

2.20E-03 9.75E-04 1.18E-03 1.42E-03 9.05E-03 O.OOE+OO 9.82E-03 

l.27E-04 6.28E-05 5.86E-05 9.27E-05 3.93E-04 0.00E+OO 2.32E-04 

1.16E-05 3.37E-05 

l.59E-05 3.22E-05 l.65E-05 3.53E-03 4.79E-05 O.OOE+OO l.50E-05 

3.82E-06 8.41E-06 3.38E-06 9.43E-04 9.24E-06 0.00E+OO 1.80E-06 
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l.85E-04 2.59E-04 l.39E-04 0.00E+OO 5.12E-05 
3.54E-04 3.56E-04 2.02E-04 1.18E-01 5.84E-04 0.00E+OO 3.l 7E-05 

2.84E-04 3.35E-04 1.47E-04 1.lOE-01 3.91E-04 O.OOE+OO 1.19E-05 

1.47E-07 3.85E-07 l.38E-07 l.30E-05 6.06E-07 0.00E+OO 
l.82E-07 3.34E-07 l.54E-07 l.55E-05 5.1 lE-07 0.00E+OO 3.93E-07 

7.18E-12 1.46E-11 5.19E-12 6.83E-10 l.63E-11 O.OOE+OO l.18E-11 

3.31E-05 5.62E-05 l.72E-05 7.85E-03 9.86E-05 0.00E+OO 4.25E-05 
5.20E-05 6.43E-05 2.43E-05 1.19E-02 l.07E-04 O.OOE+OO 2.59E-05 

2.37E-05 3.45E-05 l.OlE-05 6.29E-03 4.06E-05 O.OOE+OO 5.85E-06 

5.05E-13 
2.24E-10 5.93E-10 O.OOE+OO 7.82E-12 
2.77E-10 5.14E-10 2.37E-10 1.18E-08 7.86E-10 0.00E+OO 3.41E-10 

2.69E-22 5.51E-22 l.96E-22 l.29E-20 6.16E-22 O.OOE+OO 5.70E-22 

4.46E-06 8.04E-06 3.SOE-06 7.12E-04 l.23E-05 0.00E+OO 6.12E-06 

2.16E-07 4.30E-07 l.57E-07 3.86E-05 4.79E-07 0.00E+OO l.56E-07 

. 
~' 

l.70E-01 5.66E-02 9.22E-03 
2.27E-01 2.48E-Ol 0.00E+OO l.70E-01 6.48E-02 6.64E-03 
2.75E-Ol 4.52E-01 9.53E-02 O.OOE+OO l.40E-01 5.03E-02 2.44E-03 

3.54E-03 6.60E-03 6.66E-04 0.00E+OO l.70E-03 6.96E-04 l.79E-05 
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9.33E-06 6.20E-06 
5.58E-06 8.26E-06 5.39E-06 0.00E+OO 4.35E-06 7.20E-07 1.04E-05 

1.72E-11 2.87E-11 1.45E-11 0.00E+OO l.llE-11 2.54E-12 2.27E-11 

2.27E-02 8.92E-02 5.99E-02 O.OOE+OO 7.66E-03 7.18E-03 
2.69E-02 7.40E-02 4.79E-02 O.OOE+OO 3.94E-02 5.88E-03 2.60E-03 

3.88E-04 1.14E-03 4.26E-04 O.OOE+OO 4.55E-04 9.31E-05 l.73E-05 

3.04E-01 O.OOE+OO 1.37E-01 5.34E-02 5.75E-03 
3.85E-01 3.69E-01 5.44E-02 O.OOE+OO 1.20E-01 4.32E-02 2.31E-03 

4.91E-03 5.74E-03 4.07E-04 O.OOE+OO 1.54E-03 6.24E-04 1.80E-05 

jltGi:.i;'.ill~~ 
5.27E-11 5.20E-12 3.06E-16 

3.89E-11 7.46E-11 3.73E-11 O.OOE+OO 5.51E-11 6.41E-12 3.39E-14 
4.93E-11 6.85E-11 4.34E-11 O.OOE+OO 4.82E-11 5.18E-12 3.15E-11 

0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Bml~ti~ttfii; 
3.15E-09 

1.94E-09 1.36E-12 5.65E-11 O.OOE+OO 1.29E-12 9.40E-13 l.73E-08 
2.49E-09 1.33E-12 7.21E-11 O.OOE+OO l.16E-12 7.81E-13 1.44E-07 

3.69E-16 2.45E-19 1.07E-17 O.OOE+OO 1.47E-19 l.48E-19 2.34E-14 

5.19E-04 3.35E-05 O.OOE+OO 4.28E-07 
l.27E-03 l.llE-06 7.42E-05 O.OOE+OO 3.63E-07 6.64E-07 6.44E-04 

1.44E-03 1.44E-06 7.43E-05 O.OOE+OO 3.42E-07 8.85E-07 3.54E-04 
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5.19E-19 3.87E-22 l.73E-20 O.OOE+OO 3.59E-22 2.65E-22 
6.67E-19 3.73E-22 2.17E-20 0.00E+OO 3.23E-22 2.19E-21 3.80E-19 

0.00E+OO 0.00E+OO 0.00E+OO 0.00E+OO 0.00E+OO O.OOE+OO 

O.OOE+OO 0.00E+OO O.OOE+OO 0.00E+OO 0.00E+OO O.OOE+OO 
0.00E+OO O.OOE+OO 0.00E+OO 0.00E+OO 0.00E+OO O.OOE+OO 

0.00E+OO 0.00E+OO O.OOE+OO O.OOE+OO 0.00E+OO 0.00E+OO 

l.17E-07 5.78E-08 l.54E-08 0.00E+OO O.OOE+OO O.OOE+OO 3.32E-03 
l.84E-07 6.42E-08 2.16E-08 0.00E+OO 0.00E+OO 0.00E+OO l.79E-03 

8.68E-08 3.42E-08 8.81E-09 0.00E+OO 0.00E+OO 0.00E+OO 4.02E-04 

2.72E-11 l.21E-11 3.0IE-12 O.OOE+OO 3.68E-07 
3.44E-11 l.IOE-11 3.43E-12 O.OOE+OO O.OOE+OO 0.00E+OO 2.17E-06 

4.28E-18 l.57E-18 3.77E-19 0.00E+OO 0.00E+OO 0.00E+OO 2.67E-13 

l.35E-07 1.56E-08 O.OOE+OO 6.38E-08 O.OOE+OO 3.88E-04 
5.76E-07 2.87E-07 4.26E-08 O.OOE+OO l.26E-07 O.OOE+OO 3.58E-04 

7.09E-07 4.32E-07 5.09E-08 O.OOE+OO l.33E-07 O.OOE+OO 2.23E-04 

l.09E-05 l.21E-09 0.00E+OO 4.88E-09 0.00E+OO 3.27E-04 
4.03E-08 2.18E-05 3.16E-09 0.00E+OO 9.16E-09 0.00E+OO 3.20E-04 

5.08E-08 3.37E-05 3.85E-09 0.00E+OO 9.82E-09 0.00E+OO 1.97E-04 
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4.55E-06 5.91E-07 2.72E-06 O.OOE+OO 2.77E-03 
3.13E-05 9.81E-06 l.67E-06 O.OOE+OO 5.43E-06 O.OOE+OO 2.56E-03 

2.79E-05 1.14E-05 l.56E-06 O.OOE+OO 4.61E-06 O.OOE+OO l.60E-03 

6.02E-07 2.40E-07 0.00E+OO l.40E-07 0.00E+OO l.98E-03 
1.07E-06 3.22E-07 5.32E-08 0.00E+OO l.74E-07 0.00E+OO l.16E-03 
6.90E-07 2.58E-07 3.42E-08 O.OOE+OO 9.59E-08 0.00E+OO 3.64E-04 

~~\flitttl ~~ 
3.82E-22 1.59E-22 l.94E-23 0.00E+OO 8.94E-23 0.00E+OO 0.00E+OO 
4.16E-22 l.70E-22 2.llE-23 0.00E+OO 9.75E-23 0.00E+OO 4.58E-25 
5.38E-22 l.66E-22 2.70E-23 0.00E+OO 8.79E-23 O.OOE+OO 3.58E-19 
O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO 0.00E+OO O.OOE+OO O.OOE+OO 

4.27E-07 4.64E-07 2.78E-08 O.OOE+OO 2.72E-07 O.OOE+OO 
7.SOE-07 6.08E-07 4.71E-08 0.00E+OO 3.33E-07 0.00E+OO 9.63E-04 
4.58E-07 4.71E-07 2.88E-08 O.OOE+OO l.81E-07 O.OOE+OO 2.98E-04 

~~j~il.;tf;I 
l.66E-03 

l.18E-05 2.85E-06 2.51E-06 O.OOE+OO l.32E-05 0.00E+OO l.OSE-03 
l.79E-05 3.26E-06 3.87E-06 O.OOE+OO 1.37E-05 O.OOE+OO 5.35E-04 
6.33E-06 1.68E-06 1.42E-06 O.OOE+OO 4.72E-06 O.OOE+OO 1.49E-04 

Li uid release mrem/Ci released 
•-m· L. ·,:~Jle. 

4.53E-05 O.OOE+OO O.OOE+OO O.OOE+OO 4.24E-02 
l.36E-04 4.78E-05 O.OOE+OO O.OOE+OO O.OOE+OO 3.69E-02 

2.13E-04 l.26E-04 5.66E-05 O.OOE+OO O.OOE+OO O.OOE+OO l.77E-02 
2.1 lE-06 l.47E-06 5.07E-07 O.OOE+OO O.OOE+OO O.OOE+OO 8.62E-05 
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l.66E-02 O.OOE+OO l.OlE-03 O.OOE+OO 3.88E-03 O.OOE+OO l.20E-03 
4.97E-02 0.00E+OO 3.0lE-03 O.OOE+OO 8.lSE-03 0.00E+OO l.17E-03 
4.39E-02 O.OOE+OO 3.35E-03 O.OOE+OO 9.34E-03 0.00E+OO 7.62E-04 

l.58E-02 O.OOE+OO 9.43E-04 O.OOE+OO 3.63E-03 0.00E+OO 8.47E-04 
4.75E-02 0.00E+OO 2.82E-03 O.OOE+OO 7.61E-03 0.00E+OO 8.22E-04 

4.20E-02 O.OOE+OO 3.BE-03 O.OOE+OO 8.72E-03 O.OOE+OO 5.37E-04 

3.47E-08 3.27E-09 l.82E-09 O.OOE+OO l.03E-08 0.00E+OO 5.26E-04 
6.87E-08 4.93E-09 3.46E-09 O.OOE+OO l.43E-08 0.00E+OO 3.65E-04 

5.79E-08 5.18E-09 2.93E-09 O.OOE+OO l.03E-08 O.OOE+OO l.SOE-04 

. ll 
5.33E-02 l.87E-02 3.52E-03 0.00E+OO 2.65E-02 O.OOE+OO 4.83E-03 
4.16E-02 l.59E-02 2.77E-03 0.00E+OO 2.08E-02 O.OOE+OO 3.80E-03 
4.16E-02 l.86E-02 2.96E-03 O.OOE+OO l.81E-02 0.00E+OO 2.22E-03 
l.44E-02 6.75E-03 l.02E-03 O.OOE+OO 6.16E-03 0.00E+OO 7.24E-04 
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The tables below identify the expected dose to each of the four age ranges (adult, teen, child and infant) 
as a result of activity released via gaseous effluents. These dose conversion factors are the summation 
of the expected exposures based on Reg. Guide 1.109 and NUREG-0133 assumptions. The pathways 
considered are inhalation, ground plane, milk, meat, leafy vegetables and produce. The assumed values 
for x/Q and D/Q are those referenced in Table 10-2. 

The total body, skin and air dose factors for noble gas releases are contained at the end of the tables 
below. 

8.69E-05 8.69E-05 8.69E-05 8.69E-05 8.69E-05 8.69E-05 

l .23E-04 1.23E-04 l .23E-04 l .23E-04 1.23E-04 l .23E-04 

5.32E-05 5.32E-05 5.32E-05 5.32E-05 5.32E-05 5.32E-05 

7.30E-03 

5.51E-02 l.lOE-02 l.lOE-02 1.lOE-02 1.lOE-02 l.lOE-02 1.lOE-02 

l.30E-01 2.59E-02 2.59E-02 2.59E-02 2.59E-02 2.59E-02 2.59E-02 

7.37E-02 l.57E-02 1.57E-02 1.57E-02 l.57E-02 l.57E-02 l.57E-02 

2.65E-04 l.47E-04 l.60E-04 l.47E-04 l.47E-04 l.54E-04 

3.05E-04 l.47E-04 l.63E-04 1.47E-04 1.47E-04 l.47E-04 l.75E-04 

2.72E-04 l.47E-04 l.58E-04 1.47E-04 l.47E-04 l.47E-04 l.67E-04 

Gaseous release mrem/Ci released) 
l~fif'fBllcf ';'.~: ~r'.fi1;*~£31it~.mi !,~~~o'fi~~~:~ 

5.00E+OO 5.00E+OO 5.00E+OO 

5.68E+OO 5.68E+OO 5.68E+OO 5.68E+OO 5.68E+OO 5.68E+OO 5.68E+OO 

7.66E+OO 7.66E+OO 7.66E+OO 7.66E+OO 7.66E+OO 7.66E+OO 7.66E+OO 

8.45E+OO 8.45E+OO 8.45E+OO 8.45E+OO 8.45E+OO 8.45E+OO 
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2.78E-03 2.78E-03 2.78E-03 2.78E-03 2.78E-03 2.78E-03 2.78E-03 
3.07E-03 3.07E-03 3.07E-03 3.07E-03 3.07E-03 3.07E-03 3.07E-03 

3.18E-03 3.18E-03 3.18E-03 3.18E-03 3.18E-03 3.lSE-03 3.lSE-03 

3.21E-01 3.34E-01 3.16E-01 3.0SE-01 3.33E-01 3.0SE-01 
3.25E-Ol 3.31E-Ol 3.17E-01 3.0SE-01 3.28E-Ol 3.0SE-01 6.39E-01 

3.20E-01 3.25E-Ol 3.13E-01 3.0SE-01 3.19E-Ol 3.0SE-01 3.09E-Ol 

l.27E-Ol 
2.24E-Ol l.SSE-01 0.00E+OO O.OOE+OO O.OOE+OO 1.32E-Ol 

7.66E+OO 4.SlE-01 2.97E-Ol 0.00E+OO 0.00E+OO 0.00E+OO l.03E-Ol 

8.72E-04 8.72E-04 8.89E-04 8.82E-04 l.37E-03 3.37E-03 
8.72E-04 8.72E-04 9.03E-04 8.89E-04 8.77E-04 l.28E-03 2.37E-03 

8.72E-04 8.72E-04 8.83E-04 8.79E-04 8.73E-04 1.17E-03 1.14E-03 

2.59E-01 3.46E-01 2.76E-01 2.59E-01 2.SSE-01 3.04E-01 4.37E-01 
2.59E-01 3.86E-01 2.93E-01 2.59E-01 2.95E-01 2.95E-Ol 3.65E-01 

2.59E-Ol 2.65E-01 2.60E-01 2.59E-01 2.60E-01 2.82E-Ol 2.61E-Ol 

3.83E-04 6.28E-04 
l.69E-04 l.69E-04 l.69E-04 l.69E-04 l.69E-04 5.14E-04 l.47E-03 
l.69E-04 l.69E-04 l.69E-04 l.69E-04 l.69E-04 4.67E-04 2.96E-03 

l.69E-04 l.69E-04 l.69E-04 l.69E-04 l.69E-04 4.53E-04 l.79E-03 
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9.82E-02 O.OOE+OO O.OOE+OO 

2.23E-01 1.18E-01 3.67E-02 O.OOE+OO O.OOE+OO 6.91E-02 2.19E-02 

1.92E-02 1.24E-02 3.32E-03 O.OOE+OO O.OOE+OO 7.91E-03 1.57E-03 

3.97E-Ol 

1.02E-Ol 1.71E-01 9.74E-02 5.09E-02 3.37E-01 

1.59E-Ol 2.25E-01 l.38E-01 5.09E-02 5.09E-02 1.30E-01 2.33E-01 

6.69E-02 7.88E-02 6.19E-02 5.09E-02 5.09E-02 8.20E-02 6.46E-02 

,iml~nui~'~ 
l.36E-01 

5.95E-02 5.95E-02 7.28E-02 1.36E-01 

5.95E-02 6.61E-02 7.29E-02 5.95E-02 5.95E-02 7.lOE-02 1.14E-01 

5.95E-02 6.06E-02 6.13E-02 5.95E-02 5.95E-02 6.81E-02 6.34E-02 

;~~~i#iJui? · 
7.86E-02 8.81E-02 7.lOE-02 7.lOE-02 9.20E-02 2.28E-01 

7.lOE-02 8.09E-02 9.38E-02 7.lOE-02 7.lOE-02 1.0lE-01 2.09E-01 

7.lOE-02 8.52E-02 1.15E-01 7.lOE-02 7.lOE-02 9.61E-02 1.55E-Ol 

7.lOE-02 7.31E-02 7.63E-02 7.lOE-02 7.lOE-02 8.86E-02 7.65E-02 

4.16E+OO 4.03E+OO 4.03E+OO 

4.12E+OO 4.29E+OO 4.03E+OO 4.03E+OO 4.19E+OO 4.51E+OO 

4.04E+OO 4.06E+OO 4.03E+OO 4.03E+OO 4.13E+OO 4.06E+OO 

4.36E-01 2.1 lE-01 O.OOE+OO 0.00E+OO 4.04E-03 9.12E-02 

7.74E+OO 5.47E-01 2.62E-Ol O.OOE+OO 0.00E+OO 6.96E-03 8.72E-02 

1.78E+Ol 9.53E-01 6.06E-01 O.OOE+OO 0.00E+OO 6.23E-03 6.43E-02 

3.41E-01 1.92E-01 O.OOE+OO 0.00E+OO 4.73E-03 l.70E-02 
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5.56E-05 5.55E-05 5.55E-05 5.55E-05 5.55E-05 2.68E-04 8.88E-04 
5.56E-05 5.55E-05 5.55E-05 5.55E-05 5.55E-05 2.41E-04 1.96E-03 

5.56E-05 5.55E-05 5.55E-05 5.55E-05 5.55E-05 2.40E-04 1.19E-03 

1.14E-04 1.17E-04 1.15E-04 1.14E-04 3.66E-04 l.78E-03 
l.14E-04 l.19E-04 1.17E-04 1.14E-04 l.27E-04 3.31E-04 l.21E-03 

l.14E-04 l.22E-04 l.18E-04 1.14E-04 l.28E-04 3.24E-04 6.32E-04 

5.70E-Ol l.63E+OO 8.37E-01 l.40E-01 1.lOE+OO l.68E-01 7.72E-Ol 
9.63E-01 2.33E+OO 1.SOE+OO l.40E-01 1.52E+OO 1.62E-01 5.25E-01 

9.16E-01 2.80E+OO 1.37E+OO l.40E-01 l.43E+OO 1.54E-01 2.39E+OO 

4.70E-04 4.96E-04 4.54E-04 4.50E-04 4.78E-04 1.16E-03 
4.95E-04 5.27E-04 4.59E-04 4.50E-04 4.95E-04 l.07E-03 5.21E-03 
5.30E-04 6.12E-04 4.65E-04 4.50E-04 5.16E-04 1.06E-03 3.62E-03 

1.lOE-09 2.09E-09 O.OOE+OO 1.37E-09 3.59E-05 6.46E-06 
l.52E-09 2.19E-09 2.02E-10 O.OOE+OO l.33E-09 3.22E-05 2.31E-04 

l.22E-09 2.19E-09 l.63E-10 O.OOE+OO 9.1 lE-10 3.33E-05 3.00E-04 

9.65E-04 l.13E-03 2.29E-03 9.60E-04 1.16E-03 3.62E-03 l.06E-02 
l.03E-03 l.28E-03 3.29E-03 l.02E-03 1.3 lE-03 3. lOE-03 2.00E-02 

l.35E-03 2.1 lE-03 3.24E-03 1.35E-03 2.17E-03 3.03E-03 l.43E-02 
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7.lSE-03 7.lSE-03 l.OSE-02 7.lSE-03 7.lSE-03 
7.lSE-03 7.lSE-03 l.35E-02 7.lSE-03 7.lSE-03 7.lSE-03 7.lSE-03 

7.lSE-03 7.1SE~03 l.66E-02 7.lSE-03 7.lSE-03 7.lSE-03 7.lSE-03 

6.37E-06 9.16E-07 9.16E-07 6.17E-06 
9.16E-07 9.16E-07 8.71E-06 9.16E-07 9.16E-07 9.16E-07 9.16E-07 
9.16E-07 9.16E-07 l.17E-05 9.16E-07 9.16E-07 9.16E-07 9.16E-07 

9.16E-07 9.16E-07 9.SSE-06 9.16E-07 9.16E-07 9.16E-07 9.16E-07 

3.79E-05 3.79E-05 4.77E-05 3.79E-05 3.79E-05 
3.79E-05 3.79E-05 5.03E-05 3.79E-05 3.79E-05 3.79E-05 3.79E-05 

3.79E-05 3.79E-05 4.70E-05 3.79E-05 3.79E-05 3.79E-05 3.79E-05 

2.90E-07 0.00E+OO O.OOE+OO O.OOE+OO 
O.OOE+OO 4.lSE-07 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO 5.74E-07 0.00E+OO O.OOE+OO O.OOE+OO 0.00E+OO 

O.OOE+OO 4.63E-07 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO 

9.13E-02 l.68E-03 l.68E-03 l.68E-03 3.94E-02 
l.68E-03 3.04E-01 l.44E-01 l.68E-03 l.68E-03 l.68E-03 4.62E-02 
l.68E-03 5.41E-01 3.33E-01 l.68E-03 l.68E-03 l.68E-03 3.62E-02 

l.68E-03 1.08E+OO 5.32E-01 l.68E-03 l.68E-03 l.68E-03 2.91E-02 

lmlwnrk!~ 
6.lSE-06 

6.lSE-06 1.86E-05 l.23E-05 6.lSE-06 6.lSE-06 6.lSE-06 6.lSE-06 
6.lSE-06 l.89E-05 1.45E-05 6.lSE-06 6.lSE-06 6.lSE-06 6.SSE-06 

6.lSE-06 l.88E-05 l.27E-05 6.lSE-06 6.lSE-06 6.lSE-06 l.38E-05 
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2.29E-05 3.09E-05 2.82E-05 2.29E-05 2.29E-05 2.29E-05 
2.29E-05 3.08E-05 2.95E-05 2.29E-05 2.29E-05 2.29E-05 

2.29E-05 3.02E-05 2.76E-05 2.29E-05 2.29E-05 2.29E-05 

3.00E+OO 4.0SE-06 4.0SE-06 4.0SE-06 5.48E-02 
7.13E+OO 4.0SE-06 2.04E-01 4.0SE-06 4.0SE-06 4.89E-02 

9.47E-Ol 4.0SE-06 2.72E-02 4.0SE-06 4.0SE-06 4.60E-02 

2.29E-05 
2.30E-05 

2.45E-05 

3.65E-01 
2.79E-Ol 

2.07E-02 

1.73E-03 8.41E+OO l.73E-03 l.73E-03 3.36E-01 3.74E+OO 

l.73E-03 5.92E-01 l.73E-03 l.73E-03 2.57E-01 2.39E-Ol 

4.59E-04 4.04E-04 4.02E-04 4.02E-04 
5.08E-04 4.02E-04 4.06E-04 4.02E-04 4.02E-04 l.61E-03 4.57E-03 

4.17E-04 4.02E-04 4.03E-04 4.02E-04 4.02E-04 l.60E-03 2.08E-03 

1.46E-04 1.45E-04 1.45E-04 l .45E-04 7.67E-04 2.85E-03 
1.46E-04 l .45E-04 1.45E-04 l .45E-04 l .45E-04 6.90E-04 5.64E-03 

1.46E-04 1.45E-04 1.45E-04 1.45E-04 1.45E-04 6.85E-04 3.32E-03 

7.08E-05 8.40E-07 2.72E-06 6.64E-03 3.19E-02 
9.83E-05 8.40E-07 3.46E-06 8.40E-07 8.40E-07 5.93E-03 1.84E-02 
7.54E-05 8.40E-07 2.84E-06 8.40E-07 8.40E-07 6.09E-03 2.40E-03 
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1.88E-05 1.88E-05 6.23E-05 1.88E-05 
1.88E-05 1.88E-05 1.88E-05 9.13E-05 1.94E-05 
1.88E-05 1.88E-05 l.88E-05 l.88E-05 1.88E-05 8.25E-05 5.77E-05 

1.88E-05 l.88E-05 l.88E-05 1.88E-05 1.88E-05 8.19E-05 7.21E-05 

1.67E-02 2.0IE-04 6.67E-02 6.27E-01 
2.45E-02 2.0IE-04 8.48E-04 2.0IE-04 2.0IE-04 5.97E-02 4.77E-01 

1.35E-02 2.0IE-04 5.56E-04 2.0IE-04 2.0IE-04 5.57E-02 2.21E-03 

1.70E-03 
3.41E-05 3.38E-05 3.38E-05 3.38E-05 3.38E-05 6.41E-04 3.77E-03 
3.42E-05 3.38E-05 3.38E-05 3.38E-05 3.38E-05 5.76E-04 5.46E-03 

3.41E-05 3.38E-05 3.38E-05 3.38E-05 3.38E-05 5.89E-04 2.90E-03 

5,;~@t:tLi 
l.13E-03 1.06E-02 

3.47E-05 3.47E-05 3.47E-05 3.47E-05 1.92E-03 1.41E-02 
3.89E-05 3.47E-05 3.48E-05 3.47E-05 3.47E-05 1.72E-03 9.67E-03 

3.74E-04 3.47E-05 3.47E-05 3.47E-05 3.47E-05 1.77E-03 3.81E-03 

4.64E-02 4.58E-02 4.72E-02 8.59E-02 
4.95E-02 4.66E-02 4.58E-02 4.75E-02 1.07E-Ol 3.68E-01 
5.IOE-02 4.69E-02 4.68E-02 4.58E-02 4.75E-02 9.64E-02 2.59E-01 

4.84E-02 4.64E-02 4.63E-02 4.58E-02 4.65E-02 8.55E-02 4.64E-02 

5.54E-04 5.51E-04 5.51E-04 5.51E-04 5.52E-04 3.49E-03 
5.55E-04 5.51E-04 5.51E-04 5.51E-04 5.52E-04 3.12E-03 1.08E-02 

5.54E-04 5.51E-04 5.51E-04 5.51E-04 5.51E-04 3.05E-03 3.73E-03 

Page 268 of278 REFERENCE USE 



POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

APPENDIXL 

ODCM 
Revision 22 

GASEOUS EFFLUENT DOSE CONVERSION FACTORS 

2.61E-02 2.59E-02 2.57E-02 2.59E-02 4.25E-02 3.94E-Ol 
2.63E-02 2.59E-02 2.58E-02 2.SSE-02 2.59E-02 3.94E-02 2.32E-Ol 

2.59E-02 2.57E-02 2.56E-02 2.SSE-02 2.56E-02 3.64E-02 3.85E-02 

6.31E-05 6.31E-05 6.31E-05 1.52E-04 1.12E-04 
6.31E-05 6.3 lE-05 6.3 lE-05 6.31E-05 6.31E-05 l.40E-04 6.94E-04 

6.31E-05 6.3 lE-05 6.3 lE-05 6.31E-05 6.31E-05 l.38E-04 6.72E-04 

3.91E-03 l.35E-03 7.47E-04 7.98E-02 4.23E-03 l.25E-02 
7.47E-04 6.0lE-03 2.0SE-03 7.47E-04 l.20E-02 3.82E-03 7.97E-03 

7.47E-04 l.OSE-02 2.65E-03 7.47E-04 l.53E-02 3.80E-03 5.06E-03 

3.44E-05 3.44E-05 3.44E-05 3.44E-05 l.75E-04 
3.44E-05 3.44E-05 3.44E-05 3.44E-05 3.44E-05 5.59E-05 l.45E-04 

3.44E-05 3.44E-05 3.44E-05 3.44E-05 3.44E-05 5.28E-05 8.12E-05 

l.20E+OO 4.19E-02 
l.37E-Ol l.52E-Ol 5.SOE-02 5.65E-04 l.79E+OO 4.22E-02 l.59E+OO 

7.38E-02 9.96E-02 3.14E-02 5.65E-04 8.35E-Ol 3.17E-02 4.29E-Ol 

, "~n1J1~'~ 

3.81E-06 3.81E-06 3.81E-06 3.81E-06 l.89E-05 
3.81E-06 3.81E-06 3.81E-06 3.81E-06 3.81E-06 l.71E-05 4.18E-06 

3.81E-06 3.81E-06 3.81E-06 3.81E-06 3.81E-06 l.70E-05 2.29E-05 
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POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

APPENDIXL 

ODCM 
Revision 22 

GASEOUS EFFLUENT DOSE CONVERSION FACTORS 

3.33E-02 2.02E-02 2.52E-02 2.02E-02 5.3 IE-02 3.52E-02 

2.03E-02 2.02E-02 2.02E-02 2.02E-02 2.03E-02 3.27E-02 

l.19E-04 1.19E-04 l.19E-04 l.19E-04 l.19E-04 4.80E-04 

l.19E-04 1.19E-04 l.19E-04 l.19E-04 l.19E-04 4.74E-04 

4.55E-Ol 7.99E-02 l.27E-Ol 7.99E-02 8.04E-Ol 4.44E-Ol 
8.17E-Ol 7.99E-02 l.72E-Ol 7.99E-02 l.07E+OO 4.04E-Ol 

8.19E-02 7.99E-02 8.02E-02 7.99E-02 8.24E-02 3.42E-Ol 

2.74E-04 2.58E-04 2.43E-04 2.15E-04 3.97E-04 
3.46E-04 2.85E-04 2.75E-04 2.15E-04 4.95E-04 8.71E-04 

4.04E-04 3.39E-04 2.98E-04 2.15E-04 5.59E-04 8.75E-04 

5.97E-Ol 
3.57E-Ol 

2.06E-02 

2.18E-03 
2.39E-03 

l.22E-03 

l.80E+Ol 
l.15E+Ol 

8.38E-02 

ittlunur'i:; 
7.29E-03 
7.86E-03 
5.67E-03 

3.72E-03 

6.49E-Ol 6.43E-Ol 6.63E-Ol 7.48E-Ol 4.66E+OO 
6.59E-Ol 6.53E-Ol 6.43E-Ol 6.73E-Ol 7.96E-Ol 4.97E+OO 

6.78E-Ol 6.67E-Ol 6.62E-Ol 6.43E-Ol 6.87E-Ol 7.67E-Ol 3.44E+OO 

6.94E-Ol 6.80E-Ol 6.68E-Ol 6.43E-Ol 6.96E-Ol 7.26E-Ol 2.54E+OO 

i]IR~: 

l.13E-02 2.04E-02 8.76E-Ol 
2.97E-02 9.83E-03 8.69E-02 7.17E-03 l.12E-02 2.30E-02 8.68E-Ol 
5.55E-02 l.57E-02 l.71E-Ol 9.15E-03 1.62E-02 2.19E-02 l.84E+OO 

2.56E-02 8.94E-03 6.07E-02 6.98E-03 8.87E-03 l.65E-02 6.09E-Ol 
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POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

APPENDIXL 

ODCM 
Revision 22 

GASEOUS EFFLUENT DOSE CONVERSION FACTORS 

l.54E-02 4.45E-03 2.l 8E-02 4.0 lE-03 4.44E-03 1.40E-02 1.97E-O 1 

l.35E-02 4.3 lE-03 1.70E-02 4.03E-03 4.25E-03 1.16E-02 1.44E-O 1 

2.48E-03 5.02E-03 2.30E-03 2.36E-03 6.79E-03 2.51E-02 
2.65E-03 2.51E-03 6.83E-03 2.32E-03 2.41E-03 5.42E-03 4.75E-02 

2.75E-03 2.60E-03 7.00E-03 2.37E-03 2.43E-03 4.95E-03 4.91E-02 

Gaseous release mrem/Ci released) 

2.31E-01 1.97E-Ol 2.lOE-01 1.96E-01 l.96E-01 3.13E-01 8.75E-01 
2.73E-01 l.97E-Ol 2.23E-01 1.97E-01 1.96E-01 3.12E-01 6.72E-01 

2.14E-Ol l.97E-01 2.02E-Ol 1.96E-01 1.96E-01 2.77E-01 2.SOE-01 

8.lOE-01 7.98E-01 7.98E-Ol 9.0lE-01 1.16E+OO 
9.09E-Ol 7.99E-Ol 8.21E-01 7.98E-01 7.98E-01 9.llE-01 1.06E+OO 

8.21E-Ol 7.98E-01 8.03E-01 7.98E-01 7.98E-Ol 8.32E-01 8.27E-01 

Gaseous release mrem/Ci released 
·a 

1.71E-02 
6.48E-02 2.35E-02 1.83E-02 2.90E-04 l.24E-02 
l.40E-Ol 3.81E-02 1.89E-02 3.94E-02 2.90E-04 1.1 lE-02 1.35E-01 

l.38E-02 4.82E-03 2.12E-03 4.84E-03 2.90E-04 1.04E-02 6.97E-03 

2.76E-01 3.28E-02 1.12E+OO 
6.0lE-01 l.62E-01 7.14E-02 1.44E-01 1.71E+OO 3.36E-02 4.88E-Ol 

5.23E-02 1.74E-02 6.35E-03 1.SlE-02 1.29E-01 2.97E-02 2.16E-02 
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POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

APPENDIXL 

ODCM 
Revision 22 

GASEOUS EFFLUENT DOSE CONVERSION FACTORS 

1.73E-06 9.78E-07 8.l lE-07 l.36E-06 5.26E-06 1.92E-03 
2.73E-06 1.15E-06 1.02E-06 2.06E-06 6.70E-06 2.28E-04 l.36E-03 

9.22E-07 6.86E-07 6.38E-07 8.54E-07 l.43E-06 2.35E-04 5.59E-04 

1.52E-01 2.71E-02 5.15E-02 6.23E-01 4.85E-02 5.67E-01 
3.21E-01 9.25E-02 5.30E-02 l.06E-Ol 9.37E-01 4.36E-02 3.95E-01 

4.0lE-02 l.62E-02 9.31E-03 1.77E-02 9.46E-02 4.18E-02 2.68E-02 

4.91E-06 4.91E-06 4.91E-06 4.91E-06 4.92E-06 7.96E-05 4.15E-05 
4.91E-06 4.91E-06 4.91E-06 4.91E-06 4.91E-06 7.14E-05 5.83E-04 

4.91E-06 4.91E-06 4.91E-06 4.91E-06 4.91E-06 7 .28E-05 6.0lE-04 

1.85E-03 1.73E-03 1.71E-03 l.78E-03 2.75E-03 7.0lE-03 2.43E-02 
2.06E-03 1.77E-03 1.78E-03 1.93E-03 3.07E-03 6.28E-03 1.46E-02 

l.81E-03 1.70E-03 l.69E-03 l.78E-03 2.15E-03 6.13E-03 5.60E-03 

5.46E-06 5.46E-06 5.46E-06 5.84E-05 
5.46E-06 5 .46E-06 5 .46E-06 5.46E-06 5.47E-06 5.20E-05 3.57E-05 

5.46E-06 5.46E-06 5.46E-06 5.46E-06 5.46E-06 5.21E-05 1.92E-04 

1.80E-03 l.39E-03 1.46E-03 7.00E-03 1. lOE-02 3.17E-02 
2.73E-03 1.64E-03 1.82E-03 2.04E-03 8.80E-03 9.33E-03 l.26E-02 

1.77E-03 1.27E-03 1.24E-03 l.51E-03 3.86E-03 8.49E-03 3.59E-03 
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POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

ODCM 
Revision 22 

OFFSITE DOSE CALCULATION MANUAL 

APPENDIXL 
GASEOUS EFFLUENT DOSE CONVERSION FACTORS 

l.22E-03 l.58E-03 l.25E-03 l.88E-03 l.03E-03 
l.3 IE-03 l.60E-03 l .32E-03 6.46E-02 l.88E-03 l.03E-03 

l.26E-03 l.53E-03 l.23E-03 5.77E-02 l.58E-03 l.03E-03 

2.37E-02 3.19E-02 l.86E-02 8.39E+OO 3.21E-03 
4.79E-02 4.82E-02 2.88E-02 l.49E+Ol 7.71E-02 3.21E-03 

6.66E-02 7.78E-02 3.60E-02 2.45E+Ol 9.04E-02 3.21E-03 

2.67E-04 3.30E-04 2.67E-04 3.66E-03 3.88E-04 2.31E-04 
2.79E-04 3.23E-04 2.74E-04 4.62E-03 3.73E-04 2.31E-04 
2.69E-04 3.l IE-04 2.60E-04 4.07E-03 3.21E-04 2.3 IE-04 

1 ~n'L~~ 

l.24E-03 

l.12E-03 

8.82E-03 
7.18E-03 

5.86E-03 

2.60E-04 
3.04E-04 

2.74E-04 

7.12E-04 l.91E-03 4.59E-04 l.l IE-03 
l.OSE-03 7.79E-04 2.30E-03 4.59E-04 1.14E-03 
l.57E-03 l.82E-03 9.75E-04 2.56E-Ol 2.73E-03 4.59E-04 9.47E-04 

l.6 IE-03 2.13E-03 9.48E-04 3.06E-O1 2.42E-03 4.59E-04 7. l 7E-04 

l.04E-04 9.79E-04 l.67E-04 8.36E-05 
l.IOE-04 l.33E-04 l.06E-04 l.23E-03 l.58E-04 8.36E-05 1.05E-04 

l.04E-04 l.26E-04 9.87E-05 l.09E-03 l.3 IE-04 8.36E-05 l.13E-04 

5.88E-04 6.SOE-04 5.70E-04 l.95E-02 7.93E-04 4.70E-04 5.SOE-04 

5.60E-04 6.47E-04 5.35E-04 l.67E-02 6.68E-04 4.70E-04 5.13E-04 
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POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

APPENDIXL 

ODCM 
Revision 22 

GASEOUS EFFLUENT DOSE CONVERSION FACTORS 

7.73E+OO 4.28E+OO 1.29E+OO 3.33E+OO 2.07E+OO l.37E+OO 
7.49E+OO 1.15E+Ol 3.43E+OO l.29E+OO 4.44E+OO 2.42E+OO l.34E+OO 

l.07E+Ol 2.24E+OO 1.29E+OO 3.72E+OO 2.28E+OO l.31E+OO 

7.40E-06 

l.39E-05 l.02E-05 l.06E-05 6.79E-06 9.63E-06 

l.13E-05 1.34E-05 l.llE-05 5.96E-06 1.0lE-05 6.66E-06 l.26E-05 

l.02E-05 1.26E-05 9.49E-06 5.96E-06 8.66E-06 6.60E-06 9.64E-06 

lr&l~tiii?:' 
8.92E-02 2.82E-02 7.54E-02 3.47E-02 3.77E-02 

5.85E-02 l.OSE-01 2.82E-02 9.31E-02 3.85E-02 3.77E-02 

9.21E-02 2.04E-01 l.42E-01 2.82E-02 1.22E-01 4.22E-02 3.44E-02 

1.20E-01 2.97E-01 l.29E-01 2.82E-02 l.36E-01 5.02E-02 3.23E-02 

•Gt:tllf;. 
2.00E+OO 

7.40E+OO 3.84E+OO l.93E+OO 3.79E+OO 2.65E+OO 2.0lE+OO 

l.13E+Ol 3.31E+OO l.93E+OO 4.97E+OO 3.02E+OO l.99E+OO 

l.lOE+Ol 2.57E+OO l.93E+OO 4.36E+OO 2.92E+OO l.96E+OO 

l:~imnt: 
8.12E-05 7.45E-05 6.72E-05 7.81E-05 6.83E-05 6.72E-05 

8.66E-05 7.73E-05 6.72E-05 8.22E-05 6.90E-05 6.72E-05 

8.15E-05 8.62E-05 7.98E-05 6.72E-05 8.13E-05 6.87E-05 7.33E-05 

7.86E-05 8.49E-05 7.62E-05 6.72E-05 7.65E-05 6.87E-05 8.70E-05 

2.00E-05 2.00E-05 2.00E-05 2.00E-05 l.05E-04 4.03E-05 

2.00E-05 2.00E-05 2.00E-05 2.00E-05 l.66E-04 l.66E-04 

2.00E-05 2.00E-05 2.00E-05 2.00E-05 l.51E-04 l.33E-03 

2.00E-05 2.00E-05 2.00E-05 2.00E-05 l.55E-04 l.18E-03 
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POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

APPENDIXL 

ODCM 
Revision 22 

GASEOUS EFFLUENT DOSE CONVERSION FACTORS 

3.87E-03 3.83E-03 3.84E-03 4.99E-02 5.36E-02 
6.42E-02 3.88E-03 7.35E-03 3.83E-03 3.85E-03 4.34E-02 3.59E-02 

l.61E-02 3.84E-03 4.46E-03 3.83E-03 3.83E-03 4.00E-02 7.40E-03 

7.82E-06 7.82E-06 7.82E-06 7.82E-06 8.23E-05 7.82E-06 
7.82E-06 7.82E-06 7.82E-06 7.82E-06 7.82E-06 7.40E-05 l.41E-05 

7.82E-06 7.82E-06 7.82E-06 7.82E-06 7.82E-06 7.51E-05 1.15E-04 

Gaseous release (mrem/Ci released 
,, 

> e~' !! 
8.40E-06 

8.40E-06 8.40E-06 8.40E-06 8.40E-06 8.40E-06 5.17E-05 8.40E-06 
8.40E-06 8.40E-06 8.40E-06 8.40E-06 8.40E-06 4.56E-05 8.46E-06 

8.40E-06 8.40E-06 8.40E-06 8.40E-06 8.40E-06 4.36E-05 2.41E-05 

3.62E-03 3.61E-03 3.60E-03 3.60E-03 3.60E-03 7.74E-03 1.46E-02 
3.61E-03 3.61E-03 3.60E-03 3.60E-03 3.60E-03 7.41E-03 5.53E-03 

l.38E-04 l.38E-04 l.38E-04 3.68E-04 4.lOE-04 
l.38E-04 l.38E-04 l.38E-04 l.38E-04 l.38E-04 3.35E-04 l.86E-03 

l.38E-04 l.38E-04 l.38E-04 l.38E-04 l.38E-04 3.24E-04 1.49E-03 

!Bn1~,:~ 

3.25E-03 3.02E-03 2.61E-03 2.56E-03 2.78E-03 1.65E-02 l.07E-01 
3.57E-03 3.06E-03 2.63E-03 2.56E-03 2.78E-03 1.49E-02 8.07E-02 

3.19E-03 2.94E-03 2.60E-03 2.56E-03 2.68E-03 1.43E-02 3.86E-03 
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POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

ODCM 
Revision 22 

OFFSITE DOSE CALCULATION MANUAL 

APPENDIXL 
GASEOUS EFFLUENT DOSE CONVERSION FACTORS 

4.40E-04 5.67E-04 4.34E-04 4.33E-04 
4.42E-04 6.l 7E-04 4.34E-04 4.33E-04 4.35E-04 3.0SE-03 5.94E-03 

4.40E-04 4.SOE-04 4.34E-04 4.33E-04 4.35E-04 3.07E-03 1.63E-03 

3.16E-01 2.47E+OO 
1.90E-01 6.83E-02 2.25E-02 l.30E-02 4.37E-02 2.84E-01 1.92E+OO 

8.57E-02 4.06E-02 1.70E-02 l.30E-02 2.53E-02 2.36E-01 3.32E-02 

6.00E-02 

1.26E-04 1.57E-05 O.OOE+OO 7.32E-05 1.lOE-02 5.06E-02 
4.47E-04 l.34E-04 2.21E-05 O.OOE+OO 7.27E-05 9.81E-03 3.32E-02 

3.17E-04 1.19E-04 l.58E-05 O.OOE+OO 4.48E-05 9.81E-03 8.SOE-04 

3.44E-07 3.44E-07 3.43E-07 3.44E-07 4.0lE-05 3.43E-07 
3.45E-07 3.44E-07 3.43E-07 3.43E-07 3.44E-07 3.58E-05 4.SOE-06 

3.44E-07 3.44E-07 3.43E-07 3.43E-07 3.44E-07 3.68E-05 9.74E-05 

l.70E-03 1.72E-03 l.58E-03 l.57E-03 1.66E-03 6.58E-03 4.18E-02 

1.76E-03 1.77E-03 l.58E-03 l.57E-03 l.69E-03 l.OOE-02 3.34E-02 
1.83E-03 1.78E-03 1.59E-03 l.57E-03 l.69E-03 9.0lE-03 2.13E-02 

1.75E-03 1.76E-03 l.58E-03 l.57E-03 l.64E-03 8.87E-03 2.30E-03 

1m1~tur:,{;~ 
5.99E+OO 

5.59E+OO 5.59E+OO 5.57E+OO 5.64E+OO 5.67E+OO 5.95E+OO 
5.65E+OO 5.59E+OO 5.59E+OO 5.57E+OO 5.63E+OO 5.65E+OO 5.83E+OO 

5.60E+OO 5.58E+OO 5.58E+OO 5.57E+OO 5.59E+OO 5.62E+OO 5.57E+OO 

Page 276of278 REFERENCE USE 



POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

APPENDIXL 

ODCM 
Revision 22 

GASEOUS EFFLUENT DOSE CONVERSION FACTORS 

4.49E-04 4.48E-04 4.44E-04 4.42E-04 4.42E-04 1.52E-03 6.04E-03 

4.SSE-04 4.SOE-04 4.45E-04 4.42E-04 4.42E-04 1.37E-03 3.62E-03 

4.45E-04 4.44E-04 4.42E-04 4.42E-04 4.42E-04 1.34E-03 1.36E-03 

1.07E+OO 2.44E+OO 1.07E+OO 6.33E+OO 1.64E+Ol 

1.07E+OO 4.20E+OO 1.07E+OO 9.56E+OO 1.47E+Ol 2.21E+OO 

5.48E+OO l.07E+OO 1.40E+OO 1.07E+OO 1.99E+OO 1.lSE+Ol l.12E+OO 

Gaseous release mrem/Ci released 
mi"' 2 an: ,,_ » 

3.99E-03 3.09E+OO 8.54E-01 
3.99E-03 1.28E+OO 3.99E-03 4.93E+OO 1.43E+Ol 1.03E+OO 

3.99E-03 2.94E+OO 3.99E-03 7.93E+OO l.28E+Ol 8.04E-Ol 

3.99E-03 3.09E-Ol 3.99E-03 8.62E-Ol 9.71E+OO 3.95E-02 

3.20E-04 3.20E-04 3.22E-04 1.79E-03 7.24E-03 

3.31E-04 3.21E-04 3.21E-04 3.20E-04 3.22E-04 1.64E-03 4.32E-03 

3.28E-04 3.21E-04 3.20E-04 3.20E-04 3.22E-04 1.67E-03 8.89E-04 

7.93E+Ol l.97E-01 1.04E+02 1.92E+Ol 

l.65E+02 7.44E+Ol l.19E+Ol l.97E-01 7.24E+Ol 1.71E+Ol l.20E+OO 

5.86E+Ol 2.70E+Ol 4.35E+OO 1.97E-01 2.54E+Ol 1.31E+Ol 1.99E-01 
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POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

ODCM 
Revision 22 

ACTIVITY RELEASED TO DOSE CONVERSION FACTORS FOR NOBLE GASES 

Kr-83m l.71E-09 4.81E-07 4.37E-07 6.53E-06 

Kr-85m 2.65E-05 6.37E-05 2.79E-05 4.46E-05 

Kr-85 3.65E-07 3.08E-05 3.90E-07 4.42E-05 

Kr-87 1.34E-04 3.74E-04 1.40E-04 2.33E-04 

Kr-88 3.33E-04 4.33E-04 3.44E-04 6.64E-05 

Kr-89 3.76E-04 6.60E-04 3.92E-04 2.40E-04 

Kr-90 3.53E-04 5.71E-04 3.69E-04 1.77E-04 

Xe-131m 2.07E-06 l.47E-05 3.53E-06 2.51E-05 

Xe-133m 5.69E-06 3.07E-05 7.41E-06 3.35E-05 

Xe-133 6.66E-06 l.57E-05 8.00E-06 2.38E-05 

Xe-135m 7.07E-05 9.98E-05 7.61E-05 1.67E-05 

Xe-135 4.lOE-05 9.00E-05 4.35E-05 5.57E-05 

Xe-137 3.22E-05 3.14E-04 3.42E-05 2.88E-04 

Xe-138 2.00E-04 3.23E-04 2.09E-04 1.08E-04 

Ar-41 2.00E-04 2.93E-04 2.l lE-04 7.43E-05 
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Per TS 5.5.1.C, licensee initiated changes to the Offsite Dose Calculation Manual (ODCM) shall 
be documented and records of reviews performed shall be retained. This documentation shall 
contain sufficient information to support the changes(s) together with the appropriate analyses or 
evaluations justifying the changes(s), and a determination that the change(s) maintain the levels 
of radioactive effluent control required by 10 CFR 20.1302, 40 CFR 190, 10 CFR 50.36a, and 
10 CFR 50, Appendix I, and do not adversely impact the accuracy or reliability of effluent, dose, 
or setpoint calculations. These changes shall become effective after receiving concurrence from 
the Onsite Review Group (ORG)* and approval of the Plant General Manager, and shall be 
submitted to the NRC in the form of a complete, legible copy of the entire ODCM as a part of or 
concurrent with the Annual Monitoring Report for the period of the report in which any change 
in the ODCM was made. Each change shall be identified by markings in the affected pages, 
clearly indicating the area of the page that was changed, and shall indicate the date (i.e. month 
and year) the change was implemented. 

*NOTE: Pursuant to the Procedure, Plan and Program Review Matrix approved by the 
Plant General Manager, changes that have been determined to be editorial do 
not need ORG approval. 
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The PBNP Offsite Dose Calculation Manual contains the current methodology and 
parameters for the calculation of offsite doses due to radioactive gaseous and liquid 
effluents. This manual describes a methodology for demonstrating compliance with 
10 CFR 50, Appendix I dose limits. Compliance with Appendix I is demonstrated by 
periodic calculation of offsite doses based on actual plant releases and comparison to 
Appendix I dose limits. 

The manual also details the methodology for the determination of gaseous and liquid 
effluent monitor alarm setpoints. The PBNP Radiation Monitoring System (RMS) 
effluent monitor alarm setpoints are established to ensure that controlled releases of 
liquid and gaseous radioactive effluents are maintained as low as is reasonably 
achievable. The setpoints also are established to ensure that the dose rate from 
radioactive material released in effluents to the atmosphere do not exceed 500 mrem/yr at 
the site boundary and to ensure that the concentrations of radioactive materials released 
in liquid effluents to the unrestricted area conform to (do not exceed) 10 times the 
concentration values in Table 2, Column 2 of Appendix B to 10 CFR 20 as specified in 
TS 5.5.4.g. 

The manual also details the methodology for evaluating the radiological impact of 
sewage treatment sludge disposal. This methodology addresses the commitments made 
to the United States Nuclear Regulatory Commission in our application dated 
October 8, 1987 (NRC-87-104) and accepted by the USNRC in a letter dated 
January 13, 1988 (NPC-30260). This application was submitted in accordance with the 
provisions of 10 CFR 20.302(a). Dose limits are established in the application to ensure 
the health and safety of the maximally exposed member of the general public and the 
inadvertent intruder. 10 CFR 50, Appendix I dose limits do not apply to sewage 
treatment sludge disposal. 

2.2 Guidance 

The following sources provided guidance for this document: 

U. S. Nuclear Regulatory Commission, Regulatory Guide 1.109, "Calculation of Annual 
Doses to Man from Routine Releases of Reactor Effluents for the Purpose of Evaluating 
Compliance with 10CFR50, Appendix I", Revision 1, October 1977. 

U.S. Nuclear Regulatory Commission, Regulatory Guide 1.113, "Estimating Aquatic 
Dispersion of Effluents from Accidental and Routine Reactor Releases for the Purpose of 
Implementing Appendix I", Revision 1, April 1977. 

U.S. Nuclear Regulatory Commission, Regulatory Guide 1.21, "Measuring, Evaluating, 
and Reporting Radioactive Material in Liquid and Gaseous Effluents and Solid Waste", 
Revision 2, June 2009. 
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U. S. Nuclear Regulatory Commission, NUREG-0133, "Preparation of Radiological 
Effluent Technical Specifications for Nuclear Power Plants", Revision 2, May 1982. 

U.S. Nuclear Regulatory Commission, NUREG-1301, "Offsite Dose Calculation Manual 
Guidance: Standard Radiological Effluent Controls for Pressurized Water Reactors", 
April 1991. 

2.3 General Responsibilities 

The primary responsibility for the implementation of the PBNP off site dose calculation 
program and for any actions required by the program resides with Chemistry. Chemistry 
will provide the technical, regulatory, licensing, and administrative support necessary to 
fulfill the requirements of this manual. The calculation of off site doses and analysis of 
data are Chemistry responsibilities. 

The Plant General Manager, PBNP is responsible for assuring that Radiation Monitoring 
System alarm setpoints are established and maintained in accordance with the 
methodologies outlined in this manual. The Plant General Manager, PBNP is also 
responsible for assuring the performance of periodic release summaries for the purpose of 
demonstrating compliance with PBNP effluent release limits. 

2.4 Audits 

Audits of the activities encompassed by the ODCM, the Radiological Effluent Control 
Program (Section 13.0 of this manual), and the Radiological Environmental Monitoring 
Program (Section 12.0 of this manual) and its implementing procedures shall be 
scheduled, performed, and reported in accordance with the Quality Assurance Topical 
Report. 

2.5 Definitions 

ABNORMAL RELEASE 

An ABNORMAL RELEASE is an unplanned or uncontrolled emission of an effluent 
containing plant related, licensed radioactive material. 

ACTION 

ACTION shall be that part of a specification that prescribes remedial measures required 
under designated conditions. 

BATCH RELEASE 

A BATCH RELEASE is a release of a discrete liquid volume from a tank or any 
isolatable containment containing radionuclide(s) whose inputs to the volume were 
secured prior to sampling for discharge and remains secured until the discharge is 
completed. 
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A CHANNEL CALIBRATION is the adjustment, as necessary, of the channel such that 
it responds within the required range and accuracy to lmown values of input. The 
CHANNEL CALIBRATION SHALL encompass the entire channel including the sensors 
and alarm, interlock and/or trip functions and may be performed by any series of 
sequential, overlapping, or total channel steps such that the entire channel is calibrated. 

CHANNEL CHECK 

CHANNEL CHECK is a qualitative determination of acceptable FUNCTIONALITY 
made by observing channel behavior during operation. This shall include, where 
possible, comparison of the channel with other independent instrumentation channels 
measuring the same parameter. 

CONTINUOUS RELEASE 

A CONTINUOUS RELEASE is a discharge of liquid or gaseous radioactive effluents of 
a non-discrete volume from a source containing radionuclide(s) that usually has make-up 
flow during the release. 

DISCHARGE 

A DISCHARGE is a radioactive effluent that enters an unrestricted area. 

FUNCTIONAL - FUNCTIONALITY 

FUNCTIONALITY is an attribute of an SSC(s) that is not controlled by TSs. An SSC 
not controlled by TSs is FUNCTIONAL or has FUNCTIONALITY when it is capable of 
performing its function(s) as set forth in the CLB. These CLB function(s) may include 
the capability to perform a necessary and related support function for an SSC(s) 
controlled by TSs. 

FUNCTIONAL TEST 

FUNCTIONAL TEST is the injection of a simulated signal into the channel to verify that 
it is FUNCTIONAL, including alarm and/or trip initiating action. This shall include, 
where possible, a comparison of the channel with other independent channels measuring 
the same variable. 
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GASEOUS RADWASTE TREATMENT SYSTEM 

The GASEOUS RADWASTE TREATMENT SYSTEM consists ofthose components or 
devices utilized to reduce radioactive material in effluents released to the atmosphere. 
The system consists of the following: 

• Gas decay tanks, 

• Drumming area ventilation exhaust duct filter assembly (F-26), 

• Unit 1 and 2 containment purge exhaust filter assemblies (1/2 F-1 lA/B), 

• Air ejector decay duct filter assembly (F-30), 

• Auxiliary building ventilation filter assembly (F-25, nominal 11,214 CFM exhaust 
pathway), 

• Chemistry laboratory exhaust duct filter assembly (F-21), 

• Service building ventilation exhaust duct filter assembly (F-20), 

• Auxiliary building ventilation filter assemblies (F-23, F-29, nominal 34,150 CFM 
exhaust pathway). 

LIQUID RADWASTE TREATMENT SYSTEM 

The LIQUID RADWASTE TREATMENT SYSTEM consists of those components or 
devices used to reduce radioactive material in liquid effluent. The system consists of the 
following: 

• Waste evaporator, 

• Polishing demineralizers, 

• Advanced Liquid Processing System (ALPS) 

• Boric acid evaporator feed and condensate demineralizers 

MEMBER OF THE PUBLIC (10 CFR 20) 

MEMBER OF THE PUBLIC as defined by 10 CFR 20. l 003: Means any individual except 
when that individual is receiving an occupational dose. (TRM 4. I) 

MEMBER OF THE PUBLIC (40 CFR 190) 

MEMBER OF THE PUBLIC as defined by 40 CFR 190.02: Means any individual that can 
receive a radiation dose in the general environment, whether he may or may not also be 
exposed to radiation in an occupation associated with a nuclear fuel cycle. However, an 
individual is not considered a member of the public during any period in which the 
individual is engaged in carrying out any operation which is part of the nuclear fuel cycle. 
(TRM4.l) 
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NUCLEAR FUEL CYCLE as defined by 40 CPR 190.02: Means the operations defined to 
be associated with the production of electrical power for public use by any fuel cycle 
through the use of nuclear energy. 

OPERABLE-OPERABILITY 

A system, subsystem, train, component or device shall be OPERABLE or have 
OPERABILITY when it is capable of performing its specified safety functions(s), and 
when all necessary attendant instrumentation, controls, normal or emergency electrical 
power, cooling or seal water, lubrication and other auxiliary equipment that are required 
for the system, subsystem, train, component or device to perform its specified safety 
function(s) are also capable of performing their related support function(s). 

PURGE-PURGING 

PURGE or PURGING is any 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 required to purify the 
confinement. 

RELEASE 

A RELEASE is an effluent from the plant regardless of where the effluent is deposited. 

SITE BOUNDARY 

The SITE BOUNDARY shall be that line beyond which the land is neither owned, nor 
leased, nor otherwise controlled by the licensee. 

SOURCE CHECK 

A SOURCE CHECK shall be the qualitative assessment of channel response when the 
channel sensor is exposed to a source of increased radioactivity. 

SPECIFIED FUNCTION/SPECIFIED SAFETY FUNCTION 

The definition of operability refers to the capability to perform the "specified function" at 
non-improved TSs plants or "specified safety function" at improved TSs plants. The 
specified safety function(s) in the CLB for the facility. 

In addition to providing the specified safety function, an SSC is expected to perform as 
designed, tested and maintained. When system capability is degraded to a point where it 
cannot perform with reasonable expectation or reliability, the SSC should be judged 
inoperable, even if at this instantaneous point in time the SSC(s) could provide the 
specified safety function. 
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An UNRESTRICTED AREA is 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. (TRM 4.1) 

URANIUM FUEL CYCLE 

The URANIUM FUEL CYCLE is defined in 40 CFR Part 190.02(b) as: "The operation 
of milling of uranium ore, chemical conversion of uranium, isotopic enrichment of 
uranium, fabrication of uranium fuel, generation of electricity by a light-water-cooled 
nuclear power plant using uranium fuel, and reprocessing of spent uranium fuel, to the 
extent that these directly support the production of electrical power for public use 
utilizing nuclear energy, but excludes mining operations, operations at wasted disposal 
sites, transportation of any radioactive material in support of these operations, and the use 
of recovered non-uranium special nuclear and by-product materials from the cycle". 

VENTILATION EXHAUST TREATMENT SYSTEM 

A VENTILATION EXHAUST TREATMENT SYSTEM is any system designed and 
installed to reduce gaseous radioiodine or radioactive material in particulate form in 
effluents by passing ventilation or vent exhaust gases through charcoal absorbers and/or 
HEP A filters for the purpose of removing iodines or particulates from the gaseous 
exhaust stream prior to the release to the environment. Such a system is not considered 
to have any effect on noble gas effluents. Engineered Safety Features Atmospheric 
Cleanup Systems are not considered to be VENTILATION EXHAUST TREATMENT 
SYSTEM components. 

VENTING 

VENTING is the controlled process of discharging air or gas form 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 names, does not imply a VENTING process. 
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In accordance with TS 5.6.2, the Annual Monitoring Report covering the operation of the 
units shall be submitted in accordance with 10 CFR 50.36a. The annual monitoring 
report shall be submitted by April 3 0 of each calendar year to the administrator of the 
appropriate Regional NRC office or designee and shall include: 

a. A summary of the quantities of radioactive liquid and gaseous effluents released 
from the plant with data summarized on a semi-annual basis. The material provided 
shall be consistent with the objectives outlined in Sections 6.2, 7.2 and 7.3 of the 
ODCM and in conformance with 10 CFR 50, Appendix I, Section IV.B.1. In the 
event that some results are not available for inclusion with the report, the report shall 
be submitted noting and explaining the reasons for the missing results. The missing 
data shall be submitted as an addendum in the next Annual Monitoring Report. 

b. An assessment of the radiation doses from radioactive effluents released from the 
plant during the previous calendar year. All assumptions used in making these 
assessments (i.e., specific activity, exposure time and location) shall be included in 
the report. 

c. The air doses and the doses to the hypothetical maximum exposed individual 
calculated following the ODCM methodology shall be reported. 

d. The following information for solid waste shipped offsite during the report period: 

• Total amount of solid waste shipped, buried or stored (in cubic feet) 

• Estimated total isotopic content (in curies) determined by scaling factors, 
gamma isotopic and/or other suitable analyses 

• Dates of shipment and burial site, if applicable quantity 

• Type of waste (e.g., spent resin, dry activated waste, evaporator bottoms, filters, 
scrap metal, asbestos, etc.), 

• Type of container (e.g., LSA, Type A, Type B, Large Quantity), and 

• Solidification agent (e.g., cement, urea formaldehyde), if applicable 

e. The following information for liquid releases during the report period. 

• Total radioactivity in curies released and average diluted discharge 
concentrations of the following release categories: gamma isotopic, gross 
alpha, tritium, and strontium (beta emitters other than tritium). 

• Total volume (in gallons) of liquid waste released into circulating water 
discharge. 
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• Total volume (in gallons) of dilution water used. 

• The maximum concentration of tritium and gross gamma radioactivity released 
(averaged over the period of a single release). 

• Estimated monthly total radioactivity in curies of individual radionuclides 
released based on representative isotopic analyses. 

• Semiannual and annual totals of monthly quantities of individual radionuclides, 
as determined by isotopic analyses. 

f. The following information for gaseous releases during the report period. 

• Total gross radioactivity (in Curies), by month, released of: 

o Noble Gases 

o Halogens 

o Particulates, subdivided into beta emitters (strontium, etc.), gross alpha, 
and gamma emitters 

o Tritium 

o Maximum release rate (for any one-hour period). 

• Estimated monthly total radioactivity (in Curies) released, by nuclide, for I-131, 
I-133, H-3, and radioactive particulates with half-lives greater than eight days, 
based on representative analyses performed by beta and by gamma isotopic 
analyses. 

• Semiannual and annual totals of monthly isotopic radionuclide quantities. 

g. Identification of ABNORMAL RELEASES from the site in gaseous and liquid 
effluents in the AMR. 

h. Summaries, interpretations, and analyses of trends of the results of the radiological 
environmental monitoring program for the reporting period. The material provided 
shall be consistent with the objectives outlined in ODCM Section 12.0 and in 
10 CFR 50, Appendix I, Sections IV.B.2, IV.B.3, and IV.C. See Section 12.1.2.a.6 
for REMP specific reporting requirements. 

I. If the calculated dose from the release of radioactive materials in liquid or gaseous 
effluents exceeds twice the limits of 10 CFR 50, Appendix I, the Annual Monitoring 
Report shall also include an assessment of radiation doses to the most likely exposed 
member of the general public from reactor releases and other nearby uranium fuel 
cycle sources (including doses from primary effluent pathways and direct radiation) 
for the previous 12 consecutive months to show compliance with 40 CFR 190, 
Environmental Radiation Protection Standards for Nuclear Power Operation. 
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j. A description (including cause, response and prevention of reoccurrence) of 
occurrences and circumstances when fewer than the sampling frequency, minimum 
analysis frequency, or lower limit of detection requirement specified in Table 6-2 
and Table 7-lare met. 

k. The Annual Monitoring Report shall include a description of all deviations from the 
radiological environmental sample collection and analysis frequency contained in 
Table 12-3. 

1. The Annual Monitoring Report shall include a description of occurrences when 
fewer than the minimum required radioactive liquid and/or gaseous effluent 
monitoring instrumentation channels were FUNCTIONAL OR OPERABLE as 
required in Table 6-2 and Table 7-2. 

m. The quantity of each of the principal radionuclides released to the environment in 
liquid and gaseous effluents during the previous 12 months of operation for the 
ISFSI. Other information required by the Commission to estimate maximum 
potential radiation dose commitment to the public resulting from effluent releases 
should be included in the report. 

n. Licensee initiated changes to the ODCM in the form of a complete legible copy of 
the entire ODCM as a part of or concurrent with the Annual Monitoring Report for 
the period of the report in which the change in the ODCM was made. Each change 
shall be identified by markings in the margin of the affected pages clearly indicating 
the area of the page that was changed. 

3 .2 Record Retention Requirements 

Records of reviews performed for changes made to the ODCM shall be kept for the 
duration of the operating licenses of Units 1 and 2 of the Point Beach Nuclear Plant. 
(TS 5.5.1) 

Meteorological data shall be kept on file, on site for review by the NRC, upon request. 
The data available will include wind speed, wind direction and atmospheric stability. 
The data will be in the form of hour-by-hour averages stored in electronic form for each 
of the parameters. 
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4.0 RADIATION MONITORING SYSTEM AND RELEASE ACCOUNTING 

A computerized Radiation Monitoring System (RMS) is installed at Point Beach Nuclear 
Plant (PBNP). The RMS includes area, process, and effluent monitors. A description of those 
monitors used for liquid and gaseous effluents is presented in Table 4-1 and Table 4-2. The 
liquid and gaseous waste processing flow paths, equipment, and monitoring systems are depicted 
in Figure 4-1 and Figure 4-2. Calibration of the RMS detectors is accomplished in accordance 
with the PBNP instrument and control procedures. The setpoint methodology is described in 
Section 9.1 and Section 10.1 of the ODCM. 

The RMS is designed to detect and measure liquid and gaseous releases from the plant effluent 
pathways. The RMS will initiate isolation and control functions on certain effluent streams 
identified in Table 4-1 and Table 4-2. Complete monitoring and accounting ofnuclides released 
in liquid and gaseous effluents is accomplished with the RMS together with the characterization 
of nuclide distributions by laboratory analysis of grab samples. Sampling frequencies and 
analysis requirements are described for liquids in Table 6-1 and gases in Table 7-1. 

The RMS is not used for normal operational release quantification. Release quantification is 
based on the analysis of actual samples and the known discharge rate. The main liquid releases 
(Ci) occur via batch releases. The continuous releases via SGBD and waste water effluents have 
a greater volume but very little licensed material. The major continuous release points are the 
vents from the Auxiliary Building, the Drumming Area, and the Gas Stripper. The Combined 
Air Ejector is a minor release source in terms of activity and volume during normal operation. 
The batch releases from the gas decay tanks occur through the Aux. Building vent stack. 
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TABLE 4-1 
RADIOACTIVE LIQUID WASTE EFFLUENT MONITORS 

1 (2) RE-216 
Containment Fan Coolers 

None 
Liquid Monitors 

RE-218 
Waste Disposal System Liquid 

Shuts waste liquid overboard 
Monitor 

Shuts steam generator 

1 (2) RE-219 
Steam Generator Blowdown blowdown isolation valves, 
Line Liquid Monitors blowdown tank outlet valves and 

steam generator sample valves 

RE-220 Spent Fuel Pool Liquid Monitor None 

Steam Generator Blowdown 
Shuts steam generator 

1 (2) RE-222 
Tank Outlet Monitor 

blowdown isolation valves and 
blowdown tank outlet valves 

RE-223 
Waste Distillate Overboard Shuts waste distillate overboard 
Liquid Monitor isolation valve 

1 (2) RE-229 
Service Water Discharge 

None 
Monitors 

RE-230 Waste Water Effluent Monitor None 

Scintillation 

Scintillation 

Scintillation 

Scintillation 

GM Tube 

Scintillation 

Scintillation 

Scintillation 
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TABLE4-2 
RADIOACTIVE GASEOUS WASTE EFFLUENT MONITORS 

1 (2) RE-212 
Containment Noble Gas Actuates containment ventilation 
Monitor isolation 

Auxiliary Building Exhaust 
Shuts gas release valve and 

RE-214 
Ventilation Noble Gas Monitor 

shifts auxiliary building exhaust 
through carbon filters 

1 (2) RE-215 
Condenser Air Ejector Noble 

None 
Gas Monitors 

RE-221 
Drumming Area Vent Noble 

None 
Gas Monitor 

RE-224 
Gas Stripper Building Exhaust 

None 
Noble Gas Monitor 

RE-225 
Combined Air Ejector 

None 
Low-Range Noble Gas Monitor 

Unit 1 and 2 Purge Exhaust 

1 (2) RE-305 
Noble Gas Monitors (Channel 5 Containment ventilation 
on SPINO Units No. 21 and isolation 
No. 22) 

Auxiliary Building Exhaust 

RE-315 
Ventilation Noble Gas Monitor 

None 
(Channel 5 on SPINO Unit No. 
23) 

Drumming Area Ventilation 
RE-325 Noble Gas Monitor (Channel 5 None 

on SPINO Unit No. 24) 

Scintillation 

Scintillation 

Scintillation 

Scintillation 

Scintillation 

Scintillation 

Scintillation 

Scintillation 

Scintillation 
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FIGURE 4-1 
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RADIOACTIVE GASEOUS WASTE EFFLUENT MONITORS 
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5.0 SPECIFICATIONS AND SURVEILLANCE REQUIREMENTS 

5.1 Specifications 

Compliance with the specifications contained in the succeeding text is required during the 
conditions specified therein. Upon failure to meet the specification, either during the 
performance of the surveillance, or between performances, the associated ACTION 
requirement shall be met. 

Noncompliance with a specification shall exist when its requirements and associated 
ACTION requirements are not met within the specified time period. If the specification 
is restored prior to expiration of the specified time intervals, completion of the ACTION 
requirements is not required. 

5 .2 Surveillance Requirements 

Surveillance Requirements shall be met during the conditions specified for individual 
specifications unless otherwise stated in an individual surveillance requirement. The 
provisions of SR 3.0.2 and 3.0.3 are applicable to the surveillance frequency of the 
Radioactive Effluent Controls Program in accordance with TS 5.5.4. 
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6.0 LIQUID EFFLUENT SPECIFICATIONS AND SURVEILLANCE REQUIREMENTS 

6.1 Concentration 

6.1.1 Specifications 

In accordance with PBNP TS 5.5.4.b, the concentration of radioactive 
materials in liquid effluents to the unrestricted area is limited to ten times the 
concentration value in Appendix B, Table 2, Column 2 to 10 CPR 20. For 
dissolved and entrained noble gases, the concentration shall be limited to 2.0 
E-04 µCi/mL total activity. 

6.1.2 Applicability 

At all times 

6.1.3 Action 

a. During release of radioactive liquid effluents, at least one condenser 
circulating water pump shall be in operation and the service water return 
header shall be lined up only to the unit whose circulating water pump is 
operating. 

b. When the concentration of radioactive material released in liquid effluents 
to UNRESTRICTED AREAS exceeds the limits identified in 
Section 6.1.1, immediately restore the concentration to within the above 
limits. 

c. Report all deviations in the Annual Monitoring Report 

6.1.4 Surveillance Requirement 

a. The concentration of radioactivity in liquid waste shall be determined by 
sampling and analysis in accordance with Table 6-1. 

b. The results ofradioactive analysis shall be used in accordance with the 
methodology of Section 9 .1 to assure that the concentrations at the point 
of release are maintained within the limits of Section 6.1.1. 
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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 less than I OX the concentration levels specified in 10 CFR 
Part 20, Appendix B, Table 2, Column 2. This limitation provides additional 
assurance that the levels of radioactive materials in bodies of water outside the 
site will not result in exposures exceeding (1) the Section II.A design 
objectives of Appendix I, 10 CFR Part 50, to a MEMBER OF THE PUBLIC 
and (2) the limits of 10 CFR Part 20.1301(a)(l) to the population. The 
concentration limit for dissolved or entrained noble gases is based upon the 
NRC's evaluation and assumption that Xe-135 is the controlling radioisotope 
and its limit in air (submersion) has been converted to an equivalent 
concentration in water using the methods described in International 
Commission on Radiological Protection (ICRP) Publication 2. 
The required detection capabilities for radioactive materials in liquid waste 
samples are tabulated in terms of the lower limits of detection (LLDs). 
Detailed discussion of the LLD, and other detection limits can be found in 
Currie, L.A., "Lower Limit of Detection: Definition and Elaboration of a 
Proposed Position for Radiological Effluent and Environmental 
Measurements," NUREG/CR-4007 (September 1984). 

Note: Hard-to-detect (HTD) radionuclides are radionuclides, such as alpha 
emitters and pure beta emitters which can be detected only by chemical 
extraction followed by alpha or beta counting, and therefore cannot be 
detected before a release using gamma spectroscopy. Analyses for HTDs are 
accomplished by obtaining aliquots of sample streams and sending the 
samples to a contracted laboratory for analyses. Their release quantities and 
doses are assessed after analytical results are obtained and then included in the 
monthly effluent quantification. The HTDs specifically identified by the 
Point Beach RETS were Sr-89/90 and alpha emitters. Fe-55 identified in 
NUREG-0472 was not included in the Point Beach RETS. Pursuant to 
regulatory guidance, reviews of the Part 61 analyses have been unde1taken 
and, as a good practice, the following HTDs (other than the ones specifically 
required) have been added to the analytical list: C-14, Fe-55, Ni-63, and 
Tc-99. NRC guidance (Reg Guide 1.21, Rev 2, June 2009) does not require 
analysis for C-14 in liquids because the airborne C-14 far outweighs the 
amount discharged in liquids. Therefore, C-14 analyses may be discontinued 
in the future based on the results from the Part 61 analyses. The list of 
required radionuclides and the additional HTDs are listed in Table 6-1. 
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RADIOACTIVE LIQUID WASTE SAMPLING AND ANALYSIS PROGRAM 

Gamma emitters 5 E-07 

1. Batch Releases2 
Prior to release I-131 1 E-06 

Tritium 1 E-05 
a. Waste Condensate 

Tank 
b. Waste Distillate 

Tank Prior to release 
c. Monitor Tanks 
d. Other tanks 

containing 
radioactivity to be 
discharged 

Monthly on composites 
obtained from batches 
released during the 
current month 

Quarterly on 
composites obtained 
from batches released 
during the current 
quarter 

Twice weekly 

Gross alpha 

Fe-55, Ni-63, 
Tc-99, C-14 

Sr-89/90 

Gamma emitters 

I-131 

1 E-07 

lE-06 
lE-06 

5 E-08 

5E-07 

lE-06 

2. Continuous Releases3
• 

5 Tritium lE-05 
a. Steam Generator 

Blow down 
Grab samples 
twice weekly Monthly on grab 

composites 

Gross alpha lE-07 
Fe-55, Ni-63, Tc-99, lE-06 

b. Service Water C-14 lE-06 

Quarterly on grab 
composites 

Weekly 

Sr-89/90 

Gamma emitters 

I-131 

Tritium 

5E-08 

5E-07 

lE-06 

lE-05 

3. Waste Water Effluent5 Continuous 
Composite4 Monthly on weekly 

composite 

Gross alpha 
lE-07 

Fe-55, Ni-63, Tc-99, 

NOTE 1: 

NOTE2: 

NOTE3: 

NOTE4: 

NOTES: 

Quarterly on monthly 
composite 

C-14 

Sr-89/90 

lE-06 
lE-06 

5E-08 

The principal gamma emitter for which the gamma isotopic LLD applies is Cs-137. Because gamma isotopic analyses are 
performed, the LLDs for all other gamma emitters are inherently determined by the operating characteristics of the counting 
system. All positively identified gamma emitters will be reported in the Annual Monitoring Report 

A BATCH RELEASE is defined in Section 2.5. Prior to sampling for analysis, each batch shall be isolated and mixed to assure 
representative sampling. 

A CONTINUOUS RELEASE is defined in Section 2.5. 

A continuous composite is one in which the method of sampling employed results in a specimen that is representative of the liquids 
released. 

For compensatory analyses required by Table 6-2 only the analyses performed by the out-of-service monitor need to be performed. 
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6.2 Dose 

6.2. I Specifications 

In accordance with PBNP TS 5.5.4.d, the dose or dose commitment to a 
MEMBER OF THE PUBLIC from radioactive materials in liquid effluents 
released to UNRESTRICTED AREAS shall not exceed: 

a. 3 mrem to the total body or I 0 mrem to any organ, total from both units, 
during any calendar quarter, and 

b. 6 mrem to the total body or 20 mrem to any organ, total from both units, 
during any calendar year. 

6.2.2 Applicability 

At all times 

6.2.3 Action 

If the calculated dose from radioactive material actually released in liquid 
effluents exceeds any of the above limits, a special report shall be prepared 
and submitted to the Commission within 30 days of determination of the 
release quantity. The report shall include, as appropriate: 

• The cause(s) for exceeding the limits, 

• The corrective action(s) taken to reduce the release, and 

• The proposed corrective action(s) to be taken to assure that subsequent 
releases will be in compliance with the above limits. 

If the dose to any MEMBER OF THE PUBLIC exceeds 75 mrem to the 
thyroid or 25 mrem to the whole body or an organ other than the thyroid, 
pursuant to 40 CFR I90, the report shall also contain a request for a variance 
from this standard pursuant to 40 CFR I 90. I I . 

6.2.4 Surveillance Requirement 

Cumulative dose contributions from radioactive effluents shall be determined 
for the current calendar quarter and current calendar year in accordance with 
the methodology described in Section 9 .2 at least once every 3 I days. 
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This specification is provided to implement the requirements of Sections II.A, 
III.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 operating flexibility and at the same time 
implement the guides set forth in Section IV.A of Appendix I to assure that 
the releases of radioactive material in liquid effluents to UNRESTRICTED 
AREAS will be kept "as low as is reasonably achievable". Also, for fresh 
water sites with drinking water supplies that can be potentially affected by 
plant 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 in Section 9.2 implements the requirements of 
Section III.A of Appendix I that conformance with the guides of Appendix I 
be shown by calculational procedures based on models and data such that the 
actual exposure of a MEMBER OF THE PUBLIC through appropriate 
pathways is unlikely to be substantially underestimated. The equations 
specified in Section 9 .2 for calculating the doses due to the actual release rates 
of radioactive materials in liquid effluents are consistent with the 
methodology provided in Regulatory Guide 1.109 and Regulatory 
Guide 1.113. 

6.3 Liquid Radwaste Treatment System 

6.3.1 Specifications 

In accordance with PBNP TS 5.5.4.f, the LIQUID RADWASTE 
TREATMENT SYSTEM shall be used to reduce the radioactive materials in 
liquid wastes prior to discharge when the projected doses, due to the liquid 
effluent, to UNRESTRICTED AREAS would exceed 0.12 mrem to the total 
body or 0.4 mrem to any organ (2% of the annual Appendix I dose objective) 
in a 31 day period. 

6.3.2 Applicability 

At all times 
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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 
Commission within 30 days a special report that includes the following 
information: 

• Identification of the non-functional equipment or subsystem and the 
reason for non-functionality. 

• Actions taken to restore the non-functional equipment to FUNCTIONAL 
status. 

• Summary description of actions taken to prevent a recurrence. 

6.3 .4 Surveillance Requirement 

Doses due to liquid releases shall be projected at least once per 31 days in 
accordance with the methodology and parameters in Section 9.3. 

6.3.5 Basis 

The requirement that the 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 .3 6a, General 
Design Criterion 60 of Appendix A to 10 CFR Part 50 and the design 
objective given in Section II.D of Appendix I to lo CFR Part 50. The 
specified limits governing the use of appropriate portions of the LIQUID 
RADW ASTE TREATMENT SYSTEM were specified as a suitable fraction 
of the dose design objectives set forth in Section II.A of Appendix I, 
10 CFR Part 50, for liquid effluents. 

6.4 Liquid Effluent Monitoring Instrumentation 

6.4.1 Specifications 

a. In accordance with PBNP TS 5 .5 .4, the radioactive liquid monitoring 
instrumentation channels listed in Table 6-2 shall be FUNCTIONAL and 
alarm or trip setpoints established such that effluent releases do not exceed 
the values described in Section 6.1.1. 

b. The alarm or trip setpoints of the monitoring instrumentation channels 
shall be determined in accordance with the methodology in Section 9 .1. 
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During releases using the monitored pathway 

6.4.3 Action 

a. If a radioactive effluent monitoring instrumentation channel alarm or trip 
setpoint is found less conservative than required by Section 6.4.1, 
immediately suspend the release of radioactive liquid effluents monitored 
by the affected channel, or declare the channel non-functional, or change 
the setpoint so it is acceptably conservative. 

b. If fewer than the minimum number of radioactive effluent monitoring 
channels is FUNCTIONAL, the appropriate ACTION should be taken for 
the instrument as listed in Table 6-2. Best effort shall be made to return 
the non-functional channel to a FUNCTIONAL status within 30 days. If 
this cannot be accomplished, the circumstances of the instrument failure 
and schedule for repair shall be reported in the Annual Monitoring Report. 

c. Report all deviations in the Annual Monitoring Report. 

6.4.4 Surveillance Requirement 

Each radioactive effluent monitoring instrumentation channel shall be 
demonstrated FUNCTIONAL by performance of the CHANNEL CHECK, 
calibration, FUNCTIONAL TEST, and SOURCE CHECK at the frequencies 
described in Table 6-3. 

6.4.5 Basis 

The radioactive liquid effluent monitoring instrumentation is provided to 
monitor and control, as applicable, the releases of radioactive materials in 
liquid effluents during actual or potential releases of liquid effluents. The 
Alarm/Trip Setpoint for these instruments SHALL be calculated and adjusted 
in accordance with the methodologies and parameters in Section 9.1 of the 
ODCM to ensure that the alarm/trip will occur prior to exceeding the limits of 
TS 5.5.4.6. The FUNCTIONALITY and use of the instrumentation is 
consistent with the requirements of General Design Criteria 60, 63, and 64 of 
Appendix A to 10 CPR Part 50 and Point Beach General Design Criteria 17 
and 70. 
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RADIOACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION 

~i~~,~7-· ~. ~~. · :-, · -~.~-- --~-:----~~_~-,~:---;· --~~m~111~lumr~1~~-JI 

~---· ~-'~- ·< ~r;~rn11001v~~ru' __ -~> ~- :.:· ~~--J~~~~~iJv.:~1 ___ ~~ 
1. Liquid Radwaste System 

a. RE-223, Waste Distillate Tank Discharge 1 Note 1 

b. RE-218, Waste Condensate Tank Discharge 1 Note 1 
c. Waste Condensate Tank Discharge Flow Meter 1 Note 2 

d. Waste Distillate Tank Flow Rate Recorder 1 Note 2 

2. Steam Generator Blowdown System 
a. For each unit: RE-219, Steam Generator Blowdown Liquid 1 Note 3 

Discharge, or RE-222, Blowdown Tank Monitor, or RE-229, 
Service Water Discharge 

b. Steam Generator Blowdown Flow Indicating Transmitters 1 Note4 
(1 per steam generator) 

3. Service Water System 
a. RE-229, Service Water Discharge (for applicable unit) 1 Note 5 
b. For each unit: RE-216, Containment Cooling Fan Service 1 Note 5 

Water Return, or RE-229, Service Water Discharge 
c. RE-220, Spent Fuel Pool Heat Exchanger Service Water Outlet 1 Note 5 

or RE-229, Service Water Discharge (for applicable unit) 

4. Waste Water Effluent 
a. RE-230, Waste Water Effluent 1 Note 5 

b. Waste Water Effluent Composite Sampler 1 Note 6 
c. Waste Water Effluent Flow Determination NIA Note 7 

NOTE 1: If the number of channels FUNCTIONAL is fewer than the minimum required, effluent releases via this 
pathway shall be discontinued immediately (reference TRM 3.3.1). 

NOTE 2: If the number of channels FUNCTIONAL is fewer than the minimum required, effluent releases via this 
pathway may continue provided the flow rate is estimated at least once every four hours during actual 
liquid batch releases. 

NOTE 3: If the number of channels FUNCTIONAL is fewer than the minimum required, effluent releases via this 
pathway may continue provided grab samples are analyzed for gamma radioactivity in accordance with 
Table 6-1 at least once every 24 hours when the secondary coolant specific activity is less than 0.01 µCi/cc 
dose equivalent I-131 or once every 12 hours when the activity is greater than 0.01 µCi/cc dose equivalent 
I-131. 

NOTE 4: If the number of channels FUNCTIONAL is fewer than the minimum required, effluent releases via this 
pathway may continue provided the flow is estimated or determined with auxiliary indication at least 
once every 24 hours. 

NOTE 5: If the number of channels FUNCTIONAL is fewer than the minimum required, effluent releases via this 
pathway may continue provided that at least once every 12 hours grab samples are collected and 
analyzed in accordance with Table 6-1. 

NOTE 6: If the number of channels FUNCTIONAL is fewer than the minimum required, effluent releases via this 
pathway may continue provided grab samples are collected twice per week and analyzed in accordance 
with Table 6-1. 

NOTE 7: Waste water effluent flow may be determined from the waste water effluent flow meter 
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RADIOACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION SURVEILLANCE 
REQUIREMENTS 

Liquid Radwaste System 

a. RE-223, Waste Distillate Tank D R Q p 

b. RE-218, Waste Condensate Tank Discharge D R Q p 

c. Waste Condensate Tank Discharge Flow PID R NIA NIA 
Meter 

d. Waste Distillate Tank Flow Rate Recorder PID R NIA NIA 
Steam Generator Blowdown System 

a. RE-219, Steam Generator Blowdown Liquid 
D R Q M 

Discharge (1 per unit) 

b. RE-222, Blowdown Tank Monitor (1 per unit) D R Q M 

c. Steam Generator Blowdown Flow Indicating 
D R NIA NIA 

Transmitters (1 per steam generator) 

Service Water System 

a. RE-229, Service Water Discharge (1 per unit) D R Q M 

b. RE-216, Containment Cooling Fan Service 
D R Q M 

Water Return 

c. RE-220, Spent Fuel Pool Heat Exchanger 
D R Q M 

Service Water Outlet 

Waste Water Effluent 

a. RE-230, Waste Water Effluent D R Q M 

b. Waste Water Effluent Composite Sampler w NIA NIA NIA 
c. Waste Water Effluent Flow Meter w R NIA NIA 

Legend: D Daily 

Weekly 

Monthly 

Quarterly 

w 
M 

Q 

R 

PID 

NIA 

Once per 18 months, typically during refueling 

Prior to or immediately upon initiation of a release or daily if a release continues for more than one 
day 

Not applicable 
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7.0 GASEOUS EFFLUENT SPECIFICATIONS AND SURVEILLANCE REQUIREMENTS 

7 .1 Dose Rate 

7 .1.1 Specifications 

In accordance with PBNP TS 5.5.4.g, the dose rate resulting from radioactive 
material released in gaseous effluents from the site areas at or beyond the 
SITE BOUNDARY shall be limited to the following: 

a. For noble gases: a dose rate:::; 500 mrem/yr to the whole body and a dose 
rate_:::: 3000 mrem/yr to the skin, and 

b. For iodine-131, iodine-133, tritium, and all radionuclides in particulate 
form with half-lives greater than eight days:· a dose rate :::; 15 00 mrem/yr to 
any organ. 

7.1.2 Applicability 

At all times. 

7 .1.3 Action 

With the dose rate(s) exceeding the above limits, immediately restore the 
release rate within the above limit(s). 

7 .1.4 Surveillance Requirement 

a. The dose rate due to noble gases in gaseous effluents shall be determined 
to be within the above limits in accordance with the methodology and 
parameters in Section 10.3 of this manual. 

b. The dose rate due to iodine-131, iodine-133, tritium, and all radionuclides 
in particulate form with half-lives greater than 8 days in gaseous effluents 
shall be determined to be within the above limits in accordance with the 
methodology and parameters in Section 10.4 of this manual by obtaining 
representative samples and performing analyses in accordance with the 
sampling and analysis program specified in Table 7-1. 
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This specification is provided to ensure that the dose rate at the SITE 
BOUNDARY averaged over a time period of no greater than one hour due to 
gaseous effluents from all units on the site will be within the annual dose 
limits of 10 CFR Part 20 for UNRESTRICTED AREAS. These limits 
provide reasonable assurance that radioactive material discharged in gaseous 
effluents will not result in the exposure of a MEMBER OF THE PUBLIC in 
an UNRESTRICTED AREA, either within or outside the SITE BOUNDARY, 
to annual average concentrations exceeding the limits specified in 
Appendix B, Table 2 of 10 CFR Part 20. For MEMBERS OF THE PUBLIC 
who may at times be within the SITE BOUNDARY, the occupancy of the 
MEMBER OF THE PUBLIC will usually be sufficiently low to compensate 
for any increase in the atmospheric diffusion factor above that for the SITE 
BOUNDARY. The specified release rate limits restrict, at all times, the 
corresponding gamma and beta dose rates above background to a MEMBER 
OF THE PUBLIC at or beyond the SITE BOUNDARY to less than or equal 
to 500 mrem/yr to the total body or to less than or equal to 3000 mrem/year to 
the skin. These release rate limits also restrict, at all times, the corresponding 
thyroid dose rate above background to less than or equal to 1500 mrem/year. 
The required detection capabilities for radioactive material in gaseous waste 
samples are tabulated in terms of the lower limits of detection (LLDs). 
Detailed discussion of the LLD, and other detection limits can be found in 
Currie, L. A., "Lower Limit of Detection: Definition and Elaboration of a 
Proposed Position for Radiological Effluent and Environmental 
Measurements," NUREG/CR-4007 (September 1984). 

Hard-to-detect (HTD) radionuclides are radionuclides, such as alpha emitters 
and pure beta emitters which can be detected only by chemical extraction 
followed by alpha or beta counting. HTD analyses are accomplished by a 
contracted laboratory on representative waste stream samples. Their release 
quantities and doses are assessed after analytical results are obtained and then 
included in the monthly effluent quantification. The HTDs specifically 
identified by the Point Beach RETS were Sr-89/90 and alpha emitters. Fe-55 
identified in NUREG-0472 was not included in the Point Beach RETS. 
Pursuant to regulatory guidance, reviews of the Part 61 analyses have been 
undertaken, and, as a good practice, the following HTDs (other than the ones 
specifically required) have been added to the analytical list: Fe-55, Ni-63, and 
Tc-99. Airborne C-14 is calculated. The list of required radionuclides and the 
additional HTDs are listed in Table 7-1. 
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RADIOACTIVE GASEOUS WASTE SAMPLING AND ANALYSIS PROGRAM 

-~.,. ~-~- ~=~~C';- -~~-·- --~~~--
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1. 

2. 

3. 
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Gas Decay Tank Prior to release Prior to release Gamma emitters lE-04 

Containment Purge or Prior to Purge2 Prior to purge or Gamma emitters lE-04 
Continuous Vent or vent vent Tritium lE-06 

Continuous Releases Continuous3 Weekly analysis of Gamma emitters lE-11 

a. Unit 1 Containment charcoal and I-131 lE-12 
Purge and Vent particulate samples 

b. Unit 2 Containment Monthly Gross alpha lE-11 
Purge and Vent composite of 

c. Drumming Area vent particulate sample 

d. Gas Stripper Building Quarterly Sr-89/90 lE-11 

Vent composite of Fe-55, Ni-63, Per industry 
e. Auxiliary Building particulate sample Tc-99 standards5 

Vent 
Noble gas monitor Noble gases - lE-06 

gross beta or 
gamma 

Monthly4 (grab) Monthly Gamma emitters lE-04 

Tritium lE-06 

NOTE 1: The principal gamma emitters for which LLD specification applies are Cs-137 in particulates and Xe-133 
in gases. Because gamma isotopic analyses are performed, the LLDs for all other gamma emitters are 
inherently determined by the operating characteristics of the counting system. All identifiable gamma 
emitters will be reported in the Annual Monitoring Report. 

NOTE 2: Tritium grab samples will be taken every 24 hours when the refueling cavity is flooded. 

NOTE 3: The ratio of the sample flow rate to the release flow rate shall be known or estimated for the time period 
covered by each sampling interval. (Reference RAM 5.2) 

NOTE 4: Tritium grab samples will be taken every seven days from the drumming area ventilation exhaust/spent 
fuel pool area whenever there is spent fuel in the spent fuel pool. 

NOTE 5: LLDs for Fe-55, Ni-63 and Tc-99 are not prescribed in NUREG 1301. LLDs should be consistent with 
laboratory capabilities and industry standards for nuclide detection. 
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In accordance with PBNP TS 5.5.4.e & 5.5.4.h, the air dose from noble gases 
released in gaseous effluents to areas beyond the SITE BOUNDARY shall not 
exceed: 

a. 10 mrad for gamma radiation or 20 mrad for beta radiation, per calendar 
quarter, and 

b. 20 mrad for gamma radiation or 40 mrad for beta radiation, per calendar 
year. 

7 .2.2 Applicability 

At all times. 

7.2.3 Action 

If the calculated air dose from radioactive noble gases actually released in 
gaseous effluents exceeds any of the above limits, a special report shall be 
prepared and submitted to the Commission within 30 days of determination of 
the release quantity. The report shall include, as appropriate: 

• The cause(s) for exceeding the limits, 

• The corrective action(s) taken to reduce the release, and 

• The proposed corrective action(s) to be taken to assure that subsequent 
releases will be in compliance with the above limits. 

If the dose to any MEMBER OF THE PUBLIC exceeds 75 mrem to the 
thyroid or 25 mrem to the whole body or an organ other than the thyroid, 
pursuant to 40 CFR 190, the report shall also contain a request for a variance 
from this standard pursuant to 40 CFR 190.11. 

7.2.4 Surveillance Requirement 

Cumulative dose contributions from noble gases in radioactive effluents shall 
be determined for the current calendar quarter and current calendar year in 
accordance with the methodology described in Section 10.5, at least every 31 
days. 
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This specification is provided to implement the requirements of Section II.B, 
III.A and IV.A of Appendix I, IO CPR Part 50. The Limiting Conditions for 
Operation implement the guides set forth in Section II.B of Appendix I. The 
ACTION statement provides the required operating flexibility and at the same 
time implements the guides set fmih in Section IV.A of Appendix I to assure 
that the release of radioactive material in gaseous effluents will be kept "as 
low as reasonably achievable". The Surveillance Requirements implement the 
requirements of Section III.A of Appendix I that conformance with the guides 
of Appendix I be shown by calculational procedures based on models and data 
such that the actual exposure of a MEMBER OF THE PUBLIC through 
appropriate pathways is unlikely to be substantially underestimated. The dose 
calculation methodology of Section I 0 .3 for calculating the doses due to the 
actual release rate of radioactive noble gases in gaseous effluents are 
consistent with the methodology provided in Regulatory Guide I. I 09 and 
Regulatory Guide l. I 11. The equations of Section IO .5 provided for 
determining the air doses at and beyond the SITE BOUNDARY are based 
upon the historical average atmospheric conditions. 

Consistent with the approach for limiting gaseous effluents in I OCFR50 
App. I, meeting the air dose limits for gamma and beta radiation under most 
all site conditions provides a de facto compliance with the total body (5 mrem 
per unit) and skin (15 mrem per unit) dose limits. For PBNP, the air dose 
limits are met at the site boundary at the location with the highest xJQ, which 
is a very conservative assessment when compared to the location of any real 
person. Furthermore, PBNP TS section 5.5.4.h. requires compliance with 
only the air dose limits. Therefore, compliance with the gamma and beta air 
dose limits provides for compliance with the total body and skin dose limits. 

7.3 Dose- I-131, I-I33, H-3 and Radionuclides in Particulate Form 

7 .3. I Specifications 

In accordance with PBNP TS 5.5.4.i, the annual or quarterly dose to a 
MEMBER OF THE PUBLIC from iodine-I3I, iodine-I33, tritium, and all 
radionuclides in particulate form with half-lives greater than eight days in 
gaseous effluents release to areas beyond the SITE BOUNDARY shall be 
limited to: 

a. :::; I 5 mrem to any organ per calendar quarter, and 

b. :::; 30 mrem to any organ per calendar year. 

7 .3 .2 Applicability 

At all times. 
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7.3.3 Action 
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If the calculated dose from the release of iodine-131, iodine-133, tritium, and 
radionuclides in particulate form with half-lives greater than eight days, in 
gaseous effluents exceeds any of the above limits, a special report shall be 
prepared and submitted to the Commission within 30 days of determination of 
the release quantity. The report shall include, as appropriate: 

• The cause(s) for exceeding the limits, 

• The corrective action(s) taken to reduce the release, and 

• The proposed corrective action(s) to be taken to assure that subsequent 
releases will be in compliance with the above limits. 

If the dose to any MEMBER OF THE PUBLIC exceeds 75 mrem to the 
thyroid or 25 mrem to the whole body or an organ other than the thyroid, 
pursuant to 40 CFR 190, the report shall also contain a request for a variance 
from this standard pursuant to 40 CFR 190.11. 

7.3.4 Surveillance Requirement 

Cumulative dose contributions from iodine-131, iodine-133, tritium, and 
particulates with half-lives greater than eight days in radioactive effluents 
shall be determined for the current calendar quarter and current calendar year 
in accordance with the methodology described in Section 10.6, at least every 
31 days. 

Page 37of278 REFERENCE USE 



POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

7.3.5 Basis 

ODCM 
Revision 23 

This specification is provided to implement the requirements of Section II.C, 
III.A and IV.A of Appendix I, 10 CPR Part 50. The Limiting Conditions for 
Operation are the guides set forth in Section II.C 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 I to assure 
that the release of radioactive materials in gaseous effluents to 
UNRESTRICTED AREAS will be kept "as low as is reasonably achievable". 
The Surveillance Requirements implement the requirements of Section III.A 
of Appendix I that conformance with the guides of Appendix I be shown by 
calculational procedures based on models and data such that the actual 
exposure of a MEMBER OF THE PUBLIC through appropriate pathways is 
unlikely to be substantially underestimated. The dose calculation 
methodology of Section 10.4 for calculating the doses due to the actual release 
rates of the subject materials are consistent with the methodology provided in 
Regulatory Guide 1.109 and Regulatory Guide 1.111. These equations also 
provide for determining the actual doses based upon the historical average 
atmospheric conditions. The release rate controls for iodine-131, iodine-133, 
tritium, and radionuclides in particulate form with half-lives greater than eight 
days are dependent upon the existing radionuclide pathways to man at and 
beyond the SITE BOUNDARY. The pathways that were examined in the 
development of the calculations were: (1) individual inhalation of airborne 
radionuclides, (2) deposition of radionuclides onto green leafy vegetation with 
subsequent consumption by man, (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. 

7.4 Gaseous Radwaste Treatment System 

7.4.l Specifications 

In accordance with PBNP TS 5.5.4.f, the GASEOUS RADWASTE 
TREATMENT SYSTEM shall be used to reduce radioactive materials in 
gaseous waste prior to discharge when the 31-day projected gaseous effluent 
air doses due to the gaseous effluents to UNRESTRICTED AREAS would 
exceed 0.4 mrad from noble gas gamma radiation, 0.8 mrad from noble gas 
beta radiation, and 0.6 mrem to any organ from I-131, I-133, H-3 and 
radioactive material in particulate form whose half-life is > 8 days, from both 
units (2% of the Appendix I annual dose objectives). 

7.4.2 Applicability 

At all times. 
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7.4.3 Action 
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If radioactive gases are being discharged for a period of 31 consecutive days 
without use of the effluent treatment system to meet the release limits 
specified above, a special report shall be prepared and submitted to the 
Commission within thirty days which includes the following information: 

• Identification of the non-functional equipment or subsystem and the 
reason for non-functionality. 

• Actions taken to restore the non-functional equipment to FUNCTIONAL 
status. 

• Summary description of actions taken to prevent a recurrence. 

The following portions of the gaseous radioactive effluent treatment system 
shall be used to reduce the release of radioactivity: 

• For noble gases, a gas decay tank(s) (GDTs) shall be operated when 
required to maintain gaseous releases within the specified limits, described 
above. 

• During a GDT discharge through the Auxiliary Building vent, at least one 
exhaust fan shall be in operation (FSAR 11.2.3). 

• For iodine-131, iodine-133, tritium, and particulates with half-lives greater 
than eight days, the auxiliary building ventilation exhaust charcoal filter 
and/or air ejector charcoal filter shall be operated when required to 
maintain gaseous releases within the specified limits, described above. 

7.4.4 Surveillance Requirement 

Projected dose contributions from radioactive effluents shall be determined 
for the current calendar quarter and current calendar year in accordance with 
the methodology described Sections 9.3 and 10.7 at least every 31 days. 

7.4.5 Basis 

The requirement that the appropriate portions of these systems be used, when 
specified, provides reasonable assurance that the release of radioactive 
materials in gaseous effluents will be kept "as low as is reasonably 
achievable". This specification implements the requirements of PBNP GDC 
70, 10 CFR Part 50.36a, General Design Criterion 60 of Appendix A to 10 
CFR Part 50 and the design objective given in Section II.D of Appendix I to 
lo CFR Part 50. The specified limits governing the use of appropriate 
portions of the GASEOUS RADWASTE TREATMENT SYSTEM were 
specified as a suitable fraction (2%) of the annual dose design objectives set 
forth in Sections II.B and II.C of Appendix I, 10 CFR Part 50, for gaseous 
effluents. 
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7 .5 Gaseous Effluent Monitoring Instrumentation 

7.5.1 Specification 
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a. In accordance with PBNP TS 5.5.4.a, the radioactive gaseous monitoring 
instrumentation channels listed in Table 7-2 shall be FUNCTIONAL and 
alarm or trip setpoints established such that effluent releases do not exceed 
the values described in Section 7 .1.1. 

1. All monitors are defined by the term FUNCTIONAL -
FUNCTIONALITY, EXCEPT 1 (2) RE-212 Containment Noble 
Gas Monitor which is defined by the term OPERABLE -
OPERABILITY. 

2. IF the ability of 1(2) RE-212, Containment Noble Gas Monitor, to 
perform its function is questioned, 
THEN the Operability Determination process is applicable. 
(LCO 3.4.15, RCS Leakage Detection Instrumentation) 

b. The alarm or trip setpoints of the monitoring instrumentation channels 
shall be determined in accordance with the methodology in Section 10.1 of 
the ODCM. 

7 .5 .2 Applicability 

During releases via the monitored pathway. 

7.5.3 Action 

a. If a radioactive effluent monitoring instrumentation channel alarm or trip 
setpoint is found less conservative than required by Section 7.5.1, 
immediately suspend the release of radioactive gaseous effluents 
monitored by the affected channel, or declare the channel non-functional, 
or change the setpoint so it is acceptably conservative. 

b. If fewer than the minimum number ofradioactive effluent monitoring 
channels is FUNCTIONAL, the appropriate ACTION should be taken for 
the instrument as listed in. Best effort shall be made to return the 
non-functional channel to a FUNCTIONAL status within 30 days. If the 
number of channels FUNCTIONAL is not restored to the minimum 
required for any release pathway within 30 days, the circumstances of the 
instrument failures and schedule for repair shall be reported in the Annual 
Monitoring Report. 

c. Report all deviations in the Annual Monitoring Report 
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Each radioactive effluent monitoring instrumentation channel shall be 
demonstrated FUNCTIONAL by performance of the CHANNEL CHECK, 
calibration, FUNCTIONAL TEST, and SOURCE CHECK at the frequencies 
described in Table 7-3. 

7.5.5 Basis 

The radioactive gaseous effluent monitoring instrumentation is provided to 
monitor and control, as applicable, the releases of radioactive materials in 
gaseous effluents during actual or potential releases of gaseous effluents. The 
Alarm/Trip Setpoint for these instruments SHALL be calculated and adjusted 
in accordance with the methodologies and parameters in the ODCM to ensure 
that the alarm/trip will occur prior to exceeding the limits of 10 CFR Part 20. 
The FUNCTIONALITY and use of the instrumentation is consistent with the 
requirements of Point Beach General Design Criteria 17 and 70 and General 
Design Criteria 60, 63, and 64 of Appendix A to 10 CFR Part 50. 
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GASEOUS EFFLUENT MONITORING INSTRUMENTATION 
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1. Gas Decay Tank System 

a. RE-214, Noble Gas (Auxiliary Building Vent Stack), or RE-315, Noble Gas 1 Note 1 
(Auxiliary Building Vent SPING) 

b. Gas Decay Tank Flow Measuring Meter 1 Note2 
2. Auxiliary Building Ventilation 

a. RE-214, Noble Gas (Auxiliary Building Vent Stack), or RE-315, Noble Gas 1 Note3 
(Auxiliary Building Vent SPING) 

b. Isokinetic Iodine and Particulate Continuous Air Sampling System or SPING 23 1 Note4 
3. Condenser Air Ejector System 

a. RE-225, Noble Gas (Combined Air Ejector Discharge Monitor), or RE-215, 1 Note3 
Noble Gas (Air Ejector Monitors - 1 per unit), or RE-214, Noble Gas (Auxiliary 
Building Vent Stack); or RE-315, Noble Gas (Auxiliary Building Vent SPING) 

b. Flow Rate Monitor - Air Ejectors 1 Notes 
4. Containment Purge and Vent System 

a. RE-212, Noble Gas Monitors (1 per unit); or RE-305, Noble Gas (Purge Exhaust 1 Note 3 
SPING - 1 per unit) 

b. 30 cfm Forced Vent Path Flow Indicators 1 Note S 
c. Iodine and Particulate - Continuous Air Samplers 1 Note4 
d. Sampler Flow Rate Measuring Device 1 Notes 

5. Fuel Storage and Drumming Area Ventilation 
a. RE-221, Noble Gas (Drumming Area Stack), or RE-325, Noble Gas (Drumming 1 Note 3 

Area SPING) 
b. Isokinetic Iodine and Particulate Continuous Air Sampling System or SPING 24 1 Note4 

6. Gas Stripper Building Ventilations 
a. RE-224, Noble Gas (Gas Stripper Building), or RE-305, Unit 2 Purge Exhaust 1 Note3 

SPING 
b. Iodine and Particulate - Continuous Air Sampler or SPING 22 1 Note4 
c. Sampler Flow Rate Measuring Device 1 Note S 

NOTE 1: If the number of channels FUNCTIONAL is fewer than the minimum required, effluent releases via this 
pathway may continue provided that prior to initiating a release, two separate samples are analyzed by 
two technically qualified people in accordance with the applicable part of Table 7-1 and the release rate is 
reviewed by two technically qualified people. 

NOTE 2: If the number of channels FUNCTIONAL is fewer than the minimum required, effluent releases via this 
pathway may continue provided the flow rate is estimated at least once every four hours during actual 
gaseous releases. 

NOTE 3: If the number of channels FUNCTIONAL is fewer than the minimum required, effluent releases via this 
pathway may continue provided grab samples are collected at least once per 12 hours and are analyzed in 
accordance with Table 7-1. (Reference Step 7.S.1 for additional information regarding RE-212) 

NOTE 4: If the number of channels FUNCTIONAL is fewer than the minimum required, effluent releases via the 
affected pathway may continue provided samples are continuously collected with auxiliary sampling 
equipment, (e.g., any low volume sampler which meets the requirements of Table 7-1). 

NOTES: If the number of channels FUNCTIONAL is fewer than the minimum required, effluent releases via this 
pathway may continue provided the flow is estimated or determined with auxiliary indication at least 
once every 24 hours. 
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RADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION SURVEILLANCE 
REQUIREMENTS 
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1. Gas Decay Tank System 

a. RE-214, Noble Gas (Auxiliary Building Vent D R Q M 
Stack) 

b. Gas Decay Tank Flow Measuring Device p R NIA NIA 

2. Auxiliary Building Ventilation System 

a. RE-214, Noble Gas (Auxiliary Building Vent Stack D R Q M 

b. RE-315, Noble Gas (Auxiliary Building SPING) D R Q M 

c. Isokinetic Iodine and Particulate Continuous Air w R NIA NIA 
Sampling System 

3. Condenser Air Ejector System 

a. RE-225, Noble Gas (Combined Air Ejector D R Q M 
Discharge) 

b. RE-215, Noble Gas (Air Ejectors - 1 per unit) D R Q M 

c. Flow Rate Monitor - Air Ejectors (1 per unit) D R NIA NIA 

4. Containment Purge and Vent System 

a. RE-212, Noble Gas (1 per unit) D R Q Ml 

b. 30 cfm Vent Path Flow Indication PID R NIA NIA 

c. RE-305, Noble Gas (Purge Exhaust SPING - 1 per D R Q Ml 

unit) 

d. Iodine and Particulate Continuous Air Sampler PIW NIA NIA NIA 

e. Sampler Flow Rate Measuring Device PID R NIA NIA 

5. Fuel Storage and Drumming Area Ventilation Stack 

a. RE-221, Noble Gas (Drumming Area Vent Stack) D R Q M 

b. RE-325, Noble Gas (Drumming Area SPING) D R Q M 

c. Isokinetic Iodine and Particulate Continuous Air w R NIA NIA 
Sampling System 

6. Gas Stripper Building Ventilation System 

a. RE-224, Noble Gas D R Q M 

b. Iodine and Particulate Continuous Air Sampler w NIA NIA NIA 

c. Sampler Flow Rate Measuring Device w R NIA NIA 

Legend: D =Daily 

W=Weekly 

R = Once per 18 months, typically during refueling 

NOTE 1: 

M=Monthly 

PID(W) =Prior to or immediately upon initiation ofa release or daily (weekly) ifa release 
continues for more than one day (week) 

Q = Quarterly NIA= Not applicable 

SOURCE CHECK required prior to containment purge 
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8.0 TOTAL DOSE 

8.1 Specification 

ODCM 
Revision 23 

The annual (calendar year) dose or dose commitment to any MEMBER OF THE 
PUBLIC due to releases of radioactivity and to radiation from URANIUM FUEL 
SOURCES shall be limited to less than or equal to 25 mrem to the total body or any 
organ, except the thyroid, which shall be limited to less than or equal to 75 mrem. 

8 .2 Applicability 

At all times. 

8.3 Action 

a. With the calculated doses from the release or radioactive materials in liquid or 
gaseous effluents exceeding twice the limits of Sections 6.2.1, 7 .2.1, or 7 .3 .1, 
calculations should be made including direct radiation contributions from the site to 
determine whether the above limits have been exceeded. If the limits are exceeded, a 
special report shall be prepared and submitted to the Commission within 30 days in 
lieu of a License Event Report, that includes the following: 

• the corrective action(s) taken to reduce subsequent releases to prevent recurrence 
of exceeding the above limits and includes the schedule for achieving 
conformance with the above limits. 

• An analysis that estimates the radiation exposure (dose) to a MEMBER OF THE 
PUBLIC from URANIUM FUEL CYCLE sources, including all effluent 
pathways and direct radiation, for the calendar year that includes the release(s) 
covered by this report, as defined in 10 CFR 20.2203. 

• A description of the levels of radiation and concentrations of radioactive material 
involved, and the cause of the exposure levels or concentrations. 

b. If the estimated dose(s) exceeds the above limits, and if the release condition resulting 
in violation of 40 CFR Part 190 has not already been corrected, a request for a 
variance in accordance with the provisions of 40 CFR Part 190 shall be made. 
Submittal of the report is considered a timely request, and a variance is granted until 
staff action on the request is complete. 

8.4 Surveillance Requirements 

8.4.1 Cumulative dose contributions from liquid and gaseous effluents shall be 
determined in accordance with Surveillance Requirements 6.2.4, 7.2.4, and 
7.3.4 and in accordance with the methodology of Sections 9.2, 10.5, and 10.6, 
respectively. 
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8.4.2 Cumulative dose contributions from direct radiation from the reactor units 
shall be determined using the procedure outlined in Section 11.0. This 
application is applicable only under the conditions set forth in ACTION 7 .1.3. 

8.5 Basis 

This specification is provided to meet the dose limitations of 40 CFR Part 190 that have 
been incorporated into 10 CFR Part 20 by 46 FR 18525. The specification requires the 
preparation and submittal of a special report whenever the calculated doses due to 
releases of radioactivity and to radiation from the URANIUM FUEL CYCLE sources 
exceed 25 mrem to the whole body or any organ, except the thyroid, which shall be 
limited to less than or equal to 75 mrem. For sites containing up to four reactors, it is 
highly unlikely that the resultant dose to a MEMBER OF THE PUBLIC will exceed the 
dose limits of 40 CFR 190 ifthe individual reactors remain within twice the dose design 
objectives of Appendix I and if direct radiation doses from the units (including outside 
storage tanks, the ISFSI, etc.) are kept small. The special report will describe a course of 
action that should result in the limitation of the annual dose to a MEMBER OF THE 
PUBLIC to within 40 CFR 190 limits. For the purposes of the special report, it may be 
assumed that the dose commitment to a 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. 

The Kewaunee Nuclear Power Plant (KNPP) is within a radius of 8 Km of Point Beach. 
KNPP is now shut down. However, should there be any stored licensed material on that 
site which is released to the environment; the dose contribution from that release would 
have to be considered when evaluating Point Beach compliance with 40 CFR 190 limits. 

If the dose to any MEMBER OF THE PUBLIC is estimated to exceed the requirements 
of 40CFR190, the special report with a request for a variance (provided the release 
conditions resulting in violation of 40CFR190 have not already been corrected), in 
accordance with the provisions of 40CFR190.l 1 and 10CFR20.2203(a)(4), is considered 
to be a timely request and fulfills the requirements of 40CFR190 until NRC staff action is 
completed. The variance only relates to the limits of 40CFR190, and does not apply in 
any way to the other requirements for dose limitation of 1 OCFR20, as addressed in 
Sections 6.2, 7.2 and 7.3. 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. 
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9.0 LIQUID EFFLUENT CALCULATIONS 

9.1 Monitor Alarm Setpoint Determination 

ODCM 
Revision 23 

The effluent monitor setpoints are established to ensure that controlled releases of liquid 
radioactive effluents are maintained as low as is reasonably achievable, to ensure releases 
result in concentrations to unrestricted areas within the limits specified in Section 6.1 and 
to ensure that the dose limits of 10 CFR 50, Appendix I are not exceeded. 

The computerized PBNP Radiation Monitoring System (RMS) permits each effluent 
radiation monitor to be programmed to alarm at two distinct setpoints. The alert setpoint, 
typically twice the steady-state reading, is intended to delineate a changing plant 
condition, and is established for evaluation purposes only. The high alarm or trip setpoint 
either will actuate a control function as applicable or will require corrective action to be 
initiated. 

Alert Setpoint Guidelines 
The alert setpoint of each effluent monitor normally will be set to alarm at two times the 
established steady-state reading. The alert setpoint is normally set at concentrations well 
below the alarm setpoint value and is never to be set in excess of the alarm setpoint. 
Certain situations during the course of plant operations may require a deviation from the 
two times steady-state value. The intent of this setpoint is to warn of changing plant 
conditions, which may warrant an evaluation to determine the cause of the increased 
reading. If the increased level is actually due to an increased radiation inventory within 
the system being monitored, as opposed to an increased background radiation field in the 
vicinity of the detector, an evaluation should be made to determine the impact of the 
release. The alert setpoint may be adjusted with prior approval. Alert setpoint 
adjustments are to be made in accordance with the PBNP RMS Alarm Setpoint and 
Response Book (Ref. OM 4.1.7). 

High Alarm or Trip Setpoint Guidelines 
In accordance with TS 5.5.4 and as stated in Section 6.1, the high alarm or trip setpoint 
for effluent monitors shall be established to annunciate at concentrations that would result 
in an UNRESTRICTED AREA concentration equal to or greater than 1 Ox the applicable 
maximum effluent concentration (MEC) for a single radionuclide. For a mixture of 
radionuclides, the setpoint shall be established so that the sum of fractions (SOF), as 
defined in Appendix B of 10 CFR 20, is less than or equal to one. If the setpoints listed 
in Table 9-1 exceed the monitor's saturation or fail high level, the setpoint may be set at a 
value :S70% of the fail high level (MSSM No. 93-01). These monitors are indicated by 
an asterisk (*) in Table 9-1. The appropriate detailed response to an effluent alarm is 
described in the PBNP RMS Alarm Setpoint and Response Book. 

The effluent monitor setpoints are established to ensure that controlled releases of liquid 
radioactive effluent are maintained as low as is reasonably achievable, to ensure releases 
result in concentrations to UNRESTRICTED AREAS within the specified limits 
described in Section 6.1.1 and to ensure that the dose limits of 10 CFR50, Appendix 1 are 
not exceeded. 
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The following equation must be satisfied to meet the liquid effluent restriction: 

C(F + f) [9-1] 
c:s; f 

Where: c The setpoint of the radioactivity monitor measuring the 
radioactivity concentration in the effluent line prior to 
dilution and subsequent release; the setpoint, which is 
inversely proportional to the volumetric flow of the dilution 
stream plus the effluent stream, represents a value which, if 
exceeded, would result in concentration exceeding the TS 
limits of 1 Ox the 10 CFR 20 values in the UNRESTRICTED 
AREA (µCi/ml) 

C I Ox the effluent concentration limit from 10 CFR 20, 
Appendix B, Table 2 Column 2 (see section 6.1.1) (µCi/mL) 

f the flow rate at the radiation monitor location 
(volume/time) 

F The dilution water flow rate as measured prior to the 
release point (volume/time) 

Note: If no dilution is provided, then c :S C. Also if F is large compared to f, then (F +j) 
-;::::,F 

Where: 

The liquid monitor setpoints are based on 1 Ox the 1 OCFR20, Appendix B, Table 2, 
Column 2 maximum effluent concentration (MEC) values as allowed by the Point Beach 
TS. For a mixture of radionuclides, the setpoint is calculated so that the summation of 
fractions (SOF) will not exceed unity, i.e. 

~ c. 
SOF = L M~C. ::;; 1 

l 

C; = The concentration of radionuclide i in the liquid effluent 
(pCi/mL) 

MEC; = 10 times the Maximum Effluent Concentration value 
corresponding to radionuclide "i "from 10 CFR Part 20, 
Appendix B, Column 2 (pCi/mL), 

[9-2] 

The SOF meeting the :Sl criterion means that the discharge concentration could have 
been higher by a factor of 1/SOF such that the effective maximum effluent concentration 
(EMEC) for the mixture could have been 

"c. EMEC = L.. i c. 
LMEC. 

l 

[9-3] 

The setpoints for liquid effluent monitors are determined by the following equation: 
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Where: SP = 

EMEC x CW 
SP:::; RR {Jc[ 

Setpoint of the radiation monitor (cpm or µCi/ml, depending upon 
the specific monitor), 

[9-4] 

[9-5] 

EMEC = The effective MEC value for the mixture of radionuclides in the 
effluent stream (µCi/ml) 

cw = 

C; = 

RR = 

fJcf = 

the circulating water flow rate (dilution water flow) at the time of 
the release (gpm) 

The concentration of radionuclide i in the liquid effluent (µCi/ml) 

The liquid effluent release rate (gpm) 

Beta correction factor to account for pure beta emitters such as H-3 
which are not detected by the monitors 

Note: The EMEC includes pure beta emitting radionuclides that may are not be detected by the 
monitors (i.e., non-gamma emitters). See Appendix A for a discussion of this factor. 

Where: 

Where: 

If the nuclide specific sensitivity is unavailable, the default sensitivity based upon system 
calibration should be used. The default sensitivity is based upon the monitor response to 
the 2000 - 2010 average liquid isotopic distribution, as presented in Appendix A. 

Monitor 
Response 

I(µCilccJ 

. . . Monitor Response 
Sensitivity = " ( ·; ) 

L.. µCi cci 
= the counts per minute registered by the monitor exposed 

to a calibration source 
= total concentration ofradionuclides in the 2000 - 2010 

average liquid effluent isotopic distribution. 

[9-6] 

In the event that an alarm setpoint, based upon the concentration limits of Section 6 .1.1, 
is exceeded during any release of liquid effluents, an evaluation of compliance with the 
concentration limits may be performed using the following equation: 

L [Mici x ~;] :::; 1 

C; = the concentration of radionuclide "i" in the liquid 
effluent (µCi/ml), 

RR = the liquid effluent release rate (gpm) 
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CW = the circulating water flow rate (dilution water flow) at 
the time of the release (gpm), 

Default Monitor Setpoints 

A default alarm setpoint for each liquid monitor is based upon the 2000 - 2010 average 
radionuclide concentration in the effluent discharged to the UNRESTRICTED AREA. 
The concentration in the release is calculated assuming a minimum circulating water flow 
rate of 243,000 gpm and the physical maximum flow rate of the individual liquid effluent 
waste stream. Maximum waste discharge flow rates, the monitors associated with each 
liquid effluent pathway and the maximum TS default setpoints are listed in Table 9-1. 
The isotopic distribution of the waste system is obtained from the historical PBNP release 
data for the eleven years mentioned above. This information can be found in Appendix 
A. 

As indicated in Table 9-1, several liquid RMS monitors fail high before reaching the TS 
high alarm setpoint. For these monitors, as described above, the::::; 70% of the fail high 
value will be applied to the monitor in lieu of the calculated default setpoint. 

Additionally, RE-230, Waste Water Effluent Monitor, is impacted by a PBNP EP 
requirement for EAL declaration, therefore the application of the :S70% of the fail high 
value is not an acceptable option. To fulfill the EAL requirement, RE-230 must be 
capable of reading 2x the ODCM setpoint on the liquid radiation monitor. As a result, 
the alarm setpoint as described in this section cannot be implemented for RE-230, Waste 
Water Effluent Monitor. 

Therefore, instead of utilizing the TS limit of lOx the 10 CFR 20, Appendix B, Table 2, 
Column 2, concentrations, the ODCM (Revision 18) RE-230 setpoint of 1.03E-03 µCi/cc 
value will be used as the basis for the new setpoint. This setpoint is based on lx the 
current 10 CFR 20, Appendix B, Table 2, Column 2, concentrations AND the old 
circulating water minimum flow rate of 206 Kgal/min. The ODCM (Revision 18) 
setpoint will be modified by the ratio of the current minimum circulating water flow rate 
of 243 Kgal/min to the old minimum circulating water flow rate. The flow augmentation 
factor is l .18E+OO (243/206 = 1. l 8E+OO). The application of this flow factor results in 
an RE-230 setpoint of l .22E-03 µCi/cc. 
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TABLE 9-1 
LIQUID EFFLUENT PATHWAYS 

Recirculation Water None 

Service Water 
Return (normal cool 1(2)RE-229 
down per pump) 

Steam Generator 
1(2)RE-219* 

Blowdown 
& 
1 2 RE-222 

Waste Water 
RE-230 

Effluent2 

Spent Fuel Pool RE-220* 

Waste Distillate & 
RE-218* & 

Condensate Storage 
RE-223* 

Tank Discharge 

Containment Fan 
1 (2)RE-216* 

Cooler Return 

.................... J .. P.1:1.1:1.1.P1 .. ~-~-!h~t.Y.!:1.i.! ................. ~4.?..&Q.9 ...................................... NIA. ...................... . 

................... ~ .. P.~.1:1.1.P~1 .. ~-~.!h~t.Y.!:1.i.! ................. ?..9-4.&Q.9 ...................................... NIA. ...................... . 

....................... J ... PY.1:1.1.P.i. .. ~~-~h .. Y.!:1.i.! .................. 4..?4.&Q.9 ...................................... NIA. ...................... . 
1 pump, one unit~ 619 OOO NIA 

..................... ~ .. P.~.~P.~.? ... <?..!h~E..Y.!:1..~! ... ·························-~·-························ ............................................................ . 
2 um s, each unit 744,000 NIA 

............ ~ .. P.~.~P.~ .. @..?..?..Q.Q __ gp~·-· .............. J .. ?..1.9.9.9 ............................................................................ . 

......... J .. P.~.1:1.1.P~ .. @ .. ~-~.Q.Q __ gp_~---· .............. J .. ??.9..9.9 ............................................................................ . 

.......... A..P.~.1:1.1.P~ .. @ ... ?..1. . .9.9 .. gP~ .................... ~.QA.9.9 ............................................................................ . 

............ ?. .. P.~.1:1.1.P~ .. @ .. 4}.Q.Q __ gp~·-·· ................ ~.L.?...9.9 ............................................................................ . 
6 3700 m 22,200 l.14E-03 

Max Flow Rate 

Max Flow Rate (both 
filter skids running in 

arallel 

Max Flow Rate 

Max Flow Rate 

Max Flow Rate (per 
Containment) 

200 

700 

700 

100 

4000 

l.26E-01 

l.22E-03 

3.61E-02 

2.53E-01 

6.32E-03 

NOTE 1: Setpoints except for RE-230 are based on lOx the MEC values listed in 10CFR20, Appendix B, Table 2, 
Column 2. PBNP TS Section 5.5.4.b allows concentrations of radioactive material released to 
unrestricted areas to be lOx the MEC values. 

NOTE 2: RE-230 setpoint explanation can be found in Section 9.1, Default Monitor Setpoints. 

NOTE 3: Monitors marked with an asterisk(*) have a calculated default alarm setpoint above the monitors fail 
high or saturation level. See Section 9.1, High Alarm or Trip Setpoint Guidelines for further explanation. 
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9 .2 Liquid Dose Calculations 

Where: 

Section 6.2.1 establishes dose or dose commitment limits to members of the public from 
radioactive materials in liquid effluents. 

The following equation may be used to determine the dose or dose commitment to 
members of the public due to these releases: 

1.67E - 02 *Vol 
* Icci * Aio) Do= cw 

Do = dose or dose commitment for the release or release 
period evaluated, to organ "o ", including total body 
(mrem) 

Vol = volume of liquid ejjluent released for the release or 
release period evaluated (gal), 

cw = average circulating water discharge rate during the 
release period (gpm) 

C; = average concentration of radionuclide "i", in undiluted 
liquid ejjluent representative of the waste volume Vol 
(µCi/mL), 

A;a = ingestion dose factor to the total body or any organ "o" 
for radionuclide "i" (mrem/hr per µCi/mL) 

1.67E-02 = Conversion factor (hr/min) 

The default PBNP site-specific liquid dose commitment factors (A;a), presented in 

[9-8] 

Table 9-3, have been derived using guidance from Regulatory Guide 1.109 and 
NUREG-0133. NUREG-0133 states that the maximum exposed individual's cumulative 
dose contribution should consider consumption of fish, invertebrates (not applicable to 
Point Beach) and potable water as appropriate. The NUREG goes on to state that the 
adult is normally the maximum exposed individual. Therefore, the default factors 
contained in Table 9-3 are based on adult dose conversion factors, fish consumption from 
Lake Michigan plus potable water consumption from the Two Rivers facility. The 
derivation of these factors is described in detail in Appendix B. Dose conversion factors 
for other age ranges are provided in Appendix K. A summary of the liquid effluent 
sub-pathways applicable to Point Beach is described below in Table 9-2. 
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TABLE 9-2 
LIQUID EFFLUENT SUB-PATHWAYS 

Yes 
Fish assumed to be caught at 
PBNP dischar e 

No 
No invertebrates are consumed 
from Lake Michi an 
In the area of PBNP, only well 

Irrigated Foods (meat 
No 

water is used to irrigate crops or 
from watered cattle) water animals. Lake Michigan 

water is not used. 
In the area of PBNP, only well 

Irrigated Foods (milk 
No 

water is used to irrigate crops or 
from watered cattle) water animals. Lake Michigan 

water is not used. 
Assumed drinking water obtained 

Potable Water Yes from Two Rivers facility, 11 
miles south of PBNP. 
Although shoreline deposits could 
be considered, NUREG-0133 

Shoreline Deposits No provides guidance that the dose 
consequence of this pathway is 

enerall ne Ii ible. 
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NIA 

NIA 

NIA 

Two Rivers 

NIA 
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PBNP SITE-SPECIFIC LIQUID DOSE COMMITMENT FACTORS, A;o 

H-3 O.OOE+OO 2.06E-01 2.06E-Ol 2.06E-01 2.06E-Ol 2.06E-Ol 2.06E-01 

C-14 3.56E+03 7.13E+02 7.13E+02 7.13E+02 7.13E+02 7.13E+02 7.13E+02 

F-18 l.80E-02 O.OOE+OO 2.00E-03 O.OOE+OO 0.00E+OO O.OOE+OO 5.34E-04 

Na-22 5.29E+02 5.29E+02 5.29E+02 5.29E+02 5.29E+02 5.29E+02 5.29E+02 

Na-24 2.71E+Ol 2.71E+Ol 2.71E+Ol 2.71E+Ol 2.71E+Ol 2.71E+Ol 2.71E+Ol 

P-32 5.13E+06 3.19E+05 1.98E+05 0.00E+OO O.OOE+OO O.OOE+OO 5.76E+05 

Sc-46 2.03E-02 3.95E-02 l.15E-02 0.00E+OO 3.68E-02 O.OOE+OO 1.92E+02 

Cr-51 0.00E+OO 0.00E+OO l.51E-01 9.03E-02 3.33E-02 2.00E-01 3.80E+Ol 

Mn-54 O.OOE+OO 5.11E+02 9.76E+Ol O.OOE+OO l.52E+02 O.OOE+OO 1.57E+03 

Mn-56 O.OOE+OO 4.97E-Ol 8.82E-02 O.OOE+OO 6.31E-01 O.OOE+OO l.59E+Ol 

Fe-55 8.36E+Ol 5.78E+Ol l.35E+Ol O.OOE+OO O.OOE+OO 3.22E+Ol 3.31E+Ol 

Fe-59 l.31E+02 3.07E+02 l.18E+02 0.00E+OO O.OOE+OO 8.58E+Ol 1.02E+03 

Co-57 0.00E+OO 2.93E+OO 4.88E+OO 0.00E+OO O.OOE+OO 0.00E+OO 7.45E+Ol 

Co-58 0.00E+OO 1.24E+Ol 2.78E+Ol O.OOE+OO O.OOE+OO 0.00E+OO 2.52E+02 

Co-60 O.OOE+OO 3.60E+Ol 7.93E+Ol O.OOE+OO O.OOE+OO O.OOE+OO 6.75E+02 

Ni-63 3.95E+03 2.74E+02 l.33E+02 O.OOE+OO 0.00E+OO O.OOE+OO 5.72E+Ol 

Ni-65 5.28E-01 6.85E-02 3.13E-02 O.OOE+OO 0.00E+OO O.OOE+OO 1.74E+OO 

Cu-64 O.OOE+OO 6.08E-01 2.86E-01 O.OOE+OO l.53E+OO O.OOE+OO 5.18E+Ol 

Zn-65 2.65E+03 8.42E+03 3.80E+03 O.OOE+OO 5.63E+03 O.OOE+OO 5.30E+03 

Zn-69m 5.06E+Ol l.21E+02 1.1 lE+Ol 0.00E+OO 7.35E+Ol O.OOE+OO 7.41E+03 

Zn-69 7.56E-04 1.45E-03 1.00E-04 O.OOE+OO 9.39E-04 0.00E+OO 2.17E-04 

As-76 8.45E+OO 2.46E+Ol l.23E+02 7.37E+OO 3.00E+Ol 7.68E+OO 1.08E+03 

Br-82 O.OOE+OO O.OOE+OO 2.07E+02 O.OOE+OO 0.00E+OO O.OOE+OO 2.37E+02 

Br-83 0.00E+OO O.OOE+OO 1.44E-01 O.OOE+OO O.OOE+OO O.OOE+OO 2.07E-Ol 

Br-84 O.OOE+OO O.OOE+OO 9.lOE-07 O.OOE+OO O.OOE+OO O.OOE+OO 7.14E-12 

Br-85 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO 

Rb-86 0.00E+OO l.13E+04 5.28E+03 0.00E+OO O.OOE+OO 0.00E+OO 2.23E+03 

Rb-88 0.00E+OO 1.87E-11 9.93E-12 0.00E+OO O.OOE+OO 0.00E+OO O.OOE+OO 

Rb-89 O.OOE+OO 1.84E-13 1.29E-13 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Sr-89 3.46E+03 O.OOE+OO 9.92E+Ol O.OOE+OO 0.00E+OO O.OOE+OO 5.54E+02 

Sr-90 9.90E+04 O.OOE+OO l.33E+03 0.00E+OO O.OOE+OO 0.00E+OO 2.49E+03 

Sr-91 1.98E+Ol 0.00E+OO 8.0lE-01 O.OOE+OO 0.00E+OO 0.00E+OO 9.44E+Ol 

Sr-92 8.15E-Ol O.OOE+OO 3.53E-02 O.OOE+OO O.OOE+OO O.OOE+OO 1.62E+Ol 

Y-90 7.58E-02 O.OOE+OO 2.03E-03 O.OOE+OO O.OOE+OO O.OOE+OO 8.04E+02 

Y-91m 2.84E-08 0.00E+OO 1. lOE-09 0.00E+OO O.OOE+OO O.OOE+OO 8.36E-08 

Y-91 l.39E+OO 0.00E+OO 3.73E-02 O.OOE+OO 0.00E+OO O.OOE+OO 7.67E+02 

Y-92 5.49E-04 0.00E+OO 1.60E-05 O.OOE+OO 0.00E+OO O.OOE+OO 9.61E+OO 

Y-93 8.40E-03 0.00E+OO 2.32E-04 O.OOE+OO O.OOE+OO O.OOE+OO 2.66E+02 

Zr-95 1.22E-Ol 3.92E-02 2.65E-02 0.00E+OO 6.15E-02 0.00E+OO l.24E+02 

Zr-97 1.66E-03 3.35E-04 l.53E-04 O.OOE+OO 5.06E-04 O.OOE+OO 1.04E+02 
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PBNP SITE-SPECIFIC LIQUID DOSE COMMITMENT FACTORS, A;o 

Nb-95 5.03E+Ol 2.80E+Ol l.50E+Ol O.OOE+OO 2.77E+Ol O.OOE+OO 1.70E+05 

Nb-97 4.93E-04 l.25E-04 4.55E-05 O.OOE+OO l.45E-04 O.OOE+OO 4.60E-01 

Mo-99 0.00E+OO l.87E+Ol 3.55E+OO O.OOE+OO 4.23E+Ol O.OOE+OO 4.33E+Ol 

Tc-99m 2.56E-04 7.23E-04 9.21E-03 O.OOE+OO 1.lOE-02 3.54E-04 4.28E-01 

Tc-99 9.lOE-01 l.35E+OO 3.65E-01 O.OOE+OO l.70E+Ol l.15E-Ol 4.43E+Ol 

Tc-101 5.94E-19 8.56E-19 8.39E-18 O.OOE+OO l.54E-17 4.37E-19 O.OOE+OO 

Ru-103 l.07E+OO O.OOE+OO 4.61E-01 O.OOE+OO 4.08E+OO O.OOE+OO l.25E+02 

Ru-105 6.46E-03 O.OOE+OO 2.55E-03 O.OOE+OO 8.35E-02 O.OOE+OO 3.95E+OO 

Ru-106 l.62E+Ol O.OOE+OO 2.05E+OO O.OOE+OO 3.14E+Ol O.OOE+OO l.05E+03 

Rh-105 4.12E-Ol 3.0lE-01 l.98E-01 O.OOE+OO l.28E+OO O.OOE+OO 4.80E+Ol 

Ag-llOm 6.09E-01 5.63E-01 3.34E-01 O.OOE+OO 1.1 lE+OO O.OOE+OO 2.30E+02 

Sn-113 7.87E+02 l.33E+02 2.21E+03 6.96E+Ol l.82E+02 8.17E+Ol 2.42E+04 

Sn-117m 1.48E+03 5.03E+Ol 2.10E+03 l.OlE+Ol 7.69E+Ol l.60E+Ol 2.37E+04 

Sb-122 l.44E+OO 7.92E-01 l.36E+Ol l.68E-01 5.60E-01 2.16E-Ol l.44E+02 

Sb-124 9.51E+OO l.80E-01 3.77E+OO 2.3 lE-02 O.OOE+OO 7.40E+OO 2.70E+02 

Sb-125 6.20E+OO 6.93E-02 l.48E+OO 6.31E-03 O.OOE+OO 4.78E+OO 6.83E+Ol 

Te-125m 2.98E+02 l.08E+02 4.00E+Ol 8.97E+Ol l.21E+03 O.OOE+OO 1.19E+03 

Te-127m 7.56E+02 2.70E+02 9.21E+Ol l.93E+02 3.07E+03 O.OOE+OO 2.53E+03 
Te-127 4.95E+OO 1.78E+OO l.07E+OO 3.67E+OO 2.02E+Ol O.OOE+OO 3.91E+02 

Te-129m l.27E+03 4.75E+02 2.02E+02 4.38E+02 5.32E+03 O.OOE+OO 6.42E+03 

Te-129 2.63E-03 9.88E-04 6.40E-04 2.02E-03 l.lOE-02 0.00E+OO l.98E-03 

Te-131m l.45E+02 7.07E+Ol 5.89E+Ol l.12E+02 7.16E+02 0.00E+OO 7.02E+03 

Te-131 4.59E-09 1.92E-09 1.45E-09 3.77E-09 2.0lE-08 O.OOE+OO 6.50E-10 
Te-132 2.51E+02 l.63E+02 l.53E+02 l.80E+02 l.57E+03 0.00E+OO 7.69E+03 

1-130 l.74E+OO 5.13E+OO 2.02E+OO 4.35E+02 8.00E+OO O.OOE+OO 4.41E+OO 
1-131 2.75E+Ol 3.93E+Ol 2.25E+Ol l.29E+04 6.73E+Ol O.OOE+OO l.04E+Ol 
1-132 2.16E-02 5.77E-02 2.02E-02 2.02E+OO 9.19E-02 0.00E+OO l.08E-02 

1-133 4.80E+OO 8.35E+OO 2.55E+OO l.23E+03 l.46E+Ol O.OOE+OO 7.51E+OO 

1-134 3.28E-05 8.91E-05 3.19E-05 l.54E-03 l.42E-04 O.OOE+OO 7.76E-08 

1-135 5.19E-01 l.36E+OO 5.0lE-01 8.96E+Ol 2.18E+OO O.OOE+OO l.53E+OO 

Cs-134 3.40E+04 8.10E+04 6.62E+04 O.OOE+OO 2.62E+04 8.70E+03 l.42E+03 

Cs-134m 6.59E-01 l.39E+OO 7.08E-01 O.OOE+OO 7.51E-01 l.18E-Ol 4.88E-01 

Cs-136 3.47E+03 l.37E+04 9.86E+03 O.OOE+OO 7.62E+03 l.04E+03 l.56E+03 

Cs-137 4.36E+04 5.97E+04 3.91E+04 O.OOE+OO 2.03E+04 6.73E+03 l.16E+03 

Cs-138 5.58E-06 l.lOE-05 5.46E-06 O.OOE+OO 8.lOE-06 8.00E-07 4.70E-11 

Ba-139 2.73E-04 1.94E-07 7.99E-06 O.OOE+OO l.82E-07 l.lOE-07 4.84E-04 

Ba-140 7.97E+Ol l.OOE-01 5.22E+OO O.OOE+OO 3.41E-02 5.73E-02 l.64E+02 

Ba-141 7.35E-14 5.55E-17 2.48E-15 0.00E+OO 5.16E-17 3.15E-l 7 O.OOE+OO 

Ba-142 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO 0.00E+OO 

La-140 l.73E-02 8.74E-03 2.31E-03 O.OOE+OO O.OOE+OO 0.00E+OO 6.41E+02 

La-142 3.93E-06 l.79E-06 4.45E-07 O.OOE+OO O.OOE+OO 0.00E+OO l.30E-02 
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Ce-141 

Ce-143 

Ce-144 

Pr-143 

Pr-144 

Nd-147 

Eu-152 

W-187 

U-235 

U-238 

Np-239 

Am-241 

NOTE: 

9.3 

Where: 

TABLE 9-3 
PBNP SITE-SPECIFIC LIQUID DOSE COMMITMENT FACTORS, A;o 

3.12E-02 2. llE-02 2.39E-03 O.OOE+OO 9.80E-03 O.OOE+OO 8.07E+Ol 

2.28E-03 1.68E+OO 1.86E-04 O.OOE+OO 7.41E-04 O.OOE+OO 6.29E+Ol 

1.69E+OO 7.05E-Ol 9.05E-02 O.OOE+OO 4.18E-01 O.OOE+OO 5.70E+02 

8.76E-02 3.51E-02 4.34E-03 0.00E+OO 2.03E-02 O.OOE+OO 3.84E+02 

5.87E-17 2.44E-17 2.98E-18 0.00E+OO l.37E-17 O.OOE+OO O.OOE+OO 

5.92E-02 6.84E-02 4.09E-03 0.00E+OO 4.00E-02 0.00E+OO 3.28E+02 

1.97E+OO 4.44E-01 3.90E-01 O.OOE+OO 2.75E+OO O.OOE+OO 2.56E+02 

2.38E+Ol l.99E+Ol 6.96E+OO O.OOE+OO 0.00E+OO O.OOE+OO 6.52E+03 

2.56E+03 O.OOE+OO l.55E+02 O.OOE+OO 5.98E+02 O.OOE+OO 2.50E+02 
2.45E+03 0.00E+OO 1.45E+02 0.00E+OO 5.60E+02 0.00E+OO 1.76E+02 

4.91E-03 4.83E-04 2.66E-04 O.OOE+OO l.51E-03 O.OOE+OO 9.90E+Ol 

8.19E+03 2.88E+03 5.41E+02 0.00E+OO 4.07E+03 0.00E+OO 7.42E+02 

Aio factors listed above are for the controlling (adult) age group, per NUREG-0133 
guidance. The pathways included are fish and potable water, the only significant, 
applicable pathways present at Point Beach. 

Dose Projections 

As required by TS 5.5.4.e and TS 5.5.4.f dose projections shall be made at least once 
every 31 days. As described in Section 6.3 .1, when the projected doses in a period of 31 
days would exceed 2% of the guidelines for the annual dose or dose commitment, 
appropriate portions of the liquid effluent treatment system should be used to reduce 
releases of radioactivity to within the allowable limits. The following equations should 
be used to perform dose projections: 

Dtbp = Dtb cdl) [9-9] 

Dmaxp = Dmax cdl) [9-1 O] 

D1bp = total body dose projection for the current calendar month 
(mrem) 

D1b = total body dose to date for the current calendar month as 
determined by Equation 9-7 (mrem) 

Dmaxp = maximum organ dose projection for the current calendar 
month (mrem) 

Dmax = maximum organ dose to date for the current calendar 
month as determined by Equation 9-7 (mrem) 

d = number of days to date for the current calendar month 
31 = number of days in projection 
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10.0 GASEOUS EFFLUENT CALCULATIONS 

10.1 Monitor Alarm Setpoint Determination 

ODCM 
Revision 23 

The computerized PBNP radiation monitoring system permits each effluent radiation 
monitor to be programmed to alarm at two distinct setpoints. The alert setpoint, typically 
twice the steady state reading, is intended to delineate a changing plant condition, and is 
established for evaluation purposes only. The high alarm or trip setpoint either will 
actuate a control function as applicable or will require corrective action to be initiated. 

Alert Setpoint Guidelines 

The alert setpoint of each effluent monitor will normally be set to alarm at two times the 
established steady-state reading. The alert setpoint is normally set at concentrations well 
below the alarm setpoint value and is never to be set in excess of the alarm setpoint. 
Certain situations during the course of plant operations may require a deviation from the 
two times steady-state value. The intent of this setpoint is to warn of changing plant 
conditions, which may warrant an evaluation to determine the cause of the increased 
reading. If the increased level is actually due to an increased radiation inventory with the 
system being monitored, as opposed to an increased background radiation field in the 
vicinity of the detector, an evaluation should be made to determine the impact of the 
release. The alert setpoint may be adjusted with prior approval. Alert setpoint 
adjustments are to be made in accordance with the PBNP RMS Alarm Setpoint and 
Response Book (Ref. OM 4.1. 7). The appropriate detailed response to an effluent" alarm 
also is described in the PBNP RMS Alarm Setpoint and Response Book. 

High Alarm or Trip Setpoint Guidelines 

In accordance with PBNP TS 5 .5.4.a, alarm setpoints shall be established for the gaseous 
effluent monitoring instrumentation to ensure that the release rate of noble gases does not 
exceed the instantaneous dose rate limits of Section 7 .1.1. These limits correspond to a 
dose rate at or beyond the SITE BOUNDARY of 500 mrem/yr to the total body or 3000 
mrem/yr to the skin. 

Certain airborne effluent monitors cannot reach the calculated setpoint because they fail 
high at a lower value. These monitors are indicated by an asterisk (*) in Table 10-1. It is 
plant operational practice to set these monitors at:::; 70% of the fail high value 
(MSSM No. 93-01). The following mid-range SPING monitors can read the calculated 
default setpoints: SPING 21, lRE-307; SPING22, 2RE-307; SPING 23, RE-317; and 
SPING 24, RE-327. 
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The radiation monitoring alarm setpoints are established using the following equations: 

L Ci* 500 
S~B< *AF 

- 472 * xlQNG *VF* l:(Ci *Ka 

L Ci* 3000 
[ 10-1] SP < *AF 

s - 472 * x/QNG *VF* l:(Ci *(Li+ 1.1MaJ 

Where: SPTB = monitor setpoint corresponding to the release rate limit for 
the total body dose rate of 500 mremlyr (µCi/cc) 

SPs = monitor setpoint corresponding to the release rate limit for 
the skin dose rate of 3000 mrem/yr (µCi/cc) 

500 = total body dose rate limit (mremlyr) 
3000 = skin dose rate limit (mrem/yr) 

x/QNG = atmospheric dispersion for direct exposure to noble gas at 
or beyond the SITE BOUNDARY (seclm3see Table 10-2) 

VF = ventilation flow rate for the applicable release point and 
monitor (ff /min) 

C; = concentration of noble gas radionuclide "i" as determined 
by radioanalysis of grab sample (µCi/cc) 

K; = total body dose conversion factor for noble gas 
radionuclide "i" (mrem/yr per µCilm 3

, see 
Table 10-3) 

L; = beta skin dose conversion factor for noble gas radionuclide 
"i" (mrem/yr per µCi/m 3

, see 
Table 10-3) 

M; = gamma air dose conversion factor for noble gas 
radionuclide "i" (mradlyr per µCi/m3

, see 
Table 10-3) 

I.I = mrem skin dose per mrad gamma air dose (mrem/mrad), 
472 = 28317 (cc/ff) x 1160 (min/sec) 
AF = additional reduction factor of0.25 applied to the four 

release point monitors(RE-214,-221, -224, and -225) to 
ensure that the maximum allowable SITE BOUNDARY 
dose rates will not be exceeded in the event simultaneous 
release from these points occur 

The lesser value of SPrn and SPs is used to establish the monitor setpoint. 
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Default setpoints are established to eliminate the potential of periodically having to adjust 
the setpoint to reflect slight variations in the radionuclide distribution and variations in 
release flow rates. Using activities obtained from the 2000-2010 average annual 
atmospheric releases (see Appendix C for a detailed discussion), the highest annual x!Q, 
and the maximum ventilation flow rates for each pathway, default setpoints can be 
determined using Equations 10-1 and 10-2. 
Gaseous effluent pathway discharge flow rates, the monitors associated with each 
pathway and default setpoints are listed in Table 10-1. If the default setpoints listed in 
Table 10-1 exceed the monitors' saturation or fail high levels, the MSS has approved 
(MSSM No. 93-01) the use of a setpoint which is set at :'.S 70% of that monitor's fail high 
level. The current alarm levels are recorded in the RMS Alarm Setpoint and Response 
Boolc 

Adjustments may be made to the alarm setpoints for release periods if actual flow rates 
are reduced to less than the maximum values or the actual x/Q values are calculated. 

This is not typical under conditions with elevated levels in containment or the waste gas 
decay tank. Alarm setpoint adjustments which result in values higher than the default 
values are to be made in accordance with the provisions and methodologies of the PBNP 
RMS Alarm Setpoint and Response Book. 

To maintain the inequality of Equations 10-1 and 10-2 during the release, the release rate 
(or release of gaseous effluents) may be adjusted. If at any time the monitor response is 
greater than that anticipated for the gaseous release (i.e., above the alert alarm setpoint), 
the activity should be re-evaluated. This re-evaluation will may include resampling of 
the applicable waste stream. 

With the setpoints being calculated based on TS release limits, some monitors fail high 
below the calculated default alarm setpoint. This value is the TS limit that will be 
reached at the sector of the site boundary with the highest X/Q and D/Q values. For the 
current airborne monitors, one of the associated SPINO monitors has the range required 
to encompass the default alarm setpoint. 
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1. 

2. 

3. 

4. 

5. 

6. 

TABLE 10-1 
GASEOUS EFFLUENT PATHWAYS 

Auxiliary Building Vent RE-214* & SPING 23 
66,400 

6.75E-04 
(15001) 

Combined Air Ejector RE-225* 20 2.24E+OO 

Unit Air Ejector 1(2) RE-215* 10 1.79E+Ol 

Containment Purge/Vent 

Unit 1 lRE-212* & SPING 21 25,0002 7.17E-03 

Unit 2 2RE-212* & SPING 22 38,0003 4.72E-03 

Unit 1(2) 1(2) RE-212* 354 5.12E+OO 

Gas Stripper Building RE-224* 
13,000 

3.45E-03 
(2501) 

Drumming Area Vent RE-221 * & SPING 24 
43,100 

1.04E-03 
(5001) 

NOTE 1: From RAM 5.1, Radioactive Airborne Effluent Releases, Table 2, convective flow with fans off 

NOTE 2: Two fans of 12,500 cfm 

NOTE 3: Two fans+ 13,000 cfm from gas stripper bldg. 

NOTE 4: Forced vent with nominal 35 cfm flow rate 

NOTE 5: Monitors marked with an asterisk (*) have a calculated default alarm setpoint above the monitors 
fail high or saturation level. See Section 10.1, High Alarm or Trip Setpoint Guidelines for further 
explanation and designation of SPING monitors that can be set at the calculated default setpoint. 
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CONTROLLING LOCATIONS, PATHWAYS AND ATMOSPHERIC DISPERSION FOR DOSE 
CALCULATIONS 

7.1.1.a Site boundary 

7.1.1.b Site boundar 

7.2.1 Site boundary 

7.3.l Residence/ dairy 

SSE, 1220 
meters2 

SSE, 1220 meters 

SSE, 1220 meters 

SSW, 1290 
meters3 

Noble gases 
Direct ex osure 
Inhalation 
Gamma-air 
Beta-air 
Inhalation, milk, 
meat, produce, 
leafy vegetables 
and ground 

lane. 

1.09E-06 NIA 

l.09E-06 NIA 

1.09E-06 NIA 

7.15E-07 5.90E-9 

NOTE 1: Atmospheric dispersion and deposition data taken from Point Beach Annual Meteorological and 
Atmospheric Dispersion Report for 2009, Report No. R-2330244-001, December 2010. 

NOTE 2: Location corresponds to site boundary distance and sector with the greatest x/Q and D/Q values. 

NOTE 3: The nearest residence/dairy is in the SSW sector. The distance is conservatively assumed to be at the 
site boundary. 
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10.2 Carbon-14 
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Carbon-14 is a constituent of a nuclear power plants atmospheric effluent that requires 
specific attention and evaluation. 14C is a pure, low-energy beta emitter (0.156 MeV) that 
historically has not been a focus of ODCM and nuclear power plant radiological effluent 
evaluations. The low beta energy means that 14C is not detected by installed effluent 
monitors, and can only be quantified with sensitive, in-laboratory equipment. 
Historically, 14C has not been identified as a significant contributor to the effluent source 
term, on either an activity or dose basis. However, the continued reduction in total 
effluent releases has increased the relative importance of 14C, with respect to both the 
activity released and dos.e consequence. The PBNP methodology for estimating the 
activity of 14C released and the dose consequence of the release is described in the 
sections below. 

10.2.1 Carbon-14 Effluent Activity 

The annual release rate of 14C in gaseous effluents is calculated in accordance 
with the methodology described in EPRI Technical Report 1021106 
"Estimation of Carbon-14 in Nuclear Power Plant Gaseous Effluents" (EPRI, 
2010). 14C is primarily generated in a nuclear power plant by one of 2 
reactions: 

170(n,a)14C or 

14N(n,p )14c 

The 14C production rate is determined by the following equation: 

N x ( O'th x <fJth + O'i+f x <fJi+f) x 1.0E - 24 x A. 
Prod.Rate 

3.7E - 04 
[10-2] 

Where: Prod. = Production rate of C-14 production (µCils-kgfrom 17 0 
Rate and µCi/s-kg-ppm N from 14N) 

N = Atoms 
170 = 1.27E+22atoms 170/kg H20 
14N = 4.284E+ 19 atoms 14N/kg-ppm N 

fYth = "effective" thermal cross-section (b) 
170 = 0.121 
14N = 0.951 (from EPRJ TR-1021106) 

(/Jth = Thermal neutron flux (n/cm2-s) 
=3.55El3 n/cm2-s at BOC (from EPRJ TR-1021106) 

fY;+f = "effective" intermediate +fast cross-section (b) 
170 = 0.0479 
14N = 0.0392 (from EPRJ TR-1021106) 

<p;+f = Intermediate+ fast neutron flux (n/cm2-s) 
=3.51E17 n/cm2-s at BOC (from EPRJ TR-1021106) 

l.OE-24 = (cm2/b) 
A. = 14C decay constant, 3.833E-12 s-1 

3. 7E-04 = d/s-µCi 
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10.2.2 

Where: 

Using the above formula and example PWR data values (for neutron flux, 
water mass in the active core and nitrogen content) from the EPRI report, the 
calculated 14C generation rate is 0.349 µCi/s from the 170 reaction and 
2.96E-3 µCi/s from the 14N reaction. This results in a total 14C production rate 
of 11.1 Ci/year. According to the EPRI report, the atmospheric release rate is 
approximately 90-98% of the production rate. The remainder is effectively 
released via solid waste. For PWRs virtually all of the released C-14 is in the 
non-C02 form, a form which does not contributes to ingestion dose. Based on 
measurements at Ginna (a Westinghouse plant the same vintage as PBNP), 
approximately 10% is release as C02 (Kunz, "Measurement of 14C Production 
and Discharge From the Ginna Nuclear Power Plant, June 1982, p. 20) 

The neutron flux values listed in the formulae above are based on an assumed 
3548 MWth Westinghouse PWR operating continuously at full power. Annual 
14C production and release values can be determined based on actual reactor 
operating performance at PBNP. As needed, the neutron flux data are 
obtained from ENG-Fuel/JB each year to estimate the year's 14C production. 
An evaluation of plant conditions and operating data will be considered to 
determine if adjustments are needed to the assumed production rate of 14C. 

Carbon-14 Vegetation Concentration 

The concentration of 14C incorporated in vegetation from 14CO or 14C02 is 
calculated as described in Regulatory Guide 1.109 (Rev 1) Appendix C, 
equation C-8: 

cg_14(r,e) = 3.17£ + 07 x p x Qc_14 (X/Q] (r,e) 
0

·
11 

0.16 
cv c-14(r, B) = the concentration of carbon-14 in vegetation 

grown at location (r,8) in pCi/kg 
3.17E+07 = conversionfactorequivalentto (JE+l2 

pCi/Ci)(lxl03 g/kg)/(3.15E+07 sec/year) 
p = the fractional equilibrium ratio defined as the total 

annual release time (for 14C atmospheric releases) 
to the total annual release time during which 
photosynthesis occurs (assumed to be 4400 hours) 
with p :S I. 0. 

0.1110.16 = total plant mass as natural carbon (0.11) divided 
the concentration of natural carbon in the 
atmosphere (0.16 g/m3

) 

Qc-14 = the annual release rate of 14C (Ci/year) 
x!Q (r,B) = the annual average atmospheric dispersion factor, 

in sec!m3 for the point of interest defined by (r,8). 

[10-3] 

The concentration calculated above is then used to determine the 
concentration in meat and milk, no different from other radionuclides. The 
resultant dose is calculated in the same fashion as listed in the applicable 
sections below. 
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10.3 Dose Rate Calculations - Noble Gases 

Where: 

PBNP TS 5.5.4.g limits the instantaneous dose rate at the SITE BOUNDARY due to 
noble gas releases to: 

• :'S 500 mrem/yr to the total body 

• :'S 3000 mrem/yr to the skin 

Radiation monitor alarm setpoints are established to ensure that these release limits are 
not exceeded. If the alarm setpoint is exceeded by any gaseous release from the station, 
and evaluation of the SITE BOUNDARY dose rate resulting from the release shall be 
performed using the following equations: 

btb = x/Q * L (Ki* Ch) [10-4] 
i 

bs = x/Q * L[CLi + i.1Ma *Qi] [10-5] 
i 

btb = the total body dose rate (mrem/yr), 

bs = the skin dose rate (mrem/yr), 

x!Q = the atmospheric dispersion to the controlling SITE 
BOUNDARY location (sec!m3

, see Table 10-2) 
Qi = the average release rate of radionuclide "i" over the 

release period under evaluation, not to exceed one hour 
(µCi/sec) 

K; = total body dose conversion factor for noble gas 
radionuclide "i" (mrem/yr per µCi/m 3 see 
Table 10-3) 

L; = beta skin dose conversion factor for noble gas radionuclide 
"i" (mrem/yr per µCi/m 3 see 
Table 10-3) 

M; = gamma air dose conversion factor for noble gas 
radionuclide "i" (mrad/yr per µCi/m 3 see 
Table 10-3) 

1.1 = mrem skin dose per mrad gamma air dose (mrem/mrad) 
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Kr-83m 7.56E-02 1.93 E+Ol 
Kr-85m 1.17 E+03 1.46 E+03 1.23 E+03 
Kr-85 1.61 E+Ol 1.34 E+03 1.72 E+Ol 
Kr-87 5.92 E+03 9.73 E+03 6.17 E+03 
Kr-88 1.47 E+04 2.37 E+03 1.52 E+04 
Kr-89 1.66 E+04 1.01 E+04 1.73 E+04 
Kr-90 1.56 E+04 7.29 E+03 1.63 E+04 

Xe-131m 9.15 E+Ol 4.76 E+02 1.56 E+02 
Xe-133m 2.51 E+02 9.94 E+02 3.27 E+02 
Xe-133 2.94 E+02 3.06 E+02 3.53 E+02 

Xe-135m 3.12 E+03 7.11 E+02 3.36 E+03 
Xe-135 1.81 E+03 1.86 E+03 1.92 E+03 
Xe-137 1.42 E+03 1.22 E+04 1.51 E+03 
Xe-138 8.83 E+03 4.13 E+03 9.21 E+03 
Ar-41 8.84 E+03 2.69 E+03 9.30 E+03 

Source: Reg. Guide 1.109, Table B-1 

10.4 Dose Rate Calculations - Radioiodine, Tritium, Particulates 

2.88 E+02 
1.97 E+03 
1.95 E+03 
1.03 E+04 
2.93 E+03 
1.06 E+04 
7.83 E+03 
1.11 E+03 
1.48 E+03 
1.05 E+03 
7.39 E+02 
2.46 E+03 
1.27 E+04 
4.75 E+03 
3.28 E+03 

PBNP TS 5.5.4.g limits the instantaneous dose rate to 1500 mrem/yr to any organ for 
I-131, I-133, tritium, and particulates with half-lives greater than eight days. To 
demonstrate compliance with this limit, an evaluation may be performed at a frequency 
no greater than that corresponding to the sampling and analysis time period for 
CONTINUOUS RELEASES and for BATCH RELEASES on the time period over which 
any BATCH RELEASE is to occur when conditions depart from bounding conditions of 
the previous year. The following equation shall be used for the dose rate evaluation: 

uThere.· D. yy' 0 

x!Q 

Do= x/Q * L(Rio * oa 
i 

the average organ dose rate over the sampling time period 
(mremlyr) 
the atmospheric dispersion to the controlling SITE 
BOUNDARY location (sec!m3, see Table 10-2) 
the dose parameter for radionuclide "i ",for the child 
inhalation pathway (mrem/yr per µCi/m 3 see Table 10-6) 
the average release rate over the appropriate sampling 
period and analysis frequency for radionuclide "i ", 1-131, 
1-133, tritium, or other radionuclide in particulate form 
with a half-life greater than 8 days (µCi/sec) 

[10-6] 
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10.5 Dose Calculations - Noble Gases 

Where: 

PBNP TS 5.5.4.h requires that dose contributions due to the release of noble gases should 
be determined at least once every 31 days in order to evaluate compliance with the 
quarterly dose limits of< 5 mrad, gamma-air and < 10 mrad, beta-air and annual dose 
limits of< 10 mrad, gamma-air and < 20 mrad, beta-air. The following equations shall 
be used to calculate the gamma-air and beta-air doses: 

Dv 

Dp 

x!Q 

Q; 

M; 

Dy= 3.17£ - 08 * x/Q * LCMi *Qi) 
i 

Dp = 3.17£ - 08 * x/Q * LCNi *Qi) 
i 

air dose due to gamma emissions for noble gas 
radionuclides (mrad), 
air dose due to beta emissions for noble gas 
radionuclides (mrad), 
atmospheric dispersion to the controlling SITE 
BOUNDARY location (sec/m3 , see Table 10-2) 
cumulative release of noble gas radionuclide "i" 
over the period of interest (µCi) 
air dose factor due to gamma emissions form noble 
gas radionuclide "i" (mrad/yr per µCi /m3, see 
Table 10-3) 

N; air dose factor due to beta emissions form noble gas 
radionuclide "i" (mradlyr per µCi /m3

, see 
Table 10-3) 

3.17E-08 yr/sec 

[10-7] 

[10-8] 
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10.6 Dose Calculations-Radioiodine, Tritium, Particulates 

Where: 

PBNP TS 5.5.4.i requires that dose contributions due to the release ofI-131, I-133, 
tritium, and/or particulates with half-lives greater than eight days should be determined at 
least once every 31 days in order to evaluate compliance with the quarterly dose limit of 
< 7.5 mrem and annual dose limit of < 15 mrem to any organ, per unit. For the two unit 
PBNP site, the limit is 15 mrem per quarter and 30 mrem per year. The following 
equation shall be used to evaluate the maximum organ dose: 

Daop = 3.17E - 08 X W X L(Rio *Qi) 

i 
Daop = dose for age group "a" to organ "o '', including the 

total body, via pathway ''p" (mrem), 
W = atmospheric dispersion factor to the controlling 

location(s) as identified in Table 10-2 
= x!Q (sec/m3

) for inhalation pathway and C-14 or 
H-3 in food pathways 
= DIQ (m-2

) for ground plane and food pathways 
(except C-14 and H-3). 

R;o = dose factor for radionuclide "i" to organ "o "for 
each age group "a" and the applicable pathway ''p" 
(mremlyr per µCi /m3 or m2-mremlyr per µCi/sec, 
see Table 10-4 through Table 10-21) 

Q; = cumulative release for radionuclide "i" (µCi), 
3.17E-08 = conversionfactor for yr/sec 

[10-9] 

In general, the infant or child is expected to be the controlling age group for gaseous 
exposures. 
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10.7 Gaseous Dose Projection 

Where: 

As required by TS 5.5.4.e and TS 5.5.4.f dose projections shall be made at least once 
every 31 days. As described in Section 7.4.1, when the projected doses in a period of 31 
days would exceed 2% of the guidelines for the annual dose or dose commitment, 
appropriate portions of the gaseous effluent treatment system should be used to reduce 
releases of radioactivity to within the allowable limits. The following equations should 
be used to perform dose projections: 

Dyp = Dy(31/d) [10-10] 
Dpp = Dp(31/d) [10-11] 

Dmaxp = Dmax(31/d) [10-12] 

Dyp = projected 31-day gamma-air dose (mrad) 
Dy = gamma-air dose for current calendar month (mrad) 

Dpp = projected 31-day beta-air dose (mrad) 
Dp = beta-air dose for current calendar month (mrad) 

Dmaxp = maximum organ dose projection for the current calendar 
month (mrem) 

d = number of days to date for the current month (days) 
31 = number of days in projection (days) 
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H-3 O.OOE+OO 7.18E+02 7.18E+02 7.18E+02 7.18E+02 7.18E+02 7.18E+02 
C-14 l.82E+04 3.41E+03 3.41E+03 3.41E+03 3.41E+03 3.41E+03 3.41E+03 

F-18 3.77E+03 O.OOE+OO 4.15E+02 O.OOE+OO O.OOE+OO O.OOE+OO 7.39E+Ol 

Na-22 l.04E+05 l.04E+05 l.04E+05 l.04E+05 l.04E+05 l.04E+05 l.04E+05 
Na-24 l.02E+04 l.02E+04 l.02E+04 l.02E+04 l.02E+04 l.02E+04 l.02E+04 
Sc-46 4.41E+05 8.56E+05 2.49E+05 O.OOE+OO 7.99E+05 O.OOE+OO 2.15E+05 
P-32 l.32E+06 7.71E+04 5.01E+04 O.OOE+OO O.OOE+OO O.OOE+OO 8.64E+04 
Cr-51 O.OOE+OO O.OOE+OO l.OOE+02 5.95E+Ol 2.28E+Ol l.44E+04 3.32E+03 
Mn-54 O.OOE+OO 3.96E+04 6.30E+03 O.OOE+OO 9.84E+03 l.40E+06 7.74E+04 
Mn-56 O.OOE+OO l.24E+OO l.83E-01 O.OOE+OO l.30E+OO 9.44E+03 2.02E+04 
Fe-55 2.46E+04 l.70E+04 3.94E+03 O.OOE+OO O.OOE+OO 7.21E+04 6.03E+03 

Fe-59 1.18E+04 2.78E+04 l.06E+04 O.OOE+OO O.OOE+OO l.02E+06 l.88E+05 

Co-57 O.OOE+OO 6.92E+02 6.71E+02 O.OOE+OO O.OOE+OO 3.70E+05 3.14E+04 
Co-58 O.OOE+OO l.58E+03 2.07E+03 O.OOE+OO O.OOE+OO 9.28E+05 l.06E+05 
Co-60 O.OOE+OO 1.15E+04 l.48E+04 O.OOE+OO O.OOE+OO 5.97E+06 2.85E+05 

Ni-63 4.32E+05 3.14E+04 1.45E+04 O.OOE+OO O.OOE+OO l.78E+05 l.34E+04 
Ni-65 l.54E+OO 2.26E-01 9.12E-02 O.OOE+OO O.OOE+OO 5.60E+03 l.23E+04 
Cu-64 O.OOE+OO 1.46E+OO 6.15E-01 O.OOE+OO 4.62E+OO 6.78E+03 4.90E+04 
Zn-65 3.24E+04 l.03E+05 4.66E+04 O.OOE+OO 6.90E+04 8.64E+05 5.34E+04 
Zn-69m 8.16E+OO l.96E+Ol l.79E+OO O.OOE+OO 1.18E+Ol l.90E+04 1.37E+05 

Zn-69 3.38E-02 6.51E-02 4.52E-03 O.OOE+OO 4.22E-02 9.20E+02 l.63E+Ol 
As-76 9.78E+02 2.61E+03 2.19E+04 9.48E+02 2.90E+03 l.01E+05 8.59E+04 
Br-82 O.OOE+OO O.OOE+OO l.35E+04 O.OOE+OO O.OOE+OO O.OOE+OO 1.04E+04 
Br-83 O.OOE+OO O.OOE+OO 2.41E+02 O.OOE+OO O.OOE+OO O.OOE+OO 2.32E+02 

Br-84 O.OOE+OO O.OOE+OO 3.13E+02 O.OOE+OO O.OOE+OO O.OOE+OO l.64E-03 

Br-85 O.OOE+OO O.OOE+OO l.28E+Ol O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Rb-86 O.OOE+OO l.35E+05 5.90E+04 O.OOE+OO O.OOE+OO O.OOE+OO l.66E+04 
Rb-88 O.OOE+OO 3.87E+02 l.93E+02 O.OOE+OO O.OOE+OO O.OOE+OO 3.34E-09 

Rb-89 O.OOE+OO 2.56E+02 l.70E+02 O.OOE+OO O.OOE+OO O.OOE+OO 9.28E-12 
Sr-89 3.04E+05 O.OOE+OO 8.72E+03 O.OOE+OO O.OOE+OO l.40E+06 3.50E+05 
Sr-90 2.87E+07 O.OOE+OO 5.77E+05 O.OOE+OO O.OOE+OO 9.60E+06 7.22E+05 

Sr-91 6.19E+Ol O.OOE+OO 2.50E+OO O.OOE+OO O.OOE+OO 3.65E+04 l.91E+05 

Sr-92 6.74E+OO O.OOE+OO 2.91E-01 O.OOE+OO O.OOE+OO l.65E+04 4.30E+04 
Y-90 2.09E+03 O.OOE+OO 5.61E+Ol O.OOE+OO O.OOE+OO l.70E+05 5.06E+05 
Y-91m 2.61E-01 O.OOE+OO l.02E-02 O.OOE+OO O.OOE+OO l.92E+03 l.33E+OO 
Y-91 4.62E+05 O.OOE+OO l.24E+04 O.OOE+OO O.OOE+OO l.70E+06 3.85E+05 
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Y-92 1.03E+Ol O.OOE+OO 3.02E-Ol O.OOE+OO O.OOE+OO 1.57E+04 7.35E+04 

Y-93 9.44E+Ol O.OOE+OO 2.61E+OO O.OOE+OO O.OOE+OO 4.85E+04 4.22E+05 

Zr-95 1.07E+05 3.44E+04 2.33E+04 O.OOE+OO 5.42E+04 1.77E+06 l.50E+05 

Zr-97 9.68E+Ol 1.96E+Ol 9.04E+OO O.OOE+OO 2.97E+Ol 7.87E+04 5.23E+05 

Nb-95 1.41E+04 7.82E+03 4.21E+03 O.OOE+OO 7.74E+03 5.05E+05 1.04E+05 

Nb-97 2.22E-01 5.62E-02 2.05E-02 O.OOE+OO 6.54E-02 2.40E+03 2.42E+02 

Mo-99 O.OOE+OO 1.21E+02 2.30E+Ol O.OOE+OO 2.91E+02 9.12E+04 2.48E+05 

Tc-99m l.03E-03 2.91E-03 3.70E-02 O.OOE+OO 4.42E-02 7.64E+02 4.16E+03 

Tc-99 2.50E+02 3.71E+02 1.00E+02 O.OOE+OO 4.68E+03 8.08E+05 6.03E+04 

Tc-101 4.18E-05 6.02E-05 5.90E-04 O.OOE+OO 1.08E-03 3.99E+02 1.09E-11 

Ru-103 1.53E+03 O.OOE+OO 6.58E+02 O.OOE+OO 5.83E+03 5.05E+05 1.10E+05 

Ru-105 7.90E-Ol O.OOE+OO 3.l lE-01 O.OOE+OO 1.02E+OO l.10E+04 4.82E+04 

Ru-106 6.91E+04 O.OOE+OO 8.72E+03 O.OOE+OO l.34E+05 9.36E+06 9.12E+05 

Rh-105 7.39E+OO 5.38E+OO 3.54E+OO O.OOE+OO 2.29E+Ol l.93E+04 8.72E+04 

Ag-llOm 1.08E+04 1.00E+04 5.94E+03 O.OOE+OO 1.97E+04 4.63E+06 3.02E+05 

Sn-113 2.70E+04 1.01E+04 8.00E+04 5.63E+03 5.33E+03 5.63E+05 6.22E+04 

Sn-117m 2.79E+04 1.48E+03 7.11E+04 7.11E+02 7.11E+02 5.63E+05 5.33E+04 

Sb-122 l.90E+03 1.48E+03 2.96E+04 6.52E+02 7.70E+02 l.63E+05 l.16E+05 

Sb-124 3.12E+04 5.89E+02 1.24E+04 7.55E+Ol O.OOE+OO 2.48E+06 4.06E+05 

Sb-125 5.34E+04 5.95E+02 l.26E+04 5.40E+Ol O.OOE+OO 1.74E+06 1.01E+05 

Te-125m 3.42E+03 1.58E+03 4.67E+02 l.05E+03 1.24E+04 3.14E+05 7.06E+04 

Te-127m 1.26E+04 5.77E+03 1.57E+03 3.29E+03 4.58E+04 9.60E+05 1.50E+05 

Te-127 1.40E+OO 6.42E-01 3.lOE-01 1.06E+OO 5.lOE+OO 6.51E+03 5.74E+04 

Te-129m 9.76E+03 4.67E+03 l.58E+03 3.44E+03 3.66E+04 l.16E+06 3.83E+05 

Te-129 4.98E-02 2.39E-02 1.24E-02 3.90E-02 1.87E-Ol l.94E+03 1.57E+02 

Te-131m 6.99E+Ol 4.36E+Ol 2.90E+Ol 5.50E+Ol 3.09E+02 1.46E+05 5.56E+05 

Te-131 l.1 lE-02 5.95E-03 3.59E-03 9.36E-03 4.37E-02 1.39E+03 1.84E+Ol 

Te-132 2.60E+02 2.15E+02 1.62E+02 1.90E+02 1.46E+03 2.88E+05 5.10E+05 

I-130 4.58E+03 l.34E+04 5.28E+03 l.14E+06 2.09E+04 O.OOE+OO 7.69E+03 

I-131 2.52E+04 3.58E+04 2.05E+04 1.19E+07 6.13E+04 O.OOE+OO 6.28E+03 

I-132 1.16E+03 3.26E+03 1.16E+03 1.14E+05 5.18E+03 O.OOE+OO 4.06E+02 

I-133 8.64E+03 1.48E+04 4.52E+03 2.15E+06 2.58E+04 O.OOE+OO 8.88E+03 

I-134 6.44E+02 1.73E+03 6.15E+02 2.98E+04 2.75E+03 O.OOE+OO 1.0lE+OO 

I-135 2.68E+03 6.98E+03 2.57E+03 4.48E+05 l.11E+04 O.OOE+OO 5.25E+03 

Cs-134 3.73E+05 8.48E+05 7.28E+05 O.OOE+OO 2.87E+05 9.76E+04 1.04E+04 

Cs-134m 1.27E+02 2.56E+02 l.38E+02 O.OOE+OO 1.46E+02 2.34E+Ol 6.34E+Ol 

Cs-136 3.90E+04 1.46E+05 l.10E+05 O.OOE+OO 8.56E+04 l.20E+04 l.17E+04 
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Cs-137 4.78E+05 6.21E+05 4.28E+05 O.OOE+OO 2.22E+05 7.52E+04 8.40E+03 

Cs-138 3.31E+02 6.21E+02 3.24E+02 O.OOE+OO 4.80E+02 4.86E+Ol l.86E-03 

Ba-139 9.36E-Ol 6.66E-04 2.74E-02 O.OOE+OO 6.22E-04 3.76E+03 8.96E+02 

Ba-140 3.90E+04 4.90E+Ol 2.57E+03 O.OOE+OO l.67E+Ol 1.27E+06 2.18E+05 

Ba-141 l.OOE-01 7.53E-05 3.36E-03 O.OOE+OO 7.00E-05 l.94E+03 l.16E-07 

Ba-142 2.63E-02 2.70E-05 l.66E-03 O.OOE+OO 2.29E-05 l.19E+03 l.57E-16 

La-140 3.44E+02 l.74E+02 4.58E+Ol O.OOE+OO O.OOE+OO l.36E+05 4.58E+05 

La-142 6.83E-01 3.lOE-01 7.72E-02 O.OOE+OO O.OOE+OO 6.33E+03 2.11E+03 

Ce-141 l.99E+04 1.35E+04 l.53E+03 O.OOE+OO 6.26E+03 3.62E+05 l.20E+05 

Ce-143 1.86E+02 l.38E+02 l.53E+Ol O.OOE+OO 6.08E+Ol 7.98E+04 2.26E+05 

Ce-144 3.43E+06 1.43E+06 l.84E+05 O.OOE+OO 8.48E+05 7.78E+06 8.16E+05 

Pr-143 9.36E+03 3.75E+03 4.64E+02 O.OOE+OO 2.16E+03 2.81E+05 2.00E+05 

Pr-144 3.0lE-02 l.25E-02 l.53E-03 O.OOE+OO 7.05E-03 l.02E+03 2.15E-08 

Nd-147 5.27E+03 6.10E+03 3.65E+02 O.OOE+OO 3.56E+03 2.21E+05 l.73E+05 

Eu-152 l.90E+06 4.33E+05 3.81E+05 O.OOE+OO 2.68E+06 2.74E+06 l.27E+05 

W-187 8.48E+OO 7.08E+OO 2.48E+OO O.OOE+OO O.OOE+OO 2.90E+04 l.55E+05 

U-235 8.00E+07 O.OOE+OO 4.86E+06 O.OOE+OO l.87E+07 3.92E+08 3.87E+05 

U-238 7.66E+07 O.OOE+OO 4.54E+06 O.OOE+OO l.74E+07 3.66E+08 2.73E+05 

Np-239 2.30E+02 2.26E+Ol l.24E+Ol O.OOE+OO 7.00E+Ol 3.76E+04 l.19E+05 

Am-241 8.08E+09 2.87E+09 5.37E+08 O.OOE+OO 4.03E+09 4.85E+08 3.68E+05 
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H-3 O.OOE+OO 7.25E+02 7.25E+02 7.25E+02 7.25E+02 7.25E+02 7.25E+02 
C-14 2.60E+04 4.87E+03 4.87E+03 4.87E+03 4.87E+03 4.87E+03 4.87E+03 
F-18 5.22E+03 O.OOE+OO 5.68E+02 O.OOE+OO O.OOE+OO O.OOE+OO 3. l 1E+02 
Na-22 l.04E+05 l.04E+05 l.04E+05 l.04E+05 l.04E+05 1.04E+05 l.04E+05 
Na-24 l.38E+04 l.38E+04 l.38E+04 l.38E+04 l.38E+04 l.38E+04 l.38E+04 
Sc-46 5.79E+05 l.13E+06 3.34E+05 O.OOE+OO l.08E+06 O.OOE+OO 2.38E+05 
P-32 l.89E+06 1.10E+05 7.16E+04 O.OOE+OO O.OOE+OO O.OOE+OO 9.28E+04 
Cr-51 O.OOE+OO O.OOE+OO l.35E+02 7.50E+Ol 3.07E+Ol 2.10E+04 3.00E+03 
Mn-54 O.OOE+OO 5.l 1E+04 8.40E+03 O.OOE+OO l.27E+04 l.98E+06 6.68E+04 
Mn-56 O.OOE+OO 1.70E+OO 2.52E-01 O.OOE+OO l.79E+OO l.52E+04 5.74E+04 
Fe-55 3.34E+04 2.38E+04 5.54E+03 O.OOE+OO O.OOE+OO 1.24E+05 6.39E+03 
Fe-59 l.59E+04 3.70E+04 l.43E+04 O.OOE+OO O.OOE+OO l.53E+06 l.78E+05 
Co-57 O.OOE+OO 9.44E+02 9.20E+02 O.OOE+OO O.OOE+OO 5.86E+05 3.14E+04 
Co-58 O.OOE+OO 2.07E+03 2.78E+03 O.OOE+OO O.OOE+OO 1.34E+06 9.52E+04 
Co-60 O.OOE+OO l.51E+04 l.98E+04 O.OOE+OO O.OOE+OO 8.72E+06 2.59E+05 
Ni-63 5.80E+05 4.34E+04 l.98E+04 O.OOE+OO O.OOE+OO 3.07E+05 1.42E+04 
Ni-65 2.18E+OO 2.93E-01 l.27E-01 O.OOE+OO O.OOE+OO 9.36E+03 3.67E+04 
Cu-64 O.OOE+OO 2.03E+OO 8.48E-01 O.OOE+OO 6.41E+OO 1.11E+04 6.14E+04 
Zn-65 3.86E+04 l.34E+05 6.24E+04 O.OOE+OO 8.64E+04 l.24E+06 4.66E+04 
Zn-69m 1.15E+Ol 2.71E+Ol 2.49E+OO O.OOE+OO l.65E+Ol 3.14E+04 l.71E+05 
Zn-69 4.83E-02 9.20E-02 6.46E-03 O.OOE+OO 6.02E-02 l.58E+03 2.85E+02 
As-76 1.16E+03 3.26E+03 2.61E+04 1.10E+03 3.56E+03 1.19E+05 l.04E+05 
Br-82 O.OOE+OO O.OOE+OO l.82E+04 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Br-83 O.OOE+OO O.OOE+OO 3.44E+02 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Br-84 O.OOE+OO O.OOE+OO 4.33E+02 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Br-85 O.OOE+OO O.OOE+OO l.83E+Ol O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Rb-86 O.OOE+OO l.90E+05 8.40E+04 O.OOE+OO O.OOE+OO O.OOE+OO l.77E+04 
Rb-88 O.OOE+OO 5.46E+02 2.72E+02 O.OOE+OO O.OOE+OO O.OOE+OO 2.92E-05 
Rb-89 O.OOE+OO 3.52E+02 2.33E+02 O.OOE+OO O.OOE+OO O.OOE+OO 3.38E-07 
Sr-89 4.34E+05 O.OOE+OO 1.25E+04 O.OOE+OO O.OOE+OO 2.42E+06 3.71E+05 
Sr-90 3.31E+07 O.OOE+OO 6.66E+05 O.OOE+OO O.OOE+OO l.65E+07 7.65E+05 
Sr-91 8.80E+Ol O.OOE+OO 3.51E+OO O.OOE+OO O.OOE+OO 6.07E+04 2.59E+05 
Sr-92 9.52E+OO O.OOE+OO 4.06E-Ol O.OOE+OO O.OOE+OO 2.74E+04 1.19E+05 
Y-90 2.98E+03 O.OOE+OO 8.00E+Ol O.OOE+OO O.OOE+OO 2.93E+05 5.59E+05 
Y-91m 3.70E-01 O.OOE+OO 1.42E-02 O.OOE+OO O.OOE+OO 3.20E+03 3.02E+Ol 
Y-91 6.61E+05 O.OOE+OO l.77E+04 O.OOE+OO O.OOE+OO 2.94E+06 4.09E+05 
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Y-92 1.47E+Ol O.OOE+OO 4.29E-01 O.OOE+OO O.OOE+OO 2.68E+04 1.65E+05 
Y-93 1.35E+02 O.OOE+OO 3.72E+OO O.OOE+OO O.OOE+OO 8.32E+04 5.79E+05 
Zr-95 1.46E+05 4.58E+04 3.15E+04 O.OOE+OO 6.74E+04 2.69E+06 1.49E+05 
Zr-97 l.38E+02 2.72E+Ol 1.26E+Ol O.OOE+OO 4.12E+Ol 1.30E+05 6.30E+05 
Nb-95 1.86E+04 l.03E+04 5.66E+03 O.OOE+OO 1.00E+04 7.51E+05 9.68E+04 
Nb-97 3.14E-01 7.78E-02 2.84E-02 O.OOE+OO 9.12E-02 3.93E+03 2.17E+03 
Mo-99 O.OOE+OO l.69E+02 3.22E+Ol O.OOE+OO 4.11E+02 l.54E+05 2.69E+05 
Tc-99m l.38E-03 3.86E-03 4.99E-02 O.OOE+OO 5.76E-02 l.15E+03 6.13E+03 
Tc-99 3.58E+02 5.26E+02 l.43E+02 O.OOE+OO 6.68E+03 1.39E+06 6.39E+04 
Tc-101 5.92E-05 8.40E-05 8.24E-04 O.OOE+OO 1.52E-03 6.67E+02 8.72E-07 
Ru-103 2.10E+03 O.OOE+OO 8.96E+02 O.OOE+OO 7.43E+03 7.83E+05 l.09E+05 
Ru-105 l.12E+OO O.OOE+OO 4.34E-01 O.OOE+OO 1.41E+OO 1.82E+04 9.04E+04 
Ru-106 9.84E+04 O.OOE+OO 1.24E+04 O.OOE+OO 1.90E+05 1.61E+07 9.60E+05 
Rh-105 l.06E+Ol 7.58E+OO 4.99E+OO O.OOE+OO 3.23E+Ol 3.27E+04 9.84E+04 
A -llOm l.38E+04 1.31E+04 7.99E+03 O.OOE+OO 2.50E+04 6.75E+06 2.73E+05 
Sn-113 2.81E+04 1.24E+04 9.48E+04 6.52E+03 6.52E+03 6.81E+03 7.41E+04 
Sn-1l7m 2.73E+04 1.87E+03 9.19E+04 8.59E+02 9.19E+02 7.11E+05 6.22E+04 
Sb-122 2.01E+03 1.84E+03 3.85E+04 7.41E+02 9.48E+02 1.99E+05 1.39E+05 
Sb-124 4.30E+04 7.94E+02 l.68E+04 9.76E+Ol O.OOE+OO 3.85E+06 3.98E+05 
Sb-125 7.38E+04 8.08E+02 1.72E+04 7.04E+Ol O.OOE+OO 2.74E+06 9.92E+04 
Te-125m 4.88E+03 2.24E+03 6.67E+02 1.40E+03 O.OOE+OO 5.36E+05 7.50E+04 
Te-127m 1.80E+04 8.16E+03 2.18E+03 4.38E+03 6.54E+04 1.66E+06 l.59E+05 
Te-127 2.0lE+OO 9.12E-01 4.42E-Ol 1.42E+OO 7.28E+OO l.12E+04 8.08E+04 
Te-129m 1.39E+04 6.58E+03 2.25E+03 4.58E+03 5.19E+04 1.98E+06 4.05E+05 
Te-129 7.lOE-02 3.38E-02 1.76E-02 5.18E-02 2.66E-01 3.30E+03 1.62E+03 
Te-131m 9.84E+Ol 6.0lE+Ol 4.02E+Ol 7.25E+Ol 4.39E+02 2.38E+05 6.21E+05 
Te-131 1.58E-02 8.32E-03 5.04E-03 l.24E-02 6.18E-02 2.34E+03 1.51E+Ol 
Te-132 3.60E+02 2.90E+02 2.19E+02 2.46E+02 1.95E+03 4.49E+05 4.63E+05 
1-130 6.24E+03 1.79E+04 7.l 7E+03 1.49E+06 2.75E+04 O.OOE+OO 9.12E+03 
1-131 3.54E+04 4.91E+04 2.64E+04 1.46E+07 8.40E+04 O.OOE+OO 6.49E+03 
I-132 1.59E+03 4.38E+03 1.58E+03 1.51E+05 6.92E+03 O.OOE+OO 1.27E+03 
I-133 1.22E+04 2.05E+04 6.22E+03 2.92E+06 3.59E+04 O.OOE+OO 1.03E+04 
I-134 8.88E+02 2.32E+03 8.40E+02 3.95E+04 3.66E+03 O.OOE+OO 2.04E+Ol 
I-135 3.70E+03 9.44E+03 3.49E+03 6.21E+05 1.49E+04 O.OOE+OO 6.95E+03 
Cs-134 5.02E+05 1.13E+06 5.49E+05 O.OOE+OO 3.75E+05 1.46E+05 9.76E+03 
Cs-134m 1.76E+02 3.48E+02 1.88E+02 O.OOE+OO 2.03E+02 3.65E+Ol 1.62E+02 
Cs-136 5.15E+04 1.94E+05 1.37E+05 O.OOE+OO l.10E+05 1.78E+04 l.09E+04 
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Cs-137 6.70E+05 8.48E+05 3.11E+05 O.OOE+OO 3.04E+05 1.21E+05 8.48E+03 
Cs-138 4.66E+02 8.56E+02 4.46E+02 O.OOE+OO 6.62E+02 7.87E+Ol 2.70E-01 
Ba-139 l.34E+OO 9.44E-04 3.90E-02 O.OOE+OO 8.88E-04 6.46E+03 6.45E+03 
Ba-140 5.47E+04 6.70E+Ol 3.52E+03 O.OOE+OO 2.28E+Ol 2.03E+06 2.29E+05 
Ba-141 1.42E-01 1.06E-04 4.74E-03 O.OOE+OO 9.84E-05 3.29E+03 7.46E-04 
Ba-142 3.70E-02 3.70E-05 2.27E-03 O.OOE+OO 3.14E-05 1.91E+03 4.79E-10 
La-140 4.79E+02 2.36E+02 6.26E+Ol O.OOE+OO O.OOE+OO 2.14E+05 4.87E+05 
La-142 9.60E-01 4.25E-01 1.06E-01 O.OOE+OO O.OOE+OO l.02E+04 1.20E+04 
Ce-141 2.84E+04 1.90E+04 2.17E+03 O.OOE+OO 8.88E+03 6.14E+05 1.26E+05 
Ce-143 2.66E+02 1.94E+02 2.16E+Ol O.OOE+OO 8.64E+Ol 1.30E+05 2.55E+05 
Ce-144 4.89E+06 2.02E+06 2.62E+05 O.OOE+OO 1.21E+06 l.34E+07 8.64E+05 
Pr-143 l.34E+04 5.31E+03 6.62E+02 O.OOE+OO 3.09E+03 4.83E+05 2.14E+05 
Pr-144 4.30E-02 1.76E-02 2.18E-03 O.OOE+OO 1.0lE-02 1.75E+03 2.35E-04 
Nd-147 7.86E+03 8.56E+03 5.13E+02 O.OOE+OO 5.02E+03 3.72E+05 1.82E+05 
Eu-152 2.37E+06 5.75E+05 5.04E+05 O.OOE+OO 2.67E+06 4.01E+06 1.08E+05 
W-187 1.20E+Ol 9.76E+OO 3.43E+OO O.OOE+OO O.OOE+OO 4.74E+04 1.77E+05 
U-235 1.14E+08 O.OOE+OO 6.94E+06 O.OOE+OO 2.67E+07 6.75E+08 4.10E+05 
U-238 1.09E+08 O.OOE+OO 6.48E+06 O.OOE+OO 2.50E+07 6.31E+08 2.90E+05 
N -239 3.38E+02 3.19E+Ol 1.77E+Ol O.OOE+OO 1.00E+02 6.49E+04 1.32E+05 
Am-241 8.48E+09 3.26E+09 5.68E+08 O.OOE+OO 4.26E+09 8.40E+08 3.90E+05 
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H-3 O.OOE+OO 6.40E+02 6.40E+02 6.40E+02 6.40E+02 6.40E+02 6.40E+02 

C-14 3.59E+04 6.73E+03 6.73E+03 6.73E+03 6.73E+03 6.73E+03 6.73E+03 

F-18 6.96E+03 O.OOE+OO 6.85E+02 O.OOE+OO O.OOE+OO O.OOE+OO 1.25E+03 

Na-22 l.63E+05 l.63E+05 l.63E+05 l.63E+05 l.63E+05 l.63E+05 l.63E+05 

Na-24 l.61E+04 l.61E+04 l.61E+04 l.61E+04 l.61E+04 l.61E+04 l.61E+04 

Sc-46 7.29E+05 9.99E+05 3.85E+05 O.OOE+OO 8.84E+05 O.OOE+OO 9.07E+04 

P-32 2.60E+06 l.14E+05 9.88E+04 O.OOE+OO O.OOE+OO O.OOE+OO 4.22E+04 

Cr-51 O.OOE+OO O.OOE+OO 1.54E+02 8.55E+Ol 2.43E+Ol l.70E+04 l.08E+03 

Mn-54 O.OOE+OO 4.29E+04 9.51E+03 O.OOE+OO l.OOE+04 l.58E+06 2.29E+04 

Mn-56 O.OOE+OO l.66E+OO 3.12E-01 O.OOE+OO 1.67E+OO l.31E+04 l.23E+05 

Fe-55 4.74E+04 2.52E+04 7.77E+03 O.OOE+OO O.OOE+OO l.11E+05 2.87E+03 

Fe-59 2.07E+04 3.34E+04 1.67E+04 O.OOE+OO O.OOE+OO l.27E+06 7.07E+04 

Co-57 O.OOE+OO 9.03E+02 1.07E+03 O.OOE+OO O.OOE+OO 5.07E+05 1.32E+04 

Co-58 O.OOE+OO l.77E+03 3.16E+03 O.OOE+OO O.OOE+OO l.11E+06 3.44E+04 

Co-60 O.OOE+OO 1.31E+04 2.26E+04 O.OOE+OO O.OOE+OO 7.07E+06 9.62E+04 

Ni-63 8.21E+05 4.63E+04 2.80E+04 O.OOE+OO O.OOE+OO 2.75E+05 6.33E+03 

Ni-65 2.99E+OO 2.96E-01 1.64E-01 O.OOE+OO O.OOE+OO 8.18E+03 8.40E+04 

Cu-64 O.OOE+OO 1.99E+OO 1.07E+OO O.OOE+OO 6.03E+OO 9.58E+03 3.67E+04 

Zn-65 4.26E+04 l.13E+05 7.03E+04 O.OOE+OO 7.14E+04 9.95E+05 1.63E+04 

Zn-69m l.58E+Ol 2.69E+Ol 3.18E+OO O.OOE+OO l.56E+Ol 2.72E+04 l .OOE+05 

Zn-69 6.70E-02 9.66E-02 8.92E-03 O.OOE+OO 5.85E-02 l.42E+03 1.02E+04 

As-76 1.64E+03 4.11E+03 3.01E+04 l.51E+03 4.11E+03 9.32E+04 l.64E+05 

Br-82 O.OOE+OO O.OOE+OO 2.09E+04 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Br-83 O.OOE+OO O.OOE+OO 4.74E+02 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Br-84 O.OOE+OO O.OOE+OO 5.48E+05 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Br-85 O.OOE+OO O.OOE+OO 2.53E+Ol O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Rb-86 O.OOE+OO 1.98E+05 l.14E+05 O.OOE+OO O.OOE+OO O.OOE+OO 7.99E+03 

Rb-88 O.OOE+OO 5.62E+02 3.66E+02 O.OOE+OO O.OOE+OO O.OOE+OO l.72E+Ol 

Rb-89 O.OOE+OO 3.45E+02 2.90E+02 O.OOE+OO O.OOE+OO O.OOE+OO 1.89E+OO 

Sr-89 5.99E+05 O.OOE+OO l.72E+04 O.OOE+OO O.OOE+OO 2.16E+06 l.67E+05 
Sr-90 3.85E+07 O.OOE+OO 7.66E+05 O.OOE+OO O.OOE+OO l.48E+07 3.43E+05 

Sr-91 l.21E+02 O.OOE+OO 4.59E+OO O.OOE+OO O.OOE+OO 5.33E+04 1.74E+05 

Sr-92 1.31E+Ol O.OOE+OO 5.25E-01 O.OOE+OO O.OOE+OO 2.40E+04 2.42E+05 

Y-90 4.11E+03 O.OOE+OO l.11E+02 O.OOE+OO O.OOE+OO 2.62E+05 2.68E+05 

Y-9lm 5.07E-01 O.OOE+OO 1.84E-02 O.OOE+OO O.OOE+OO 2.81E+03 1.72E+03 

Y-91 9.14E+05 O.OOE+OO 2.44E+04 O.OOE+OO O.OOE+OO 2.63E+06 l.84E+05 
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Y-92 2.04E+Ol O.OOE+OO 5.81E-Ol O.OOE+OO O.OOE+OO 2.39E+04 2.39E+05 

Y-93 1.86E+02 O.OOE+OO 5.1 lE+OO O.OOE+OO O.OOE+OO 7.44E+04 3.89E+05 

Zr-95 l.90E+05 4.18E+04 3.70E+04 O.OOE+OO 5.96E+04 2.23E+06 6.11E+04 

Zr-97 1.88E+02 2.72E+Ol l.60E+Ol O.OOE+OO 3.89E+Ol l.13E+05 3.51E+05 

Nb-95 2.35E+04 9.18E+03 6.55E+03 O.OOE+OO 8.62E+03 6.14E+05 3.70E+04 

Nb-97 4.29E-01 7.70E-02 3.60E-02 O.OOE+OO 8.55E-02 3.42E+03 2.78E+04 

Mo-99 O.OOE+OO 1.72E+02 4.26E+Ol O.OOE+OO 3.92E+02 1.35E+05 1.27E+05 

Tc-99m 1.78E-03 3.48E-03 5.77E-02 O.OOE+OO 5.07E-02 9.51E+02 4.81E+03 

Tc-99 4.96E+02 5.51E+02 1.98E+02 O.OOE+OO 6.48E+03 l.25E+06 2.87E+04 

Tc-101 8.lOE-05 8.51E-05 1.08E-03 O.OOE+OO 1.45E-03 5.85E+02 1.63E+Ol 

Ru-103 2.79E+03 O.OOE+OO l.07E+03 O.OOE+OO 7.03E+03 6.62E+05 4.48E+04 

Ru-105 1.53E+OO O.OOE+OO 5.55E-Ol O.OOE+OO l.34E+OO 1.59E+04 9.95E+04 

Ru-106 l.36E+05 O.OOE+OO 1.69E+04 O.OOE+OO l.84E+05 l.43E+07 4.29E+05 

Rh-105 l.45E+Ol 7.77E+OO 6.62E+OO O.OOE+OO 3.lOE+Ol 2.89E+04 4.92E+04 

Ag-1 lOm l.69E+04 l.14E+04 9.14E+03 O.OOE+OO 2.12E+04 5.48E+06 1.00E+05 

Sn-113 3.56E+04 l.18E+04 7.95E+04 7.67E+03 6.99E+03 5.21E+05 l.12E+05 

Sn-l 17m 4.l 1E+04 1.78E+03 6.30E+04 1.04E+03 1.06E+03 4.39E+05 9.87E+04 

Sb-122 2.60E+03 2.06E+03 3.84E+04 8.63E+02 l.11E+03 l.37E+05 2.33E+05 

Sb-124 5.74E+04 7.40E+02 2.00E+04 l.26E+02 O.OOE+OO 3.24E+06 l.64E+05 

Sb-125 9.84E+04 7.59E+02 2.07E+04 9.lOE+Ol O.OOE+OO 2.32E+06 4.03E+04 

Te-125m 6.73E+03 2.33E+03 9.14E+02 1.92E+03 O.OOE+OO 4.77E+05 3.38E+04 

Te-127m 2.49E+04 8.55E+03 3.03E+03 6.07E+03 6.36E+04 1.48E+06 7.14E+04 

Te-127 2.77E+OO 9.51E-01 6.1 lE-01 l.96E+OO 7.07E+OO l.OOE+04 5.62E+04 

Te-129m 1.92E+04 6.85E+03 3.04E+03 6.33E+03 5.03E+04 1.76E+06 l.82E+05 

Te-129 9.77E-02 3.50E-02 2.38E-02 7.14E-02 2.57E-01 2.93E+03 2.55E+04 

Te-131m l.34E+02 5.92E+Ol 5.07E+Ol 9.77E+Ol 4.00E+02 2.06E+05 3.08E+05 

Te-131 2.17E-02 8.44E-03 6.59E-03 1.70E-02 5.88E-02 2.05E+03 1.33E+03 

Te-132 4.81E+02 2.72E+02 2.63E+02 3.17E+02 1.77E+03 3.77E+05 l.38E+05 

1-130 8.18E+03 1.64E+04 8.44E+03 l.85E+06 2.45E+04 O.OOE+OO 5.11E+03 

1-131 4.81E+04 4.81E+04 2.73E+04 l.62E+07 7.88E+04 O.OOE+OO 2.84E+03 

1-132 2.12E+03 4.07E+03 l.88E+03 l.94E+05 6.25E+03 O.OOE+OO 3.20E+03 

1-133 l.66E+04 2.03E+04 7.70E+03 3.85E+06 3.38E+04 O.OOE+OO 5.48E+03 

1-134 1.17E+03 2.16E+03 9.95E+02 5.07E+04 3.30E+03 O.OOE+OO 9.55E+02 

1-135 4.92E+03 8.73E+03 4.14E+03 7.92E+05 l.34E+04 O.OOE+OO 4.44E+03 

Cs-134 6.51E+05 l.01E+06 2.25E+05 O.OOE+OO 3.30E+05 1.21E+05 3.85E+03 

Cs-134m 2.34E+02 3.30E+02 2.26E+02 O.OOE+OO l.83E+02 3.09E+Ol 2.93E+02 

Cs-136 6.51E+04 1.71E+05 l.16E+05 O.OOE+OO 9.55E+04 1.45E+04 4.18E+03 
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Cs-137 9.07E+05 8.25E+05 1.28E+05 O.OOE+OO 2.82E+05 l.04E+05 3.62E+03 

Cs-138 6.33E+02 8.40E+02 5.55E+02 O.OOE+OO 6.22E+02 6.81E+Ol 2.70E+02 
Ba-139 1.84E+OO 9.84E-04 5.37E-02 O.OOE+OO 8.62E-04 5.77E+03 5.77E+04 
Ba-140 7.40E+04 6.48E+Ol 4.33E+03 O.OOE+OO 2.1 lE+Ol l.74E+06 1.02E+05 
Ba-141 1.96E-01 1.09E-04 6.36E-03 O.OOE+OO 9.47E-05 2.92E+03 2.75E+02 
Ba-142 5.00E-02 3.60E-05 2.79E-03 O.OOE+OO 2.91E-05 1.64E+03 2.74E+OO 
La-140 6.44E+02 2.25E+02 7.55E+Ol O.OOE+OO O.OOE+OO 1.83E+05 2.26E+05 

La-142 1.30E+OO 4.llE-01 l.29E-Ol O.OOE+OO O.OOE+OO 8.70E+03 7.59E+04 
Ce-141 3.92E+04 1.95E+04 2.90E+03 O.OOE+OO 8.55E+03 5.44E+05 5.66E+04 
Ce-143 3.66E+02 1.99E+02 2.87E+Ol O.OOE+OO 8.36E+Ol 1.15E+05 1.27E+05 
Ce-144 6.77E+06 2.12E+06 3.61E+05 O.OOE+OO 1.17E+06 1.20E+07 3.89E+05 
Pr-143 l.85E+04 5.55E+03 9.14E+02 O.OOE+OO 3.00E+03 4.33E+05 9.73E+04 
Pr-144 5.96E-02 l.85E-02 3.00E-03 O.OOE+OO 9.77E-03 1.57E+03 1.97E+02 
Nd-147 1.08E+04 8.73E+03 6.81E+02 O.OOE+OO 4.81E+03 3.28E+05 8.21E+04 
Eu-152 2.75E+06 5.07E+05 5.96E+05 O.OOE+OO 2.12E+06 3.33E+06 4.22E+04 
W-187 l.63E+Ol 9.66E+OO 4.33E+OO O.OOE+OO O.OOE+OO 4.11E+04 9.10E+04 
U-235 1.58E+08 O.OOE+OO 9.58E+06 O.OOE+OO 2.59E+07 6.03E+08 1.84E+05 
U-238 1.51E+08 O.OOE+OO 8.95E+06 O.OOE+OO 2.42E+07 5.66E+08 l.30E+05 
Np-239 4.66E+02 3.34E+Ol 2.35E+Ol O.OOE+OO 9.73E+Ol 5.81E+04 6.40E+04 
Am-241 6.44E+09 2.90E+09 4.59E+08 O.OOE+OO 2.82E+09 7.47E+08 1.75E+05 
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H-3 O.OOE+OO 3.68E+02 3.68E+02 3.69E+02 3.68E+02 3.68E+02 3.68E+02 
C-14 2.65E+04 5.31E+03 5.31E+03 5.31E+03 5.31E+03 5.31E+03 5.31E+03 
F-18 5.49E+03 O.OOE+OO 4.66E+02 O.OOE+OO O.OOE+OO O.OOE+OO 8.54E+02 
Na-22 l.03E+05 l.03E+05 l.03E+05 l.03E+05 l.03E+05 l.03E+05 l.03E+05 
Na-24 l.06E+04 l.06E+04 l.06E+04 l.06E+04 l.06E+04 l.06E+04 l.06E+04 
Sc-46 5.25E+05 7.57E+05 2.37E+05 O.OOE+OO 4.98E+05 O.OOE+OO 3.07E+04 
P-32 2.03E+06 l.12E+05 7.74E+04 O.OOE+OO O.OOE+OO O.OOE+OO l.61E+04 
Cr-51 O.OOE+OO O.OOE+OO 8.92E+Ol 5.75E+Ol l.32E+Ol l.28E+04 3.57E+02 

Mn-54 O.OOE+OO 2.53E+04 4.98E+03 O.OOE+OO 4.98E+03 l.OOE+06 7.06E+03 
Mn-56 O.OOE+OO l.54E+OO 2.21E-Ol O.OOE+OO l.lOE+OO l.25E+04 7.l 7E+04 
Fe-55 l.97E+04 l.l 7E+04 3.33E+03 O.OOE+OO O.OOE+OO 8.69E+04 l.09E+03 
Fe-59 l.36E+04 2.35E+04 9.48E+03 O.OOE+OO O.OOE+OO l.02E+06 2.48E+04 
Co-57 O.OOE+OO 6.51E+02 6.41E+02 O.OOE+OO O.OOE+OO 3.79E+05 4.86E+03 
Co-58 O.OOE+OO l.22E+03 l.82E+03 O.OOE+OO O.OOE+OO 7.77E+05 l.l 1E+04 
Co-60 O.OOE+OO 8.02E+03 l.18E+04 O.OOE+OO O.OOE+OO 4.51E+06 3.19E+04 
Ni-63 3.39E+05 2.04E+04 l.16E+04 O.OOE+OO O.OOE+OO 2.09E+05 2.42E+03 
Ni-65 2.39E+OO 2.84E-Ol l.23E-Ol O.OOE+OO O.OOE+OO 8.12E+03 5.01E+04 
Cu-64 O.OOE+OO l.88E+OO 7.74E-Ol O.OOE+OO 3.98E+OO 9.30E+03 l.50E+04 
Zn-65 l.93E+04 6.26E+04 3.l 1E+04 O.OOE+OO 3.25E+04 6.47E+05 5.14E+04 
Zn-69m l.26E+Ol 2.58E+Ol 2.34E+OO O.OOE+OO l.04E+Ol 2.67E+04 4.09E+04 
Zn-69 5.39E-02 9.67E-02 7.18E-03 O.OOE+OO 4.02E-02 l.47E+03 l.32E+04 
As-76 3.58E+03 9.33E+03 2.64E+04 3.58E+03 9.33E+03 7.78E+04 9.85E+04 
Br-82 O.OOE+OO O.OOE+OO l.33E+04 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Br-83 O.OOE+OO O.OOE+OO 3.81E+02 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Br-84 O.OOE+OO O.OOE+OO 4.00E+02 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Br-85 O.OOE+OO O.OOE+OO 2.04E+Ol O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Rb-86 O.OOE+OO l.90E+05 8.82E+04 O.OOE+OO O.OOE+OO O.OOE+OO 3.04E+03 
Rb-88 O.OOE+OO 5.57E+02 2.87E+02 O.OOE+OO O.OOE+OO O.OOE+OO 3.39E+02 
Rb-89 O.OOE+OO 3.21E+02 2.06E+02 O.OOE+OO O.OOE+OO O.OOE+OO 6.82E+Ol 
Sr-89 3.98E+05 O.OOE+OO l.14E+04 O.OOE+OO O.OOE+OO 2.03E+06 6.40E+04 
Sr-90 l.55E+07 O.OOE+OO 3.12E+05 O.OOE+OO O.OOE+OO l.12E+07 l.31E+05 
Sr-91 9.56E+Ol O.OOE+OO 3.46E+OO O.OOE+OO O.OOE+OO 5.26E+04 7.34E+04 
Sr-92 l.05E+Ol O.OOE+OO 3.91E-Ol O.OOE+OO O.OOE+OO 2.38E+04 l.40E+05 
Y-90 3.29E+03 O.OOE+OO 8.82E+Ol O.OOE+OO O.OOE+OO 2.69E+05 l.04E+05 
Y-9lm 4.07E-Ol O.OOE+OO l.39E-02 O.OOE+OO O.OOE+OO 2.79E+03 2.35E+03 
Y-91 5.88E+05 O.OOE+OO l.57E+04 O.OOE+OO O.OOE+OO 2.45E+06 7.03E+04 

Page 77 of278 REFERENCE USE 



POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

TABLE 10-7 

ODCM 
Revision 23 

R;o, INHALATION PATHWAY DOSE FACTORS-INFANT 

Y-92 1.64E+Ol O.OOE+OO 4.61E-Ol O.OOE+OO O.OOE+OO 2.45E+04 1.27E+05 

Y-93 1.50E+02 O.OOE+OO 4.07E+OO O.OOE+OO O.OOE+OO 7.64E+04 1.67E+05 

Zr-95 l.15E+05 2.79E+04 2.03E+04 O.OOE+OO 3.l 1E+04 1.75E+06 2.l 7E+04 

Zr-97 l.50E+02 2.56E+Ol l.l 7E+Ol O.OOE+OO 2.59E+Ol 1.10E+05 l.40E+05 

Nb-95 l.57E+04 6.43E+03 3.78E+03 O.OOE+OO 4.72E+03 4.79E+05 1.27E+04 

Nb-97 3.42E-Ol 7.29E-02 2.63E-02 O.OOE+OO 5.70E-02 3.32E+03 2.69E+04 

Mo-99 O.OOE+OO l.65E+02 3.23E+Ol O.OOE+OO 2.65E+02 l.35E+05 4.87E+04 

Tc-99m l.40E-03 2.88E-03 3.72E-02 O.OOE+OO 3.l lE-02 8.l 1E+02 2.03E+03 

Tc-99 2.93E+02 3.75E+02 l.24E+02 O.OOE+OO 3.49E+03 9.48E+05 l.09E+04 

Tc-101 6.51E-05 8.23E-05 8.12E-04 O.OOE+OO 9.79E-04 5.84E+02 8.44E+02 

Ru-103 2.02E+03 O.OOE+OO 6.79E+02 O.OOE+OO 4.24E+03 5.52E+05 l.61E+04 

Ru-105 l.22E+OO O.OOE+OO 4.lOE-01 O.OOE+OO 8.99E-Ol l.57E+04 4.84E+04 

Ru-106 8.68E+04 O.OOE+OO 1.09E+04 O.OOE+OO l.07E+05 l.16E+07 l.64E+05 

Rh-105 l.16E+Ol 7.57E+OO 5.08E+OO O.OOE+OO 2.lOE+Ol 2.91E+04 l.92E+04 

Ag-1 lOm 9.98E+03 7.22E+03 5.00E+03 O.OOE+OO l.09E+04 3.67E+06 3.30E+04 

Sn-113 2.80E+04 9.33E+03 6.74E+04 6.22E+03 6.22E+03 3.99E+05 l.45E+05 

Sn-l l 7m 3.27E+04 1.66E+03 5.19E+04 9.85E+02 1.09E+03 3.32E+05 1.35E+05 

Sb-122 2.39E+03 2.13E+03 4.30E+04 8.30E+02 l.14E+03 l.14E+05 3.16E+05 

Sb-124 3.79E+04 5.56E+02 1.20E+04 1.01E+02 O.OOE+OO 2.65E+06 5.91E+04 

Sb-125 5.17E+04 4.77E+02 1.09E+04 6.23E+Ol O.OOE+OO 1.64E+06 1.47E+04 

Te-125m 4.76E+03 l.99E+03 6.58E+02 1.62E+03 O.OOE+OO 4.47E+05 1.29E+04 

Te-127m 1.67E+04 6.90E+03 2.07E+03 4.87E+03 3.75E+04 1.31E+06 2.73E+04 

Te-127 2.23E+OO 9.53E-01 4.89E-Ol 1.85E+OO 4.86E+OO l.03E+04 2.44E+04 

Te-129m 1.41E+04 6.09E+03 2.23E+03 5.47E+03 3.18E+04 l.68E+06 6.90E+04 

Te-129 7.88E-02 3.47E-02 1.88E-02 6.75E-02 1.75E-Ol 3.00E+03 2.63E+04 

Te-13lm 1.07E+02 5.50E+Ol 3.63E+Ol 8.93E+Ol 2.65E+02 l.99E+05 l.19E+05 

Te-131 1.74E-02 8.22E-03 5.00E-03 l.58E-02 3.99E-02 2.06E+03 8.22E+03 

Te-132 3.72E+02 2.37E+02 1.76E+02 2.79E+02 1.03E+03 3.40E+05 4.41E+04 

1-130 6.36E+03 1.39E+04 5.57E+03 1.60E+06 1.53E+04 O.OOE+OO 1.99E+03 

1-131 3.79E+04 4.44E+04 1.96E+04 1.48E+07 5.18E+04 O.OOE+OO 1.06E+03 

1-132 l.69E+03 3.54E+03 1.26E+03 1.69E+05 3.95E+03 O.OOE+OO 1.90E+03 

1-133 1.32E+04 l.92E+04 5.60E+03 3.56E+06 2.24E+04 O.OOE+OO 2.16E+03 

1-134 9.21E+02 l.88E+03 6.65E+02 4.45E+04 2.09E+03 O.OOE+OO 1.29E+03 

1-135 3.86E+03 7.60E+03 2.77E+03 6.96E+05 8.47E+03 O.OOE+OO l.83E+03 

Cs-134 3.96E+05 7.03E+05 7.45E+04 O.OOE+OO 1.90E+05 7.97E+04 l.33E+03 

Cs-134m l.85E+02 2.94E+02 1.55E+02 O.OOE+OO l.19E+02 2.80E+Ol 1.62E+02 

Cs-136 4.83E+04 l.35E+05 5.29E+04 O.OOE+OO 5.64E+04 l.18E+04 1.43E+03 
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Cs-137 5.49E+05 6.12E+05 4.55E+04 O.OOE+OO l.72E+05 7.13E+04 l.33E+03 
Cs-138 5.05E+02 7.81E+02 3.98E+02 O.OOE+OO 4.10E+02 6.54E+Ol 8.76E+02 
Ba-139 1.48E+OO 9.84E-04 4.30E-02 O.OOE+OO 5.92E-04 5.95E+03 5.10E+04 

Ba-140 5.60E+04 5.60E+Ol 2.90E+03 O.OOE+OO l.34E+Ol l.60E+06 3.84E+04 
Ba-141 1.57E-01 1.08E-04 4.97E-03 O.OOE+OO 6.50E-05 2.97E+03 4.75E+03 
Ba-142 3.98E-02 3.30E-05 1.96E-03 O.OOE+OO l.90E-05 1.55E+03 6.93E+02 
La-140 5.05E+02 2.00E+02 5.15E+Ol O.OOE+OO O.OOE+OO l.68E+05 8.48E+04 
La-142 1.03E+OO 3.77E-01 9.04E-02 O.OOE+OO O.OOE+OO 8.22E+03 5.95E+04 
Ce-141 2.77E+04 l.67E+04 1.99E+03 O.OOE+OO 5.25E+03 5.17E+05 2.16E+04 
Ce-143 2.93E+02 l.93E+02 2.21E+Ol O.OOE+OO 5.64E+Ol l.16E+05 4.97E+04 

Ce-144 3.19E+06 1.21E+06 1.76E+05 O.OOE+OO 5.38E+05 9.84E+06 1.48E+05 
Pr-143 1.40E+04 5.24E+03 6.99E+02 O.OOE+OO l.97E+03 4.33E+05 3.72E+04 
Pr-144 4.79E-02 l.85E-02 2.41E-03 O.OOE+OO 6.72E-03 l.61E+03 4.28E+03 
Nd-147 7.94E+03 8.13E+03 5.00E+02 O.OOE+OO 3.15E+03 3.22E+05 3.12E+04 
Eu-152 1.10E+06 2.48E+05 2.41E+05 O.OOE+OO 8.32E+05 2.07E+06 l.38E+04 
W-187 l.30E+Ol 9.02E+OO 3.12E+OO O.OOE+OO O.OOE+OO 3.96E+04 3.56E+04 
U-235 7.01E+07 O.OOE+OO 4.93E+06 O.OOE+OO l.41E+07 4.59E+08 7.03E+04 
U-238 6.71E+07 O.OOE+OO 4.61E+06 O.OOE+OO l.32E+07 4.28E+08 4.96E+04 
Np-239 3.71E+02 3.32E+Ol l.88E+Ol O.OOE+OO 6.62E+Ol 5.95E+04 2.49E+04 
Am-241 2.58E+09 l.18E+09 l.83E+08 O.OOE+OO 1.l 1E+09 5.68E+08 6.69E+04 
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H-3 O.OOE+OO 6.33E+02 6.33E+02 6.33E+02 6.33E+02 6.33E+02 6.33E+02 
C-14 3.63E+05 7.26E+04 7.26E+04 7.26E+04 7.26E+04 7.26E+04 7.26E+04 
F-18 l .16E-03 O.OOE+OO l.28E-04 O.OOE+OO O.OOE+OO O.OOE+OO 3.43E-05 
Na-22 4.18E+09 4.18E+09 4.18E+09 4.18E+09 4.18E+09 4.18E+09 4.18E+09 
Na-24 6.05E+05 6.05E+05 6.05E+05 6.05E+05 6.05E+05 6.05E+05 6.05E+05 

Sc-46 8.96E+Ol 1.74E+02 5.06E+Ol O.OOE+OO 1.62E+02 O.OOE+OO 8.47E+05 

P-32 4.34E+09 2.70E+08 1.68E+08 O.OOE+OO O.OOE+OO O.OOE+OO 4.88E+08 
Cr-51 O.OOE+OO O.OOE+OO 8.39E+03 5.02E+03 l.85E+03 1.11E+04 2.11E+06 

Mn-54 O.OOE+OO 5.80E+06 1.11E+06 O.OOE+OO 1.73E+06 O.OOE+OO 1.78E+07 

Mn-56 O.OOE+OO l.05E-03 1.86E-04 O.OOE+OO 1.33E-03 O.OOE+OO 3.35E-02 
Fe-55 1.87E+07 1.29E+07 3.01E+06 O.OOE+OO O.OOE+OO 7.20E+06 7.40E+06 

Fe-59 1.11E+07 2.60E+07 9.97E+06 O.OOE+OO O.OOE+OO 7.27E+06 8.67E+07 
Co-57 O.OOE+OO 8.59E+05 l.43E+06 O.OOE+OO O.OOE+OO O.OOE+OO 2.18E+07 

Co-58 O.OOE+OO 2.20E+06 4.93E+06 O.OOE+OO O.OOE+OO O.OOE+OO 4.46E+07 

Co-60 O.OOE+OO l.27E+07 2.80E+07 O.OOE+OO O.OOE+OO O.OOE+OO 2.38E+08 
Ni-63 5.68E+09 3.94E+08 1.90E+08 O.OOE+OO O.OOE+OO O.OOE+OO 8.21E+07 

Ni-65 9.23E-02 l.20E-02 5.47E-03 O.OOE+OO O.OOE+OO O.OOE+OO 3.04E-01 

Cu-64 O.OOE+OO 5.99E+03 2.81E+03 O.OOE+OO 1.51E+04 O.OOE+OO 5.10E+05 

Zn-65 l.03E+09 3.26E+09 1.47E+09 O.OOE+OO 2.18E+09 O.OOE+OO 2.05E+09 
Zn-69m 4.52E+04 l.08E+05 9.91E+03 O.OOE+OO 6.56E+04 O.OOE+OO 6.62E+06 
Zn-69 7.14E-13 1.36E-12 9.49E-14 O.OOE+OO 8.87E-13 O.OOE+OO 2.05E-13 

As-76 9.68E+04 2.82E+05 1.41E+06 8.45E+04 3.43E+05 8.80E+04 1.23E+07 

Br-82 O.OOE+OO O.OOE+OO 8.19E+06 O.OOE+OO O.OOE+OO O.OOE+OO 9.38E+06 

Br-83 O.OOE+OO O.OOE+OO 2.66E-02 O.OOE+OO O.OOE+OO O.OOE+OO 3.83E-02 

Br-84 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Br-85 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Rb-86 O.OOE+OO 6.67E+08 3.l 1E+08 O.OOE+OO O.OOE+OO O.OOE+OO 1.32E+08 
Rb-88 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Rb-89 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Sr-89 5.78E+08 O.OOE+OO 1.66E+07 O.OOE+OO O.OOE+OO O.OOE+OO 9.27E+07 

Sr-90 4.45E+10 O.OOE+OO 8.93E+08 O.OOE+OO O.OOE+OO O.OOE+OO l.12E+09 

Sr-91 7.26E+03 O.OOE+OO 2.93E+02 O.OOE+OO O.OOE+OO O.OOE+OO 3.46E+04 
Sr-92 1.24E-01 O.OOE+OO 5.36E-03 O.OOE+OO O.OOE+OO O.OOE+OO 2.45E+OO 

Y-90 1.77E+Ol O.OOE+OO 4.75E-01 O.OOE+OO O.OOE+OO O.OOE+OO 1.88E+05 

Y-91m 1.55E-20 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 4.56E-20 
Y-91 3.67E+03 O.OOE+OO 9.82E+Ol O.OOE+OO O.OOE+OO O.OOE+OO 2.02E+06 
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Y-92 1.41E-05 O.OOE+OO 4.12E-07 O.OOE+OO O.OOE+OO O.OOE+OO 2.47E-Ol 

Y-93 5.85E-02 O.OOE+OO 1.61E-03 O.OOE+OO O.OOE+OO O.OOE+OO l.85E+03 
Zr-95 4.21E+02 1.35E+02 9.13E+Ol O.OOE+OO 2.12E+02 O.OOE+OO 4.28E+05 

Zr-97 l.07E-Ol 2.15E-02 9.84E-03 O.OOE+OO 3.25E-02 O.OOE+OO 6.67E+03 
Nb-95 2.72E+04 1.51E+04 8.12E+03 O.OOE+OO 1.49E+04 O.OOE+OO 9.17E+07 
Nb-97 1.64E-12 4.16E-13 1.52E-13 O.OOE+OO 4.85E-13 O.OOE+OO 1.53E-09 

Mo-99 O.OOE+OO 6.20E+06 l.18E+06 O.OOE+OO 1.40E+07 O.OOE+OO 1.44E+07 

Tc-99m 8.30E-Ol 2.34E+OO 2.99E+Ol O.OOE+OO 3.56E+Ol l.15E+OO l.39E+03 

Tc-99 4.26E+07 6.33E+07 1.71E+07 O.OOE+OO 7.97E+08 5.38E+06 2.07E+09 

Tc-101 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Ru-103 3.57E+02 O.OOE+OO 1.54E+02 O.OOE+OO l.36E+03 O.OOE+OO 4.16E+04 

Ru-105 2.16E-04 O.OOE+OO 8.54E-05 O.OOE+OO 2.79E-03 O.OOE+OO l.32E-01 

Ru-106 1.45E+04 O.OOE+OO l.84E+03 O.OOE+OO 2.81E+04 O.OOE+OO 9.42E+05 

Rh-105 1.05E+05 7.70E+04 5.07E+04 O.OOE+OO 3.27E+05 O.OOE+OO 1.23E+07 

Ag-llOm 4.05E+07 3.74E+07 2.22E+07 O.OOE+OO 7.36E+07 O.OOE+OO 1.53E+10 

Sn-113 9.13E+06 1.54E+06 2.56E+07 8.07E+05 2.11E+06 9.48E+05 2.81E+08 
Sn-l 17m 3.90E+06 1.33E+05 5.54E+06 2.65E+04 2.03E+05 4.21E+04 6.24E+07 

Sb-122 l.89E+05 l.04E+05 1.78E+06 2.20E+04 7.34E+04 2.83E+04 l.89E+07 

Sb-124 l.12E+07 2.11E+05 4.43E+06 2.71E+04 O.OOE+OO 8.69E+06 3.17E+08 

Sb-125 1.54E+07 1.72E+05 3.67E+06 1.57E+04 O.OOE+OO l.19E+07 1.70E+08 

Te-125m 7.74E+06 2.80E+06 l.04E+06 2.33E+06 3.15E+07 O.OOE+OO 3.09E+07 

Te-127m 3.02E+07 l.08E+07 3.68E+06 7.71E+06 1.23E+08 O.OOE+OO 1.01E+08 

Te-127 1.71E+02 6.15E+Ol 3.70E+Ol 1.27E+02 6.97E+02 O.OOE+OO l.35E+04 
Te-129m 2.08E+07 7.77E+06 3.30E+06 7.16E+06 8.70E+07 O.OOE+OO l.05E+08 

Te-129 7.44E-11 2.79E-l l l.81E-ll 5.71E-l l 3.13E-10 O.OOE+OO 5.61E-11 
Te-13lm 1.07E+05 5.26E+04 4.38E+04 8.32E+04 5.32E+05 O.OOE+OO 5.22E+06 

Te-131 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Te-132 6.01E+05 3.89E+05 3.65E+05 4.29E+05 3.74E+06 O.OOE+OO 1.84E+07 

1-130 5.27E+04 l.55E+05 6.13E+04 l.32E+07 2.42E+05 O.OOE+OO 1.34E+05 

1-131 3.64E+07 5.20E+07 2.98E+07 1.70E+10 8.92E+07 O.OOE+OO 1.37E+07 
1-132 l.82E-02 4.88E-02 1.71E-02 1.71E+OO 7.77E-02 O.OOE+OO 9.16E-03 

1-133 4.85E+05 4.83E+05 2.57E+05 l.24E+08 1.47E+06 O.OOE+OO 7.58E+05 

1-134 2.63E-13 7.16E-13 2.56E-13 l.24E-11 l.14E-12 O.OOE+OO 6.24E-16 

1-135 l.56E+03 4.07E+03 l.50E+03 2.69E+05 6.53E+03 O.OOE+OO 4.60E+03 
Cs-134 4.19E+09 9.97E+09 8.15E+09 O.OOE+OO 3.23E+09 l.07E+09 1.74E+08 

Cs-134m 4.40E-02 9.25E-02 4.73E-02 O.OOE+OO 5.02E-02 7.91E-03 3.26E-02 

Cs-136 6.44E+07 2.54E+08 l.83E+08 O.OOE+OO 1.42E+08 l.94E+07 2.89E+07 
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Cs-137 5.94E+09 8.12E+09 5.32E+09 O.OOE+OO 2.76E+09 9.16E+08 1.57E+08 
Cs-138 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Ba-139 1.38E-08 9.86E-12 4.05E-10 O.OOE+OO 9.21E-12 5.89E-12 2.45E-08 

Ba-140 6.56E+06 8.23E+03 4.30E+05 O.OOE+OO 2.80E+03 4.71E+03 l.35E+07 
Ba-141 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Ba-142 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
La-140 1.1 IE+OO 5.70E-01 1.51E-01 O.OOE+OO O.OOE+OO O.OOE+OO 4.19E+04 

La-142 2.34E-12 l.06E-12 2.65E-13 O.OOE+OO O.OOE+OO O.OOE+OO 7.76E-09 
Ce-141 1.54E+03 l.04E+03 l.18E+02 O.OOE+OO 4.83E+02 O.OOE+OO 3.97E+06 
Ce-143 1.04E+Ol 7.71E+03 8.54E-01 O.OOE+OO 3.40E+OO O.OOE+OO 2.88E+05 
Ce-144 2.41E+05 1.0IE+05 1.29E+04 O.OOE+OO 5.98E+04 O.OOE+OO 8.15E+07 
Pr-143 3.87E+Ol 1.55E+Ol 1.92E+OO O.OOE+OO 8.96E+OO O.OOE+OO 1.70E+05 
Pr-144 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Nd-147 2.30E+Ol 2.66E+Ol l.59E+OO O.OOE+OO 1.55E+Ol O.OOE+OO 1.27E+05 
Eu-152 5.87E+03 l.32E+03 l.16E+03 O.OOE+OO 8.20E+03 O.OOE+OO 7.63E+05 

W-187 1.64E+03 1.37E+03 4.80E+02 O.OOE+OO O.OOE+OO O.OOE+OO 4.50E+05 
U-235 2.43E+09 O.OOE+OO 1.47E+08 O.OOE+OO 5.66E+08 O.OOE+OO 2.36E+08 
U-238 2.32E+09 O.OOE+OO 1.37E+08 O.OOE+OO 5.30E+08 O.OOE+OO 1.67E+08 
Np-239 9.19E-01 9.03E-02 4.98E-02 O.OOE+OO 2.82E-01 O.OOE+OO l.85E+04 
Am-241 2.45E+07 8.62E+06 l.62E+06 O.OOE+OO 1.22E+07 O.OOE+OO 2.22E+06 

Page 82 of278 REFERENCE USE 



POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

TABLE 10-9 

ODCM 
Revision 23 

R;a, GRASS-COW-MILK PATHWAY DOSE FACTORS - TEEN 

H-3 O.OOE+OO 8.23E+02 8.23E+03 8.23E+03 8.23E+03 8.23E+03 8.23E+03 
C-14 6.70E+05 1.34E+05 1.34E+05 l.34E+05 1.34E+05 1.34E+05 1.34E+05 
F-18 2.07E-03 O.OOE+OO 2.26E-04 O.OOE+OO O.OOE+OO O.OOE+OO 1.86E-04 
Na-22 7.26E+09 7.26E+09 7.26E+09 7.26E+09 7.26E+09 7.26E+09 7.26E+09 
Na-24 l.06E+06 1.06E+06 1.06E+06 l.06E+06 l.06E+06 1.06E+06 l.06E+06 

Sc-46 l.52E+02 2.96E+02 8.77E+Ol O.OOE+OO 2.83E+02 O.OOE+OO l.01E+06 
P-32 8.02E+09 4.97E+08 3.11E+08 O.OOE+OO O.OOE+OO O.OOE+OO 6.74E+08 
Cr-51 O.OOE+OO O.OOE+OO l.47E+04 8.14E+03 3.21E+03 2.09E+04 2.46E+06 
Mn-54 O.OOE+OO 9.67E+06 l.92E+06 O.OOE+OO 2.88E+06 O.OOE+OO 1.98E+07 
Mn-56 O.OOE+OO l.86E-03 3.31E-04 O.OOE+OO 2.36E-03 O.OOE+OO l.23E-Ol 
Fe-55 3.31E+07 2.35E+07 5.48E+06 O.OOE+OO O.OOE+OO l.49E+07 l.02E+07 

Fe-59 1.93E+07 4.51E+07 1.74E+07 O.OOE+OO O.OOE+OO l.42E+07 l.07E+08 
Co-57 O.OOE+OO l.51E+06 2.53E+06 O.OOE+OO O.OOE+OO O.OOE+OO 2.81E+07 
Co-58 O.OOE+OO 3.71E+06 8.54E+06 O.OOE+OO O.OOE+OO O.OOE+OO 5.11E+07 
Co-60 O.OOE+OO 2.15E+07 4.84E+07 O.OOE+OO O.OOE+OO O.OOE+OO 2.80E+08 
Ni-63 9.98E+09 7.05E+08 3.38E+08 O.OOE+OO O.OOE+OO O.OOE+OO l.12E+08 

Ni-65 l.69E-Ol 2.16E-02 9.84E-03 O.OOE+OO O.OOE+OO O.OOE+OO 1.17E+OO 

Cu-64 O.OOE+OO l.07E+04 5.02E+03 O.OOE+OO 2.70E+04 O.OOE+OO 8.27E+05 

Zn-65 l.57E+09 5.47E+09 2.55E+09 O.OOE+OO 3.50E+09 O.OOE+OO 2.31E+09 
Zn-69m 8.23E+04 l.94E+05 l.78E+04 O.OOE+OO 1.18E+05 O.OOE+OO l.07E+07 
Zn-69 9.70E-13 l.85E-12 l.29E-13 O.OOE+OO 1.21E-12 O.OOE+OO 3.41E-12 
As-76 l.48E+05 4.65E+05 2.27E+06 l.36E+05 5.45E+05 l.36E+05 2.04E+07 
Br-82 O.OOE+OO O.OOE+OO 1.42E+07 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Br-83 O.OOE+OO O.OOE+OO 4.89E-02 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Br-84 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Br-85 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Rb-86 O.OOE+OO l.22E+09 5.71E+08 O.OOE+OO O.OOE+OO O.OOE+OO l.80E+08 
Rb-88 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Rb-89 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Sr-89 l.07E+09 O.OOE+OO 3.05E+07 O.OOE+OO O.OOE+OO O.OOE+OO l.27E+08 

Sr-90 6.72E+l0 O.OOE+OO 1.34E+09 O.OOE+OO O.OOE+OO O.OOE+OO l.53E+09 
Sr-91 l.33E+04 O.OOE+OO 5.31E+02 O.OOE+OO O.OOE+OO O.OOE+OO 6.05E+04 
Sr-92 2.27E-01 O.OOE+OO 9.66E-03 O.OOE+OO O.OOE+OO O.OOE+OO 5.78E+OO 
Y-90 3.25E+Ol O.OOE+OO 8.77E-01 O.OOE+OO O.OOE+OO O.OOE+OO 2.68E+05 

Y-91m 2.85E-20 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO l.34E-18 
Y-91 6.76E+03 O.OOE+OO l.81E+02 O.OOE+OO O.OOE+OO O.OOE+OO 2.77E+06 
Y-92 2.61E-05 O.OOE+OO 7.54E-07 O.OOE+OO O.OOE+OO O.OOE+OO 7.15E-01 
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Y-93 l.08E-01 O.OOE+OO 2.96E-03 O.OOE+OO O.OOE+OO O.OOE+OO 3.29E+03 

Zr-95 7.35E+02 2.32E+02 l.60E+02 O.OOE+OO 3.41E+02 O.OOE+OO 5.36E+05 

Zr-97 l.94E-01 3.84E-02 l.77E-02 O.OOE+OO 5.82E-02 O.OOE+OO l.04E+04 

Nb-95 4.63E+04 2.57E+04 l.41E+04 O.OOE+OO 2.49E+04 O.OOE+OO l.10E+08 

Nb-97 3.00E-12 7.44E-13 2.72E-13 O.OOE+OO 8.70E-13 O.OOE+OO l.78E-08 

Mo-99 O.OOE+OO 1.12E+07 2.13E+06 O.OOE+OO 2.56E+07 O.OOE+OO 2.00E+07 

Tc-99m l.44E+OO 4.0IE+OO 5.20E+Ol O.OOE+OO 5.98E+Ol 2.23E+OO 2.63E+03 

Tc-99 7.87E+07 1.16E+08 3.15E+07 O.OOE+OO 1.47E+09 1.20E+07 2.83E+09 

Tc-101 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ru-103 6.34E+02 O.OOE+OO 2.71E+02 O.OOE+OO 2.24E+03 O.OOE+OO 5.30E+04 

Ru-105 3.95E-04 O.OOE+OO l.53E-04 O.OOE+OO 4.98E-03 O.OOE+OO 3.19E-01 

Ru-106 2.68E+04 O.OOE+OO 3.37E+03 O.OOE+OO 5.16E+04 O.OOE+OO l.28E+06 

Rh-105 l.94E+05 l.40E+05 9.21E+04 O.OOE+OO 5.96E+05 O.OOE+OO l.79E+07 

Ag-llOm 6.69E+07 6.33E+07 3.85E+07 O.OOE+OO l.21E+08 O.OOE+OO l.78E+10 

Sn-113 l.27E+07 2.54E+06 4.17E+07 1.22E+06 3.31E+06 1.49E+06 4.48E+08 

Sn-117m 5.13E+06 2.21E+05 8.86E+06 4.13E+04 3.12E+05 7.55E+04 9.97E+07 

Sb-122 2.57E+05 l.76E+05 2.84E+06 3.52E+04 1.15E+05 4.74E+04 2.98E+07 

Sb-124 l.99E+07 3.67E+05 7.77E+06 4.52E+04 O.OOE+OO l.74E+07 4.01E+08 

Sb-125 2.76E+07 3.0IE+05 6.44E+06 2.63E+04 O.OOE+OO 2.42E+07 2.14E+08 
Te-125m 1.43E+07 5.14E+06 l.91E+06 3.99E+06 O.OOE+OO O.OOE+OO 4.21E+07 

Te-127m 5.56E+07 1.97E+07 6.62E+06 l.32E+07 2.26E+08 O.OOE+OO 1.39E+08 

Te-127 3.17E+02 1.12E+02 6.83E+Ol 2.19E+02 l.29E+03 O.OOE+OO 2.45E+04 

Te-129m 3.81E+07 l.41E+07 6.03E+06 l.23E+07 1.59E+08 O.OOE+OO l.43E+08 

Te-129 l.37E-10 5. lOE-11 3.33E-11 9.78E-11 5.74E-10 O.OOE+OO 7.49E-10 

Te-131m l.96E+05 9.38E+04 7.82E+04 l.41E+05 9.78E+05 O.OOE+OO 7.53E+06 

Te-131 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Te-132 l.07E+06 6.80E+05 6.40E+05 7.17E+05 6.52E+06 O.OOE+OO 2.15E+07 
1-130 9.26E+04 2.68E+05 l.07E+05 2.18E+07 4.13E+05 O.OOE+OO 2.06E+05 

1-131 6.60E+07 9.24E+07 4.96E+07 2.70E+10 l.59E+08 O.OOE+OO 1.83E+07 

1-132 3.23E-02 8.46E-02 3.04E-02 2.85E+OO l.33E-01 O.OOE+OO 3.69E-02 

1-133 8.85E+05 l.50E+06 4.58E+05 2.10E+08 2.63E+06 O.OOE+OO 1.14E+06 

1-134 4.68E-13 l.24E-12 4.46E-13 2.17E-11 l.96E-12 O.OOE+OO l.64E-14 

1-135 2.76E+03 7.12E+03 2.64E+03 4.58E+05 l.12E+04 O.OOE+OO 7.89E+03 

Cs-134 7.27E+09 l.71E+l0 7.94E+09 O.OOE+OO 5.44E+09 2.08E+09 2.13E+08 

Cs-134m 7.84E-02 l.62E-01 8.34E-02 O.OOE+OO 9.03E-02 1.59E-02 l.08E-01 

Cs-136 l.10E+08 4.32E+08 2.90E+08 O.OOE+OO 2.35E+08 3.70E+07 3.47E+07 

Cs-137 l.08E+l0 1.43E+10 4.99E+09 O.OOE+OO 4.87E+09 l.89E+09 2.04E+08 

Cs-138 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
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Ba-139 2.56E-08 l.80E-11 7.45E-10 O.OOE+OO 1.70E-11 1.24E-11 2.28E-07 

Ba-140 l.18E+07 l.45E+04 7.63E+05 O.OOE+OO 4.92E+03 9.75E+03 l.83E+07 

Ba-141 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ba-142 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

La-140 2.03E+OO 9.99E-Ol 2.66E-01 O.OOE+OO O.OOE+OO O.OOE+OO 5.73E+04 

La-142 4.22E-12 1.87E-12 4.66E-13 O.OOE+OO O.OOE+OO O.OOE+OO 5.70E-08 

Ce-141 2.82E+03 1.88E+03 2.16E+02 O.OOE+OO 8.85E+02 O.OOE+OO 5.38E+06 

Ce-143 1.92E+Ol 1.40E+04 1.56E+OO O.OOE+OO 6.26E+OO O.OOE+OO 4.19E+05 

Ce-144 4.43E+05 1.84E+05 2.38E+04 O.OOE+OO l.10E+05 O.OOE+OO l.12E+08 

Pr-143 7.1 lE+Ol 2.84E+Ol 3.54E+OO O.OOE+OO 1.65E+Ol O.OOE+OO 2.34E+05 

Pr-144 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Nd-147 4.42E+Ol 4.81E+Ol 2.88E+OO O.OOE+OO 2.82E+Ol O.OOE+OO 1.73E+05 

Eu-152 9.42E+03 2.27E+03 2.00E+03 O.OOE+OO 1.05E+04 O.OOE+OO 8.35E+05 

W-187 3.00E+03 2.45E+03 8.58E+02 O.OOE+OO O.OOE+OO O.OOE+OO 6.63E+05 

U-235 4.45E+09 O.OOE+OO 2.71E+08 O.OOE+OO 1.04E+09 O.OOE+OO 3.23E+08 

U-238 4.26E+09 O.OOE+OO 2.54E+08 O.OOE+OO 9.77E+08 O.OOE+OO 2.28E+08 

Np-239 1.75E+OO 1.65E-Ol 9.19E-02 O.OOE+OO 5.19E-Ol O.OOE+OO 2.66E+04 

Am-241 3.33E+07 1.27E+07 2.22E+06 O.OOE+OO 1.66E+07 O.OOE+OO 3.04E+06 
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H-3 O.OOE+OO 1.30E+03 l.30E+03 l.30E+03 l.30E+03 l.30E+03 1.30E+03 

C-14 l.65E+06 3.29E+05 3.29E+05 3.29E+05 3.29E+05 3.29E+05 3.29E+05 

F-18 4.91E-03 O.OOE+OO 4.87E-04 O.OOE+OO O.OOE+OO O.OOE+OO 1.33E-03 

Na-22 l.50E+10 I.SOE+ 10 l.50E+10 l.50E+10 l.50E+10 l.50E+10 l.50E+10 

Na-24 2.20E+06 2.20E+06 2.20E+06 2.20E+06 2.20E+06 2.20E+06 2.20E+06 

Sc-46 3.41E+02 4.67E+02 l.80E+02 O.OOE+OO 4.14E+02 O.OOE+OO 6.84E+05 

P-32 l.98E+ 10 9.25E+08 7.62E+08 O.OOE+OO O.OOE+OO O.OOE+OO 5.46E+08 

Cr-51 O.OOE+OO O.OOE+OO 2.99E+04 l.66E+04 4.54E+03 3.03E+04 l.59E+06 

Mn-54 O.OOE+OO l.45E+07 3.85E+06 O.OOE+OO 4.05E+06 O.OOE+OO l.21E+07 

Mn-56 O.OOE+OO 3.25E-03 7.33E-04 O.OOE+OO 3.93E-03 O.OOE+OO 4.71E-01 

Fe-55 8.31E+07 4.41E+07 l.37E+07 O.OOE+OO O.OOE+OO 2.49E+07 8.17E+06 

Fe-59 4.48E+07 7.25E+07 3.61E+07 O.OOE+OO O.OOE+OO 2.10E+07 7.55E+07 

Co-57 O.OOE+OO 2.58E+06 5.21E+06 O.OOE+OO O.OOE+OO O.OOE+OO 2.l 1E+07 

Co-58 O.OOE+OO 5.66E+06 l.73E+07 O.OOE+OO O.OOE+OO O.OOE+OO 3.30E+07 

Co-60 O.OOE+OO 3.34E+07 9.85E+07 O.OOE+OO O.OOE+OO O.OOE+OO l.85E+08 

Ni-63 2.50E+10 l.34E+09 8.51E+08 O.OOE+OO O.OOE+OO O.OOE+OO 9.02E+07 

Ni-65 4.13E-Ol 3.89E-02 2.27E-02 O.OOE+OO O.OOE+OO O.OOE+OO 4.77E+OO 

Cu-64 O.OOE+OO l.87E+04 1.13E+04 O.OOE+OO 4.53E+04 O.OOE+OO 8.80E+05 

Zn-65 3.09E+09 8.23E+09 5.12E+09 O.OOE+OO 5.19E+09 O.OOE+OO l.45E+09 

Zn-69m 2.01E+05 3.42E+05 4.05E+04 O.OOE+OO l.99E+05 O.OOE+OO 1.11E+07 

Zn-69 3.23E-12 4.67E-12 4.31E-13 O.OOE+OO 2.83E-12 O.OOE+OO 2.94E-10 

As-76 3.37E+05 9.37E+05 5.43E+06 3.18E+05 l.03E+06 3.18E+05 4.87E+07 

Br-82 O.OOE+OO O.OOE+OO 2.91E+07 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Br-83 O.OOE+OO O.OOE+OO 1.20E-01 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Br-84 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Br-85 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Rb-86 O.OOE+OO 2.26E+09 l.39E+09 O.OOE+OO O.OOE+OO O.OOE+OO 1.45E+08 

Rb-88 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Rb-89 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Sr-89 2.64E+09 O.OOE+OO 7.53E+07 O.OOE+OO O.OOE+OO O.OOE+OO l.02E+08 

Sr-90 l.39E+ll O.OOE+OO 2.80E+09 O.OOE+OO O.OOE+OO O.OOE+OO l.24E+09 

Sr-91 3.27E+04 O.OOE+OO l.24E+03 O.OOE+OO O.OOE+OO O.OOE+OO 7.23E+04 

Sr-92 5.54E-01 O.OOE+OO 2.22E-02 O.OOE+OO O.OOE+OO O.OOE+OO l.OSE+Ol 

Y-90 8.06E+Ol O.OOE+OO 2.16E+OO O.OOE+OO O.OOE+OO O.OOE+OO 2.29E+05 

Y-9lm 6.95E-20 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO l.36E-16 

Y-91 1.67E+04 O.OOE+OO 4.46E+02 O.OOE+OO O.OOE+OO O.OOE+OO 2.22E+06 

Y-92 6.40E-05 O.OOE+OO l.83E-06 O.OOE+OO O.OOE+OO O.OOE+OO l.85E+OO 
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Y-93 2.65E-Ol O.OOE+OO 7.27E-03 O.OOE+OO O.OOE+OO O.OOE+OO 3.95E+03 
Zr-95 1.71E+03 3.76E+02 3.34E+02 O.OOE+OO 5.38E+02 O.OOE+OO 3.92E+05 
Zr-97 4.72E-Ol 6.83E-02 4.03E-02 O.OOE+OO 9.80E-02 O.OOE+OO l.03E+04 
Nb-95 1.05E+05 4.07E+04 2.91E+04 O.OOE+OO 3.82E+04 O.OOE+OO 7.53E+07 
Nb-97 7.28E-12 1.3 lE-12 6.14E-13 O.OOE+OO 1.46E-12 O.OOE+OO 4.06E-07 
Mo-99 O.OOE+OO 2.04E+07 5.04E+06 O.OOE+OO 4.35E+07 O.OOE+OO 1.68E+07 
Tc-99m 3.30E+OO 6.47E+OO l.07E+02 O.OOE+OO 9.40E+Ol 3.29E+OO 3.68E+03 
Tc-99 l.94E+08 2.16E+08 7.76E+07 O.OOE+OO 2.54E+09 1.91E+07 2.27E+09 
Tc-101 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Ru-103 1.50E+03 O.OOE+OO 5.77E+02 O.OOE+OO 3.78E+03 O.OOE+OO 3.88E+04 
Ru-105 9.64E-04 O.OOE+OO 3.50E-04 O.OOE+OO 8.47E-03 O.OOE+OO 6.29E-01 

Ru-106 6.59E+04 O.OOE+OO 8.22E+03 O.OOE+OO 8.90E+04 O.OOE+OO l.02E+06 
Rh-105 4.76E+05 2.56E+05 2.19E+05 O.OOE+OO l.02E+06 O.OOE+OO l.58E+07 
Ag-1 lOm 1.45E+08 9.80E+07 7.83E+07 O.OOE+OO 1.83E+08 O.OOE+OO 1.17E+l0 
Sn-113 2.95E+07 6.35E+06 9.71E+07 2.54E+06 6.73E+06 3.18E+06 l.08E+09 
Sn-l 17m 1.33E+07 6.31E+05 2.08E+07 9.97E+04 6.40E+05 l.83E+05 2.41E+08 
Sb-122 6.14E+05 3.69E+05 6.81E+06 8.04E+04 2.23E+05 l.05E+05 7.37E+07 
Sb-124 4.71E+07 6.11E+05 l.65E+07 l.04E+05 O.OOE+OO 2.61E+07 2.95E+08 
Sb-125 6.56E+07 5.06E+05 1.37E+07 6.08E+04 O.OOE+OO 3.66E+07 1.57E+08 
Te-125m 3.51E+07 9.50E+06 4.67E+06 9.84E+06 O.OOE+OO O.OOE+OO 3.38E+07 
Te-127m 1.37E+08 3.69E+07 1.63E+07 3.28E+07 3.91E+08 O.OOE+OO 1.l 1E+08 
Te-127 7.80E+02 2.10E+02 1.67E+02 5.40E+02 2.22E+03 O.OOE+OO 3.05E+04 
Te-129m 9.39E+07 2.62E+07 1.46E+07 3.03E+07 2.76E+08 O.OOE+OO 1.15E+08 
Te-129 3.38E-10 9.43E-11 8.02E-11 2.41E-10 9.88E-10 O.OOE+OO 2.lOE-08 

Te-131m 4.76E+05 1.65E+05 1.75E+05 3.39E+05 l.59E+06 O.OOE+OO 6.68E+06 

Te-131 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Te-132 2.56E+06 1.13E+06 1.37E+06 l.65E+06 1.05E+07 O.OOE+OO 1.14E+07 
1-130 2.17E+05 4.38E+05 2.25E+05 4.82E+07 6.564E+05 O.OOE+OO 2.05E+05 
1-131 l.60E+08 1.61E+08 9.15E+07 5.32E+10 2.64E+08 O.OOE+OO 1.43E+07 
1-132 7.65E-02 1.41E-01 6.46E-02 6.52E+OO 2.15E-01 O.OOE+OO l.65E-Ol 
1-133 2.15E+06 2.66E+06 1.01E+06 4.94E+08 4.43E+06 O.OOE+OO 1.07E+06 
1-134 1.1 lE-12 2.06E-12 9.47E-13 4.73E-l 1 3.15E-12 O.OOE+OO l.36E-12 
1-135 6.54E+03 l.18E+04 5.57E+03 1.04E+06 l.81E+04 O.OOE+OO 8.97E+03 
Cs-134 1.68E+l0 2.75E+l0 5.81E+09 O.OOE+OO 8.53E+09 3.06E+09 1.48E+08 
Cs-134m 1.86E-01 2.75E-Ol l.79E-01 O.OOE+OO 1.45E-Ol 2.39E-02 3.47E-01 
Cs-136 2.48E+08 6.80E+08 4.40E+08 O.OOE+OO 3.62E+08 5.40E+07 2.39E+07 
Cs-137 2.59E+10 2.48E+10 3.66E+09 O.OOE+OO 8.09E+09 2.91E+09 1.55E+08 
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Cs-138 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ba-139 6.29E-08 3.36E-11 l.82E-09 O.OOE+OO 2.93E-11 l.97E-1 l 3.63E-06 

Ba-140 2.86E+07 2.50E+04 1.67E+06 O.OOE+OO 8.15E+03 1.49E+04 l.45E+07 

Ba-141 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ba-142 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

La-140 4.87E+OO l.70E+OO 5.73E-01 O.OOE+OO O.OOE+OO O.OOE+OO 4.74E+04 

La-142 l.02E-11 3.25E-12 l.02E-12 O.OOE+OO O.OOE+OO O.OOE+OO 6.43E-07 

Ce-141 6.94E+03 3.46E+03 5.14E+02 O.OOE+OO l.52E+03 O.OOE+OO 4.32E+06 

Ce-143 4.70E+Ol 2.55E+04 3.69E+OO O.OOE+OO l.07E+Ol O.OOE+OO 3.74E+05 

Ce-144 1.09E+06 3.43E+05 5.84E+04 O.OOE+OO l.90E+05 O.OOE+OO 8.94E+07 

Pr-143 l.76E+02 5.28E+Ol 8.73E+OO O.OOE+OO 2.86E+Ol O.OOE+OO l.90E+05 

Pr-144 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Nd-147 1.08E+02 8.79E+Ol 6.80E+OO O.OOE+OO 4.82E+Ol O.OOE+OO l.39E+05 

Eu-152 l.95E+04 3.55E+03 4.22E+03 O.OOE+OO 1.50E+04 O.OOE+OO 5.84E+05 

W-187 7.28E+03 4.31E+03 l.94E+03 O.OOE+OO O.OOE+OO O.OOE+OO 6.06E+05 

U-235 l.lOE+lO O.OOE+OO 6.67E+08 O.OOE+OO l.81E+09 O.OOE+OO 2.59E+08 

U-238 l.05E+10 O.OOE+OO 6.25E+08 O.OOE+OO 1.69E+09 O.OOE+OO l.82E+08 

Np-239 4.32E+OO 3.lOE-01 2.18E-01 O.OOE+OO 8.96E-01 O.OOE+OO 2.29E+04 

Am-241 4.55E+07 2.04E+07 3.25E+06 O.OOE+OO 1.98E+07 O.OOE+OO 2.43E+06 
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H-3 O.OOE+OO 1.98E+03 l.98E+03 l.98E+03 1.98E+03 l.98E+03 1.98E+03 
C-14 3.23E+06 6.89E+05 6.89E+05 6.89E+05 6.89E+05 6.89E+05 6.89E+05 
F-18 l.02E-02 O.OOE+OO 8.74E-04 O.OOE+OO O.OOE+OO O.OOE+OO 2.41E-03 
Na-22 2.52E+10 2.52E+l0 2.52E+10 2.52E+10 2.52E+10 2.52E+10 2.52E+l0 
Na-24 3.83E+06 3.83E+06 3.83E+06 3.83E+06 3.83E+06 3.83E+06 3.83E+06 

Sc-46 6.49E+02 9.36E+02 2.93E+02 O.OOE+OO 6.16E+02 O.OOE+OO 6.l 1E+05 
P-32 4.07E+10 2.40E+09 1.58E+09 O.OOE+OO O.OOE+OO O.OOE+OO 5.51E+08 
Cr-51 O.OOE+OO O.OOE+OO 4.74E+04 3.09E+04 6.75E+03 6.01E+04 l.38E+06 
Mn-54 O.OOE+OO 2.69E+07 6.10E+06 O.OOE+OO 5.96E+06 O.OOE+OO 9.88E+06 
Mn-56 O.OOE+OO 7.96E-03 1.37E-03 O.OOE+OO 6.84E-03 O.OOE+OO 7.23E-01 
Fe-55 1.00E+08 6.49E+07 l.73E+07 O.OOE+OO O.OOE+OO 3.17E+07 8.24E+06 
Fe-59 8.36E+07 1.46E+08 5.76E+07 O.OOE+OO O.OOE+OO 4.32E+07 6.98E+07 
Co-57 O.OOE+OO 6.01E+06 9.77E+06 O.OOE+OO O.OOE+OO O.OOE+OO 2.05E+07 
Co-58 O.OOE+OO l.13E+07 2.82E+07 O.OOE+OO O.OOE+OO O.OOE+OO 2.82E+07 
Co-60 O.OOE+OO 6.82E+07 1.61E+08 O.OOE+OO O.OOE+OO O.OOE+OO 1.62E+08 
Ni-63 2.95E+10 1.82E+09 1.02E+09 O.OOE+OO O.OOE+OO O.OOE+OO 9.07E+07 
Ni-65 8.75E-01 9.90E-02 4.51E-02 O.OOE+OO O.OOE+OO O.OOE+OO 7.54E+OO 
Cu-64 O.OOE+OO 4.66E+04 2.16E+04 O.OOE+OO 7.88E+04 O.OOE+OO 9.57E+05 
Zn-65 4.15E+09 1.42E+10 6.56E+09 O.OOE+OO 6.90E+09 O.OOE+OO 1.20E+10 
Zn-69m 4.24E+05 8.66E+05 7.89E+04 O.OOE+OO 3.51E+05 O.OOE+OO l.20E+07 
Zn-69 6.88E-12 1.24E-11 9.22E-13 O.OOE+OO 5.15E-12 O.OOE+OO l.OlE-09 
As-76 2.06E+06 5.43E+06 9.37E+06 2.06E+06 5.71E+06 2.06E+06 5.99E+07 
Br-82 O.OOE+OO O.OOE+OO 4.90E+07 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Br-83 O.OOE+OO O.OOE+OO 2.55E-01 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Br-84 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Br-85 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Rb-86 O.OOE+OO 5.72E+09 2.83E+09 O.OOE+OO O.OOE+OO O.OOE+OO l.46E+08 
Rb-88 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Rb-89 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Sr-89 5.02E+09 O.OOE+OO 1.44E+08 O.OOE+OO O.OOE+OO O.OOE+OO l.03E+08 
Sr-90 l.54E+ 11 O.OOE+OO 3.12E+09 O.OOE+OO O.OOE+OO O.OOE+OO l.26E+09 
Sr-91 6.82E+04 O.OOE+OO 2.47E+03 O.OOE+OO O.OOE+OO O.OOE+OO 8.07E+04 
Sr-92 l.18E+OO O.OOE+OO 4.37E-02 O.OOE+OO O.OOE+OO O.OOE+OO l.27E+Ol 
Y-90 1.70E+02 O.OOE+OO 4.57E+OO O.OOE+OO O.OOE+OO O.OOE+OO 2.35E+05 
Y-91m l.47E-19 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 4.91E-16 
Y-91 3.13E+04 O.OOE+OO 8.35E+02 O.OOE+OO O.OOE+OO O.OOE+OO 2.25E+06 
Y-92 1.36E-04 O.OOE+OO 3.82E-06 O.OOE+OO O.OOE+OO O.OOE+OO 2.59E+OO 
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Y-93 5.64E-01 O.OOE+OO 1.54E-02 O.OOE+OO O.OOE+OO O.OOE+OO 4.46E+03 

Zr-95 3.03E+03 7.39E+02 5.24E+02 O.OOE+OO 7.97E+02 O.OOE+OO 3.68E+05 

Zr-97 l.OOE+OO 1.72E-01 7.84E-02 O.OOE+OO 1.73E-01 O.OOE+OO 1.09E+04 

Nb-95 l.95E+05 8.04E+04 4.65E+04 O.OOE+OO 5.76E+04 O.OOE+OO 6.79E+07 

Nb-97 1.54E-11 3.28E-12 l.18E-12 O.OOE+OO 2.57E-12 O.OOE+OO 1.04E-06 

Mo-99 O.OOE+OO 5.21E+07 1.02E+07 O.OOE+OO 7.78E+07 O.OOE+OO 1.71E+07 

Tc-99m 6.86E+OO 1.42E+Ol l.82E+02 O.OOE+OO 1.52E+02 7.32E+OO 4.11E+03 

Tc-99 3.92E+08 5.29E+08 l.65E+08 O.OOE+OO 4.46E+09 5.15E+07 2.29E+09 

Tc-101 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ru-103 3.04E+03 O.OOE+OO 1.02E+03 O.OOE+OO 6.32E+03 O.OOE+OO 3.69E+04 

Ru-105 2.03E-03 O.OOE+OO 6.84E-04 O.OOE+OO 1.49E-02 O.OOE+OO 8.08E-01 

Ru-106 1.36E+05 O.OOE+OO 1.70E+04 O.OOE+OO 1.60E+05 O.OOE+OO l.03E+06 

Rh-105 1.01E+06 6.61E+05 4.44E+05 O.OOE+OO l.83E+06 O.OOE+OO l.64E+07 

Ag-1 lOm 2.68E+08 1.96E+08 l.29E+08 O.OOE+OO 2.80E+08 O.OOE+OO 1.0lE+lO 

Sn-113 1.08E+08 2.17E+07 2.91E+08 l.16E+07 2.17E+07 1.46E+07 3.21E+09 

Sn-117m 4.73E+07 1.91E+06 6.40E+07 5.40E+05 1.66E+06 7.81E+05 7.31E+08 
Sb-122 2.35E+06 1.56E+06 2.01E+07 4.69E+05 7.48E+05 5.36E+05 2.12E+08 

Sb-124 9.08E+07 l.34E+06 2.81E+07 2.41E+05 O.OOE+OO 5.69E+07 2.80E+08 

Sb-125 1.13E+08 1.09E+06 2.32E+07 1.41E+05 O.OOE+OO 7.08E+07 1.50E+08 

Te-125m 7.16E+07 2.40E+07 9.69E+06 2.41E+07 O.OOE+OO O.OOE+OO 3.41E+07 

Te-127m 2.78E+08 9.21E+07 3.36E+07 8.02E+07 6.84E+08 O.OOE+OO l.12E+08 

Te-127 1.66E+03 5.55E+02 3.56E+02 l.35E+03 4.04E+03 O.OOE+OO 3.48E+04 
Te-129m l.93E+08 6.61E+07 2.97E+07 7.41E+07 4.82E+08 O.OOE+OO l.15E+08 

Te-129 7.16E-10 2.47E-10 1.67E-10 6.00E-10 l.78E-09 O.OOE+OO 5.72E-08 

Te-131m 1.01E+06 4.05E+05 3.34E+05 8.20E+05 2.78E+06 O.OOE+OO 6.81E+06 

Te-131 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Te-132 5.28E+06 2.61E+06 2.44E+06 3.86E+06 1.63E+07 O.OOE+OO 9.67E+06 

1-130 4.45E+05 9.79E+05 3.93E+05 l.10E+08 l.08E+06 O.OOE+OO 2.10E+05 

1-131 3.34E+08 3.94E+08 l.73E+08 1.29E+l 1 4.60E+08 O.OOE+OO 1.41E+07 

1-132 1.59E-01 3.22E-01 l.15E-01 1.51E+Ol 3.59E-01 O.OOE+OO 2.61E-01 

1-133 4.54E+06 6.61E+06 l.94E+06 1.20E+09 7.77E+06 O.OOE+OO 1.12E+06 

1-134 2.30E-12 4.71E-12 1.67E-12 l.lOE-10 5.26E-10 O.OOE+OO 4.87E-12 

1-135 1.36E+04 2.71E+04 9.87E+03 2.43E+06 3.02E+04 O.OOE+OO 9.80E+03 

Cs-134 2.70E+10 5.04E+10 5.09E+09 O.OOE+OO l.30E+10 5.32E+09 1.37E+08 

Cs-134m 3.87E-01 6.44E-01 3.25E-01 O.OOE+OO 2.48E-01 5.72E-02 5.lOE-01 

Cs-136 4.84E+08 1.42E+09 5.31E+08 O.OOE+OO 5.67E+08 l.16E+08 2.16E+07 

Cs-137 4.14E+10 4.84E+10 3.43E+09 O.OOE+OO 1.30E+10 5.26E+09 1.51E+08 
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Cs-138 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ba-139 l.34E-07 8.87E-11 3.87E-09 O.OOE+OO 5.33E-11 5.38E-11 8.474E-06 

Ba-140 5.88E+07 5.88E+04 3.03E+06 O.OOE+OO l.40E+04 3.61E+04 1.44E+07 

Ba-141 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ba-142 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

La-140 l.02E+Ol 4.0lE+OO l.03E+OO O.OOE+OO O.OOE+OO O.OOE+OO 4.71E+04 

La-142 2.14E-11 7.85E-12 l.88E-12 O.OOE+OO O.OOE+OO O.OOE+OO l .33E-06 

Ce-141 1.38E+04 8.39E+03 9.87E+02 O.OOE+OO 2.59E+03 O.OOE+OO 4.33E+06 

Ce-143 9.96E+Ol 6.61E+04 7.54E+OO O.OOE+OO l.92E+Ol O.OOE+OO 3.86E+05 

Ce-144 l.57E+06 6.41E+05 8.78E+04 O.OOE+OO 2.59E+05 O.OOE+OO 8.99E+07 

Pr-143 3.64E+02 l.36E+02 l.80E+Ol O.OOE+OO 5.06E+Ol O.OOE+OO l.92E+05 

Pr-144 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Nd-147 2.15E+02 2.21E+02 l.35E+Ol O.OOE+OO 8.52E+Ol O.OOE+OO l.40E+05 

Eu-152 2.14E+04 5.68E+03 4.79E+03 O.OOE+OO l.59E+04 O.OOE+OO 5.05E+05 

W-187 l.53E+04 l.07E+04 3.68E+03 O.OOE+OO O.OOE+OO O.OOE+OO 6.27E+05 

U-235 l.51E+10 O.OOE+OO l.15E+09 O.OOE+OO 3.20E+09 O.OOE+OO 2.61E+08 

U-238 1.44E+10 O.OOE+OO l.07E+09 O.OOE+OO 2.99E+09 O.OOE+OO 1.84E+08 

Np-239 9.12E+OO 8.16E-01 4.61E-01 O.OOE+OO l.63E+OO O.OOE+OO 2.36E+04 

Am-241 4.87E+07 2.29E+07 3.47E+06 O.OOE+OO 2.09E+07 O.OOE+OO 2.45E+06 
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H-3 O.OOE+OO 2.69E+02 2.69E+02 2.69E+02 2.69E+02 2.69E+02 2.69E+02 

C-14 3.33E+05 6.66E+04 6.66E+04 6.66E+04 6.66E+04 6.66E+04 6.66E+04 

F-18 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Na-22 l.10E+09 l.10E+09 l.10E+09 l.10E+09 l.10E+09 l.10E+09 l.10E+09 
Na-24 3.22E-04 3.22E-04 3.22E-04 3.22E-04 3.22E-04 3.22E-04 3.22E-04 

Sc-46 8.77E+04 l.70E+05 4.95E+04 O.OOE+OO l.59E+05 O.OOE+OO 8.29E+08 
P-32 l.18E+09 7.36E+07 4.58E+07 O.OOE+OO O.OOE+OO O.OOE+OO 1.33E+08 
Cr-51 O.OOE+OO O.OOE+OO 2.07E+03 l.24E+03 4.56E+02 2.75E+03 5.21E+05 
Mn-54 O.OOE+OO 6.33E+06 l.21E+06 O.OOE+OO l.88E+06 O.OOE+OO l.94E+07 
Mn-56 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Fe-55 2.18E+08 l.51E+08 3.51E+07 O.OOE+OO O.OOE+OO 8.41E+07 8.65E+07 
Fe-59 9.89E+07 2.33E+08 8.91E+07 O.OOE+OO O.OOE+OO 6.50E+07 7.75E+08 
Co-57 O.OOE+OO 3.78E+06 6.29E+06 O.OOE+OO O.OOE+OO O.OOE+OO 9.60E+07 

Co-58 O.OOE+OO 8.51E+06 l.91E+07 O.OOE+OO O.OOE+OO O.OOE+OO l.73E+08 
Co-60 O.OOE+OO 5.82E+07 l.28E+08 O.OOE+OO O.OOE+OO O.OOE+OO l.09E+09 
Ni-63 l.59E+10 l.10E+09 5.34E+08 O.OOE+OO O.OOE+OO O.OOE+OO 2.30E+08 
Ni-65 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Cu-64 O.OOE+OO 7.00E-08 3.29E-08 O.OOE+OO l.77E-07 O.OOE+OO 5.97E-06 

Zn-65 2.66E+08 8.46E+08 3.82E+08 O.OOE+OO 5.66E+08 O.OOE+OO 5.33E+08 
Zn-69m 4.37E-06 1.05E-05 9.58E-06 O.OOE+OO 6.34E-06 O.OOE+OO 6.39E-04 
Zn-69 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
As-76 l.30E-01 3.78E-01 l.89E+OO l.13E-01 4.61E-01 l.18E-Ol l.65E+Ol 
Br-82 O.OOE+OO O.OOE+OO 3.01E+02 O.OOE+OO O.OOE+OO O.OOE+OO 3.59E+02 
Br-83 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Br-84 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Br-85 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Rb-86 O.OOE+OO l.25E+08 5.84E+07 O.OOE+OO O.OOE+OO O.OOE+OO 2.47E+07 
Rb-88 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Rb-89 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Sr-89 l.20E+08 O.OOE+OO 3.45E+06 O.OOE+OO O.OOE+OO O.OOE+OO 1.93E+07 
Sr-90 l.18E+10 O.OOE+OO 2.37E+08 O.OOE+OO O.OOE+OO O.OOE+OO 2.97E+08 
Sr-91 3.96E-11 O.OOE+OO 1.60E-12 O.OOE+OO O.OOE+OO O.OOE+OO l.88E-10 

Sr-92 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Y-90 2.70E+Ol O.OOE+OO 7.25E-Ol O.OOE+OO O.OOE+OO O.OOE+OO 2.86E+05 
Y-91m O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Y-91 4.83E+05 O.OOE+OO 1.29E+04 O.OOE+OO O.OOE+OO O.OOE+OO 2.67E+08 
Y-92 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
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Y-93 1.70E-12 O.OOE+OO 4.69E-14 O.OOE+OO O.OOE+OO O.OOE+OO 5.39E-08 

Zr-95 8.35E+05 2.68E+05 1.81E+05 O.OOE+OO 4.28E+05 O.OOE+OO 8.49E+08 

Zr-97 4.67E-06 9.43E-05 4.31E-07 O.OOE+OO l.42E-06 O.OOE+OO 2.92E-01 

Nb-95 7.55E+05 4.20E+05 2.26E+05 O.OOE+OO 4.15E+05 O.OOE+OO 2.55E+09 

Nb-97 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Mo-99 O.OOE+OO 2.50E+04 4.76E+03 O.OOE+OO 5.67E+04 O.OOE+OO 5.80E+04 

Tc-99m O.OOE+OO O.OOE+OO 3.90E-20 O.OOE+OO 4.65E-20 O.OOE+OO 1.81E-18 

Tc-99 2.42E+08 3.60E+08 9.71E+07 O.OOE+OO 4.52E+09 3.05E+07 1.18E+10 

Tc-101 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ru-103 3.68E+07 O.OOE+OO 1.59E+07 O.OOE+OO 1.41E+08 O.OOE+OO 4.30E+09 

Ru-105 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ru-106 2.00E+09 O.OOE+OO 2.53E+08 O.OOE+OO 3.86E+09 O.OOE+OO l.29E+ 11 

Rh-105 1.19E+OO 8.69E-01 5.73E-01 O.OOE+OO 3.69E+OO O.OOE+OO 1.38E+02 

Ag-1 lOm 4.64E+06 4.30E+06 2.55E+06 O.OOE+OO 8.44E+06 O.OOE+OO 1.75E+09 

Sn-113 9.30E+07 1.57E+07 2.61E+08 8.22E+06 2.15E+07 9.65E+06 2.86E+09 

Sn-117m 1.77E+07 6.08E+05 2.51E+07 l.20E+05 9.20E+05 1.91E+05 2.83E+08 

Sb-122 1.82E+03 l.OOE+03 l.72E+04 2.12E+02 7.08E+02 2.73E+02 l.82E+05 

Sb-124 8.59E+06 l.62E+05 3.40E+06 2.08E+04 O.OOE+OO 6.69E+06 2.44E+08 

Sb-125 1.44E+07 1.61E+05 3.43E+06 1.46E+04 O.OOE+OO 1.11E+07 l.59E+08 

Te-125m 1.71E+08 6.18E+07 2.28E+07 5.13E+07 6.94E+08 O.OOE+OO 6.81E+08 

Te-127m 7.36E+08 2.63E+08 8.96E+07 1.88E+08 2.99E+09 O.OOE+OO 2.47E+09 

Te-127 6.85E-11 2.46E-11 1.48E-11 5.07E-11 2.79E-10 O.OOE+OO 5.40E-09 

Te-129m 3.93E+08 1.46E+08 6.21E+07 l.35E+08 l.64E+09 O.OOE+OO 1.98E+09 

Te-129 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Te-13lm 2.84E+02 l.39E+02 1.16E+02 2.20E+02 1.41E+03 O.OOE+OO 1.38E+04 

Te-131 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Te-132 3.33E+05 2.15E+05 2.02E+05 2.38E+05 2.07E+06 O.OOE+OO 1.02E+07 

1-130 l.72E-07 8.02E-07 3.17E-07 6.80E-05 1.25E-06 O.OOE+OO 6.91E-07 

1-131 l.32E+06 l.88E+06 1.08E+06 6.17E+08 3.23E+06 O.OOE+OO 4.97E+05 

1-132 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

1-133 4.65E-02 8.09E-02 2.47E-02 1.19E+Ol 1.41E-01 O.OOE+OO 7.27E-02 

1-134 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

1-135 4.29E-18 1.12E-17 4.15E-18 7.41E-16 1.80E-17 O.OOE+OO 1.27E-17 

Cs-134 4.87E+08 1.16E+09 9.48E+08 O.OOE+OO 3.75E+08 l.25E+08 2.03E+07 

Cs-134m O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Cs-136 2.95E+06 1.17E+07 8.39E+06 O.OOE+OO 6.49E+06 8.89E+05 1.32E+06 

Cs-137 7.01E+08 9.59E+08 6.28E+08 O.OOE+OO 3.26E+08 1.08E+08 l.86E+07 
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Cs-138 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Ba-139 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Ba-140 6.99E+06 8.79E+03 4.58E+05 O.OOE+OO 2.99E+03 5.03E+03 l.44E+07 

Ba-141 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Ba-142 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
La-140 9.48E-03 4.78E-03 l.26E-03 O.OOE+OO O.OOE+OO O.OOE+OO 3.51E+02 
La-142 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Ce-141 4.46E+03 3.01E+03 3.42E+02 O.OOE+OO 1.40E+03 O.OOE+OO l.15E+07 
Ce-143 5.16E-03 3.81E+OO 4.22E-04 O.OOE+OO l.68E-03 O.OOE+OO l.43E+02 
Ce-144 9.82E+05 4.l 1E+05 5.27E+04 O.OOE+OO 2.44E+05 O.OOE+OO 3.32E+08 
Pr-143 5.15E+03 2.06E+03 2.55E+02 O.OOE+OO l.19E+03 O.OOE+OO 2.26E+07 
Pr-144 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Nd-147 1.73E+03 2.00E+03 l.19E+02 O.OOE+OO l.17E+03 O.OOE+OO 9.58E+06 
Eu-152 2.00E+06 4.50E+05 3.95E+05 O.OOE+OO 2.79E+06 O.OOE+OO 2.59E+08 
W-187 5.49E-03 4.59E-03 1.60E-03 O.OOE+OO O.OOE+OO O.OOE+OO l.50E+OO 
U-235 5.85E+08 O.OOE+OO 3.55E+07 O.OOE+OO l.37E+08 O.OOE+OO 5.71E+07 
U-238 5.60E+08 O.OOE+OO 3.32E+07 O.OOE+OO l.28E+08 O.OOE+OO 4.02E+07 
Np-239 6.52E-02 6.41E-03 3.54E-03 O.OOE+OO 2.00E-02 O.OOE+OO 1.32E+03 
Am-241 3.48E+08 l.22E+08 2.30E+07 O.OOE+OO l.73E+08 O.OOE+OO 3.15E+07 
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H-3 O.OOE+OO l.60E+02 l.60E+02 1.60E+02 l.60E+02 1.60E+02 1.60E+02 
C-14 2.81E+05 5.62E+04 5.62E+04 5.62E+04 5.62E+04 5.62E+04 5.62E+04 
F-18 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Na-22 8.73E+08 8.73E+08 8.73E+08 8.73E+08 8.73E+08 8.73E+08 8.73E+08 
Na-24 2.58E-04 2.58E-04 2.58E-04 2.58E-04 2.58E-04 2.58E-04 2.58E-04 
Sc-46 6.81E+04 1.33E+05 3.93E+04 O.OOE+OO 1.27E+05 O.OOE+OO 4.51E+08 
P-32 1.00E+09 6.20E+07 3.88E+07 O.OOE+OO O.OOE+OO O.OOE+OO 8.41E+07 
Cr-51 O.OOE+OO O.OOE+OO 1.66E+03 9.20E+02 3.63E+02 2.37E+03 2.78E+05 
Mn-54 O.OOE+OO 4.83E+06 9.58E+05 O.OOE+OO 1.44E+06 O.OOE+OO 9.90E+06 
Mn-56 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Fe-55 1.77E+08 l.26E+08 2.93E+07 O.OOE+OO O.OOE+OO 7.97E+07 5.44E+07 
Fe-59 7.91E+07 1.85E+08 7.13E+07 O.OOE+OO O.OOE+OO 5.82E+07 4.36E+08 
Co-57 O.OOE+OO 3.04E+06 5.10E+06 O.OOE+OO O.OOE+OO O.OOE+OO 5.67E+07 
Co-58 O.OOE+OO 6.56E+06 1.51E+07 O.OOE+OO O.OOE+OO O.OOE+OO 9.05E+07 
Co-60 O.OOE+OO 4.51E+07 1.02E+08 O.OOE+OO O.OOE+OO O.OOE+OO 5.88E+08 
Ni-63 1.28E+10 9.06E+08 4.35E+08 O.OOE+OO O.OOE+OO O.OOE+OO 1.44E+08 
Ni-65 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Cu-64 O.OOE+OO 5.71E-08 2.69E-08 O.OOE+OO 1.45E-07 O.OOE+OO 4.43E-06 
Zn-65 l.87E+08 6.49E+08 3.03E+08 O.OOE+OO 4.15E+08 O.OOE+OO 2.75E+08 
Zn-69m 3.64E-06 8.59E-06 7.88E-07 O.OOE+OO 5.22E-06 O.OOE+OO 4.72E-04 
Zn-69 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
As-76 9.08E-02 2.86E-01 1.40E+OO 8.35E-02 3.35E-01 8.38E-02 1.26E+Ol 
Br-82 O.OOE+OO O.OOE+OO 2.49E+02 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Br-83 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Br-84 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Br-85 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Rb-86 O.OOE+OO 1.05E+08 4.91E+07 O.OOE+OO O.OOE+OO O.OOE+OO 1.55E+07 
Rb-88 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Rb-89 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Sr-89 1.01E+08 O.OOE+OO 2.91E+06 O.OOE+OO O.OOE+OO O.OOE+OO 1.21E+07 
Sr-90 8.18E+09 O.OOE+OO l.64E+08 O.OOE+OO O.OOE+OO O.OOE+OO l.87E+08 
Sr-91 3.33E-11 O.OOE+OO 1.32E-12 O.OOE+OO O.OOE+OO O.OOE+OO 1.51E-10 
Sr-92 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Y-90 2.27E+Ol O.OOE+OO 6.12E-01 O.OOE+OO O.OOE+OO O.OOE+OO l.88E+05 
Y-91m O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Y-91 4.08E+05 O.OOE+OO 1.09E+04 O.OOE+OO O.OOE+OO O.OOE+OO 1.67E+08 
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Y-92 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Y-93 l.43E-12 O.OOE+OO 3.93E-14 O.OOE+OO O.OOE+OO O.OOE+OO 4.38E-08 

Zr-95 6.69E+05 2.11E+05 l.45E+05 O.OOE+OO 3.10E+05 O.OOE+OO 4.87E+08 

Zr-97 3.90E-06 7.71E-07 3.55E-07 O.OOE+OO 1.17E-06 O.OOE+OO 2.09E-Ol 
Nb-95 5.90E+05 3.27E+05 l.80E+05 O.OOE+OO 3.17E+05 O.OOE+OO l.40E+09 

Nb-97 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Mo-99 O.OOE+OO 2.07E+04 3.94E+03 O.OOE+OO 4.73E+04 O.OOE+OO 3.70E+04 

Tc-99m O.OOE+OO O.OOE+OO 3.l lE-20 O.OOE+OO 3.58E-20 O.OOE+OO l.58E-18 

Tc-99 2.05E+08 3.00E+08 8.19E+07 O.OOE+OO 3.82E+09 3.l 1E+07 7.36E+09 

Tc-101 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ru-103 3.00E+07 O.OOE+OO 1.28E+07 O.OOE+OO l.06E+08 O.OOE+OO 2.51E+09 

Ru-105 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ru-106 1.68E+09 O.OOE+OO 2.12E+08 O.OOE+OO 3.24E+09 O.OOE+OO 8.07E+10 

Rh-105 1.00E+OO 7.25E-01 4.76E-01 O.OOE+OO 3.08E+OO O.OOE+OO 9.23E+Ol 
Ag-llOm 3.52E+06 3.33E+06 2.02E+06 O.OOE+OO 6.34E+06 O.OOE+OO 9.35E+08 

Sn-113 5.92E+07 l.18E+07 l.94E+08 5.71E+06 l.54E+07 6.97E+06 2.09E+09 

Sn-1l7m l.07E+07 4.60E+05 l.84E+07 8.58E+04 6.48E+05 1.57E+05 2.07E+08 

Sb-122 l.13E+03 7.76E+02 1.25E+04 1.55E+02 5.08E+02 2.09E+02 1.31E+05 

Sb-124 7.01E+06 1.29E+05 2.74E+06 1.59E+04 O.OOE+OO 6.13E+06 1.41E+08 

Sb-125 l.18E+07 1.29E+05 2.76E+06 l.13E+04 O.OOE+OO l.04E+07 9.18E+07 

Te-125m 1.44E+08 5.19E+07 1.93E+07 4.02E+07 O.OOE+OO O.OOE+OO 4.25E+08 

Te-127m 6.21E+08 2.20E+08 7.38E+07 l.48E+08 2.52E+09 O.OOE+OO 1.55E+09 

Te-127 5.81E-11 2.06E-11 l.25E-11 4.0lE-11 2.35E-10 O.OOE+OO 4.49E-09 

Te-129m 3.29E+08 l.22E+08 5.21E+07 l.07E+08 1.38E+09 O.OOE+OO 1.23E+09 

Te-129 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Te-131m 2.37E+02 l.14E+02 9.48E+Ol 1.71E+02 l.19E+03 O.OOE+OO 9.12E+03 

Te-131 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Te-132 2.72E+05 l.72E+05 1.62E+05 l.82E+05 1.65E+06 O.OOE+OO 5.46E+06 

1-130 2.19E-07 6.33E-07 2.53E-07 5.16E-05 9.76E-07 O.OOE+OO 4.87E-07 
1-131 l.09E+06 1.53E+06 8.23E+05 4.47E+08 2.64E+06 O.OOE+OO 3.03E+05 

1-132 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
1-133 3.89E-02 6.60E-02 2.0lE-02 9.21E+OO l.16E-01 O.OOE+OO 4.99E-02 

1-134 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

1-135 3.49E-18 8.99E-18 3.33E-18 5.78E-16 1.42E-17 O.OOE+OO 9.96E-18 
Cs-134 3.87E+08 9.12E+08 4.23E+08 O.OOE+OO 2.90E+08 l.11E+08 l.13E+07 

Cs-134m O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Cs-136 2.30E+06 9.06E+06 6.08E+06 O.OOE+OO 4.93E+06 7.77E+05 7.29E+05 
Cs-137 5.82E+08 7.75E+08 2.70E+08 O.OOE+OO 2.64E+08 l.02E+08 l.10E+07 

Page 96of278 REFERENCE USE 



POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

TABLE 10-13 

ODCM 
Revision 23 

R;o, GRASS-COW-MEAT PATHWAY DOSE FACTORS - TEEN 

Cs-138 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ba-139 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Ba-140 5.78E+06 7.09E+03 3.73E+05 O.OOE+OO 2.40E+03 4.76E+03 8.92E+06 

Ba-141 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Ba-142 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
La-140 7.79E-03 3.83E-03 l.02E-03 O.OOE+OO O.OOE+OO O.OOE+OO 2.20E+02 
La-142 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Ce-141 3.74E+03 2.50E+03 2.87E+02 O.OOE+OO l.18E+03 O.OOE+OO 7.15E+06 
Ce-143 4.34E-03 3.16E+OO 3.53E-04 O.OOE+OO l.42E-03 O.OOE+OO 9.50E+Ol 

Ce-144 8.28E+05 3.43E+05 4.45E+04 O.OOE+OO 2.05E+05 O.OOE+OO 2.08E+08 
Pr-143 4.33E+03 l.73E+03 2.16E+02 O.OOE+OO l.01E+03 O.OOE+OO 1.43E+07 

Pr-144 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Nd-147 l.52E+03 1.65E+03 9.91E+Ol O.OOE+OO 9.72E+02 O.OOE+OO 5.97E+06 
Eu-152 l.47E+06 3.53E+05 3.11E+05 O.OOE+OO l.64E+06 O.OOE+OO 1.30E+08 

W-187 4.60E-03 3.75E-03 l.3 lE-03 O.OOE+OO O.OOE+OO O.OOE+OO l.OlE+OO 

U-235 4.92E+08 O.OOE+OO 3.00E+07 O.OOE+OO 1.15E+08 O.OOE+OO 3.57E+07 
U-238 4.71E+08 O.OOE+OO 2.80E+07 O.OOE+OO l.08E+08 O.OOE+OO 2.52E+07 
Np-239 5.70E-02 5.38E-03 2.99E-03 O.OOE+OO l.69E-02 O.OOE+OO 8.65E+02 
Am-241 2.16E+08 8.26E+07 l.44E+07 O.OOE+OO l.08E+08 O.OOE+OO l.97E+07 
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H-3 O.OOE+OO 1.94E+02 1.94E+02 1.94E+02 1.94E+02 1.94E+02 l.94E+02 

C-14 5.29E+05 l.06E+05 1.06E+05 l.06E+05 l.06E+05 1.06E+05 1.06E+05 
F-18 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Na-22 1.38E+09 l.38E+09 1.38E+09 l.38E+09 l.38E+09 1.38E+09 1.38E+09 
Na-24 4.lOE-04 4.lOE-04 4.lOE-04 4.lOE-04 4.lOE-04 4.lOE-04 4.lOE-04 

Sc-46 l.17E+05 l.60E+05 6.17E+04 O.OOE+OO 1.42E+05 O.OOE+OO 2.34E+08 
P-32 1.89E+09 8.83E+07 7.27E+07 O.OOE+OO O.OOE+OO O.OOE+OO 5.21E+07 

Cr-51 O.OOE+OO O.OOE+OO 2.58E+03 l.43E+03 3.92E+02 2.62E+03 1.37E+05 
Mn-54 O.OOE+OO 5.52E+06 1.47E+06 O.OOE+OO 1.55E+06 O.OOE+OO 4.64E+06 

Mn-56 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Fe-55 3.40E+08 1.80E+08 5.59E+07 O.OOE+OO O.OOE+OO 1.02E+08 3.34E+07 
Fe-59 1.40E+08 2.27E+08 l.13E+08 O.OOE+OO O.OOE+OO 6.58E+07 2.36E+08 

Co-57 O.OOE+OO 3.97E+06 8.04E+06 O.OOE+OO O.OOE+OO O.OOE+OO 3.26E+07 
Co-58 O.OOE+OO 7.67E+06 2.35E+07 O.OOE+OO O.OOE+OO O.OOE+OO 4.47E+07 
Co-60 O.OOE+OO 5.36E+07 1.58E+08 O.OOE+OO O.OOE+OO O.OOE+OO 2.97E+08 
Ni-63 2.46E+10 1.32E+09 8.36E+08 O.OOE+OO O.OOE+OO O.OOE+OO 8.86E+07 
Ni-65 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Cu-64 O.OOE+OO 7.68E-08 4.64E-08 O.OOE+OO 1.86E-07 O.OOE+OO 3.60E-06 

Zn-65 2.80E+08 7.47E+08 4.65E+08 O.OOE+OO 4.71E+08 O.OOE+OO 1.31E+08 
Zn-69m 6.80E-06 1.16E-05 l.37E-06 O.OOE+OO 6.73E-06 O.OOE+OO 3.77E-04 

Zn-69 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
As-76 1.59E-01 4.41E-01 2.56E+OO 1.50E-01 4.85E-01 1.50E-01 2.29E+Ol 

Br-82 O.OOE+OO O.OOE+OO 3.90E+02 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Br-83 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Br-84 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Br-85 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Rb-86 O.OOE+OO l.48E+08 9.12E+07 O.OOE+OO O.OOE+OO O.OOE+OO 9.54E+06 

Rb-88 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Rb-89 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Sr-89 l.92E+08 O.OOE+OO 5.48E+06 O.OOE+OO O.OOE+OO O.OOE+OO 7.43E+06 
Sr-90 l.29E+ 10 O.OOE+OO 2.60E+08 O.OOE+OO O.OOE+OO O.OOE+OO l.16E+08 

Sr-91 6.24E-11 O.OOE+OO 2.36E-12 O.OOE+OO O.OOE+OO O.OOE+OO 1.38E-10 

Sr-92 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Y-90 4.30E+Ol O.OOE+OO l.15E+OO O.OOE+OO O.OOE+OO O.OOE+OO l.22E+05 

Y-91m O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Y-91 7.71E+05 O.OOE+OO 2.06E+04 O.OOE+OO O.OOE+OO O.OOE+OO 1.03E+08 
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Y-92 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Y-93 2.69E-12 O.OOE+OO 7.39E-14 O.OOE+OO O.OOE+OO O.OOE+OO 4.02E-08 
Zr-95 l.19E+06 2.61E+05 2.32E+05 O.OOE+OO 3.74E+05 O.OOE+OO 2.72E+08 
Zr-97 7.25E-06 l.05E-06 6.18E-07 O.OOE+OO l.50E-06 O.OOE+OO l.59E-01 

Nb-95 l.02E+06 3.97E+05 2.83E+05 O.OOE+OO 3.73E+05 O.OOE+OO 7.33E+08 

Nb-97 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Mo-99 O.OOE+OO 2.88E+04 7.12E+03 O.OOE+OO 6.14E+04 O.OOE+OO 2.38E+04 

Tc-99m O.OOE+OO O.OOE+OO 4.91E-20 O.OOE+OO 4.30E-20 O.OOE+OO l.68E-18 
Tc-99 3.86E+08 4.29E+08 l.54E+08 O.OOE+OO 5.06E+09 3.80E+07 4.50E+09 

Tc-101 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ru-103 5.43E+07 O.OOE+OO 2.09E+07 O.OOE+OO l.37E+08 O.OOE+OO l.40E+09 

Ru-105 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Ru-106 3.17E+09 O.OOE+OO 3.95E+08 O.OOE+OO 4.28E+09 O.OOE+OO 4.93E+l0 
Rh-105 l.88E+OO l.OlE+OO 8.64E-Ol O.OOE+OO 4.03E+OO O.OOE+OO 6.26E+Ol 

Ag-1 lOm 5.83E+06 3.94E+06 3.15E+06 O.OOE+OO 7.33E+06 O.OOE+OO 4.68E+08 

Sn-113 1.05E+08 2.27E+07 3.47E+08 9.06E+06 2.40E+07 l.13E+07 3.87E+09 

Sn-117m 2.11E+07 l.OOE+06 3.30E+07 l.58E+05 l.02E+06 2.90E+05 3.83E+08 
Sb-122 2.07E+03 1.24E+03 2.30E+04 2.71E+02 7.54E+02 3.54E+02 2.49E+05 
Sb-124 l.27E+07 1.65E+05 4.45E+06 2.80E+04 O.OOE+OO 7.04E+06 7.93E+07 
Sb-125 2.15E+07 l.66E+05 4.50E+06 l.99E+04 O.OOE+OO l.20E+07 5.13E+07 
Te-125m 2.70E+08 7.33E+07 3.61E+07 7.59E+07 O.OOE+OO O.OOE+OO 2.61E+08 

Te-127m l.17E+09 3.15E+08 l.39E+08 2.84E+08 3.34E+09 O.OOE+OO 9.48E+08 
Te-127 l.09E-10 2.95E-11 2.34E-11 7.56E-l 1 3.l lE-10 O.OOE+OO 4.27E-09 
Te-129m 6.20E+08 l.73E+08 9.62E+07 2.00E+08 1.82E+09 O.OOE+OO 7.56E+08 

Te-129 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Te-13 lm 4.41E+02 l.53E+02 l.62E+02 3.14E+02 1.48E+03 O.OOE+OO 6.19E+03 
Te-131 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Te-132 4.97E+05 2.20E+05 2.66E+05 3.20E+05 2.04E+06 O.OOE+OO 2.21E+06 
I-130 3.91E-07 7.91E-07 4.0SE-07 8.71E-05 1. l SE-06 O.OOE+OO 3.70E-07 
I-131 2.03E+06 2.04E+06 l.16E+06 6.75E+08 3.35E+06 O.OOE+OO l.82E+05 
I-132 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
I-133 7.23E-02 8.94E-02 3.38E-02 l.66E+Ol l.49E-01 O.OOE+OO 3.60E-02 

I-134 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
I-135 6.32E-18 l.14E-17 5.38E-18 l.OlE-15 l.74E-17 O.OOE+OO 8.67E-18 

Cs-134 6.83E+08 l.12E+09 2.36E+08 O.OOE+OO 3.47E+08 l.25E+08 6.04E+06 
Cs-134m O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Cs-136 3.97E+06 l.09E+07 7.07E+06 O.OOE+OO 5.82E+06 8.67E+05 3.84E+05 
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Cs-137 l.07E+09 l.03E+09 1.52E+08 O.OOE+OO 3.34E+08 l.20E+08 6.43E+06 
Cs-138 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Ba-139 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Ba-140 1.07E+07 9.35E+03 6.23E+05 O.OOE+OO 3.04E+03 5.57E+03 5.41E+06 
Ba-141 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Ba-142 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
La-140 l.43E-02 4.99E-03 l.68E-03 O.OOE+OO O.OOE+OO O.OOE+OO l.39E+02 
La-142 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Ce-141 7.04E+03 3.51E+03 5.22E+02 O.OOE+OO l.54E+03 O.OOE+OO 4.38E+06 
Ce-143 8.15E-03 4.42E+OO 6.40E-04 O.OOE+OO 1.85E-03 O.OOE+OO 6.47E+Ol 
Ce-144 l.56E+06 4.89E+05 8.33E+04 O.OOE+OO 2.71E+05 O.OOE+OO l.28E+08 
Pr-143 8.20E+03 2.46E+03 4.07E+02 O.OOE+OO l.33E+03 O.OOE+OO 8.84E+06 
Pr-144 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Nd-147 2.86E+03 2.31E+03 l.79E+02 O.OOE+OO l.27E+03 O.OOE+OO 3.66E+06 
Eu-152 2.32E+06 4.23E+05 5.02E+05 O.OOE+OO l.79E+06 O.OOE+OO 6.95E+07 
W-187 8.52E-03 5.04E-03 2.26E-03 O.OOE+OO O.OOE+OO O.OOE+OO 7.09E-01 
U-235 9.31E+08 O.OOE+OO 5.64E+07 O.OOE+OO l.53E+08 O.OOE+OO 2.19E+07 
U-238 8.90E+08 O.OOE+OO 5.28E+07 O.OOE+OO 1.43E+08 O.OOE+OO l.54E+07 
Np-239 l.07E-01 7.70E-03 5.41E-03 O.OOE+OO 2.23E-02 O.OOE+OO 5.70E+02 
Am-241 2.26E+08 l.01E+08 l.61E+07 O.OOE+OO 9.86E+07 O.OOE+OO l.21E+07 

Page 100 of278 REFERENCE USE 



POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

TABLE 10-15 

ODCM 
Revision 23 

R;a, PRODUCE PATHWAY DOSE FACTORS - ADULT 

H-3 O.OOE+OO l.60E+03 l.60E+03 l.60E+03 1.60E+03 l.60E+03 1.60E+03 

C-14 7.72E+05 1.54E+05 l.54E+05 l.54E+05 1.54E+05 l.54E+05 l.54E+05 

F-18 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Na-22 l.24E+09 l.24E+09 1.24E+09 l.24E+09 l.24E+09 1.24E+09 1.24E+09 

Na-24 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Sc-46 l.92E+05 3.73E+05 1.08E+05 O.OOE+OO 3.48E+05 O.OOE+OO 1.82E+09 

P-32 3.98E+08 2.48E+07 1.54E+07 O.OOE+OO O.OOE+OO O.OOE+OO 4.48E+07 

Cr-51 O.OOE+OO O.OOE+OO 2.69E+04 1.60E+04 5.92E+03 3.56E+04 6.75E+06 

Mn-54 O.OOE+OO 2.60E+08 4.95E+07 O.OOE+OO 7.73E+07 O.OOE+OO 7.95E+08 

Mn-56 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Fe-55 1.71E+08 l.18E+08 2.75E+07 O.OOE+OO O.OOE+OO 6.59E+07 6.78E+07 

Fe-59 8.77E+07 2.06E+08 7.90E+07 O.OOE+OO O.OOE+OO 5.76E+07 6.87E+08 

Co-57 O.OOE+OO 9.50E+06 l.58E+07 O.OOE+OO O.OOE+OO O.OOE+OO 2.41E+08 

Co-58 O.OOE+OO 2.32E+07 5.21E+07 O.OOE+OO O.OOE+OO O.OOE+OO 4.71E+08 

Co-60 O.OOE+OO l.43E+08 3.15E+08 O.OOE+OO O.OOE+OO O.OOE+OO 2.68E+09 

Ni-63 1.03E+10 7.15E+08 3.46E+08 O.OOE+OO O.OOE+OO O.OOE+OO 1.49E+08 

Ni-65 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Cu-64 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Zn-65 3.36E+08 l.07E+09 4.84E+08 O.OOE+OO 7.16E+08 O.OOE+OO 6.74E+08 

Zn-69m O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Zn-69 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

As-76 6.72E-11 1.96E-10 9.78E-10 5.87E-11 2.38E-10 6.llE-11 8.56E-09 

Br-82 O.OOE+OO O.OOE+OO 8.08E-06 O.OOE+OO O.OOE+OO O.OOE+OO 9.26E-06 

Br-83 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Br-84 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Br-85 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Rb-86 O.OOE+OO 9.00E+07 4.19E+07 O.OOE+OO O.OOE+OO O.OOE+OO 1.77E+07 

Rb-88 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Rb-89 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Sr-89 7.16E+09 O.OOE+OO 2.06E+08 O.OOE+OO O.OOE+OO O.OOE+OO l.15E+09 

Sr-90 6.64E+l 1 O.OOE+OO l.33E+10 O.OOE+OO O.OOE+OO O.OOE+OO 1.67E+l0 

Sr-91 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Sr-92 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Y-90 l .83E-02 O.OOE+OO 4.90E-04 O.OOE+OO O.OOE+OO O.OOE+OO 1.94E+02 

Y-91m O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Y-91 3.76E+06 O.OOE+OO 1.01E+05 O.OOE+OO O.OOE+OO O.OOE+OO 2.07E+09 

Y-92 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
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Y-93 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Zr-95 8.75E+05 2.80E+05 l.90E+05 O.OOE+OO 4.40E+05 O.OOE+OO 8.89E+08 

Zr-97 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 5.43E-18 

Nb-95 9.19E+04 5.11E+04 2.75E+04 O.OOE+OO 5.06E+04 O.OOE+OO 3.10E+08 

Nb-97 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Mo-99 O.OOE+OO l.31E+Ol 2.49E+OO O.OOE+OO 2.97E+Ol O.OOE+OO 3.03E+Ol 

Tc-99m O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Tc-99 3.25E+07 4.84E+07 l.31E+07 O.OOE+OO 6.09E+08 4.11E+06 1.58E+09 

Tc-101 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ru-103 3.23E+06 O.OOE+OO l.39E+06 O.OOE+OO l.23E+07 O.OOE+OO 3.77E+08 

Ru-105 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ru-106 l.65E+08 O.OOE+OO 2.09E+07 O.OOE+OO 3.19E+08 O.OOE+OO l.07E+10 

Rh-105 7.23E-07 5.29E-07 3.48E-07 O.OOE+OO 2.25E-06 O.OOE+OO 8.42E-05 

Ag-llOm 9.51E+06 8.79E+06 5.22E+06 O.OOE+OO l.73E+07 O.OOE+OO 3.59E+09 

Sn-113 3.98E+07 6.74E+06 1.12E+08 3.52E+06 9.19E+06 4.14E+06 l.23E+09 

Sn-117m 2.95E+06 l.OOE+05 4.19E+06 2.01E+04 l.53E+05 3.19E+04 4.72E+07 

Sb-122 l.71E+OO 9.42E-01 l.62E+Ol 2.00E-01 6.66E-01 2.57E-Ol l.71E+02 

Sb-124 7.67E+07 1.45E+06 3.04E+07 l.86E+05 O.OOE+OO 5.97E+07 2.18E+09 

Sb-125 1.15E+08 l.28E+06 2.73E+07 1.17E+05 O.OOE+OO 8.86E+07 l.26E+09 

Te-125m 9.11E+07 3.30E+07 l.22E+07 2.74E+07 3.71E+08 O.OOE+OO 3.64E+08 

Te-127m 4.07E+08 1.46E+08 4.96E+07 l.04E+08 l.65E+09 O.OOE+OO l.37E+09 

Te-127 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Te-129m l.90E+08 7.08E+07 3.01E+07 6.52E+07 7.93E+08 O.OOE+OO 9.56E+08 

Te-129 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Te-131m 4.64E-07 2.27E-07 l.89E-07 3.60E-07 2.30E-06 O.OOE+OO 2.25E-05 

Te-131 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Te-132 7.82E+Ol 5.06E+Ol 4.75E+Ol 5.59E+Ol 4.87E+02 O.OOE+OO 2.39E+03 

1-130 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

1-131 1.46E+06 2.09E+06 1.20E+06 6.86E+08 3.59E+06 O.OOE+OO 5.52E+05 

1-132 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

1-133 2.06E-14 3.58E-14 l.09E-14 5.27E-12 6.26E-14 O.OOE+OO 3.22E-14 

1-134 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

1-135 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Cs-134 3.88E+09 9.24E+09 7.55E+09 O.OOE+OO 2.99E+09 9.93E+08 l.62E+08 

Cs-134m O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Cs-136 9.22E+06 3.64E+07 2.62E+07 O.OOE+OO 2.02E+07 2.77E+06 4.13E+06 

Cs-137 5.71E+09 7.81E+09 5.12E+09 O.OOE+OO 2.65E+09 8.82E+08 l.51E+08 
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POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFF SITE DOSE CALCULATION MANUAL 

TABLE 10-15 

ODCM 
Revision 23 

R;o, PRODUCE PATHWAY DOSE FACTORS-ADULT 

Cs-138 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ba-139 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Ba-140 2.55E+07 3.21E+04 l.67E+06 O.OOE+OO l.09E+04 1.84E+04 5.26E+07 

Ba-141 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Ba-142 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

La-140 3.18E-07 l.60E-07 4.23E-08 O.OOE+OO O.OOE+OO O.OOE+OO l .18E-02 
La-142 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ce-141 l.24E+05 8.37E+04 9.49E+03 O.OOE+OO 3.89E+04 O.OOE+OO 3.20E+08 
Ce-143 7.79E-10 5.76E-07 6.37E-11 O.OOE+OO 2.53E-10 O.OOE+OO 2.15E-05 

Ce-144 2.66E+07 l.11E+07 l.43E+06 O.OOE+OO 6.58E+06 O.OOE+OO 8.98E+09 
Pr-143 l.45E+04 5.83E+03 7.21E+02 O.OOE+OO 3.37E+03 O.OOE+OO 6.37E+07 

Pr-144 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Nd-147 4.31E+03 4.99E+03 2.98E+02 O.OOE+OO 2.92E+03 O.OOE+OO 2.39E+07 
Eu-152 l.30E+07 2.93E+06 2.58E+06 O.OOE+OO l.82E+07 O.OOE+OO l.69E+09 
W-187 3.44E-13 2.88E-13 l.OlE-13 O.OOE+OO O.OOE+OO O.OOE+OO 9.42E-11 

U-235 5.40E+10 O.OOE+OO 3.28E+09 O.OOE+OO l.26E+ 10 O.OOE+OO 5.26E+09 
U-238 5.17E+10 O.OOE+OO 3.06E+09 O.OOE+OO l.18E+l0 O.OOE+OO 3.71E+09 

Np-239 2.53E-04 2.49E-05 l.37E-05 O.OOE+OO 7.76E-05 O.OOE+OO 5.lOE+OO 
Am-241 5.37E+10 l.89E+l0 3.55E+09 O.OOE+OO 2.67E+10 O.OOE+OO 4.87E+09 

Page 103 of 278 REFERENCE USE 



POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

TABLE 10-16 

ODCM 
Revision 23 

R;a, PRODUCE PATHWAY DOSE FACTORS-TEEN 

H-3 O.OOE+OO l.95E+03 l.95E+03 l.95E+03 l.95E+03 1.95E+03 l.95E+03 

C-14 l.34E+06 2.67E+05 2.67E+05 2.67E+05 2.67E+05 2.67E+05 2.67E+05 
F-18 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Na-22 2.02E+09 2.02E+09 2.02E+09 2.02E+09 2.02E+09 2.02E+09 2.02E+09 
Na-24 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Sc-46 3.06E+05 5.96E+05 l.77E+05 O.OOE+OO 5.70E+05 O.OOE+OO 2.03E+09 
P-32 6.90E+08 4.27E+07 2.67E+07 O.OOE+OO O.OOE+OO O.OOE+OO 5.80E+07 

Cr-51 O.OOE+OO O.OOE+OO 4.40E+04 2.45E+04 9.65E+03 6.29E+04 7.40E+06 
Mn-54 O.OOE+OO 4.06E+08 8.05E+07 O.OOE+OO l.21E+08 O.OOE+OO 8.33E+08 
Mn-56 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Fe-55 2.85E+08 2.02E+08 4.71E+07 O.OOE+OO O.OOE+OO l.28E+08 8.74E+07 
Fe-59 1.44E+08 3.35E+08 l.29E+08 O.OOE+OO O.OOE+OO l.06E+08 7.93E+08 
Co-57 O.OOE+OO l.56E+07 2.62E+07 O.OOE+OO O.OOE+OO O.OOE+OO 2.92E+08 
Co-58 O.OOE+OO 3.67E+07 8.47E+07 O.OOE+OO O.OOE+OO O.OOE+OO 5.06E+08 
Co-60 O.OOE+OO 2.27E+08 5.12E+08 O.OOE+OO O.OOE+OO O.OOE+OO 2.96E+09 
Ni-63 l.70E+ 10 1.20E+09 5.77E+08 O.OOE+OO O.OOE+OO O.OOE+OO l.91E+08 
Ni-65 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Cu-64 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Zn-65 4.85E+08 l.68E+09 7.86E+08 O.OOE+OO l.08E+09 O.OOE+OO 7.13E+08 
Zn-69m O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Zn-69 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
As-76 9.62E-11 3.04E-10 1.48E-09 8.88E-11 3.55E-10 8.88E-11 l .33E-08 

Br-82 O.OOE+OO O.OOE+OO l.32E-05 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Br-83 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Br-84 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Br-85 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Rb-86 O.OOE+OO l.54E+08 7.24E+07 O.OOE+OO O.OOE+OO O.OOE+OO 2.28E+07 
Rb-88 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Rb-89 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Sr-89 l.24E+10 O.OOE+OO 3.55E+08 O.OOE+OO O.OOE+OO O.OOE+OO 1.48E+09 
Sr-90 9.42E+ 11 O.OOE+OO l.88E+10 O.OOE+OO O.OOE+OO O.OOE+OO 2.15E+10 
Sr-91 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Sr-92 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Y-90 3.15E-02 O.OOE+OO 8.49E-04 O.OOE+OO O.OOE+OO O.OOE+OO 2.60E+02 
Y-91m O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Y-91 6.49E+06 O.OOE+OO l.74E+05 O.OOE+OO O.OOE+OO O.OOE+OO 2.66E+09 
Y-92 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
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POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFF SITE DOSE CALCULATION MANUAL 

TABLE 10-16 

ODCM 
Revision 23 

R;o, PRODUCE PATHWAY DOSE FACTORS-TEEN 

Y-93 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Zr-95 1.44E+06 4.53E+05 3.12E+05 O.OOE+OO 6.66E+05 O.OOE+OO l.05E+09 

Zr-97 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 7.96E-18 

Nb-95 l.47E+05 8.17E+04 4.50E+04 O.OOE+OO 7.92E+04 O.OOE+OO 3.49E+08 

Nb-97 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Mo-99 O.OOE+OO 2.22E+Ol 4.23E+OO O.OOE+OO 5.08E+Ol O.OOE+OO 3.97E+Ol 

Tc-99m O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Tc-99 5.65E+07 8.29E+07 2.26E+07 O.OOE+OO l.05E+09 8.58E+06 2.03E+09 

Tc-101 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ru-103 5.49E+06 O.OOE+OO 2.31E+06 O.OOE+OO 1.90E+07 O.OOE+OO 4.51E+08 

Ru-105 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ru-106 2.86E+08 O.OOE+OO 3.60E+07 O.OOE+OO 5.51E+08 O.OOE+OO l.37E+10 

Rh-105 1.25E-06 9.05E-07 5.94E-07 O.OOE+OO 3.84E-06 O.OOE+OO 1.15E-04 

Ag-llOm 1.48E+07 1.40E+07 8.49E+06 O.OOE+OO 2.66E+07 O.OOE+OO 3.92E+09 

Sn-113 5.20E+07 l.04E+07 l.71E+08 5.01E+06 l.35E+07 6.12E+06 l.84E+09 

Sn-117m 3.65E+06 1.57E+05 6.29E+06 2.93E+04 2.22E+05 5.36E+04 7.08E+07 

Sb-122 2.19E+OO l.50E+OO 2.42E+Ol 3.00E-01 9.80E-01 4.04E-Ol 2.54E+02 

Sb-124 l.28E+08 2.37E+06 5.01E+07 2.91E+05 O.OOE+OO 1.12E+08 2.59E+09 

Sb-125 l.93E+08 2.l 1E+06 4.51E+07 l.84E+05 O.OOE+OO l.70E+08 l.50E+09 

Te-125m l.58E+08 5.68E+07 2.11E+07 4.41E+07 O.OOE+OO O.OOE+OO 4.66E+08 

Te-127m 7.05E+08 2.50E+08 8.38E+07 l.68E+08 2.86E+09 O.OOE+OO l.76E+09 

Te-127 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Te-129m 3.26E+08 l.21E+08 5.15E+07 l.05E+08 l.36E+09 O.OOE+OO l.22E+09 

Te-129 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Te-13 lm 7.93E-07 3.80E-07 3.l 7E-07 5.72E-07 3.97E-06 O.OOE+OO 3.05E-05 

Te-131 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Te-132 1.31E+02 8.31E+Ol 7.82E+Ol 8.76E+Ol 7.97E+02 O.OOE+OO 2.63E+03 

1-130 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

1-131 2.49E+06 3.49E+06 l.87E+06 1.02E+09 6.01E+06 O.OOE+OO 6.90E+05 

1-132 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

I-133 3.53E-14 6.00E-14 l.83E-14 8.37E-12 l.05E-13 O.OOE+OO 4.54E-14 

1-134 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

1-135 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Cs-134 6.33E+09 1.49E+10 6.91E+09 O.OOE+OO 4.74E+09 l.81E+09 l.85E+08 

Cs-134m O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Cs-136 l.47E+07 5.80E+07 3.89E+07 O.OOE+OO 3.16E+07 4.97E+06 4.66E+06 

Cs-137 9.73E+09 l.29E+10 4.51E+09 O.OOE+OO 4.40E+09 l.71E+09 l.84E+08 
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POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

TABLE 10-16 

ODCM 
Revision 23 

R;a, PRODUCE PATHWAY DOSE FACTORS-TEEN 

Cs-138 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Ba-139 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Ba-140 4.33E+07 5.30E+04 2.79E+06 O.OOE+OO l.80E+04 3.57E+04 6.67E+07 
Ba-141 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Ba-142 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
La-140 5.36E-07 2.63E-07 7.0lE-08 O.OOE+OO O.OOE+OO O.OOE+OO l.51E-02 
La-142 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Ce-141 2.13E+05 l.42E+05 l.63E+04 O.OOE+OO 6.70E+04 O.OOE+OO 4.07E+08 
Ce-143 1.34E-09 9.78E-07 l.09E-10 O.OOE+OO 4.39E-10 O.OOE+OO 2.94E-05 
Ce-144 4.59E+07 l.90E+07 2.47E+06 O.OOE+OO l.13E+07 O.OOE+OO l.15E+ 10 
Pr-143 2.51E+04 l.OOE+04 l.25E+03 O.OOE+OO 5.82E+03 O.OOE+OO 8.25E+07 
Pr-144 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Nd-147 7.80E+03 8.48E+03 5.08E+02 O.OOE+OO 4.98E+03 O.OOE+OO 3.06E+07 
Eu-152 l.96E+07 4.72E+06 4.16E+06 O.OOE+OO 2.19E+07 O.OOE+OO l.74E+09 
W-187 5.91E-13 4.82E-13 l.69E-13 O.OOE+OO O.OOE+OO O.OOE+OO l.30E-10 
U-235 9.31E+10 O.OOE+OO 5.67E+09 O.OOE+OO 2.18E+10 O.OOE+OO 6.76E+09 
U-238 8.90E+10 O.OOE+OO 5.30E+09 O.OOE+OO 2.04E+10 O.OOE+OO 4.76E+09 
Np-239 4.53E-04 4.27E-05 2.37E-05 O.OOE+OO 1.34E-04 O.OOE+OO 6.88E+OO 
Am-241 6.85E+10 2.62E+10 4.57E+09 O.OOE+OO 3.43E+10 O.OOE+OO 6.26E+09 
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Revision 23 

R;a, PRODUCE PATHWAY DOSE FACTORS - CHILD 

H-3 O.OOE+OO 3.10E+03 3.10E+03 3.IOE+03 3.10E+03 3.10E+03 3.10E+03 
C-14 3.29E+06 6.58E+05 6.58E+05 6.58E+05 6.58E+05 6.58E+05 6.58E+05 
F-18 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Na-22 4.20E+09 4.20E+09 4.20E+09 4.20E+09 4.20E+09 4.20E+09 4.20E+09 
Na-24 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Sc-46 6.87E+05 9.42E+05 3.63E+05 O.OOE+OO 8.33E+05 O.OOE+OO 1.38E+09 
P-32 l.70E+09 7.96E+07 6.56E+07 O.OOE+OO O.OOE+OO O.OOE+OO 4.70E+07 
Cr-51 O.OOE+OO O.OOE+OO 8.98E+04 4.99E+04 l.36E+04 9.10E+04 4.76E+06 
Mn-54 O.OOE+OO 6.08E+08 l.62E+08 O.OOE+OO l.70E+08 O.OOE+OO 5.10E+08 
Mn-56 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Fe-55 7.15E+08 3.79E+08 l.17E+08 O.OOE+OO O.OOE+OO 2.14E+08 7.02E+07 
Fe-59 3.33E+08 5.39E+08 2.69E+08 O.OOE+OO O.OOE+OO l.56E+08 5.62E+08 
Co-57 O.OOE+OO 2.68E+07 5.42E+07 O.OOE+OO O.OOE+OO O.OOE+OO 2.19E+08 
Co-58 O.OOE+OO 5.62E+07 l.72E+08 O.OOE+OO O.OOE+OO O.OOE+OO 3.28E+08 
Co-60 O.OOE+OO 3.53E+08 l.04E+09 O.OOE+OO O.OOE+OO O.OOE+OO l.96E+09 
Ni-63 4.27E+10 2.29E+09 1.45E+09 O.OOE+OO O.OOE+OO O.OOE+OO l.54E+08 
Ni-65 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Cu-64 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Zn-65 9.52E+08 2.54E+09 l.58E+09 O.OOE+OO l.60E+09 O.OOE+OO 4.46E+08 
Zn-69m O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Zn-69 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
As-76 2.20E-10 6.1 lE-10 3.54E-09 2.08E-10 6.72E-10 2.08E-10 3.18E-08 

Br-82 O.OOE+OO O.OOE+OO 2.70E-05 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Br-83 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Br-84 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Br-85 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Rb-86 O.OOE+OO 2.86E+08 l.76E+08 O.OOE+OO O.OOE+OO O.OOE+OO l.84E+07 
Rb-88 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Rb-89 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Sr-89 3.07E+l0 O.OOE+OO 8.77E+08 O.OOE+OO O.OOE+OO O.OOE+OO l.19E+09 
Sr-90 l.95E+l2 O.OOE+OO 3.92E+10 O.OOE+OO O.OOE+OO O.OOE+OO l.74E+l0 
Sr-91 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Sr-92 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Y-90 7.81E-02 O.OOE+OO 2.09E-03 O.OOE+OO O.OOE+OO O.OOE+OO 2.22E+02 

Y-91m O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Y-91 l.61E+07 O.OOE+OO 4.29E+05 O.OOE+OO O.OOE+OO O.OOE+OO 2.14E+09 
Y-92 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
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Y-93 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Zr-95 3.34E+06 7.34E+05 6.53E+05 O.OOE+OO 1.05E+06 O.OOE+OO 7.65E+08 

Zr-97 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 7.92E-18 

Nb-95 3.33E+05 1.29E+05 9.25E+04 O.OOE+OO l.22E+05 O.OOE+OO 2.39E+08 

Nb-97 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Mo-99 O.OOE+OO 4.04E+Ol 9.99E+OO O.OOE+OO 8.63E+Ol O.OOE+OO 3.34E+Ol 

Tc-99m O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Tc-99 l.39E+08 l.55E+08 5.55E+07 O.OOE+OO l.83E+09 l.37E+07 l.63E+09 

Tc-101 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ru-103 1.28E+07 O.OOE+OO 4.91E+06 O.OOE+OO 3.21E+07 O.OOE+OO 3.30E+08 

Ru-105 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ru-106 7.04E+08 O.OOE+OO 8.78E+07 O.OOE+OO 9.50E+08 O.OOE+OO l.09E+10 

Rh-105 3.07E-06 l.65E-06 1.41E-06 O.OOE+OO 6.57E-06 O.OOE+OO l.02E-04 

Ag-llOm 3.20E+07 2.16E+07 l.73E+07 O.OOE+OO 4.03E+07 O.OOE+OO 2.57E+09 

Sn-113 l.21E+08 2.60E+07 3.98E+08 l.04E+07 2.76E+07 l.30E+07 4.44E+09 

Sn-117m 9.44E+06 4.48E+05 l.48E+07 7.08E+04 4.54E+05 l.30E+05 l.71E+08 
Sb-122 5.23E+OO 3.14E+OO 5.81E+Ol 6.84E-01 l.80E+OO 8.95E-Ol 6.28E+02 

Sb-124 3.04E+08 3.94E+06 l.07E+08 6.71E+05 O.OOE+OO l.69E+08 l.90E+09 
Sb-125 4.60E+08 3.54E+06 9.63E+07 4.26E+05 O.OOE+OO 2.56E+08 1.10E+09 
Te-125m 3.88E+08 1.05E+08 5.17E+07 l.09E+08 O.OOE+OO O.OOE+OO 3.74E+08 

Te-127m l.74E+09 4.68E+08 2.06E+08 4.16E+08 4.96E+09 O.OOE+OO l.41E+09 

Te-127 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Te-129m 8.04E+08 2.25E+08 l.25E+08 2.59E+08 2.36E+09 O.OOE+OO 9.81E+08 

Te-129 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Te-131m l.93E-06 6.68E-07 7.1 lE-07 l.37E-06 6.47E-06 O.OOE+OO 2.71E-05 

Te-131 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Te-132 3.14E+02 l.39E+02 l.68E+02 2.02E+02 l.29E+03 O.OOE+OO l.40E+03 
1-130 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

1-131 6.05E+06 6.08E+06 3.46E+06 2.01E+09 9.99E+06 O.OOE+OO 5.42E+05 

1-132 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
1-133 8.49E-14 l.06E-13 4.02E-14 l.97E-11 l.77E-13 O.OOE+OO 4.28E-14 

1-134 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

1-135 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Cs-134 1.46E+l0 2.40E+10 5.06E+09 O.OOE+OO 7.43E+09 2.67E+09 l.29E+08 

Cs-134m O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Cs-136 3.33E+07 9.14E+07 5.92E+07 O.OOE+OO 4.87E+07 7.26E+06 3.21E+06 

Cs-137 2.34E+l0 2.24E+10 3.31E+09 O.OOE+OO 7.31E+09 2.63E+09 1.41E+08 
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Cs-138 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Ba-139 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Ba-140 l.05E+08 9.16E+04 6.10E+06 O.OOE+OO 2.98E+04 5.46E+04 5.29E+07 
Ba-141 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Ba-142 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
La-140 1.28E-06 4.49E-07 l.51E-07 O.OOE+OO O.OOE+OO O.OOE+OO 1.25E-02 
La-142 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Ce-141 5.25E+05 2.62E+05 3.89E+04 O.OOE+OO 1.15E+05 O.OOE+OO 3.27E+08 
Ce-143 3.30E-09 l.79E-06 2.59E-10 O.OOE+OO 7.51E-10 O.OOE+OO 2.62E-05 
Ce-144 l.13E+08 3.55E+07 6.04E+06 O.OOE+OO l.96E+07 O.OOE+OO 9.25E+09 
Pr-143 6.21E+04 l.87E+04 3.08E+03 O.OOE+OO l.01E+04 O.OOE+OO 6.70E+07 
Pr-144 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Nd-147 l.91E+04 l.55E+04 l.20E+03 O.OOE+OO 8.51E+03 O.OOE+OO 2.46E+07 
Eu-152 4.06E+07 7.40E+06 8.78E+06 O.OOE+OO 3.12E+07 O.OOE+OO l.22E+09 
W-187 l.43E-12 8.49E-13 3.81E-13 O.OOE+OO O.OOE+OO O.OOE+OO l.22E-10 
U-235 2.30E+l 1 O.OOE+OO l.39E+10 O.OOE+OO 3.78E+10 O.OOE+OO 5.41E+09 
U-238 2.20E+ll O.OOE+OO l.31E+l0 O.OOE+OO 3.53E+10 O.OOE+OO 3.81E+09 
Np-239 1.12E-03 8.0lE-05 5.63E-05 O.OOE+OO 2.32E-04 O.OOE+OO 5.93E+OO 
Am-241 9.38E+10 4.20E+l0 6.69E+09 O.OOE+OO 4.09E+10 O.OOE+OO 5.01E+09 
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H-3 O.OOE+OO 2.61E+02 2.61E+02 2.61E+02 2.61E+02 2.61E+02 2.61E+02 

C-14 l.25E+05 2.50E+04 2.50E+04 2.50E+04 2.50E+04 2.50E+04 2.50E+04 

F-18 4.24E+OO O.OOE+OO 4.71E-01 O.OOE+OO O.OOE+OO O.OOE+OO 1.26E-01 
Na-22 2.10E+08 2.10E+08 2.10E+08 2.10E+08 2.10E+08 2.10E+08 2.10E+08 

Na-24 2.66E+05 2.66E+05 2.66E+05 2.66E+05 2.66E+05 2.66E+05 2.66E+05 

Sc-46 5.07E+04 9.84E+04 2.86E+04 O.OOE+OO 9.19E+04 O.OOE+OO 4.79E+08 

P-32 l.13E+09 7.03E+07 4.37E+07 O.OOE+OO O.OOE+OO O.OOE+OO l.27E+08 
Cr-51 O.OOE+OO O.OOE+OO l.90E+04 l.14E+04 4.19E+03 2.53E+04 4.79E+06 

Mn-54 O.OOE+OO 4.79E+07 9.15E+06 O.OOE+OO l.43E+07 O.OOE+OO 1.47E+08 

Mn-56 O.OOE+OO l.54E+Ol 2.74E+OO O.OOE+OO l.96E+Ol O.OOE+OO 4.92E+02 
Fe-55 2.88E+07 l.99E+07 4.65E+06 O.OOE+OO O.OOE+OO l.11E+07 l.14E+07 

Fe-59 3.56E+07 8.36E+07 3.21E+07 O.OOE+OO O.OOE+OO 2.34E+07 2.79E+08 

Co-57 O.OOE+OO l.79E+06 2.97E+06 O.OOE+OO O.OOE+OO O.OOE+OO 4.54E+07 

Co-58 O.OOE+OO 6.70E+06 1.50E+07 O.OOE+OO O.OOE+OO O.OOE+OO 1.36E+08 

Co-60 O.OOE+OO 2.36E+07 5.21E+07 O.OOE+OO O.OOE+OO O.OOE+OO 4.44E+08 

Ni-63 1.67E+09 l.16E+08 5.61E+07 O.OOE+OO O.OOE+OO O.OOE+OO 2.42E+07 

Ni-65 5.91E+Ol 7.68E+OO 3.51E+OO O.OOE+OO O.OOE+OO O.OOE+OO 1.95E+02 

Cu-64 O.OOE+OO 9.19E+03 4.31E+03 O.OOE+OO 2.32E+04 O.OOE+OO 7.84E+05 

Zn-65 6.44E+07 2.05E+08 9.26E+07 O.OOE+OO l.37E+08 O.OOE+OO 1.29E+08 

Zn-69m 2.27E+04 5.44E+04 4.98E+03 O.OOE+OO 3.30E+04 O.OOE+OO 3.32E+06 

Zn-69 5.89E-06 1.13E-05 7.83E-07 O.OOE+OO 7.31E-06 O.OOE+OO l.69E-06 

As-76 1.76E+05 5. l 1E+05 2.55E+06 1.53E+05 6.22E+05 l.60E+05 2.23E+07 

Br-82 O.OOE+OO O.OOE+OO l.55E+06 O.OOE+OO O.OOE+OO O.OOE+OO l.78E+06 

Br-83 O.OOE+OO O.OOE+OO 3.21E+OO O.OOE+OO O.OOE+OO O.OOE+OO 4.62E+OO 

Br-84 O.OOE+OO O.OOE+OO 2.21E-11 O.OOE+OO O.OOE+OO O.OOE+OO 1.73E-16 

Br-85 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Rb-86 O.OOE+OO 1.31E+08 6.09E+07 O.OOE+OO O.OOE+OO O.OOE+OO 2.58E+07 

Rb-88 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Rb-89 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Sr-89 2.61E+09 O.OOE+OO 7.48E+07 O.OOE+OO O.OOE+OO O.OOE+OO 4.18E+08 

Sr-90 1.08E+l 1 O.OOE+OO 2.17E+09 O.OOE+OO O.OOE+OO O.OOE+OO 2.71E+09 

Sr-91 3.02E+05 O.OOE+OO l.22E+04 O.OOE+OO O.OOE+OO O.OOE+OO 1.44E+06 
Sr-92 4.15E+02 O.OOE+OO 1.79E+Ol O.OOE+OO O.OOE+OO O.OOE+OO 8.22E+03 

Y-90 1.33E+04 O.OOE+OO 3.56E+02 O.OOE+OO O.OOE+OO O.OOE+OO l.41E+08 

Y-91m 4.74E-09 O.OOE+OO 1.83E-10 O.OOE+OO O.OOE+OO O.OOE+OO l.39E-08 
Y-91 l.22E+06 O.OOE+OO 3.28E+04 O.OOE+OO O.OOE+OO O.OOE+OO 6.74E+08 

Y-92 8.96E-01 O.OOE+OO 2.62E-02 O.OOE+OO O.OOE+OO O.OOE+OO 1.57E+04 
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Y-93 l.73E+02 O.OOE+OO 4.77E+OO O.OOE+OO O.OOE+OO O.OOE+OO 5.48E+06 
Zr-95 2.68E+05 8.60E+04 5.82E+04 O.OOE+OO l.35E+05 O.OOE+OO 2.73E+08 
Zr-97 3.32E+02 6.70E+Ol 3.06E+Ol O.OOE+OO l.01E+02 O.OOE+OO 2.07E+07 
Nb-95 4.79E+04 2.67E+04 l.43E+04 O.OOE+OO 2.64E+04 O.OOE+OO l.62E+08 
Nb-97 2.84E-06 7.19E-07 2.63E-07 O.OOE+OO 8.39E-07 O.OOE+OO 2.65E-03 
Mo-99 O.OOE+OO 6.17E+06 1.17E+06 O.OOE+OO l.40E+07 O.OOE+OO 1.43E+07 
Tc-99m 3.08E+OO 8.69E+OO l.11E+02 O.OOE+OO 1.32E+02 4.26E+OO 5.14E+03 

Tc-99 5.27E+06 7.84E+06 2.12E+06 O.OOE+OO 9.86E+07 6.66E+05 2.56E+08 
Tc-101 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Ru-103 l.48E+06 O.OOE+OO 6.38E+05 O.OOE+OO 5.66E+06 O.OOE+OO l.73E+08 
Ru-105 5.30E+Ol O.OOE+OO 2.09E+Ol O.OOE+OO 6.85E+02 O.OOE+OO 3.24E+04 
Ru-106 2.99E+07 O.OOE+OO 3.78E+06 O.OOE+OO 5.77E+07 O.OOE+OO l.94E+09 
Rh-105 l.29E+05 9.41E+04 6.20E+04 O.OOE+OO 4.00E+05 O.OOE+OO l.50E+07 
Ag-1 lOm l.81E+06 l.68E+06 9.96E+05 O.OOE+OO 3.30E+06 O.OOE+OO 6.84E+08 
Sn-113 9.20E+06 1.56E+06 2.58E+07 8.14E+05 2.12E+06 9.56E+05 2.83E+08 
Sn-l 17m 9.66E+06 3.29E+05 l.37E+07 6.57E+04 5.03E+05 l.04E+05 l.55E+08 
Sb-122 9.39E+05 5.17E+05 8.87E+06 l.10E+05 3.65E+05 l.41E+05 9.39E+07 
Sb-124 2.45E+07 4.63E+05 9.71E+06 5.94E+04 O.OOE+OO l.91E+07 6.96E+08 
Sb-125 l.94E+07 2.17E+05 4.61E+06 l.97E+04 O.OOE+OO l.49E+07 2.13E+08 
Te-125m 2.99E+07 l.08E+07 4.00E+06 8.98E+06 l.21E+08 O.OOE+OO l.19E+08 
Te-127m 9.59E+07 3.43E+07 l.17E+07 2.45E+07 3.90E+08 O.OOE+OO 3.22E+08 
Te-127 6.01E+03 2.16E+03 1.30E+03 4.46E+03 2.45E+04 O.OOE+OO 4.75E+05 
Te-129m 1.04E+08 3.87E+07 l.64E+07 3.57E+07 4.33E+08 O.OOE+OO 5.23E+08 
Te-129 7.52E-04 2.83E-04 l.83E-04 5.77E-04 3.16E-03 O.OOE+OO 5.68E-04 
Te-131m l.08E+06 5.27E+05 4.39E+05 8.34E+05 5.34E+06 O.OOE+OO 5.23E+07 
Te-131 l.32E-15 5.49E-16 4.15E-16 l.08E-15 5.76E-15 O.OOE+OO l.86E-16 
Te-132 4.50E+06 2.91E+06 2.73E+06 3.21E+06 2.80E+07 O.OOE+OO 1.38E+08 
1-130 l.95E+05 5.75E+05 2.27E+05 4.87E+07 8.98E+05 O.OOE+OO 4.95E+05 

1-131 3.88E+07 5.55E+07 3.18E+07 l.82E+10 9.51E+07 O.OOE+OO 1.46E+07 
1-132 2.59E+Ol 6.93E+Ol 2.42E+Ol 2.42E+03 1.10E+02 O.OOE+OO l.30E+Ol 
1-133 l.04E+06 l.81E+06 5.51E+05 2.66E+08 3.15E+06 O.OOE+OO l.62E+06 
1-134 4.42E-05 , l .20E-04 4.30E-05 2.08E-03 l.91E-04 O.OOE+OO l .05E-07 
1-135 l.89E+04 4.94E+04 l.82E+04 3.26E+06 7.92E+04 O.OOE+OO 5.58E+04 
Cs-134 6.64E+08 l.58E+09 l.29E+09 O.OOE+OO 5.11E+08 l.70E+08 2.76E+07 
Cs-134m 6.57E+OO l.38E+Ol 7.06E+OO O.OOE+OO 7.50E+OO l.18E+OO 4.87E+OO 
Cs-136 3.34E+07 l.32E+08 9.49E+07 O.OOE+OO 7.33E+07 l.OOE+07 l.50E+07 
Cs-137 9.29E+08 l.27E+09 8.32E+08 O.OOE+OO 4.31E+08 l.43E+08 2.46E+07 
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Cs-138 3.39E-11 6.70E-11 3.32E-11 O.OOE+OO 4.92E-1 l 4.86E-12 2.86E-16 

Ba-139 2.99E-02 2.13E-05 8.77E-04 O.OOE+OO l.99E-05 1.21E-05 5.31E-02 

Ba-140 l.02E+08 l.28E+05 6.70E+06 O.OOE+OO 4.36E+04 7.35E+04 2.10E+08 

Ba-141 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ba-142 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

La-140 1.98E+03 9.97E+02 2.63E+02 O.OOE+OO O.OOE+OO O.OOE+OO 7.32E+07 

La-142 1.33E-04 6.04E-05 1.50E-05 O.OOE+OO O.OOE+OO O.OOE+OO 4.41E-01 

Ce-141 7.05E+04 4.77E+04 5.41E+03 O.OOE+OO 2.22E+04 O.OOE+OO 1.82E+08 

Ce-143 9.98E+02 7.38E+05 8.16E+Ol O.OOE+OO 3.25E+02 O.OOE+OO 2.76E+07 

Ce-144 4.96E+06 2.08E+06 2.67E+05 O.OOE+OO 1.23E+06 O.OOE+OO 1.68E+09 

Pr-143 4.80E+04 1.92E+04 2.38E+03 O.OOE+OO 1.11E+04 O.OOE+OO 2.10E+08 

Pr-144 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Nd-147 2.90E+04 3.35E+04 2.00E+03 O.OOE+OO 1.96E+04 O.OOE+OO 1.61E+08 

Eu-152 2.12E+06 4.79E+05 4.21E+05 O.OOE+OO 2.97E+06 O.OOE+OO 2.76E+08 

W-187 3.81E+04 3.19E+04 1.1 IE+04 O.OOE+OO O.OOE+OO O.OOE+OO 1.04E+07 

U-235 8.74E+09 O.OOE+OO 5.30E+08 O.OOE+OO 2.04E+09 O.OOE+OO 8.52E+08 

U-238 8.37E+09 O.OOE+OO 4.95E+08 O.OOE+OO 1.91E+09 O.OOE+OO 6.00E+08 

Np-239 l.43E+03 1.40E+02 7.73E+Ol O.OOE+OO 4.37E+02 O.OOE+OO 2.88E+07 

Am-241 8.70E+09 3.06E+09 5.75E+08 O.OOE+OO 4.33E+09 O.OOE+OO 7.89E+08 
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H-3 O.OOE+OO l.73E+02 l.73E+02 l.73E+02 1.73E+02 l.73E+02 l.73E+02 
C-14 l.17E+05 2.34E+04 2.34E+04 2.34E+04 2.34E+04 2.34E+04 2.34E+04 
F-18 3.86E+OO O.OOE+OO 4.23E-01 O.OOE+OO O.OOE+OO O.OOE+OO 3.47E-01 
Na-22 l.85E+08 1.85E+08 l.85E+08 l.85E+08 l.85E+08 1.85E+08 l.85E+08 
Na-24 2.37E+05 2.37E+05 2.37E+05 2.37E+05 2.37E+05 2.37E+05 2.37E+05 
Sc-46 4.37E+04 8.51E+04 2.52E+04 O.OOE+OO 8.15E+04 O.OOE+OO 2.90E+08 
P-32 l.06E+09 6.57E+07 4.11E+07 O.OOE+OO O.OOE+OO O.OOE+OO 8.91E+07 
Cr-51 O.OOE+OO O.OOE+OO l.69E+04 9.39E+03 3.70E+03 2.41E+04 2.84E+06 
Mn-54 O.OOE+OO 4.06E+07 8.05E+06 O.OOE+OO l.21E+07 O.OOE+OO 8.33E+07 
Mn-56 O.OOE+OO l.39E+Ol 2.47E+OO O.OOE+OO l.76E+Ol O.OOE+OO 9.16E+02 
Fe-55 2.60E+07 l.84E+07 4.30E+06 O.OOE+OO O.OOE+OO l.17E+07 7.98E+06 
Fe-59 3.16E+07 7.37E+07 2.85E+07 O.OOE+OO O.OOE+OO 2.32E+07 l.74E+08 
Co-57 O.OOE+OO l.60E+06 2.67E+06 O.OOE+OO O.OOE+OO O.OOE+OO 2.98E+07 
Co-58 O.OOE+OO 5.74E+06 l.32E+07 O.OOE+OO O.OOE+OO O.OOE+OO 7.91E+07 
Co-60 O.OOE+OO 2.04E+07 4.59E+07 O.OOE+OO O.OOE+OO O.OOE+OO 2.65E+08 
Ni-63 l.50E+09 l.06E+08 5.07E+07 O.OOE+OO O.OOE+OO O.OOE+OO 1.68E+07 
Ni-65 5.51E+Ol 7.03E+OO 3.21E+OO O.OOE+OO O.OOE+OO O.OOE+OO 3.82E+02 
Cu-64 O.OOE+OO 8.33E+03 3.92E+03 O.OOE+OO 2.l 1E+04 O.OOE+OO 6.46E+05 
Zn-65 5.03E+07 l.75E+08 8.15E+07 O.OOE+OO 1.12E+08 O.OOE+OO 7.40E+07 
Zn-69m 2.10E+04 4.96E+04 4.54E+03 O.OOE+OO 3.01E+04 O.OOE+OO 2.72E+06 
Zn-69 5.51E-06 l.05E-05 7.35E-07 O.OOE+OO 6.86E-06 O.OOE+OO l .93E-05 
As-76 l.36E+05 4.29E+05 2.09E+06 l.26E+05 5.03E+05 l.26E+05 l.89E+07 
Br-82 O.OOE+OO O.OOE+OO l.37E+06 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Br-83 O.OOE+OO O.OOE+OO 3.0lE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Br-84 O.OOE+OO O.OOE+OO 2.0lE-11 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Br-85 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Rb-86 O.OOE+OO l.21E+08 5.69E+07 O.OOE+OO O.OOE+OO O.OOE+OO l.79E+07 
Rb-88 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Rb-89 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Sr-89 2.44E+09 O.OOE+OO 7.00E+07 O.OOE+OO O.OOE+OO O.OOE+OO 2.91E+08 
Sr-90 8.29E+l0 O.OOE+OO 1.66E+09 O.OOE+OO O.OOE+OO O.OOE+OO l.89E+09 
Sr-91 2.83E+05 O.OOE+OO l.12E+04 O.OOE+OO O.OOE+OO O.OOE+OO l.28E+06 
Sr-92 3.86E+02 O.OOE+OO l.65E+Ol O.OOE+OO O.OOE+OO O.OOE+OO 9.84E+03 
Y-90 l.24E+04 O.OOE+OO 3.34E+02 O.OOE+OO O.OOE+OO O.OOE+OO l.02E+08 
Y-91m 4.41E-09 O.OOE+OO l.69E-10 O.OOE+OO O.OOE+OO O.OOE+OO 2.08E-07 
Y-91 1.15E+06 O.OOE+OO 3.07E+04 O.OOE+OO O.OOE+OO O.OOE+OO 4.70E+08 
Y-92 8.42E-01 O.OOE+OO 2.43E-02 O.OOE+OO O.OOE+OO O.OOE+OO 2.31E+04 
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Y-93 l.62E+02 O.OOE+OO 4.44E+OO O.OOE+OO O.OOE+OO O.OOE+OO 4.95E+06 

Zr-95 2.39E+05 7.53E+04 5.18E+04 O.OOE+OO 1.11E+05 O.OOE+OO l.74E+08 

Zr-97 3.07E+02 6.08E+Ol 2.80E+Ol O.OOE+OO 9.22E+Ol O.OOE+OO 1.65E+07 

Nb-95 4.16E+04 2.31E+04 l.27E+04 O.OOE+OO 2.24E+04 O.OOE+OO 9.86E+07 

Nb-97 2.64E-06 6.55E-07 2.39E-07 O.OOE+OO 7.65E-07 O.OOE+OO l.56E-02 

Mo-99 O.OOE+OO 5.67E+06 l.08E+06 O.OOE+OO l.30E+07 O.OOE+OO l.02E+07 

Tc-99m 2.71E+OO 7.57E+OO 9.81E+Ol O.OOE+OO l.13E+02 4.20E+OO 4.97E+03 

Tc-99 4.95E+06 7.28E+06 l.98E+06 O.OOE+OO 9.24E+07 7.52E+05 l.78E+08 

Tc-101 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ru-103 l.34E+06 O.OOE+OO 5.73E+05 O.OOE+OO 4.73E+06 O.OOE+OO 1.12E+08 

Ru-105 4.93E+Ol O.OOE+OO l.91E+Ol O.OOE+OO 6.22E+02 O.OOE+OO 3.98E+04 

Ru-106 2.80E+07 O.OOE+OO 3.52E+06 O.OOE+OO 5.39E+07 O.OOE+OO l.34E+09 
Rh-105 l.21E+05 8.73E+04 5.72E+04 O.OOE+OO 3.71E+05 O.OOE+OO 1.11E+07 

Ag-1 lOm 1.52E+06 l.44E+06 8.78E+05 O.OOE+OO 2.75E+06 O.OOE+OO 4.05E+08 

Sn-113 6.50E+06 l.30E+06 2.14E+07 6.27E+05 l.70E+06 7.66E+05 2.30E+08 

Sn-l 17m 6.47E+06 2.79E+05 1.12E+07 5.20E+04 3.93E+05 9.51E+04 l.26E+08 
Sb-122 6.51E+05 4.45E+05 7.19E+06 8.90E+04 2.91E+05 l.20E+05 7.53E+07 
Sb-124 2.22E+07 4.09E+05 8.67E+06 5.04E+04 O.OOE+OO l.94E+07 4.48E+08 
Sb-125 l.76E+07 l.93E+05 4.12E+06 l.68E+04 O.OOE+OO l.55E+07 l.37E+08 

Te-125m 2.80E+07 l.OlE+07 3.74E+06 7.83E+06 O.OOE+OO O.OOE+OO 8.26E+07 

Te-127m 8.99E+07 3.19E+07 l.07E+07 2.14E+07 3.65E+08 O.OOE+OO 2.24E+08 

Te-127 5.67E+03 2.0lE+03 l.22E+03 3.91E+03 2.30E+04 O.OOE+OO 4.38E+05 
Te-129m 9.66E+07 3.59E+07 l.53E+07 3.12E+07 4.04E+08 O.OOE+OO 3.63E+08 

Te-129 7.04E-04 2.63E-04 l.71E-04 5.03E-04 2.96E-03 O.OOE+OO 3.85E-03 

Te-131m 9.97E+05 4.78E+05 3.99E+05 7.19E+05 4.99E+06 O.OOE+OO 3.84E+07 

Te-131 1.22E-15 5.04E-16 3.82E-16 9.42E-16 5.34E-15 O.OOE+OO l.OOE-16 

Te-132 4.09E+06 2.59E+06 2.44E+06 2.73E+06 2.48E+07 O.OOE+OO 8.20E+07 

I-130 l.74E+05 5.04E+05 2.01E+05 4.11E+07 7.77E+06 O.OOE+OO 3.88E+05 

I-131 3.58E+07 5.01E+07 2.69E+07 1.46E+10 8.63E+07 O.OOE+OO 9.92E+06 

I-132 2.34E+Ol 6.llE+Ol 2.19E+Ol 2.06E+03 9.63E+Ol O.OOE+OO 2.66E+Ol 

I-133 9.65E+05 1.64E+06 4.99E+05 2.29E+08 2.87E+06 O.OOE+OO 1.24E+06 

I-134 4.00E-05 l.06E-04 3.80E-05 l.77E-03 l.67E-04 O.OOE+OO 1.40E-06 

I-135 l.70E+04 4.39E+04 l.63E+04 2.82E+06 6.93E+04 O.OOE+OO 4.86E+04 

Cs-134 5.86E+08 l.38E+09 6.40E+08 O.OOE+OO 4.39E+08 l.67E+08 l.72E+07 
Cs-134m 5.95E+OO l.23E+Ol 6.34E+OO O.OOE+OO 6.86E+OO l.20E+OO 8.20E+OO 

Cs-136 2.89E+07 1.14E+08 7.64E+07 O.OOE+OO 6.19E+07 9.76E+06 9.15E+06 

Cs-137 8.56E+08 1.14E+09 3.97E+08 O.OOE+OO 3.88E+08 l.51E+08 l.62E+07 
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Cs-138 3.13E-l l 6.0IE-11 3.0IE-11 O.OOE+OO 4.44E-l l 5.16E-12 2.73E-14 

Ba-139 2.82E-02 l.98E-05 8.20E-04 O.OOE+OO 1.87E-05 l.37E-05 2.51E-Ol 

Ba-140 9.38E+07 l.15E+05 6.05E+06 O.OOE+OO 3.90E+04 7.73E+04 l.45E+08 

Ba-141 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ba-142 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

La-140 l.81E+03 8.88E+02 2.36E+02 O.OOE+OO O.OOE+OO O.OOE+OO 5.10E+07 

La-142 l.22E-04 5.41E-05 l.35E-05 O.OOE+OO O.OOE+OO O.OOE+OO l.65E+OO 

Ce-141 6.58E+04 4.39E+04 5.04E+03 O.OOE+OO 2.07E+04 O.OOE+OO l.26E+08 

Ce-143 9.32E+02 6.79E+05 7.58E+Ol O.OOE+OO 3.04E+02 O.OOE+OO 2.04E+07 

Ce-144 4.65E+06 l.92E+06 2.50E+05 O.OOE+OO l.15E+06 O.OOE+OO l.17E+09 

Pr-143 4.48E+04 l.79E+04 2.23E+03 O.OOE+OO l.04E+04 O.OOE+OO l.47E+08 

Pr-144 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Nd-147 2.83E+04 3.08E+04 l.85E+03 O.OOE+OO l.81E+04 O.OOE+OO l.11E+08 

Eu-152 l.73E+06 4.17E+05 3.68E+05 O.OOE+OO l.94E+06 O.OOE+OO l.54E+08 

W-187 3.55E+04 2.89E+04 l.01E+04 O.OOE+OO O.OOE+OO O.OOE+OO 7.82E+06 

U-235 8.16E+09 O.OOE+OO 4.97E+08 O.OOE+OO l.91E+09 O.OOE+OO 5.93E+08 

U-238 7.81E+09 O.OOE+OO 4.65E+08 O.OOE+OO l.79E+09 O.OOE+OO 4.17E+08 

Np-239 l.38E+03 l.31E+02 7.25E+Ol O.OOE+OO 4.10E+02 O.OOE+OO 2.10E+07 

Am-241 6.01E+09 2.29E+09 4.0IE+08 O.OOE+OO 3.0IE+09 O.OOE+OO 5.49E+08 
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H-3 O.OOE+OO 2.06E+02 2.06E+02 2.06E+02 2.06E+02 2.06E+02 2.06E+02 

C-14 2.16E+05 4.33E+04 4.33E+04 4.33E+04 4.33E+04 4.33E+04 4.33E+04 
F-18 6.88E+OO O.OOE+OO 6.83E-01 O.OOE+OO O.OOE+OO O.OOE+OO l.86E+OO 
Na-22 2.88E+08 2.88E+08 2.88E+08 2.88E+08 2.88E+08 2.88E+08 2.88E+08 
Na-24 3.69E+05 3.69E+05 3.69E+05 3.69E+05 3.69E+05 3.69E+05 3.69E+05 
Sc-46 7.36E+04 1.01E+05 3.89E+04 O.OOE+OO 8.93E+04 O.OOE+OO 1.48E+08 
P-32 1.96E+09 9.18E+07 7.56E+07 O.OOE+OO O.OOE+OO O.OOE+OO 5.42E+07 
Cr-51 O.OOE+OO O.OOE+OO 2.59E+04 1.44E+04 3.92E+03 2.62E+04 1.37E+06 
Mn-54 O.OOE+OO 4.56E+07 l.21E+07 O.OOE+OO 1.28E+07 O.OOE+OO 3.83E+07 

Mn-56 O.OOE+OO 1.82E+Ol 4.llE+OO O.OOE+OO 2.20E+Ol O.OOE+OO 2.64E+03 

Fe-55 4.90E+07 2.60E+07 8.05E+06 O.OOE+OO O.OOE+OO 1.47E+07 4.81E+06 
Fe-59 5.50E+07 8.89E+07 4.43E+07 O.OOE+OO O.OOE+OO 2.58E+07 9.26E+07 
Co-57 O.OOE+OO 2.05E+06 4.14E+06 O.OOE+OO O.OOE+OO O.OOE+OO 1.68E+07 
Co-58 O.OOE+OO 6.58E+06 2.01E+07 O.OOE+OO O.OOE+OO O.OOE+OO 3.84E+07 
Co-60 O.OOE+OO 2.37E+07 7.00E+07 O.OOE+OO O.OOE+OO O.OOE+OO 1.31E+08 
Ni-63 2.81E+09 1.51E+08 9.57E+07 O.OOE+OO O.OOE+OO O.OOE+OO 1.01E+07 
Ni-65 1.01E+02 9.51E+OO 5.55E+OO O.OOE+OO O.OOE+OO O.OOE+OO 1.16E+03 

Cu-64 O.OOE+OO 1.10E+04 6.64E+03 O.OOE+OO 2.65E+04 O.OOE+OO 5.16E+05 

Zn-65 7.41E+07 l.97E+08 l.23E+08 O.OOE+OO 1.24E+08 O.OOE+OO 3.47E+07 
Zn-69m 3.85E+04 6.56E+04 7.75E+03 O.OOE+OO 3.81E+04 O.OOE+OO 2.14E+06 

Zn-69 l.02E-05 1.47E-05 1.36E-06 O.OOE+OO 8.91E-06 O.OOE+OO 9.26E-04 
As-76 2.33E+05 6.48E+05 3.76E+06 2.20E+05 7.13E+05 2.20E+05 3.37E+07 
Br-82 O.OOE+OO O.OOE+OO 2.10E+06 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Br-83 O.OOE+OO O.OOE+OO 5.55E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Br-84 O.OOE+OO O.OOE+OO 3.41E-11 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Br-85 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Rb-86 O.OOE+OO l.69E+08 1.04E+08 O.OOE+OO O.OOE+OO O.OOE+OO 1.08E+07 
Rb-88 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Rb-89 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Sr-89 4.54E+09 O.OOE+OO l.30E+08 O.OOE+OO O.OOE+OO O.OOE+OO 1.76E+08 
Sr-90 1.29E+ 11 O.OOE+OO 2.59E+09 O.OOE+OO O.OOE+OO O.OOE+OO 1.15E+09 
Sr-91 5.20E+05 O.OOE+OO 1.96E+04 O.OOE+OO O.OOE+OO O.OOE+OO 1.15E+06 

Sr-92 7.08E+02 O.OOE+OO 2.84E+Ol O.OOE+OO O.OOE+OO O.OOE+OO 1.34E+04 
Y-90 2.30E+04 O.OOE+OO 6.17E+02 O.OOE+OO O.OOE+OO O.OOE+OO 6.56E+07 

Y-91m 8.09E-09 O.OOE+OO 2.940E-10 O.OOE+OO O.OOE+OO O.OOE+OO 1.58E-05 

Y-91 2.12E+06 O.OOE+OO 5.68E+04 O.OOE+OO O.OOE+OO O.OOE+OO 2.83E+08 
Y-92 1.55E+OO O.OOE+OO 4.44E-02 O.OOE+OO O.OOE+OO O.OOE+OO 4.48E+04 

Page 116 of278 REFERENCE USE 



POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

TABLE 10-20 

ODCM 
Revision 23 

R;o, LEAFY VEGETABLE PATHWAY DOSE FACTORS - CHILD 

Y-93 2.98E+02 O.OOE+OO 8.19E+OO O.OOE+OO O.OOE+OO O.OOE+OO 4.45E+06 
Zr-95 4.16E+05 9.14E+04 8.14E+04 O.OOE+OO l.31E+05 O.OOE+OO 9.54E+07 
Zr-97 5.61E+02 8.1 lE+Ol 4.78E+Ol O.OOE+OO l.16E+02 O.OOE+OO l.23E+07 

Nb-95 7.05E+04 2.74E+04 1.96E+04 O.OOE+OO 2.58E+04 O.OOE+OO 5.07E+07 
Nb-97 4.80E-06 8.68E-07 4.05E-07 O.OOE+OO 9.63E-07 O.OOE+OO 2.68E-01 
Mo-99 O.OOE+OO 7.74E+06 1.91E+06 O.OOE+OO l.65E+07 O.OOE+OO 6.40E+06 
Tc-99m 4.67E+OO 9.16E+OO 1.52E+02 O.OOE+OO l.33E+02 4.65E+OO 5.21E+03 
Tc-99 9.16E+06 1.02E+07 3.66E+06 O.OOE+OO 1.20E+08 9.00E+05 l.07E+08 
Tc-101 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Ru-103 2.38E+06 O.OOE+OO 9.14E+05 O.OOE+OO 5.99E+06 O.OOE+OO 6.15E+07 
Ru-105 9.02E+Ol O.OOE+OO 3.27E+Ol O.OOE+OO 7.93E+02 O.OOE+OO 5.89E+04 
Ru-106 5.17E+07 O.OOE+OO 6.45E+06 O.OOE+OO 6.98E+07 O.OOE+OO 8.04E+08 
Rh-105 2.22E+05 l.19E+05 l.02E+05 O.OOE+OO 4.75E+05 O.OOE+OO 7.39E+06 
Ag-1 lOm 2.48E+06 1.68E+06 1.34E+06 O.OOE+OO 3.12E+06 O.OOE+OO 1.99E+08 
Sn-113 1.14E+07 2.44E+06 3.74E+07 9.78E+05 2.59E+06 l.22E+06 4.17E+08 
Sn-l 17m 1.26E+07 5.97E+05 1.96E+07 9.42E+04 6.05E+05 1.73E+05 2.28E+08 
Sb-122 1.17E+06 7.00E+05 1.29E+07 1.53E+05 4.24E+05 1.99E+05 1.40E+08 
Sb-124 3.95E+07 5.12E+05 l.38E+07 8.71E+04 O.OOE+OO 2.19E+07 2.47E+08 
Sb-125 3.15E+07 2.43E+05 6.60E+06 2.92E+04 O.OOE+OO 1.76E+07 7.52E+07 
Te-125m 5.16E+07 1.40E+07 6.88E+06 1.45E+07 O.OOE+OO O.OOE+OO 4.98E+07 
Te-127m 1.66E+08 4.48E+07 1.97E+07 3.98E+07 4.74E+08 O.OOE+OO 1.35E+08 
Te-127 1.05E+04 2.82E+03 2.24E+03 7.24E+03 2.98E+04 O.OOE+OO 4.09E+05 
Te-129m 1.79E+08 4.99E+07 2.77E+07 5.76E+07 5.25E+08 O.OOE+OO 2.18E+08 
Te-129 l.30E-03 3.64E-04 3.09E-04 9.30E-04 3.81E-03 O.OOE+OO 8.12E-02 
Te-131m 1.82E+06 6.30E+05 6.70E+05 l.30E+06 6.10E+06 O.OOE+OO 2.56E+07 
Te-131 2.25E-15 6.86E-16 6.70E-16 1.72E-15 6.81E-15 O.OOE+OO l.18E-14 
Te-132 7.32E+06 3.24E+06 3.91E+06 4.72E+06 3.01E+07 O.OOE+OO 3.26E+07 
1-130 3.06E+05 6.18E+05 3.19E+05 6.81E+07 9.24E+05 O.OOE+OO 2.89E+05 
1-131 6.52E+07 6.56E+07 3.73E+07 2.17E+10 1.08E+08 O.OOE+OO 5.84E+06 
1-132 4.15E+Ol 7.62E+Ol 3.50E+Ol 3.54E+03 1.17E+02 O.OOE+OO 8.97E+Ol 
1-133 1.76E+06 2.18E+06 8.23E+05 4.04E+08 3.63E+06 O.OOE+OO 8.77E+05 
1-134 7.lOE-05 1.32E-04 6.07E-05 3.03E-03 2.02E-04 O.OOE+OO 8.74E-05 
1-135 3.03E+04 5.45E+04 2.58E+04 4.83E+06 8.35E+04 O.OOE+OO 4.15E+04 
Cs-134 l.01E+09 1.67E+09 3.51E+08 O.OOE+OO 5.16E+08 l.85E+08 8.98E+06 
Cs-134m 1.06E+Ol 1.57E+Ol l.02E+Ol O.OOE+OO 8.26E+OO l.37E+OO 1.98E+Ol 
Cs-136 4.90E+07 1.35E+08 8.71E+07 O.OOE+OO 7.17E+07 1.07E+07 4.73E+06 
Cs-137 l.55E+09 1.48E+09 2.19E+08 O.OOE+OO 4.83E+08 1.74E+08 9.28E+06 
Cs-138 5.69E-11 7.92E-11 5.02E-11 O.OOE+OO 5.57E-ll 5.99E-12 3.65E-11 
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R;a, LEAFY VEGETABLE PATHWAY DOSE FACTORS - CHILD 

Ba-139 5.19E-02 2.77E-05 l.50E-03 O.OOE+OO 2.42E-05 l.63E-05 3.00E+OO 

Ba-140 1.70E+08 1.49E+05 9.92E+06 O.OOE+OO 4.85E+04 8.88E+04 8.61E+07 

Ba-141 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Ba-142 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
La-140 3.25E+03 l.13E+03 3.82E+02 O.OOE+OO O.OOE+OO O.OOE+OO 3.16E+07 
La-142 2.21E-04 7.04E-05 2.20E-05 O.OOE+OO O.OOE+OO O.OOE+OO 1.39E+Ol 
Ce-141 1.22E+05 6.06E+04 9.00E+03 O.OOE+OO 2.66E+04 O.OOE+OO 7.56E+07 
Ce-143 1.72E+03 9.31E+05 1.35E+02 O.OOE+OO 3.91E+02 O.OOE+OO l.36E+07 
Ce-144 8.60E+06 2.69E+06 4.59E+05 O.OOE+OO l.49E+06 O.OOE+OO 7.03E+08 
Pr-143 8.32E+04 2.50E+04 4.13E+03 O.OOE+OO 1.35E+04 O.OOE+OO 8.97E+07 
Pr-144 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Nd-147 5.22E+04 4.23E+04 3.27E+03 O.OOE+OO 2.32E+04 O.OOE+OO 6.70E+07 
Eu-152 2.69E+06 4.91E+05 5.83E+05 O.OOE+OO 2.07E+06 O.OOE+OO 8.06E+07 
W-187 6.45E+04 3.82E+04 1.71E+04 O.OOE+OO O.OOE+OO O.OOE+OO 5.37E+06 
U-235 1.52E+10 O.OOE+OO 9.18E+08 O.OOE+OO 2.49E+09 O.OOE+OO 3.56E+08 
U-238 1.45E+10 O.OOE+OO 8.60E+08 O.OOE+OO 2.32E+09 O.OOE+OO 2.51E+08 
Np-239 2.56E+03 l.84E+02 1.29E+02 O.OOE+OO 5.31E+02 O.OOE+OO 1.36E+07 
Am-241 6.17E+09 2.76E+09 4.40E+08 O.OOE+OO 2.69E+09 O.OOE+OO 3.30E+08 
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R;o, GROUND PLANE PATHWAY DOSE FACTORS 

H-3 O.OOE+OO Y-90 4.49E+03 I-132 

C-14 O.OOE+OO Y-91m 1.00E+05 I-133 

F-18 7.87E+05 Y-91 l.07E+06 I-134 

Na-22 2.00E+lO Y-92 l.81E+05 I-135 

Na-24 l.19E+07 Y-93 l.85E+05 Cs-134 

Sc-46 l.65E+09 Zr-95 2.45E+08 Cs-134m 

P-32 O.OOE+OO Zr-97 2.94E+06 Cs-136 

Cr-51 4.66E+06 Nb-95 l.36E+08 Cs-137 

Mn-54 l.38E+09 Nb-97 3.37E+05 Cs-138 

Mn-56 9.04E+05 Mo-99 3.99E+06 Ba-139 

Fe-55 O.OOE+OO Tc-99m l.84E+05 Ba-140 

Fe-59 2.72E+08 Tc-99 3.02E+06 Ba-141 

Co-57 3.18E+08 Tc-101 2.04E+04 Ba-142 

Co-58 3.79E+08 Ru-103 l.08E+08 La-140 

Co-60 2.16E+10 Ru-105 6.37E+05 La-142 

Ni-63 O.OOE+OO Ru-106 4.27E+08 Ce-141 

Ni-65 2.97E+05 Rh-105 l.15E+06 Ce-143 

Cu-64 6.07E+05 Ag-1 lOm 3.44E+09 Ce-144 

Zn-65 7.46E+08 Sn-113 2.50E+07 Pr-143 

Zn-69m 2.41E+06 Sn-117m 2.09E+07 Pr-144 

Zn-69 O.OOE+OO Sb-122 l.21E+07 Nd-147 

As-76 4.74E+06 Sb-124 l.05E+09 Eu-152 

Br-82 3.83E+07 Sb-125 4.27E+09 W-187 

Br-83 4.90E+03 Te-125m 1.55E+06 U-235 

Br-84 2.03E+05 Te-127m 9.l 7E+04 U-238 

Br-85 O.OOE+OO Te-127 3.00E+03 Np-239 

Rb-86 8.99E+06 Te-129m l.98E+07 Am-241 

Rb-88 3.29E+04 Te-129 2.62E+04 

Rb-89 l.23E+05 Te-13lm 8.67E+06 

Sr-89 2.16E+04 Te-131 2.92E+04 

Sr-90 9.24E+06 Te-132 4.16E+06 

Sr-91 2.15E+06 I-130 5.51E+06 

Sr-92 7.77E+05 I-131 l.72E+07 
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The purpose of this section is to describe the method used to calculate the cumulative dose 
contributions from liquid and gaseous effluents in accordance with PBNP Technical 
Specifications for total dose. This method can also be used to demonstrate compliance with the 
Environmental Protection Agency (EPA) 40CFR190, "Environmental Standards for the Uranium 
Fuel Cycle". 

Compliance with the PBNP Technical Specification dose objectives for the maximum individual 
demonstrates compliance with the EPA limits to any MEMBER OF THE PUBLIC, since the 
design dose objectives from 10CFR50, Appendix I are much lower than the 40CFR190 dose 
limits to the general public. With the calculated doses from the releases of radioactive materials 
in liquid or gaseous effluents exceeding twice the limits outlined in Sections 6.2.1, 7 .2.1 and 
7.3.1, a special analysis shall be performed. The purpose of this analysis is to demonstrate ifthe 
total dose to any MEMBER OF THE PUBLIC (real individual) from all URANIUM FUEL 
CYCLE sources (including direct radiation contributions from the reactor units and from outside 
storage areas and from all real pathways) is limited to less than or equal to 25 mrem per year to 
the total body or any organ, except the thyroid, which is limited to 75 mrem per year. 

If required, the total dose to a MEMBER OF THE PUBLIC will be calculated for all significant 
effluent release points for all real pathways including direct radiation. As necessary, effluent 
releases from Kewaunee Nuclear Power Plant must also be considered due to its proximity. 
Calculations will be based on the equations in Sections 9.2, 10.5, 10.6 with the exception that 
usage factors and other site specific parameters may be modified using more realistic 
assumptions, where appropriate. 

The direct radiation component from the facility can be determined using environmental TLD 
results. These results will be corrected for natural background and for actual occupancy time of 
any areas accessible to the general public at the location of maximum direct radiation. It is 
recognized that by including the results from the environmental TLDs into the sum of total dose 
component, the direct radiation dose may be overestimated. The TLD measurements may 
include the exposure from noble gases, ground plane deposition, and shoreline deposition, which 
have already been included in the summation of the significant dose pathways to the general 
public. However, this conservative method can be used, if required, as well as any other method 
for estimating the direct radiation dose form contained radioactive sources within the facility. 
The methodology used to incorporate the direct radiation component into total dose estimates 
will be outlined whenever total doses are reported. 

Therefore, the total dose will be determined based on the most realistic site specific data and 
parameters to assess the real dose to any MEMBER OF THE PUBLIC. 
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12.0 RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM 

12.1 REMP Administration 

12.1.1 Definition and Basis 

Radiological environmental monitoring is the measurement of radioactivity in 
samples collected from the atmospheric, aquatic and terrestrial environment 
around the Point Beach Nuclear Plant (PBNP). Monitoring radioactivity in 
effluent streams at or prior to the point of discharge to the environment is not 
part of the Radiological Environmental Monitoring Program (REMP). 

The REMP is designed to fulfill the requirements of 10 CFR 20.1302, PBNP 
GDC 17, and Sections IV.B.2 and IV.B.3 of Appendix I to 10 CFR 50. 
Technical Specification 5.5.1.b requires the Offsite Dose Calculation Manual 
(ODCM) to contain the radiological environmental monitoring activities. 

No significant radionuclide concentrations of plant origin are expected in the 
plant environs because radioactivity in plant effluent is continuously 
monitored to ensure that releases are well below levels which are considered 
safe upper limits. The REMP is conducted to demonstrate compliance with 
applicable standards, to assess the radiological environmental impact of PBNP 
operations, and to monitor the efficacy of in plant effluent controls. The 
REMP, as outlined in Table 12-2 through Table 12-3 is designed to provide 
sufficient sample types and locations to detect and to evaluate changes in 
environmental radioactivity. 

Radioactivity is released in liquid and gaseous effluents. Air samplers and 
thermoluminescent dosimeters placed at various locations provide means of 
detecting changes in environmental radioactivity as a result of plant releases 
to the atmosphere. Sampling of vegetation is conducted to determine changes 
in radiological conditions at the base of the food chain because the land 
around PBNP is used for farming. Sampling of area-produced milk is 
conducted because dairy farming is a major industry in the area. Land in the 
vicinity of PBNP is used for farming, dairy purposes, and solar power 
projects. 

Water and fish are analyzed to monitor radionuclide levels in Lake Michigan 
in the vicinity of PBNP. Because of the migratory behavior of fish, fish 
sampling is of minimal value for determining radiological impact specifically 
related to the operation of the Point Beach Nuclear Plant. However, fish 
sampling is carried out in order to monitor the status of radioactivity in fish in 
the vicinity of Point Beach. 

Vegetation and fish sampling frequencies are qualified on an 11 as available" 
basis recognizing that certain biological samples may occasionally be 
unavailable due to environmental conditions. 
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12.1.2 Responsibilities 

a. Chemistry Functions 

Chemistry together with Regulatory Affairs (RA) provides the Plant 
Manager with the technical, regulatory, licensing, and administrative 
support necessary for the implementation of the program. The Chemistry 
administrative functions relating to the REMP fall into the six broad areas 
outlined below. 

1. Program Scope 

The scope of the REMP is determined by the cognizant Chemist 
based on radiological principles for the fulfillment of PBNP 
Technical Specifications (TS) and the applicable Federal 
Regulations. Based on the scope, the ODCM is written to 
accomplish the collection and analyses of the necessary 
environmental samples, and revised as necessary to conform to 
changes in procedures and scope. Chemistry monitors the REMP 
effectiveness and compliance with TS and with the procedures and 
directives in the ODCM. In order to verify compliance with TS, 
Nuclear Oversight arranges for program audits and Supplier 
Assessments of the contracted radioanalytical laboratory. Chemistry 
reviews the REMP annually via the Annual Monitoring Report. 

2. Record Keeping 

The monthly radioanalytical results from the contracted laboratory 
are reviewed by Chemistry and one copy of the monthly 
radioanalytical results from the contracted laboratory is kept for the 
lifetime of the plant. The vendors monthly reports are cumulative 
(e.g. The September report contains all the results from 
January-September). The cognizant Chemist reviews the current 
months results and sends the reviewed report to plants records for 
retention. 

3. Data Monitoring 

Chemistry reviews the monthly analytical results from the vendor. 
Trends, if any, are noted. Any resulting corrections, modifications 
and additions to the data are made by Chemistry. Inconsistencies are 
investigated by Chemistry with the cooperation of Radiation 
Protection (RP) and contractor personnel, as required. Radioactivity 
levels in excess of administrative notification levels would be 
evaluated and notifications made, as appropriate, in accordance with 
applicable fleet policies and procedures (LI-AA-102-1001). 
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Pursuant to TS 5.6.2, REMP results shall be summarized annually 
for inclusion in the PBNP Annual Monitoring Repmi. This 
summary advises the Plant Manager of the radiological status of the 
environment in the vicinity of PBNP. The summary shall include 
the numbers and types of samples as well as the averages, statistical 
confidence limits and the ranges of analytical results. Methods used 
in summarizing data are at the discretion of Chemistry. 

5. Contractor Communications 

Communication with the contractor regarding data, analytical 
procedures, lower limits of detection, notification levels and 
contractual matters are normally conducted by Chemistry. 
Communication regarding sample shipment may be done by either 
RP or Chemistry as appropriate. 

6. Reportable Items 

Chemistry shall generate reports related to the operation of the 
REMP. The material included shall be sufficient to fulfill the 
objectives outlined in Sections IV.B.2 and IV.B.3 of Appendix I to 
10 CFR 50. The following items specific to the REMP are required 
to be reported in the PBNP Annual Monitoring Report: 

(a) Summary and discussion of monitoring results including 
number and type of samples and measurements, and all 
detected radionuclides, except for naturally occurring 
radionuclides; 

(b) Unavailable, missing, and lost samples and plans to prevent 
recurrence and comments on any significant portion of the 
REMP not conducted as indicated in Table 12-3. 

(c) New or relocated sampling locations and reason for change; 

( d) LLDs that are higher than specified in Table 12-1 and factors 
contributing to inability to achieve specified LLDs; 

(e) Notification that the analytical laboratory does not participate 
in an interlaboratory comparison program and corrective action 
taken to preclude a recurrence; and 
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(f) Results of the annual milk sampling program land use census 
"milk survey" to visually verify that the location of grazing 
animals in the vicinity of the PBNP site boundary so as to 
ensure that the milk sampling program remains as conservative 
as practicable. 

(g) The annual results from the contracted REMP analytical 
laboratory as well as the laboratory's analytical QA/QC results, 
in-house blanks, interlaboratory comparisons, etc., shall be 
submitted to the NRC, via the Annual Monitoring Report. 

b. Non-Chemistry Functions 

The primary responsibility for the implementation of the PBNP REMP 
and for any actions to be taken at PBNP, based on the results of the 
program, resides with the Plant Manager. 

1. Manual control and distribution 

The distribution of the PBNP Offsite Dose Calculation Manual is the 
responsibility of Document Control. 

2. Program coordination 

The daily operation of the program is conducted by PBNP Radiation 
Protection personnel, and other qualified personnel as required, 
under the supervision of an RP staff member who consults, as 
needed, with Chemistry. The daily administrative functions of the 
RP Management Employee address those functions required for the 
effective operation of the PBNP Radiological Environmental 
Monitoring Program. These administrative functions include the 
following: 

(a) Ensuring that samples are obtained in accordance with the type 
and frequency in Table 12-3 following procedures outlined in 
this manual; 

(b) Ensuring adequate sampling supplies and calibrated, functional 
equipment are available at all times; 

( c) Ensuring that air sampling pumps are maintained, repaired and 
calibrated as required and that an adequate number of backup 
pumps are readily available at all times; 
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12.1.3 

(d) Reporting lost or unavailable samples, as well as other 
potential deviations from the sampling regime in Table 12-3 
will be documented via the radiological environmental 
sampling checklist forms and Corrective Action Program. 
Deviations are to be communicated to the cognizant Chemist. 

( e) As a courtesy to the State of Wisconsin, Point Beach assists in 
obtaining samples at co-located and other sampling sites (this 
is not a TS requirement); and 

(f) Assisting Chemistry, as necessary, with investigations into 
elevated radioactivity levels in environmental samples. 

Quality Assurance I Quality Control 

Quality assurance is an integral part of PBNP's Radiological Environmental 
Monitoring Program. The QATR commits PBNP to Reg. Guide 4.15, Quality 
Assurance for Radiological Monitoring Programs (Inception through Normal 
Operation to License Termination) - Effluent Streams and the Environment. 
The REMP involves the interaction of Chemistry and the contracted analytical 
laboratory. The contracted vendor shall participate in an interlaboratory 
comparison program. The laboratory is audited periodically, either by PBNP 
or by an independent third party. 

Quality control for the PBNP portion of the Radiological Environmental 
Monitoring Program is achieved by following the procedures contained in this 
manual. Radiation Protection Technologists (RPTs) collect, package and ship 
environmental samples under the supervision of Radiation Protection 
supervisors. They are advised by Radiation Protection Management who has 
immediate responsibility for the overall technical operation of the 
environmental sampling functions. The RPTs receive classroom training as 
well as on-the-job training in carrying out these procedures. 

An audit of the PBNP Radiological Environmental Monitoring Program and 
its results shall be completed periodically as a means of monitoring program 
effectiveness and assuring compliance with program directives. The audit 
shall be performed in accordance with Section 2.4. 
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12.2 REMP Implementation 

12.2.1 

12.2.2 

Program Overview 

a. Purpose 

No significant or unexpected radionuclide concentrations of plant origin 
are expected because each normal effluent pathway at PBNP is monitored 
at or before the release point. However, the REMP is conducted to verify 
that plant operations produce no significant radiological impact on the 
environment and to demonstrate compliance with applicable standards. 

b. Samples 

Samples for the REMP are obtained from the aquatic, terrestrial and 
atmospheric environment. The sample types represent key indicators or 
critical pathways which have been identified by applying radiological 
principles from NRC and other guidance documents to the PBNP 
environment. 

c. Monitoring Sensitivity 

The effectiveness of the REMP in fulfilling its purpose depends upon the 
ability to accurately determine the nature and origins of fluctuations in low 
levels of environmental radioactivity. This requires a high degree of 
sensitivity so that it is possible to correctly discriminate between 
fluctuations in background radiation levels and levels of radioactivity that 
may be attributable to the operation of PBNP. Therefore, personnel 
actively participating in the monitoring program should make every effort 
to minimize the possibility of contaminating environmental samples and to 
obtain samples of the appropriate size. 

Program Parameters 

a. Contamination Avoidance 

Contamination prevents the accurate quantification of environmental 
radioactivity and the correct differentiation between fluctuating 
background radioactivity and levels of radioactivity attributable to the 
operation of PBNP. Therefore, it is necessary that all personnel associated 
with collecting and handling radiological environmental samples take the 
appropriate precautions to minimize the possibility of contaminating the 
samples. Some of the precautions that should be taken and which will 
help to minimize contamination are listed below: 
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Where: LLD = 

Sb = 

E = 
v = 

2.22 = 
y = 
,1 = 

L1T = 

1. Equipment which has been in the radiologically controlled area, even 
if released clean, should not normally be used in conjunction with 
radiological environmental monitoring. An exception to this is the 
Health Physics Test Instrument (HPTI) equipment used to calibrate 
the air flow calibrator. 

2. Store sampling equipment in radiologically clean areas only; 

3. Store radiological environmental samples only in radiologically 
clean areas when samples cannot be shipped to the contractor on the 
same day they are collected; 

4. Treat each sample as a possible source of contamination for other 
samples so as to minimize the possibility of cross-contamination; 

5. Radiological environmental monitoring equipment should be 
repaired in clean-side shops; 

6. Avoid entering contaminated areas prior to collecting environmental 
samples. 

b. Lower Limit of Detection 

The sensitivity required for a specific analysis of an environmental sample 
is defined in terms of the lower limit of detection (LLD). The LLD is the 
smallest concentration of radioactive material in a sample that will yield a 
net count, above system background, that will be detected with a 95% 
probability and have only a 5% probability of falsely concluding that a 
blank observation represents a real signal. Mathematically, the LLD is 
defined by the formula: 

4.66Sb 
[12-1] LLD = 

E x V x 2.22 x Y x e-A.LIT 
The a priori lower limit of detection in picocuries per unit 
volume or mass, as applicable 
The standard deviation of the background counting rate or 
the counting rate of a blank sample, as appropriate, in 
counts per minutes 
counting efficiency in counts per disintegration; 
sample size in units of volume or mass, as applicable; 
number of disintegrations per minute per picocurie,· 
the fractional chemical yield as applicable,· 
the radioactive decay constant for the particular 
radionuclide,· and 
the elapsed time between sample collection, or the end of 
the collection period, and the time of counting. 
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Typical values ofE, V, Y, and LiT are used to calculate the LLD. As 
defined, the LLD is an a priori limit representing the capability of a 
measuring system and not an a posteriori limit for a particular 
measurement. 

The required analysis for each environmental sample and the highest 
acceptable LLD associated with each analysis are listed in Table 12-1. 
Whenever LLD values lower than those specified in Table 12-1 are 
reasonably achievable, the analytical contractor for the radiological 
environmental samples will do so. When the LLDs listed in Table 12-1 
are not achieved, a description of the factors contributing to the higher 
LLD shall be reported in the next PBNP Annual Monitoring Report. 

c. Notification Levels 

The Notification Level (NL) is that measured quantity of radioactivity in 
an environmental sample which, when exceeded, requires a notification of 
such an occurrence be made to the appropriate party. Regulatory and 
administrative notification levels are listed in Table 12-1. 

1. Regulatory notification levels 

The regulatory notification levels listed in Table 12-1 represent the 
concentration levels at which NRC notification is required. If a 
measured level of radioactivity in any radiological environmental 
monitoring program sample exceeds the regulatory notification level 
listed in Table 12-1, resampling and/or reanalysis for confirmation 
shall be completed within 30 days of the determination of the 
anomalous result. If the confirmed measured level of radioactivity 
remains above the notification level, a written report shall be 
submitted to the NRC. If more than one of the radionuclides listed 
in Table 12-1 are detected in any environmental medium, a weighted 
sum calculation shall be performed ifthe measured concentration of 
a detected radionuclide is greater than 25% of the notification levels. 
For those radionuclides with LLDs in excess of 25% of the 
notification level, a weighted sum calculation needs to be performed 
only ifthe reported value exceeds the LLD. Radionuclide 
concentration levels, called Weighted Sum Action Levels, which 
trigger a weighted sum calculation, are listed in Table 12-1. 

The weighted sum is calculated as follows: 

concentration (1) concentration (2) 
---------+ + ... =weighted sum 
notification level (1) notification level (2) 

[12-2] 
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If the calculated weighted sum is equal to or greater than 1, 
resampling and/or reanalysis for confirmation shall be completed 
within 30 days of the determination of the anomalous result. If the 
confirmed calculated weighted sum remains equal to or greater than 
1, see Section 12.1.2.a.3 for notification guidance. This calculation 
requirement and report is not required if the measured level of 
radioactivity was not the result of plant effluents. 

2. Administrative notification levels 

The administrative notification levels are the concentration levels at 
which the contracted analytical laboratory promptly notifies the 
cognizant Chemistry Specialist by phone, followed by a formal 
written communication. The administrative notification levels are 
lower than the NRC regulatory notification levels and lower than, or 
equal to, the weighted sum action levels so the nature and origin of 
the increased level of environmental radioactivity may be 
ascertained and corrective actions taken, if required. 

d. Sampling Locations 

A list of sampling locations and the corresponding location codes appear 
in Table 12-2. The locations are shown in Figure 12-1 through Figure 
12-3. If samples become unavailable from specified sample locations, 
new locations for obtaining replacement samples shall be identified and 
added to the Radiological Environmental Monitoring Program. If milk or 
vegetation samples become unavailable from the specified sampling 
locations, new sampling locations will be identified within 30 days. The 
specific locations where samples were unavailable may be deleted from 
the monitoring program in accordance with established provisions for 
assessing changes. Any significant changes in existing sampling location 
and the criteria for the change shall be reported in the Annual Monitoring 
Report for the period in which the change occurred. Additional sampling 
locations may be designated if deemed necessary by cognizant company 
personnel. Figures and tables in this manual shall be revised to reflect the 
changes. 

e. Sampling Media and Frequency 

The minimum sampling frequency for the environmental media required 
by the PBNP REMP is found in Table 12-3. Additional samples may be 
collected in response to plant conditions as determined by the cognizant 
Chemistry Analyst. Additionally, the REMP also includes the sampling of 
soil and shoreline sediment, which were not part of the PBNP RETS but 
kept for continuity with the preoperational monitoring program. 
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12.2.3 

Samples are collected pursuant to HPIP 3.58.1, Radiological 
Environmental Sampling, which uses a monthly checklist to ensure that all 
the samples for the month are collected. The checklists also identify the 
schedule for the annual milk survey. 

It is recognized that on occasions samples will be lost or that samples 
cannot be collected at the specified frequency because of hazardous 
conditions, seasonable unavailability, automatic sampling equipment 
malfunctions and other legitimate reasons. Reasonable efforts will be 
made to recover lost or missed samples if warranted and appropriate. If 
samples are not obtained at the indicated frequency or location, the 
reasons or explanations for deviations from the sampling frequency 
specified in Table 12-3 shall be documented in an AR and reported in the 
AMR. 

f. Sample Analyses and Frequency 

The PBNP REMP samples shall be analyzed for designated parameters at 
the frequency listed in Table 12-3. Additional samples may be collected 
in response to plant conditions. Gamma isotopic analysis means the 
identification and quantification of gamma-emitting radionuclides that 
may be attributable to effluents from PBNP. Typically, this entails the 
scanning of the spectrum from 80 to 2048 KeV and decay correcting 
identified radionuclides to the time of collection. The analysis specifically 
includes, but is not limited to, Mn-54, Fe-59, Zn-65, Co-58, Co-60, 
Zr/Nb-95, Ru-103, I-131, Cs-134, Cs-137, Ba/La-140, Ce-141, and 
Ce-144. 

g. Analytical Laboratory 

The contracted laboratory performs the analyses in such a manner as to 
attain the desired LLDs. The contracted laboratory participates in an 
inter-laboratory comparison crosscheck program. 

The laboratory is responsible for providing prompt notification to the 
cognizant Chemist regarding any samples found to exceed the 
administrative notification levels as identified in Table 12-1. 

Assistance to the State of Wisconsin (Non-Technical Specification Activity) 

As a courtesy and convenience, PBNP personnel obtain certain environmental 
samples for the Section of Radiation Protection, Department of Health and 
Family Services of the State of Wisconsin. 
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12.2.5 

12.2.6 

Specification of Sampling Procedures 

General radiological environmental sampling procedures follow the directives 
presented in Sections 12.1 and 12.2. Station procedures provide the specific 
information for the collection of the following samples: 

• Vegetation 

• Thermoluminescent Dosimeters (TLDs) 

• Lake water 

• Well water 

• Air 

• Milk 

• Fish 

• Soil (not part of PBNP RETS,10-3-1985) 

• Shoreline sediment (not part of PBNP RETS,10-3-1985) 

Milk Survey 

The milk sampling program is reviewed annually, including a visual 
verification of animal grazing in the vicinity of the site boundary, to ensure 
that sampling locations remain as conservative as practicable. The 
verification is conducted each summer by cognizant PBNP personnel. 
Because it is already assumed that milk animals may graze up to the site 
boundary, it is only necessary to verify that these animals have not moved 
onto the site. No animal census is required. Upon completion of the visual 
check, a memo will be generated to document the review and the memo sent 
to file. To ensure performance of the annual verification, "milk review" is 
identified on the sampling checklist. 

Land Use Census 

A land use census is conducted in the vicinity of PBNP on a periodic basis, 
approximately every 3 years. The land use census is conducted during the 
growing season. The objective of the land use census is to determine if there 
have been any changes in land use, receptor locations, or if there are new 
exposure pathways. 
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SAMPLE TYPES AND AS SOCIA TED LOWER LEVEL OF DETECTION (LLD) AND 
NOTIFICATION LEVEL VALUES 

Cs-137 0.08 2 0.40 

Vegetation pCi/g (wet) 
Cs-134 0.06 1 0.20 
I-131 0.06 0.1 0.06 
Other3 0.25 2.0 

Shoreline Cs-134/137 0.15/0.18 20 
Sediment and pCi/g (dry) 

Soil5 Other3 0.15 20 

Cs-137 0.15 2 0.40 
Cs-134 0.13 1 0.20 
Co-58 0.13 30 3 

Fish pCi/g (wet) 
Co-60 0.13 10 1 
Mn-54 0.13 30 3 
Fe-59 0.26 10 1 
Zn-65 0.26 20 2 
Other3 0.5 6 
Sr-895 5 100 
Sr-905 1 100 
I-131 0.57 3 0.5 

Milk pCi/L Cs-134 15 5 60 15 
Cs-137 18 5 70 18 

Ba-La-140 15 5 300 30 
Other3 15 30 

Gross beta 0.01 1.0 
I-131 0.07 0.03 0.9 0.09 

Air Filter6 pCi/m3 Cs-137 0.06 20 2.0 
Cs-134 0.05 10 1.0 
Other3 0.1 1.0 

TLDs mR/7 da s Gamma lmR/TLD 5mR/7 da s 
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SAMPLE TYPES AND ASSOCIATED LOWER LEVEL OF DETECTION (LLD) AND 
NOTIFICATION LEVEL VALUES 

Lakewater4 and 
Well Water 

pCi/L from 
Total Solids 

pCi/L 

Gross beta 

Cs-134 
Cs-137 
Fe-59 
Zn-65 

Zr-Nb-95 
Ba-La-140 

Co-58 
Co-60 
Mn-54 
I-131 
Other3 

H-34 

Lakewater 
H-3 (Well 

Water 
Sr-895 

Sr-905 

4 

15 10 
18 10 

30 
30 
15 
15 

15 10 
15 10 
15 10 
1 0.5 

30 

3,000 (200) 

2,000 (200) 

10 (5) 

2 (1) 

100 

30 15 
50 18 

400 40 
300 30 
400 40 
200 20 

1,000 100 
300 30 

1,000 100 
2 2 

100 

30,000 3,000 

20,000 3,000 

50 

20 

NOTE 1: The LLDs in this column are the maximum acceptable values. The values in parentheses are the 
administrative LLDs. 

NOTE 2: Values in this column are not technical specifications. 

NOTE 3: "Other" refers to non-specified identifiable gamma emitters resulting from the operation of PBNP. 
Naturally occurring radionuclides are not included. 

NOTE 4: No drinking water. 

NOTE 5: Items not required by PBNP RETS (10-3-1985) or NUREG-1301 but kept in the REMP for 
comparison to pre-operational and historical data. 

NOTE 6: All particulate filters shall be allowed to decay for at least 24 hours after sampling to allow for radon 
and radon-daughter decay prior to gross p analysis. 

NOTE 7: Lower than NUREG-1301value1 pCi/L to support PBNP's sampling frequency. 
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E-01 

E-02 

E-03 

E-04 

E-05 

E-06 

E-07 

E-08 

E-09 

E-10 

E-11 

E-12 

E-13 

E-14 

E-15 

E-16b 

E-17 

E-18 

E-20 

E-21 

E-22 

E-23 

E-24 

E-25 

TABLE 12-2 
RADIOLOGICAL ENVIRONMENTAL SAMPLING LOCATIONS 

Primary Meteorological Tower, South of the plant 

Site Boundary Control Center - East Side of Building 

Tapawingo Road, about 0.4 Miles West ofLakeshore Road 

North Boundary 

Two Creeks Park, the TLD is on South side of Two Creeks Road, West of 
Lakeshore Road on first pole West ofLakeshore. 

Point Beach State Park - Water and shoreline sediment samples near the 
Coast Guard Station; soil and vegetation from the Point Beach State Park 
campground area N of the Coast Guard Station and on the West side of 
County Road O; TLD located South of lighthouse on telephone pole. 

WPSC Substation on County Rt. V, about 0.5 Miles West of Hwy. 42 

G. J. Francar Property, at the SE Corner of the Intersection of Cty. Band 
Zander Road 

Nature Conservancy, East side of Hwy 42. Corner of Hwy 42 and Cty. 
BB. On pole North side of Entrance. 

PBNP Site Well 

Lambert Dairy Farm, 1523 Tapawingo Road, 0.5 miles West of Saxonburg 
Road 

Discharge Flume I Pier, U-1 side 

Pumphouse 

South Boundary, about 0.2 miles East of Site Boundary Control Center 

SW Corner of Site, N side of Nuclear Rd at junction with Twin Elder Rd. 

Pole #2124 23Ll 7, Third pole (beside white underground cable post) 

N of old E-16 pole at residence 14427 Hwy 42 

North of Mishicot, Cty. Band Assman Road, NE Corner oflntersection 

NW of Two Creeks at Zander and Tannery Roads 

Reference Location, 17 miles SW, at Holy Family Convent Propet1y 

Local Dairy Farm just South of Site (R. Strutz) on Lakeshore and Irish 
Roads 

West Side of Hwy. 42, about 0.25 miles North of Johanek Road 

Greenfield Lane, about 4.5 Miles South of Site, 0.5 Miles East of Hwy. 42 

North Side of County Rt. V, near intersection of Saxonburg Road 

South Side of County Rt. BB, about 0.5 miles West ofNorman/Saxonberg 
Road 
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E-26b 

E-27 

E-28 

E-29 

E-30 

E-31 

E-32 

E-38 

E-39 

E-40 

E-41 

E-42 

E-43 

E-44 

E-TC 

TABLE 12-2 
RADIOLOGICAL ENVIRONMENTAL SAMPLING LOCATIONS 

804 Tapawingo Road, Pole #2124 18Ll7, Second Pole East ofCty. B. 
North Side of Road 

NE corner of Saxonburg and Nuclear Roads, about 4 Miles WSW 

TLD on westernmost pole between the 2nd and 3rd parking lots, 

On microwave tower fence 

NE corner at Intersection of Tapawingo and Lakeshore Roads. 

On utility pole North side of Tapawingo Road closest to the gate at the 
West property line 

On a conduit/pole located near the junction of property lines, about 
500 feet east of the west gate in line with first designated tree line on 
Tapawingo Road and about 1200 feet south of Tapawingo Road. The 
location is almost under the power lines between the blue and gray 
transmission towers. (The conduit/pole is about 6 feet high). 

On tree West of former Retention Pond site 

On tree East of former Retention Pond site 

Local Dairy Farm (Barta), about 1.8 miles north of intersection of 
Highway 42 and Nuclear Road (Manitowoc County), on West side of 
Highway 42. 

NW corner of Woodside and Nuclear Roads (Kewaunee Co.) 

NW corner of Church and Division, East of Mishicot 

West Side of Tannery Road South of Elmwood (7th pole South of 
Elmwood) 

Utility Pole N side of Tapawingo Rd near house at 5011 

Transportation Control; Reserved for TLDs 
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PBNP RADIOLOGICAL ENVIRONMENTAL SAMPLE COLLECTION AND ANALYSIS 
FREQUENCY 

E-01,-02,-03, -04,-05,-06, 
-07, -08, -09, -12, -14, -15, -

Environmental 16b, -17, -18, -20,-22, -23, 
TLD Quarterly 

Radiation Exposure -24,-25,-26b,-27, -28,-29, 
-30, -31, -32, -38, -39, -41, -

42, -43, -44, -TC 
Vegetation 

E-01, -02, -03, -04, -06, -20 Gamma isotopic 2x/yr as available 
(Grass and Weeds) 

Fish (edible portions 
E-13 Gamma isotopic 4x/yr as available 

only) 
Gross beta, H-3 

Well Water E-10 Sr-89, 90, I-131 Quarterly 
Gamma isotopic 

Gross beta Monthl 
Quarterly composite 

H-3, Sr-89, 90 of monthly 
Lake Water E-01, -05, -06 collections 

I-131 Monthl 

Gamma isotopic Monthly 

Sr-89, 90 
Milk E-11, -21, -40 I-131 Monthly 

Gamma isoto ic 
Gross beta Weekl articulate 

Air Filters 
I-131 Weekl charcoal 

E-01,-02,-03,-04,-08,-20 Quarterly (on 
Gamma isotopic composite particulate 

filters 

Soil E-01,-02,-03,-04, -06,-20, Gamma isotopic lx/yr 

Shoreline Sediment E-01, -05, -06 
Gamma isotopic 

lx/yr 
Analysis 
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13.0 RADIOLOGICAL EFFLUENT CONTROLS PROGRAM 

13.l Radiological Effluent Controls Program 

13.1.1 Basis 

13.1.2 

The Radiological Effluent Control Program (RECP) shall conform to 
10 CFR 50.36a for the control of radioactive effluents and maintaining doses 
to members of the public from radioactive effluents as low as reasonably 
achievable (ALARA). The RECP also is established to control the amount 
and concentrations ofradioactivity in PBNP effluent pursuant to the following 
documents: 

• 10 CFR 50.34a-Design objectives for equipment to control releases of 
radioactive material in effluents-nuclear power reactors, 

• 10 CFR 50, Appendix A, Criterion 60-Control of releases of radioactive 
material to the environment, 

• 10 CFR 50, Appendix A, Criterion 63-Monitoring fuel and waste storage, 

• 10 CFR 50, Appendix A, Criterion 64-Monitoring radioactivity releases, 

• 10 CFR 20.1302-Compliance with dose limits for individual members of 
the public, 

• 10 CFR 20.1501-General, 

• PBNP General Design Criterion 17-Monitoring Radioactivity Releases, 
and 

• PBNP General Design Criterion 70-Control of releases of radioactivity to 
the environment 

Basis Statement 

Liquid effluent from the radioactive waste disposal system is diluted by the 
circulating water system prior to release to Lake Michigan. With two pumps 
operating per unit, the flow of the circulating water system is approximately 
390,000 gpm per unit. Operation of a single circulating water pump per unit 
reduces the nominal flow rate by about 35%. Liquid waste from the waste 
disposal system may be discharged to the circulating water system of either 
unit via the service water return header. Because of the low radioactivity 
levels in the circulating water discharge, the concentrations of liquid 
radioactive effluents at this point are not measured directly. Instead, the 
concentrations in the circulating water discharge are calculated from the 
measured concentration of the liquid effluent, the discharge flow rate of the 
effluent and the nominal flow in the circulating water system. 
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The release of radioactive materials in liquid effluents to unrestricted areas is 
monitored and controlled to conform to the dose objectives in Section II.A of 
Appendix I to 10 CFR 50 and will be ALARA in accordance with the 
requirements of 10 CFR Parts 50.34a and 50.36a. The monitoring and control 
also is undertaken to keep the concentrations of radionuclides in PBNP liquid 
effluent released to unrestricted areas conforming to ten times the maximum 
effluent concentration (MEC) values specified in Table 2, Column 2 of 
Appendix B to 10 CFR 20. Furthermore, the appropriate portions of the liquid 
radwaste treatment systems will be used as required to keep the releases 
ALARA. 

These actions provide reasonable assurance that the resulting average annual 
dose or dose commitment from liquid effluent from each unit of the Point 
Beach Nuclear Plant for any individual in an unrestricted area from all 
pathways of exposure will not exceed the 10 CFR 50, Appendix I dose 
objectives. Thus, discharge of liquid wastes not exceeding these release limits 
will not result in significant exposure to members of the public because of 
consumption of drinking water from the lake, even if the effect of potable 
water treatment systems on reducing radioactive concentrations of the water 
supply is conservatively neglected. 

Prior to release to the atmosphere, gaseous wastes are mixed in the auxiliary 
building vent with the flow from at least one of two auxiliary building exhaust 
fans. Further dilution then occurs in the atmosphere. Release of radionuclides 
to the atmosphere is monitored and controlled so that effluents to unrestricted 
areas conform to the dose objectives of Sections II.B and C of Appendix I to 
10 CFR 50. Monitoring and control also is undertaken to ensure that at the 
point of maximum ground concentration at the site boundary, the radionuclide 
concentrations in the atmosphere will conform to the limits specified in 
Table 2, Column 1 of Appendix B to 10 CFR 20. Furthermore, the 
appropriate portions of the gaseous radwaste treatment system are used as 
required to keep the radioactive releases to the atmosphere ALARA. 

In order to achieve the dose objectives of Appendix I to 10 CFR 50 and the 
aforementioned concentration limits, the setpoints for releases to the 
atmosphere and to Lake Michigan utilize the methodology found in the 
Offsite Dose Calculation Manual. Setpoints for releases to the atmosphere are 
based on conforming to the TS instantaneous dose rate limits using the 
dilution provided by building vents as well as the highest annual average x/Q 
at the site boundary. Setpoints for releases to Lake Michigan are based only 
on dilution by circulation water. Together, control and monitoring provide 
reasonable assurance that the annual dose from each unit's effluents, to an 
individual in an unrestricted area will not exceed the dose objectives of 
Appendix I to 10 CFR 50. 
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13.1.3 

Implementation of the RECP will keep average annual releases of radioactive 
material in PBNP effluents and their resultant committed effective dose 
equivalents at small percentages of the dose limits specified in 
IO CFR 20.1301. At the same time, the methodology of implementing the 
RECP permits the flexibility of operation, compatible with considerations of 
health and safety, to assure that the public is provided with a dependable 
source of power even under unusual operating conditions which may 
temporarily result in releases higher than such numerical guides for design 
objectives set forth in Appendix I but still within levels that assure that the 
average population exposure is equivalent to small fractions of doses from 
natural background radiation. 

Compliance with the provisions of Appendix I to 10 CFR Part 50 constitutes 
adequate demonstration of conformance to the standards set forth in 40 CFR 
Part 190 regarding the dose commitment to individuals from the uranium fuel 
cycle. 

Other RECP Reportable Events 

a. Radioactive Effluent Non-Treatment 

If the effluent treatment system for radioactive liquids or for releases to 
the atmosphere is non-functional and effluents are being discharged for 
31 consecutive days without the treatment required to meet the release 
limits specified in Section 6.1 and Section 7.1, a special report shall be 
prepared and submitted to the Commission within thirty days which 
includes the following information: 

1. Identification of the non-functional equipment or subsystem and the 
reason for non-functionality. 

2. Actions taken to restore the non-functional equipment to 
FUNCTIONAL status. 

3. Summary description of actions taken to prevent a recurrence. 

b. Exceeding Radioactive Effluent Release Limits 

If the quantity ofradioactive material actually released in liquid or 
gaseous effluents during any calendar quarter exceeds twice the quarterly 
limit as specified in Sections 6.2, 7.2 or 7.3, a special report shall be 
prepared and submitted to the Commission within thirty days of 
determination of the release quantity. 
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The report must describe the extent of exposure of individuals to radiation 
and radioactive material, including as appropriate: 

1. corrective action(s) to be taken to reduce subsequent releases to 
prevent recurrence of exceeding the limits, including the schedule 
for achieving conformance with applicable limits, ALARA 
constraints, generally applicable environmental standards, and 
associated license conditions, 

2. estimates of exposures to a member of the public, including the dose 
from any external storage units, such as the ISFSI and the SGSF, for 
compliance with 40 CPR 190 limits, 

3. levels of radiation and concentrations of radioactive materials 
involved, and 

4. cause of the elevated exposures, dose rates, or concentrations. 

If the dose to any member of the public exceeds 75 mrem to the thyroid or 
25 mrem to the whole body or any organ other than the thyroid, pursuant 
to 40 CPR 190, the report shall also contain a request for a variance from 
this standard pursuant to 40 CPR 190.11. 

c. Major Change to Radioactive Liquid, Gaseous and Solid Waste Treatment 
Systems 

Licensee initiated major changes to the radioactive waste treatment 
systems (liquid, gaseous, and solid) shall be reported to the U.S. Nuclear 
Regulatory Commission with the periodic update to the FSAR for the 
period for which the updates are submitted. The discussion of each 
change shall include: 

1. A summary of the evaluation that led to the determination that the 
change could be made in accordance with 10 CPR Part 50.59; 

2. Information necessary to support the reason for the change; 

3. A description of the equipment, components and processes involved 
and the interfaces with other plant systems; 

4. An evaluation of the change, which shows how the predicted 
releases of radioactive materials in liquid effluents and gaseous 
effluents and/or quantity of solid waste will differ from those 
previously predicted in the license application and amendments 
thereto; 
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5. An evaluation of the change, which shows the expected maximum 
exposures to an individual in the unrestricted area and to the general 
population that differ from those previously estimated in the license 
application and amendments thereto; 

6. An estimate of the exposure to plant operating personnel because of 
the change 

d. Audits 

The activities of the Radiological Effluent Controls Program as described 
in this manual and its implementing procedures shall be audited in 
accordance with Section 2.4. 

13.2 Radioactive Effluent Control and Accountability 

13.2.l Radiation Monitoring System 

a. Description 

The computerized Radiation Monitoring System (RMS) at Point Beach 
Nuclear Plant consists of area and process monitors. The effluent 
monitors are those process monitors that are designed to detect and 
measure radioactivity in liquid and gaseous releases from PBNP. A 
description of the liquid and gaseous effluent monitors and associated 
isolation and control functions are presented in ODCM Sections 9.1 and 
10.1. 

b. Calibration 

Calibration of the RMS detectors is accomplished according to the PBNP 
instrument and control procedures. 

c. Setpoints 

The methodology for determining effluent RMS detector setpoints is 
described in the ODCM Sections 9.1 and 10.1. 

d. Alarms 

Response to alarms received from RMS effluent detectors is described in 
the PBNP RMS Alarm Setpoint and Response Book. 

e. Effluent Detector Functionality and Surveillance 

Detector functionality and surveillance requirements are addressed in 
Sections 6.0 and 7.0 of this manual. 
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13.2.2 Release Accountability 

Control and accountability of radioactivity in PBNP effluents is accomplished 
by the RMS in conjunction with the characterization of radionuclide 
distributions by laboratory analyses of grab samples from the various waste 
streams. Sampling frequencies and analysis requirements are set forth in 
Sections 6.1.4 and 7.1.4 of this manual. Additional aspects of grab sampling 
and release accountability are described in the PBNP Release Accountability 
Manual 

13.3 Radioactive Effluent Monitoring Instrumentation Functionality Requirements 

13.3.l 

13.3.2 

Objective 

The functionality of detectors is specified in order to ensure that liquid and 
gaseous radioactive effluents are adequately monitored and to ensure that 
alarm or trip setpoints are established such that effluent releases do not exceed 
the values cited in Sections 6.1.1, 6.2.1, 7.1.1, 7.2.1, 7.3.l and 8.1. 

Functionality Specifications 

a. The radioactive effluent monitoring instrumentation channels listed in 
Table 6-2 and Table 7-2 shall be functional. The alarm or trip setpoints of 
these channels shall be determined and adjusted in accordance with the 
methodology and parameters in the ODCM. 

1. All monitors are defined by the term FUNCTIONAL -
FUNCTIONALITY, EXCEPT 1(2) RE-212 Containment Noble 
Gas Monitor which is defined by the term OPERABLE -
OPERABILITY. 

2. IF the ability of 1 (2) RE-212, Containment Noble Gas Monitor, to 
perform its function is questioned, 
THEN the Operability Determination process is applicable. 
(LCO 3.4.15, RCS Leakage Detection Instrumentation) 

b. If fewer than the minimum number of radioactive effluent monitoring 
channels are functional, the action statement listed in either Table 6-2 or 
Table 7-2 shall be taken. Best effort shall be made to return a 
non-functional channel to functional status within 30 days. 

c. If the channel is not returned to a functional status within 30 days, the 
circumstances of the instrument failure and schedule for repair shall be 
reported to the NRC Resident Inspector. 
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d. If a radioactive effluent monitoring instrumentation channel alarm or trip 
setpoint is found less conservative than required by the ODCM, the 
channel shall be declared non-functional 
OR the setpoint shall be changed to the ODCM value or a more 
conservative value. 

13.4 Solid Radioactive Waste 

The solid radwaste system shall be used in accordance with the Process Control Program 
to process radioactive wastes to meet all shipping and burial ground requirements. If the 
provisions of the Process Control Program are not satisfied, shipments of defectively 
processed or defectively packaged radioactive waste from the site will be suspended. The 
Process Control Program shall be used to verify solidification of radwaste. 
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NOTE: The NRC documents (References 14.2 - 14.6, and 14.9-14.11) are presented for 
informational purposes and do not constitute a NextEra Energy Point Beach 
commitment to these documents. 
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LIQUID PATHWAY EMEC FOR USE IN SETPOINT CALCULATIONS 

The effective maximum effluent concentration (EMEC) is calculated from the annual liquid releases for 
the years 2000 through 2010 (Table A-1). The EMEC is the total concentration ofradionuclides which 
can be discharged without having the summation of concentration fractions exceed unity. To obtain this 
value, the average annual total radionuclide concentration is divided by the sum of the ratio of each 
average individual radionuclide concentration divided by 1 Ox its maximum effluent concentration listed 
in 10CFR20, Appendix B, Table 2, Col 2. The EMEC formula (Equation 9-3) is: 

Where: 

L Ci L Ci 
EMEC = Ci or EMEC = SOF 

LMEC. i 
SOF = Sum of fractions 

C = Annual average concentration of radionuclide "i" 
MEC; = 1 Ox the maximum ejjluent concentration from 1 OCFR20, 

Appendix B, Table 2, Column 2. Also referred to as the 
Ejjluent Concentration Limit (ECL) 

[A-1] 

The 2000 - 2010 liquid effluent data are used for calculating the annual averages and EMEC (see Table 
A-1). C-14, Ni-63 and Tc-99 were added to the analytical requirements for liquid wastes in 2009, so 
each of these three radionuclides is averaged only over the two years of available data. 

The annual average concentration is based on the volume for all of the eleven years. In calculating the 
annual average concentrations, the annual liquid waste effluent volumes were not used because they 
were four orders of magnitude lower than the dilution volume and would have but a minor effect on the 
resulting concentrations. 

The calculated value for the EMEC is 9.89E-03 µCi/cc. The NaI detectors do not measure pure 
p-emitters such as H-3, C-14, Fe-55, Ni-63, Sr-90, and Tc-99. Therefore, a p-correction factor (pCF) is 
used to correct for these radionuclides to correct for these isotopes not being detected by the monitors. 
Additional conservatism is realized when calculating individual liquid effluent monitor setpoints 
because the minimum dilution flow is used. PBNP technical specifications allow liquid discharge 
concentrations at ten times the concentrations set forth in 1 OCFR20, Appendix B, Table 2, Column 2. 

The EMEC is the maximum concentration allowed at the point of discharge. Therefore, in addition to a 
pCF, a dilution scaling factor (SF) is applied to determine the monitor setpoint which is the maximum 
allowable discharge concentration. The SF is the ratio of the circ water flow rate (CW) to the release 
rate (RR) [ODCM formula 9-5]. Therefore the SP= EMEC *SF* pCF. The SF is calculated from the 
minimum circ water flow (243,000 gpm) and the maximum effluent release rate (Table 9-1). 
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H-3 

C-14 

F-18 

Na-22 

Na-24 

Cr-51 

Mn-54 

Mn-56 

Fe-55 

Fe-59 

Ni-63 

Co-57 

Co-58 

Co-60 

Zn-65 

As-76 

Sr-89 

Sr-90 

Sr-92 

Nb-95 

Nb-97 
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TABLEA-1 
UID EFFLUENT VOLUMES 

TABLEA-2 
UID EFFLUENT RELEASES 

1.00E-03 8.04E+02 5.88E+o2 5.60E+02 7.48E+02 6.08E+02 5.53E+02 6.07E+02 5.88E+o2 

3.00E-05 

7.00E-04 2.26E-04 9.90E-04 3.31E-04 l.08E-03 l.30E-03 l.20E-03 2.52E-03 2.45E-03 

6.00E-06 

5.00E-05 

5.00E-04 8.24E-03 9.08E-03 l.41E-02 8.23E-03 4.25E-04 2.55E-03 7.82E-03 3.lOE-03 

3.00E-05 4.53E-04 1.52E-03 4.42E-04 l.06E-03 l.21E-04 6.97E-04 4.39E-04 1.24E-04 

7.00E-05 l.92E-06 

1.00E-04 l.12E-02 8.80E-03 6.82E-03 7.21E-03 3.85E-03 3.23E-03 3.06E-03 6.22E-03 

l.OOE-05 l.23E-04 2.18E-04 l.85E-03 3.1 IE-04 5.61E-05 1.04E-05 l.09E-04 l.93E-04 

l.OOE-04 

6.00E-05 l.29E-04 l.03E-03 l.l IE-04 1.29E-04 l.06E-05 3.04E-05 5.50E-06 

2.00E-05 5.56E-02 9.0IE-02 3.39E-02 1.04E-Ol 4.12E-03 4.92E-03 3.58E-03 6.26E-03 

3.00E-06 7.33E-03 l.35E-02 3.61E-03 l.27E-02 2.BE-03 8.02E-03 9.94E-03 5.45E-03 

5.00E-06 l.44E-04 l.76E-04 4.57E-05 6.35E-05 3.73E-06 8.13E-05 4.38E-05 4.62E-06 

l.OOE-05 2.07E-05 l.27E-05 l.97E-05 l.84E-05 1.99E-05 

8.00E-06 3.41E-06 

5.00E-07 3.04E-04 8.79E-05 2.14E-04 l.57E-05 l.71E-06 9.36E-05 

4.00E-05 l.36E-06 4.25E-05 5.54E-06 

3.00E-05 1.07E-03 3.86E-03 l.67E-03 1.73E-03 l.83E-04 1.62E-03 9.38E-04 2.71E-04 

3.00E-04 2.93E-05 l.92E-05 9.20E-06 l.92E-05 l.50E-05 7.07E-06 9.IOE-06 1.83E-06 

Page 149 of278 

5.34E+o2 

l.97E-03 

5.50E-06 

2.06E-02 

6.62E-04 

5.50E-03 

5.21E-04 

2.72E-04 

3.70E-02 

1.IOE-02 

l.55E-04 

7.09E-06 

l.03E-05 

3.92E-03 

l.50E-05 
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6.37E+o2 

1.97E-02 

3.81E-03 

5.58E-06 

8.63E-03 

9.IOE-04 

4.62E-03 

l.49E-04 

9.94E-03 

9.BE-05 

l.36E-02 

2.l 7E-02 

3.50E-04 

9.33E-05 

7.69E-05 

l.95E-05 

1.76E-06 

l.57E-03 

6.36E-06 

5.59E+o2 

3.39E-03 

5.66E-03 

4.88E-03 

l.42E-04 

4.92E-03 

3.66E-04 

2.26E-03 

5.60E-05 

4.28E-02 

3.96E-03 

9.33E-06 

8.59E-09 

l.61E-06 

6.09E-04 

l.13E-05 

6.79E+03 6.17E+02 

2.3 IE-02 l.15E-02 

2.15E-02 l.96E-03 

5.58E-06 5.07E-07 

5.50E-06 5.00E-07 

8.77E-02 7.97E-03 

6.57E-03 5.97E-04 

1.92E-06 l.75E-07 

6.54E-02 5.95E-03 

3.91E-03 3.55E-04 

l.22E-02 6.lOE-03 

l.86E-03 l.69E-04 

3.96E-01 3.60E-02 

9.93E-02 9.03E-03 

1.08E-03 9.79E-05 

l.92E-04 l.74E-05 

8.03E-05 7.30E-06 

7.47E-04 6.79E-05 

5.27E-05 4.79E-06 

1.74E-02 l.59E-03 

l.43E-04 l.30E-05 
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Zr-95 

Zr-97 

Mo-99 

Tc-99 

Tc-99m 

Ru-103 

Ru-105 

Ru-106 

Ag-llOm 

Sn-113 

Sn-117m 

Sb-122 

Sb-124 

Sb-125 

Te-131 

Te-132 

I-131 

I-132 

I-133 

Cs-134 

Cs-134m 

Cs-136 

Cs-137 

Ba-139 

Ba-140 

La-140 

Ce-141 

W-187 
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TABLEA-2 
UID EFFLUENT RELEASES 

2.00E-05 5.1 IE-04 l.69E-03 7.02E-03 8.89E-04 5.26E-05 6.85E-04 4.97E-04 4.53E-05 

9.00E-06 l.65E-06 5.3 IE-08 7.14E-06 O.OOE+oO O.OOE+oO 2.86E-06 

2.00E-05 l.96E-06 8.72E-06 

6.00E-05 

1.00E-03 6.34E-06 8.45E-06 

3.00E-05 9.58E-06 2.68E-06 

7.00E-05 l.68E-05 

3.00E-06 2.3 IE-05 3.13E-05 2.49E-04 

6.00E-06 2.92E-03 4.66E-03 2.80E-03 3.85E-03 5.45E-04 3.29E-03 2.46E-03 4.74E-03 

3.00E-05 l.20E-04 3.SIE-04 6.91E-04 4.l ?E-04 3.23E-05 l.64E-04 7.81E-05 l.l ?E-04 

3.00E-05 3.47E-04 5.83E-04 1.32E-03 l.45E-03 1.29E-03 2.45E-03 1.24E-03 2.27E-03 

l.OOE-05 5.90E-06 3.14E-06 4.25E-06 5.75E-06 3.49E-06 l.33E-05 

7.00E-06 2.03E-04 4.31E-04 6.09E-04 4.71E-04 1.76E-03 4.76E-05 2.0IE-04 2.90E-04 

3.00E-05 5.70E-03 6.65E-04 2.06E-03 l.30E-02 6.69E-03 2.40E-02 9.15E-04 4.88E-02 

8.00E-05 3.49E-06 

9.00E-06 2.73E-05 3.73E-05 l.l?E-04 l.O?E-05 2.32E-05 

l.OOE-06 1.65E-04 9.30E-05 l.97E-06 2.50E-06 3.74E-05 

l.OOE-04 

7.00E-06 2.68E-06 l.74E-05 4.22E-05 2.06E-05 

9.00E-07 2.70E-06 

2.00E-03 4.09E-06 

6.00E-06 l.73E-05 I.60E-05 6.94E-06 6.83E-06 l.SIE-06 

l.OOE-06 9.15E-04 9.3 IE-05 2.84E-05 7.83E-05 3.57E-05 2.62E-04 5.!3E-04 1.04E-04 

2.00E-04 5.37E-07 

8.00E-06 9.31E-06 3.66E-05 l.79E-05 

9.00E-06 1.45E-04 8.21E-06 

3.00E-05 O.OOE+oO 2.18E-06 

3.00E-05 1.12E-05 
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2.12E-03 

2.05E-05 

2.67E-03 

l.22E-03 

4.34E-03 

l.20E-03 

2.64E-02 

l.38E-05 

9.32E-07 

l.IOE-05 

l.53E-06 

9.35E-05 
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8.1 ?E-04 3.38E-04 

6.67E-06 

6.46E-04 6.60E-04 

1.06E-03 2.95E-03 

4.34E-04 2.88E-04 

3.68E-03 l.70E-03 

5.66E-07 

7.59E-04 l.06E-03 

8.90E-03 l.57E-03 

l.21E-05 

2.IOE-05 

5.67E-06 2.42E-06 

2.45E-03 l.l?E-05 

l.47E-02 l.33E-03 

l.84E-05 l.67E-06 

l.O?E-05 9.71E-07 

1.31E-03 6.53E-04 

l.48E-05 l.34E-06 

3.28E-05 2.98E-06 

l.68E-05 l.52E-06 

3.03E-04 2.76E-05 

3.19E-02 2.90E-03 

3.91E-03 3.56E-04 

2.0?E-02 1.88E-03 

3.64E-05 3.31E-06 

7.03E-03 6.39E-04 

l.39E-01 l.26E-02 

3.49E-06 3.l?E-07 

2.29E-04 2.09E-05 

3.13E-04 2.85E-05 

l.IOE-05 1.00E-06 

1.05E-04 9.58E-06 

2.70E-06 2.45E-07 

4.09E-06 3.72E-07 

5.67E-05 5.15E-06 

4.58E-03 4.16E-04 

5.37E-07 4.88E-08 

6.38E-05 5.80E-06 

1.53E-04 l.39E-05 

2.18E-06 l.99E-07 

l.12E-05 1.02E-06 
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LIQUID EFFLUENT CONCENTRATIONS 
(The pure ~ emitters are highlighted) 

H-3 1.00E-03 5.59E-07 5.59E- 05 
C-14 3.00E-05 l.05E-ll 3.49E-08 

F-18 7.00E-04 l.77E-12 2.54E-10 

Na-22 6.00E-06 4.60E-16 7.66E-12 

Na-24 5.00E-05 4.53E-16 9.07E-13 

Cr-51 5.00E-04 7.23E-12 l.45E-09 

Mn-54 3.00E-05 5.4 IE-13 l.80E-09 

Mn-56 3.00E-05 l.58E-16 2.26E-13 

Fe-55 l.OOE-04 5.39E-12 5.39E-09 

Fe-59 l.OOE-05 3.22E-13 3.22E-09 

Ni-63 1.00E-04 5.53E-12 5.53E-09 

Co-57 6.00E-05 l.53E-13 2.56E-10 

Co-58 2.00E-05 3.26E-ll l.63E-07 

Co-60 3.00E-06 8.19E-12 2.73E-07 

Zn-65 5.00E-06 8.87E-14 l.77E-09 

As-76 l.OOE-05 l.58E-14 l.58E-10 

Sr-89 8.00E-06 6.62E-15 8.27E-ll 

Sr-90 5.00E-07 6.16E-14 l.23E-08 

Sr-92 4.00E-05 4.35E-15 l.09E-l l 

Nb-95 3.00E-05 l.44E-12 4.79E-09 

Nb-97 3.00E-04 1.18E-14 3.92E-12 

Zr-95 2.00E-05 l.21E-12 6.04E-09 

Zr-97 9.00E-06 l.51E-15 l.68E-l l 

Mo-99 2.00E-05 8.80E-16 4.40E-12 

Tc-99 6.00E-05 5.92E-13 9.86E-10 

Tc-99m l.OOE-03 l.22E-15 l.22E-13 

Ru-103 3.00E-05 2.70E-15 9.00E-12 

Ru-105 7.00E-05 l.38E-15 l.97E-12 

Ru-106 3.00E-06 2.50E-14 8.33E-10 

Ag-llOm 6.00E-06 2.63E-12 4.39E-08 

Sn-113 3.00E-05 3.22E-13 l.07E-09 

Sn-117m 3.00E-05 1.70E-12 5.68E-09 

Sb-122 l.OOE-05 3.00E-15 3.00E-11 

Sb-124 7.00E-06 5.80E-13 8.28E-09 

Sb-125 3.00E-05 l.14E-l l 3.8 lE-08 

Te-131 8.00E-08 2.88E-16 3.60E-13 

Te-132 9.00E-06 l.89E-14 2.lOE-10 

1-131 l.OOE-06 2.58E-14 2.58E-09 

1-132 l.OOE-04 9.07E-16 9.07E-13 
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LIQUID EFFLUENT CONCENTRATIONS 

I-133 7.00E-06 8.69E-15 1.24E-10 

Cs-134 9.00E-07 2.23E-16 2.47E-1 l 

Cs-134m 2.00E-03 3.37E-16 1.69E-14 

Cs-136 6.00E-06 4.67E-15 7.79E-11 

Cs-137 1.00E-06 3.77E-13 3.77E-08 

Ba-139 2.00E-04 4.43E-17 2.21E-14 

Ba-140 8.00E-06 5.26E-15 6.57E-11 

La-140 9.00E-06 1.26E-14 1.40E-10 

Ce-141 3.00E-05 1.80E-16 6.00E-13 

W-187 3.00E-05 9.23E-16 3.08E-12 

TOTAL S.59E-07 5.66E-05 

TOTALy 7.07E-11 S.95E-07 

Totaip S.59E-07 S.60E-05 

The pcF is based on the condition that the total summation of fraction or L:SOF :S 1. 
Therefore, at the setpoint, the p and v SOF fractions of the total SOF (L:SOF) must satisfy the condition 

1 = SOFp/ L:SOF + SOFy/L:SOF. 

Because the monitors detect only the gamma fraction of the L:SOF, the EMEC is multiplied by the ratio 
SOFy/ L:SOF which is the PCF. Using the above Table A-3 SOF values, the 

pcF = SOFv/ L:SOF = 5.95E-07/5.66E-05 = l.05E-02. 

TABLEA-4 
BETA CORRECTED SETPOINTS 

Beta Corrected Set Point= EMEC x SF x ~CF 
MAX SF 13-Corrected 

Monitor GPM (CW/RR) SP(µCi/cc) 
l/2RE-229 22200 l.09E+Ol l.14E-03 

l/2RE-2 l 9/222 200 l.22E+03 l.26E-Ol 
RE-230 700 3.47E+02 3.61E-02 
RE-220 700 3.47E+02 3.61E-02 

RE-218/223 100 2.43E+03 2.53E-Ol 
l/2RE-216 4000 6.08E+Ol 6.32E-03 
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LIQUID DOSE FACTORS TECHNICAL BASIS 

TECHNICAL BASIS FOR PBNP SITE-SPECIFIC LIQUID DOSE FACTORS 

The site-specific liquid dose factors, presented in Table 9-2, have been extracted from the liquid dose 
equations outlined in Regulatory Guide 1.109, Section C.l, along with the guidance ofNUREG-0133. 
To obtain the liquid dose factors, all variables specific to each release of liquid effluents have been 
removed from the liquid dose equations of Regulatory Guide 1.109, Section C.l. These include the 
dilution flow rate and the average release rate of the effluent. The dose factors for each liquid effluent 
pathway are calculated using the following equations: 

Aquatic Foods (Fish) 

Where: 

Aio = 114000 X Mp X Uap XL BipDaioe-.Aitp 

i 
A;o = Ingestion dose factor to the total body or any organ "o" 

for radionuclide "i" (mrem/hr per µCi/mL) 
Mp = the mixing ratio (reciprocal of the dilution factor) at the 

point of harvest of aquatic food 
= 0.1136 (Point of harvest of the fresh fish is taken at a 
point 1 OOOm downstream. The plume centerline dilution 
factor at this location is 8.8 using RG 1.113 methodology. 
The factor of 2 allowed for current reversals was not used. 
See Appendix E.) 

Uap = annual fish consumption rate for age group "a" and meat 
pathway "p " (kg/yr) 
= 0 kg/yr for infant 
= 6. 9 kg/yr for child 
= 16 kg/yr for teen 
= 21 kg/yr for adult (see RG 1.109, Table E-5 for 
maximum exposed individual) 

B;p = the equilibrium bioaccumulationfactor for radionuclide 
"i" in pathway ''p ", expressed as the ratio of the 
concentration in biota (in pCilkg) to the radionuclide 
concentration in water (pCill). (Llkg, see RG 1.109, Table 

Daio = 

A.; = 
tp = 

A-1) 
ingestion dose factor for age group "a", radionuclide "i" 
and organ "o ",from Reg. Guide 1.109 (mrem/pCi) 
the radioactive decay constant of nuclide "i", in day1 

the average transit time required for nuclides to reach the 
point of exposure. For internal dose, tp is the total time 
elapsed between release of the nuclides and the ingestion 
of the water 
= 0.5 d 

114000 = conversion factor (pCilµCi * mL/L per hr/yr) 

[B-1] 
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Aio = 114000 X Mp X Uap X QAw XI F1 Daioe-A.its [B-2] 
i 

Where: Mp = the mixing ratio (reciprocal of the dilution factor) at the 
point of harvest of aquatic food 
= 0.1111 (Point at which water is taken from the lake is 
plume centerline 1 mile downstream. The plume 
centerline dilution factor at this location is 9 using RG 
1.113 methodology. See Appendix E.) 

Uap = annual meat consumption rate for age group "a" and 
meat pathway ''p" (kg/yr) 
= 0 kg/yr for infant 
= 41 kg/yr for child 
= 65 kg/yr for teen 
= 110 kg/yr for adult (see RG 1.109, Table E-5 for 
maximum exposed individual) 

QAw = consumption rate of contaminated water by an animal 
(Lid) 
= 60 LI day (see RG 1.109, Table E-3) 

Ff = stable element transfer coefficients (d/kg, see RG 1.109, 
Table E-1) 

Daio = ingestion dose factor for age group "a", radionuclide "i" 
and organ "o ",from Reg. Guide 1.109 (mrem/pCi) 

A; = the radioactive decay constant of nuclide "i ", in day1 

ts = time from slaughter to consumption (d) 
= 20d (see RG 1.109, Table E-15) 

114000 = conversion factor (pCi/ µCi * mLIL per hr/yr) 

Page 154 of278 REFERENCE USE 



POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

ODCM 
Revision 23 

OFFSITE DOSE CALCULATION MANUAL 

Irrigated Foods (Milk From Watered Cattle) 

Where: 

Aio = 114000 X Mp X Uap X QAw XL FmDaioe-.Aitf 

i 
Mp = the mixing ratio (reciprocal of the dilution factor) at the 

point of harvest of aquatic food; 
= 0.1111 (Point at which water is taken as plume 
centerline I mile downstream. The plume centerline 
dilution factor at this location is 9 using RG 1.113 
methodology. See Appendix E.) 

Uap = annual cow's milk consumption rate for age group "a" 
and milk pathway "p" (Llyr) 
= 330 L!yr for infant 
= 330 L/yr for child 
= 400 L/yr for teen 
= 310 L!yr for adult (from RG 1.109, Table E-5for 
maximum exposed individual) 

0w = consumption rate of contaminated water by an animal 
(Lid) 
= 60 L/day (see RG 1.109, Table E-3) 

Fm = stable element transfer coefficients ( d/L, from RG I. I 09, 
Table E-1) 

Da;o = ingestion dose factor for age group "a", radionuclide "i" 
and organ "o ",from Reg. Guide I. I 09 (mrem/pCi) 

A; = the radioactive decay constant of nuclide "i ", in day1 

fJ = transport time from pasture to cow, to milk, to receptor ( d) 
= 2 d (see RG 1.109, Table E-15) 

114 000 = conversion factor (pCi/jtCi * mL/L per hr/yr) 

[B-3] 
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Potable Water 

Where: 

Aio = 114000 X Mp X Uap XI Daioe-.ilitp 

i 
Mp = mixing ratio (reciprocal of the dilution factor) at the 

point of withdrawal of drinking water 
= 0. 0384 (Withdrawal point is taken as the Two Rivers 
municipal water intake located a distance of 12 miles 
downstream. The plume centerline dilution factor at 
this location is 26 using RG 1.113 methodology.) 

Uap = a usage factor that specifies the drinking water intake 
rate for an individual of age group "a" associated with 
pathway ''p ",· 
= 330 Llyr for infant 
= 510 Llyr for child 
= 510 L/yr for teen 
= 730 L/yr for adult (see RG 1.109, Table E-5) 

Daio = ingestion dose factor for age group "a", radionuclide 
"i" and organ "o",from Reg. Guide 1.109 (mrem/pCi) 

A; = radioactive decay constant of nuclide "i ", in day1 

tp = average transit time required for nuclides to reach the 
point of exposure. (d) 
= 2 d (12.2 cm/s plus 12 hours to reflect the transport 
of the water through the water purification plant and 
distribution system) 

114000 = conversionfactor (pCi/µCi * mLIL per hr/yr) 

[B-4] 
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Shoreline Deposits 

Where: 

Aio = 1.14£ + 07 x Mp x Uap x W x L TiDie-A.itp (1 - e-A.itb) 

i 
Mp = the mixing ratio (reciprocal of the dilution factor) at 

the point of harvest of aquatic food,· 
= 0.01821 (Point of exposure is taken as the Point 
Beach State Park beach which is located 8000 meters 
downstream. The plume shoreline dilution factor at 
this location is 54. 9 using RG 1.113 methodology. 
The factor of 2 allowed for current reversals was not 
used. See Appendix E) 

Uap = annual drinking water consumption for age group 
"a" and pathway ''p" (Llyr) 

w = 

T; = 
D; = 

A.; = 
tp = 

tb = 

= 0 hr/yr for infant 
= 14 hr/yr for child 
= 67 hr/yr for teen 
= 12 hr/yr for adult (from RG 1.109, Table E-5 for 
maximum exposed individual) 
the shoreline width factor; 
= 0.3 (from RG 1.109, Table A-2) 
radioactive half-life of radionuclide "i" (d) 
the external dose factor for nuclide "i ", in mrem/hr 
per pCi/m2

, taken from Table E-6 of RG 1.109 
the radioactive decay constant of nuclide "i", in day1 

the average transit time required for nuclides to 
reach the point of exposure (d) 
= 0.5 d 
time period of long-term buildup for activity in 
sediment or soil (d) 
= 5.47E+03 d (15 yr, see RG 1.109, Table E-15) 

l.14E+07 = conversion factor (pCilµCi * mL/kgper hr/yr) and to 
account for the proportionality constant used in the 
sediment radioactivity model 

[B-5] 

Following the guidance ofNUREG-0133, the adult age group represents the maximum exposed 
individual. Evaluation of doses for other age groups is not required for demonstrating compliance with 
the dose criteria of Section 6.2. To obtain a composite dose factor, the factors are summed for each 
liquid effluent pathway. (Reference Appendix K) 
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GASEOUS PATHWAY SETPOINT CALCULATIONS 

The calculation of the setpoints for airborne effluents is based on the tech spec requirement that the 
noble gas dose rate at the site boundary nearest the closest residence must be :::;500 mrem/yr total body 
or:::; 3000 mrem/yr to the skin of the whole body. The calculation proceeds in a manner similar to the 
liquid EMEC calculation. First the average noble gas emission rate for each identified noble gas is 
calculated from the average annual effluent discharge. Next, the site boundary concentrations are 
calculated by multiplying the release rates by the dispersion coefficient, x/Q. Then the product of the 
individual noble gas concentrations and its dose factor is summed to determine the total dose rate from 
this noble gas mixture. Dividing this dose rate into the dose rate limit determines factor by which the 
average total site boundary noble concentration must be multiplied in order to achieve the concentration 
which will yield the limiting dose rate. Finally, based on the flow rate of an individual stack and 
applying the dispersion factor, the alarm setpoint for that stack monitor is calculated. 

The parameters for calculating the setpoints are shown in the spreadsheet below and the setpoints are 
calculated using either equation 10-l(total body) or equation 10-2 (skin). 
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Ar-41 l.35E+OO 9.28E-Ol 

Kr-85 O.OOE+OO O.OOE+DO 

Kr-85m l.47E-02 4.42E-04 

Kr-87 3.51E-02 l.76E-03 

Kr-88 3.52E-02 2.02E-03 

Xe-13lm O.OOE+OO l.15E-04 

Xe-133 9.86E-Ol 4.95E-Ol 

Xe-133m 2.89E-03 4.72E-04 

Xe-135 1.75E-Ol 3.20E-02 

Xe-135m 6.07E-02 O.OOE+OO 

Xe-138 1.50E-01 8.77E-03 

l.87E+DO 7.77E-Ol 

4.87E-03 3.95E-04 

4.67E-02 O.OOE+OO 

l.68E-Ol O.OOE+OO 

1.6 lE-01 O.OOE+OO 

0.00E+DO 7.00E-05 

2.37E-Ol 1.12E-01 

0.00E+OO 8.37E-04 

4.IOE-01 l.59E-04 

l.79E-01 3.46E-04 

7.57E-Ol O.OOE+OO 

TABLE C-1 
NOBLE GAS RELEASES 

8.47E-Ol 4.61E-Ol 5.45E-Ol 

O.OOE+DO 2.63E-04 O.OOE+OO 

2.84E-03 3.71E-03 l.43E-04 

7.27E-03 8.80E-03 O.OOE+OO 

7.62E-03 9.12E-03 O.OOE+OO 

O.OOE+OO O.OOE+DO O.OOE+OO 

3.70E-Ol 9.14E-02 4.13E-02 

9.67E-04 5.19E-04 3.65E+OO 

l.97E-02 2.26E-02 9.32E-02 

1.18E-02 1.74E-02 l.48E-02 

3.25E-02 4.43E-02 3.89E-02 

TABLEC-2 

4.98E-Ol l.55E+OO 

O.OOE+DO 1.37E-03 

2.07E-04 8.47E-04 

4.64E-04 2.IOE-03 

2.02E-02 6.50E-03 

O.OOE+OO 1.70E-03 

9.95E-02 3.32E-04 

3.74E-04 2.77E-Ol 

4.79E-03 4.05E-03 

9.53E-04 O.OOE+OO 

2.17E-03 1.14E-02 

A VERA GE ANNUAL DISCHARGE VOLUME 

' - ,l ~:: - -- ' );.. ---~ -

RE-214 ABVS 66 400 l.880E+09 9.883E+l4 

RE-225 CAE 20 5.663E+05 2.977E+ll 

l/2RE-215 CAE 10 2.832E+05 1.488E+ll 

lRE-212 Ul 25 000 7.079E+08 

2RE-212 U2 38 000 l.076E+09 

l/2RE-212 Ul/2 35 9.911E+05 5.209E+ll 

RE-224 GSVS 13 000 3.681E+08 1.935E+ 14 

RE-221 DAYS 43 100 l.220E+09 6.415E+ 14 

Total (cc/vrl 1.823E+15 
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7.67E-Ol 7.74E-Ol 

8.66E-03 O.OOE+DO 

7.60E-03 9.73E-03 

l.86E-02 2.35E-02 

l.80E-02 2.33E-02 

8.04E-04 O.OOE+DO 

5.43E-02 2.83E-Ol 

9.40E-04 2.l IE-03 

4.28E-02 6.14E-02 

3.36E-02 5.38E-02 

9.17E-02 l.16E-01 

8.52E-Ol 

1.41E-03 

7.90E-03 

2.41E-02 

2.57E-02 

2.44E-04 

2.52E-Ol 

3.58E-01 

7.88E-02 

3.38E-02 

1.14E-01 
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The average annual discharge volume is based on the flow from the four pathways monitored by 
RE-214, RE-221, RE-224, and RE-225. A random check of monthly effluent calculations show that 
over a span of one year, only the Aux. Bldg. Vent Stack, the Gas Stripper, and the Drumming Area Vent 
are important. The containment vents typically are about 35 cfm. The purges at 25,000 cfm occur 
during outages at a time when there no noble gas is detected in containment as all results are <MDA. 
Therefore, including the purge volumes would result in a less conservative calculated concentration by 
adding to the total volume at a time when no noble gases would be contributed to the total annual noble 
gas discharge. Also, not included are the GDT discharges. Their volumes are negligible in comparison 
to the main stack discharge volumes. 

TABLE C-3 
NOBLE GAS SETPOINT PARAMETER CALCULATION 

Ar-41 8.52E-Ol 4.670E-10 8.84E+03 2.69E+03 9.30E+03 4.129E-06 6.034E-08 

Kr-85 l.41E-03 7.758E-13 l.61E+Ol l.34E+03 l.72E+Ol l.249E-l l l.054E-09 

Kr-85m 7.90E-03 4.335E-12 1.l 7E+03 1.46E+03 l.23E+03 5.072E-09 l.219E-08 

Kr-87 2.41E-02 l.324E-l l 5.92E+03 9.73E+03 6.17E+03 7.839E-08 2.187E-07 

Kr-88 2.57E-02 l.411E-ll l.47E+04 2.37E+03 1.52E+04 2.074E-07 2.694E-07 

Xe-13lm 2.44E-04 l.341E-13 9.15E+Ol 4.76E+02 l.56E+02 l.227E-l l 6.613E-l l 

Xe-133 2.52E-Ol l.383E-10 2.94E+02 3.06E+02 3.53E+02 4.065E-08 9.600E-08 

Xe-133m 3.58E-Ol l.963E-10 2.51E+02 9.94E+02 3.27E+02 4.927E-08 2.657E-07 

Xe-135 7.88E-02 4.319E-l l l.81E+03 l.86E+03 l.92E+03 7.818E-08 l.716E-07 

Xe-135m 3.38E-02 l.857E-l l 3.12E+03 7.llE+02 3.36E+03 5.792E-08 8.182E-08 

Xe-138 l.14E-Ol 6.247E-l l 8.83E+03 4.13E+03 9.21E+03 5.516E-07 8.909E-07 

TOTAL 5.197E-06 8.042E-06 

Inserting these calculated totals and this sector's x!Q into equations 10-1 and 10-2, the equations reduce 
to the following: 

SPTB (µCi/cc)= 1.79E+02AF/VF and SPs (µCi/cc) = 6.95E+03AF/VF , or 
SPTB (µCi/cc)= 1.95E-04AF/(VF * x/Q) and SPs (µCi/cc) = 7.58E-04AF/(VF* x/Q) 

From this it is seen that the limiting setpoints are derived using the total body dose rate restriction. The 
resulting setpoints are shown in Table C-4 where AF is applied only to RE-214, RE-221, RE-224, and 
RE-225. 
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RMS AIRBORNE ALARM SETPOINTS 

1. Auxiliary Building Vent RE-214 & SPINO 23 66,400 

2. Combined Air Ejector RE-225 20 

3. Unit Air Ejector 1(2) RE-215 10 

4. Containment Purge Vent 

Unit 1 lRE-212 & SPINO 21 25,0001 

Unit2 2RE-212 & SPINO 22 38,0002 

Unit 1(2) 1(2) RE-212 353 

5. Gas Stripper Building RE-224 13,000 

6. Drumming Area Vent RE-221 & SPINO 24 43,100 

Note 1: Two fans of12,500 cfm 

Note 2: Two fans+ 13,000 cfm from gas stripper bldg. 

Note 3: Forced vent with nominal 35 cfm flow rate 
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4.72E-03 
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GASEOUS DOSE FACTORS TECHNICAL BASIS 

TECHNICAL BASIS FOR PBNP SITE-SPECIFIC GASEOUS DOSE FACTORS 

The site-specific gaseous dose factors, presented in Chapter I 0, have been extracted from the gaseous 
effluent dose equations outlined in Regulatory Guide I.I09, Section C.2, along with the guidance of 
NUREG-0133, Section 5.3. 

To obtain the gaseous dose factors, all variables specific to each release of gaseous effluents have been 
removed from the gaseous dose equations of Regulatory Guide I.I09. The dose factors for each gaseous 
effluent pathway are calculated using the following equations: 

Inhalation Pathway (see NUREG-0 I 33, Section 5 .3. I. I) 

Rio = 1 X 106 
X BRa X Daio [D-1] 

Where: R;o = dose factor for each identified radionuclide "i" and organ 
"o" (m2(mrem/yr) per µCi/s or mrem/yr per µCi/m 3

) 

BRa = breathing rate for age group "a"(m3/yr): 
Infant= 1400 
Child= 3700 
Teen & Adult = 8000 (from RG 1.109, Table E-5 for 
maximum exposed individual) 

Daio = Inhalation dose factor for age group "a", radionuclide "i" 
and organ "o ",from Reg. Guide 1.109 (mrem/pCi) 

JE+06 = Conversion factor for pCilµCi 

Ground Plane Pathway (see NUREG-0133, Section 5.3.1.2) 

(1 _ e-A.itb) 
Rio = 8.76 x 109 x SF x Daio x JI.. [D-2] 

! 

Where: R;o = dose factor for each identified radionuclide "i" and 
organ "o" (m2 (mrem/yr) per µCi/s or mremlyr per 
µCilm 3

) 

Daio = ground plane dose factor for age group "a", 
radionuclide "i" and organ "o ", (see RG 1.109, Table 
E-6) 

A.; = the radioactive decay constant of nuclide "i ", in sec-1 

fb = the exposure period (sec) 
= 4. 73E+08 s (15 yr, from RG 1.109, App. Cl) 

8. 76E+09 = conversion factor for pCilµCi and hr/yr 
SF = shieldingfactor 

= 0.7 (see RG 1.109, Table E-15for maximum exposed 
individual) 
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The dose from the grass-cow-milk pathway is determined according to Equation 10-11. The produce Rio 
dose factor is calculated according to the following equation for all particulates and iodines, EXCEPT 
H-3 and C-14: 

Where: 

Rio = lE + 06 X QfUapFmDaioe-A.itf X {tpfs + (1- fpfs)e-A.ith} 

X {r(l -e-CA.i+A.w)te + Biv(l _ e-A.itb)} 

Yv(Ai +Aw) P Ai 
R;o = dose factor for each identified radionuclide "i" and 

organ "o" (m2-mremlyr per µCi/s or mrem/yr per 
µCi/m 3

) 

0 = cow feed consumption rate (kgld) 
= 50 kg/d (from RG 1.109, Table E-3) 

Uap = annual cow's milk consumption rate for age group 
"a" and milk pathway ''p" (L/yr) 
= 330 L/yr for infant 
= 330 Llyr for child 
= 400 Llyr for teen 
= 310 L/yr for adult (from RG 1.109, Table E-5for 
maximum exposed individual) 

Fm = stable element transfer coefficients ( d/L, from RG 
1.109, Table E-1) 

Daio = ingestion dose factor for age group "a", radionuclide 
"i" and organ "o ",from Reg. Guide 1.109 
(mrem/pCi) 

A; = decay constant of radionuclide "i" (sec-1) 

t.r = transport time from pasture to cow, to milk, to 
receptor (sec) 
= 1.73E+05 s (2d,from RG 1.109, Table E-15) 

fP = fraction of the year that cow is on pasture 
= 0.5 (from June 1976 Appendix I submittal to NRC. 
Doc. Number NPC-27397) 

fs = fraction of cow feed that is pasture grass while cow is 
on pasture 
= 0.5 (from June 1976 Appendix I submittal to NRC. 
Doc. Number NPC-27397) 

r = fraction of deposited activity retained on cow 's feed 
grass 
= 1. 0 for radio iodines 
= 0.2for particulates (see RG 1.109, Table E-15) 

th = transport time from pasture, to harvest, to cow, to 
milk to receptor (sec) 
= 7. 78E+06 s (90d, see RG 1.109, Table E-15) 

[D-3] 
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Aw = decay constant for removal of activity on leaf and 
plant surfaces by weathering (sec-1

) 

= 5. 7 3E-07 sec-1 (corresponds to a 14 day half-life, 
see RG 1.109, Table E-15) 

Yv = agricultural productivity by unit area of pasture feed 
grass (kg/m 2) 

= 0. 7 kglm2(from RG 1.109, Table E-15) 
te = time period that crops are exposed to contamination 

during the growing season (s) 
= 2.59E+06 s (30d, see RG 1.109, Table E-15) 

B;v = concentration factor for the uptake of radionuclide 
"I", expressed as the ratio of the concentration in 
biota (pCi/kg) to the concentration in water (pCi/L) 
(see RG 1.109, Table E-1) 

tb = time period of long-term buildup for activity in 
sediment or soil (s) 

. = 4. 72E+8 s (15 yr, see RG 1.109, Table E-15) 
P = effective surface density for soil (kg/m2

) 

= 240 kg/m2 (see RG 1.109, Table E-15) 
1E+06 = conversion factor for pCilµCi. This factor should be 

reduced to 5E+05 when calculating the dose factors 
for radioiodines. This accounts for the fraction of 
deposited elemental iodine that is accounted for in 
the dose modeling. See Reg. Guide 1.109, Appendix 
C, Section 3.a. 
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For carbon-14, the milk pathway Rio dose factor is calculated according to the following equation: 

Where: 

0.11 -A.·t 
Rio = 1£ + 09 X O.l6 X FmUap X p X Q1 Daioe 1 h 

R;o = dose factor for radionuclide "i" (C-14) and organ "o" 
(mremlyr per µCi/m 3

) 

0.11 = fraction of plant mass that is natural carbon (see RG 
1.109, eqn. C-8 

0.16 = concentration of natural carbon in the atmosphere (see 
RGJ.109, eqn, C-8) 

Fm = stable element transfer coefficients ( d/L, from RG 1.109, 
Table E-1) 

Uap = annual cow's milk consumption rate for age group "a" 
and milk pathway "p" (Llyr) 
= 330 Llyr for infant 
= 330 Llyr for child 
= 4 00 Llyr for teen 
= 310 Llyr for adult (from RG 1.109, Table E-5 for 
maximum exposed individual) 

p = Fractional equilibrium ratio 
= 1 for continuous releases (from RG 1.109, page 26) 

Daio = ingestion dose factor for age group "a", radionuclide 
"i" and organ "o ", (mrem/pCi) (from Reg. Guide 1.109, 
Table E-11) 

0 = cow feed consumption rate (kgld) 
= 50 kg/d (from RG 1.109, Table E-3) 

1 E+09 = conversion factor for pCi/µCi and g/kg. 
A; = decay constant of radionuclide "i "(C-14) (sec-1

) 

= 3.84E-12 sec-1 

th = time interval between harvest and consumption of food 
(sec) 
= 1. 73E+05 sec (2 d, RG 1.109, Table E-15) 

[D-4] 
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For hydrogen-3, the milk pathway Rio dose factor is calculated according to the following equation: 

0.5 -A.·t 
Rio= 1E + 09 X 0.75 X HFmUapQfDaioe i h [D-5] 

Where: R;o = dose factor for radionuclide "i" (H-3) and organ "o" 
(mrem/yr per µCi!m 3

) 

0.75 = fraction of plant mass that is water (see RG 1.109, eqn. 
C-9) 

0.5 = ratio of tritium concentration in plant water to tritium 
concentration in atmospheric water (see RG 1.109, eqn, 
C-9) 

H = absolute humidity at the location of interest (g/m3
) 

= 5.5 g/m3 (from E. L. Entier (1980), Health Physics 
39:318-320) 

Fm = stable element transfer coefficients (d/L,from RG 1.109, 
Table E-1) 

Uap = annual cow's milk consumption rate for age group "a" 
and milk pathway "p" (Llyr) 
= 330 L/yr for infant 
= 330 Llyr for child 
= 400 Llyr for teen 
= 310 Llyr for adult (from RG 1.109, Table E-5 for 
maximum exposed individual) 

0 = cow feed consumption rate (kg/d) 
= 50 kg/d (from RG 1.109, Table E-3) 

Daio = ingestion dose factor for age group "a", radionuclide 
"i" (H-3) and organ "o ", (mremlpCi) (from Reg. Guide 
1.109, Table E-11) 

1E+09 = conversion factor for pCi/µCi and g/kg. 
1'; = decay constant of radionuclide "i "(H-3) (sec-1) 

= 1. 78E-09 sec-1 

th = time interval between harvest and consumption of milk 
(sec) 
= 1. 73E+05 sec (2 d, RG 1.109, Table E-15) 
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The dose from the grass-cow-meat pathway is determined according to Equation 10-11. The produce 
Rio dose factor is calculated according to the following equation for all particulates and iodines, 
EXCEPT H-3 and C-14: 

Where: 

Rio = 1E + 06 X Q1UapFfDaioe-A.its X {tp/s + (1 - fpfs)e-A.ith} 

x {r(1 - e-(A.i+Aw)te + Biv(1 - e-Aitb)} 

Yv(A.i + 11.w) P 11.i 
R;o = dosefactor for each identified radionuclide "i" and 

organ "o" (m2 (mremlyr) per µCi/s or mrem/yr per 
µCi/m 3

) 

0 = cow's consumption rate (kg/day) 
Uap = annual meat consumption rate for age group "a" and 

meat pathway "p" (kg/yr) 
= 0 kg/yr for infant 
= 41 kg/yr for child 
= 65 kg/yr for teen 
= 110 kg/yr for adult (see RG 1.109, Table E-5 for 
maximum exposed individual) 

F1 = stable element transfer coefficients (d/kg, see RG 
1.109, Table E-1) 

Da;o = ingestion dose factor for age group "a'', radionuclide 
"i" and organ "o",from Reg. Guide 1.109 
(mrem/pCi) 

A; = decay constant of radionuclide "i" (sec-1) 

ts = time from slaughter to consumption (sec) 
= 1. 73E+06 s (20d, see RG 1.109, Table E-15) 

fp = fraction of the year that cow is on pasture 
= 0. 5 (from June 19 7 6 Appendix I submittal to NRC. 
Doc. Number NPC-27397) 

fs = fraction of cow feed that is pasture grass while cow is 
on pasture 
= 0.5 (from June 1976 Appendix I submittal to NRC. 
Doc. Number NPC-27397) 

r = fraction of deposited activity retained on cow 's feed 
grass 
= 1. 0 for radio iodines 
= 0.2for particulates (see RG 1.109, Table E-15) 

t1i = transport time from pasture, to harvest, to cow, to 
milk to receptor (sec) 
= 7. 77E+06 s (90d, see RG 1.109, Table E-15) 

Aw = decay constant for removal of activity on leaf and 
plant surfaces by weathering (sec-1) 

= 5. 73E-07 sec-1(corresponds to a 14 day half-life, 
see RG 1.109, Table E-15) 

[D-6] 
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Yv = agricultural productivity by unit area of pasture feed 
grass (kg/m2) 

= 0.7 kg/m2(from RG 1.109, Table E-15) 
te = time period that crops are exposed to contamination 

during the growing season (s) 
= 2.59E+06 s (30d, see RG 1.109, Table E-15) 

B;v = concentration factor for the uptake of radionuclide 
"I", expressed as the ratio of the concentration in 
biota (pCilkg) to the concentration in water (pCi/L) 
(see RG 1.109, Table E-1) 

tb = time period of long-term buildup for activity in 
sediment or soil (s) 
= 4.72E+8 s (15 yr, see RG 1.109, Table E-15) 

P = effective surface density for soil (kg/m2) 

= 240 kg/m2 (see RG 1.109, Table E-15) 
1E+06 = conversion factor for pCi/µCi 
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For carbon-14, the meat pathway Rio dose factor is calculated according to the following equation: 

Where: 

0.11 -A.·t 
Rio = 1£ + 09 X O.l

6 
X F1Uap X p X Q1Daioe ts 

R;a = dose factor for radionuclide "i" (C-14) and organ "o" 
(mrem/yr per µCi/m 3

) 

0.11 = fraction of plant mass that is natural carbon (see RG 
1.109, eqn. C-8 

0.16 = concentration of natural carbon in the atmosphere (see 
RG 1.109, eqn, C-8) 

Ff = stable element transfer coefficients (d/kg, see RG 1.109, 
Table E-1) 

Uap = annual meat consumption rate for age group "a" and 
meat pathway "p" (kg/yr) 
= 0 kg/yr for infant 
= 41 kg/yr for child 
= 65 kg/yr for teen 
= 110 kg/yr for adult (see RG 1.109, Table E-5 for 
maximum exposed individual) 

p = Fractional equilibrium ratio 
= 1 for continuous releases (from RG 1.109, page 26) 

Daio = ingestion dose factor for age group "a", radionuclide 
"i" and organ "o ", (mrem/pCi) (from Reg. Guide 1.109, 
Table E-11) 

0 = cow feed consumption rate (kgld) 
= 50 kgld (from RG 1.109, Table E-3) 

1E+09 = conversion factor for pCilµCi and g/kg. 
A; = decay constant of radionuclide "i"(C-14) (sec-1) 

= 3.84E-12 sec-1 

ts = time from slaughter to consumption (sec) 
= 1. 73E+06 s (20d, see RG 1.109, Table E-15) 

[D-7] 
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For hydrogen-3, the meat pathway Rio dose factor is calculated according to the following equation: 

0.5 -kt 
Rio = 1£ + 09 X 0.75 X H F1UapQfDaioe is [D-8] 

Where: R;o = dose factor for radionuclide "i" (H-3) and organ "o" 
(mremlyr per µCi/m 3

) 

0.75 = fraction of plant mass that is water (see RG 1.109, eqn. 
C-9) 

0.5 = ratio of tritium concentration in plant waer to tritium 
concentration in atmospheric water (see RG 1.109, eqn, 
C-9) 

H = absolute humidity at the location of interest (g/m3
) 

= 5.5 g/m3 (from E. L. Entier (1980), Health Physics 
39:318-320) 

Ff = stable element transfer coefficients (dlkg, see RG 1.109, 
Table E-1) 

Uap = annual meat consumption rate for age group "a" and 
meat pathway ''p" (kg/yr) 
= 0 kg/yr for infant 
= 41 kg/yr for child 
= 65 kg/yr for teen 
= 110 kg/yr for adult (see RG 1.109, Table E-5 for 
maximum exposed individual) 

0 = cow feed consumption rate (kg/d) 
= 50 kgld (from RG 1.109, Table E-3) 

Daio = ingestion dose factor for age group "a", radionuclide 
"i" (H-3) and organ "o ", (mrem/pCi) (from Reg. Guide 
1.109, Table E-11) 

1E+09 = conversion factor for pCilµCi and glkg. 
A; = decay constant of radionuclide "i "(H-3) (sec-1) 

= I. 78E-09 sec-1 

ts = time from slaughter to consumption (sec) 
= 1. 73E+06 s (20d, see RG 1.109, Table E-15) 
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The dose from the fruit, grain, non-leafy vegetable (produce) pathway is determined according to 
Equation 10-11. The produce Rio dose factor is calculated according to the following equation for all 
particulates and iodines, EXCEPT H-3 and C-14: 

{
r( 1 _ e-Cili+ilw)te) B. ( 1 _ e-ilitb )} 

Rio = 1E + 06 x Yv(A.i +Aw) + iv PA.i fgUapDaioe-ilith 

Where: R;o = dose factor for each identified radionuclide "i" and 
organ "o" (m2-mremlyr per µCi/s or mremlyr per 
µCi/m 3

) 

r = fraction of deposited activity remaining on crops 
= l.Ofor iodines 
= 0.2for other particulates (from RG 1.109, Table E-15) 

il; = decay constant of radionuclide "i "(sec-1
) 

Aw = decay constant for removal of activity on leaf and plant 
surfaces by weathering, (sec-1

) 

= 5. 73E-07 sec-1 (14 day half-life, from RG 1.109, Table 
E-15) 

Daio = ingestion dose factor for age group "a", radionuclide 
"i" and organ "o ", (mrem/pCi) (from Reg. Guide I. I 09, 
Table E-11) 

te = growing season (sec) 
=5.18E+06 sec (60 days, from RG 1.109, Table E-15) 

tb = time that soil is exposed to the effluent (hr). 
= 4.72E+08 sec (15 yr, from RG 1.109, Table E-15) 

th = time interval between harvest and consumption of food 
(sec) 
= 5.18E+06 sec (60 d, RG 1.109, Table E-15) 

y;, = agricultural productivity by unit area (kglm2
) 

= 2. 0 kg/m2 (from RG I. I 09, Table E-15) 
P = effective surface density of soil (kg/m2

) 

= 240 kglm2 (from RG 1.109, Table E-15) 
B;v = concentration factor for uptake of radionuclide "i"from 

soil by edible parts of crops (pCi/kg, see RG 1.109, 
Table E-1) 

fg = fraction of ingestion taken.from the garden of interest 
= 0. 76 (from NUREG-0133, page 36) 

Uap = annual produce usage rate (consumption rate) for age 
group "a" and produce pathway ''p" (kg/yr) 
= 0 kg/yr for inf ant 
= 520 kg/yr for child 
= 630 kg/yr for teen 
= 520 kg/yr for adult (from RG 1.109, Table E-5 for 
maximum exposed individual) 

IE+06 = conversion factor for pCilµCi. This factor is reduced by 
50% to 5E+05for iodines. (see RG 1.109, eqn. C-7) 

[D-9] 
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For carbon-14, the produce Rio dose factor is calculated according to the following equation: 

Where: 

0.11 -11.·t 
Rio = 1E + 09 X O.l

6 
X fgUap X p X Daioe 1 h 

R;o = dose factor for radionuclide "i" (C-14) and organ "o" 
(mremlyr per µCi/m 3

) 

0.11 = fraction of plant mass that is natural carbon (see RG 
1.109, eqn. C-8 

0.16 = concentration of natural carbon in the atmosphere (see 
RG 1.109, eqn, C-8) 

Jg = fraction of ingestion taken from the garden of interest 
= 0. 76 (from NUREG-0133, page 36) 

Uap = annual produce usage rate (consumption rate) for age 
group "a" and produce pathway "p" (kg/yr) 
= 0 kg/yr for infant 
= 520 kg/yr for child 
= 63 0 kg/yr for teen 
= 520 kg/yr for adult (from RG 1.109, Table E-5 for 
maximum exposed individual) 

p = Fractional equilibrium ratio 
= 1 for continuous releases (from RG 1.109, page 26) 

Daio = ingestion dose factor for age group "a", radionuclide 
"i" and organ "o", (mrem/pCi) (from Reg. Guide 1.109, 
Table E-11) 

1E+09 = conversion factor for pCi/µCi and g/kg. 
,.\; = decay constant of radionuclide "i"(C-14) (sec-1

) 

= 3.84E-12 sec-1 

th = time interval between harvest and consumption of food 
(sec) 
= 5.18E+06 sec (60 d, RG 1.109, Table E-15) 

[D-1 O] 
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For hydrogen-3, the produce Rio dose factor is calculated according to the following equation: 

0.5 -,H 
Rio= 1E + 09 X 0.75 X H fgUapDaioe 1 h 

Where: R;o = dose factor for radionuclide "i" (H-3) and organ "o " 
(mrem/yr per µCi/m 3

) 

0.75 = fraction of plant mass that is water (see RG 1.109, eqn. 
C-9) 

0.5 = ratio of tritium concentration in plant waer to tritium 
concentration in atmospheric water (see RG 1.109, eqn, 
C-9) 

H = absolute humidity at the location of interest (g/m3
) 

= 5.5 g/m3 (from E. L. Entier (1980), Health Physics 
39:318-320) 

Jg = fraction of ingestion taken from the garden of interest 
= 0. 76 (from NUREG-0133, page 36) 

Uap = annual produce usage rate (consumption rate) for age 
group "a " and produce pathway ''p " (kg/yr) 
= 0 kg/yr for infant 
= 520 kg/yr for child 
= 630 kg/yr for teen 
= 520 kg/yr for adult (from RG 1.109, Table E-5 for 
maximum exposed individual) 

Daio = ingestion dose factor for age group "a", radionuclide 
"i" (H-3) and organ "o ", (mrem/pCi) (from Reg. Guide 
1.109, Table E-11) 

1E+09 = conversion factor for pCilµCi and g/kg. 
A; = decay constant of radionuclide "i "(H-3) (sec-1) 

= 1. 78E-09 sec-1 

th = time interval between harvest and consumption of food 
(sec) 
= 5.18E+06 sec (60 d, RG 1.109, Table E-15) 

[D-11] 
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The dose from the leafy vegetable pathway is determined according to Equation 10-11. The leafy 
vegetable Rio dose factor is calculated according to the following equation for all particulates and 
iodines, EXCEPT H-3 and C-14: 

[D-12] 

Where: R;o = dose factor for each identified radionuclide "i" and 
organ "o" (m2-mrem/yr per µCi/s or mrem/yr per 
µCilm 3

) 

r = fraction of deposited activity remaining on crops 
= 1. 0 for iodines 
= 0.2for other particulates (from RG 1.109, Table E-15) 

i\; = decay constant of radionuclide "i"(sec-1) 

ilw = decay constant for removal of activity on leaf and plant 
surfaces by weathering, (sec-1) 

= 5. 73E-07 sec-1 (14 day half-life, from RG 1.109, Table 
E-15) 

Daio = ingestion dose fact or for age group "a", radionuclide 
"i" and organ "o",from Reg. Guide 1.109 

te = growing season (sec) 
=5.18E+06 sec (60 days, from RG 1.109, Table E-15) 

tb = time that soil is exposed to the effluent (hr). 
= 4. 72E+08 sec (15 yr, from RG 1.109, Table E-15) 

th = time interval between harvest and consumption of food 
(sec) 
= 8.64E+04 sec (1 d,from RG 1.109, Table E-15) 

y;, = agricultural productivity by unit area (kg/m2
) 

= 2.0 kg/m2 (from RG 1.109, Table E-15) 
p = effective surface density of soil (kg/m2

) 

= 240 kg/m2 

B;v = concentration factor for uptake of radionuclide "i "from 
soil by edible parts of crops (pCilkg) (from RG 1.109, 
Table E-1) 

Jg = fraction of ingestion taken.from the garden of interest 
= 1.0 (from NUREG-0133, page 36) 
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Uap = annual produce usage rate (consumption rate) for age 
group "a" and produce pathway ''p" (kg/yr) 
= 0 kg/yr for infant 
= 26 kg/yr for child 
= 42 kg/yr for teen 
= 64 kg/yr for adult (from RG 1.109, Table E-5 for 
maximum exposed individual) 

1E+06 = conversion/actor for pCilµCi. This factor is reduced by 
50% to 5E+05for iodines. (see RG 1.109, eqn. C-7) 

For carbon-14, the leafy vegetable Rio dose factor is calculated according to the following equation: 

0.11 -A.·t 
Ria= 1£ + 09 X O.l6 X fgUapDaiae 1 h [D-13] 

Where: R;o = dose factor for radionuclide "i" (C-14) and organ "o" 
(mrem/yr per µCi/m 3

) 

0.11 = fraction of plant mass that is natural carbon (see RG 
1.109, eqn. C-8 

0.16 = concentration of natural carbon in the atmosphere (see 
RG 1.109, eqn. C-8) 

Jg = fraction of ingestion taken from the garden of interest 
= 1.0 (from NUREG-0133, page 36) 

Uap = annual produce usage rate (consumption rate) for age 
group "a" and produce pathway ''p" (kg/yr) 
= 0 kg/yr for inf ant 
= 26 kg/yr for child 
= 4 2 kg/yr for teen 
= 64 kg/yr for adult (from RG 1.109, Table E-5 for 
maximum exposed individual) 

Daio = ingestion dose factor for age group "a", radionuclide 
"i" and organ "o ", (mrem/pCi) (from Reg. Guide 1.109, 
Table E-11) 

1E+09 = conversion factor for pCi/µCi and g/kg. 
i\; = decay constant of radionuclide "i "(C-14) (sec-1

) 

= 3.84E-12 sec-1 

t1i = time interval between harvest and consumption of food 
(sec) 
= 8.64E+04 sec (1 d, RG 1.109, Table E-15) 
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For hydrogen-3, the leafy vegetable Rio dose factor is calculated according to the following equation: 

0.5 -A.·t 
Rio = 1E + 09 X 0.75 X H fgUapDaioe 1 h [D-14] 

Where: R;o = dose factor for radionuclide "i" (H-3) and organ "o" 
(mrem/yr per µCi/m 3) 

0.75 = fraction of plant mass that is water (see RG 1.109, eqn. 
C-9) 

0.5 = ratio of tritium concentration in plant waer to tritium 
concentration in atmospheric water (see RG 1.109, eqn, 
C-9) 

H = absolute humidity at the location of interest (glm3
) 

= 5.5 g/m3 (from E. L. Entier (1980), Health Physics 
39:318-320) 

Jg = .fraction of ingestion taken from the garden of interest 
= 1.0 (from NUREG-0133, page 36) 

Uap = annual produce usage rate (consumption rate) for age 
group "a" and produce pathway ''p" (kg/yr) 
= 0 kg/yr for infant 
= 26 kg/yr for child 
= 42 kg/yr for teen 
= 64 kg/yr for adult (from RG 1.109, Table E-5 for 
maximum exposed individual) 

Daio = ingestion dose factor for age group "a", radionuclide 
"i" (H-3) and organ "o ", (mrem/pCi) (from Reg. Guide 
1.109, Table E-11) 

1E+09 = conversion factor for pCi/µCi and g/kg. 
A; = decay constant of radionuclide "i "(H-3) (sec-1) 

= 1. 78E-09 sec-1 

th = time interval between harvest and consumption of food 
(sec) 
= 8.64E+04 sec (1 d, RG 1.109, Table E-15) 
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DERIVATION OF DILUTION FACTORS USING REGULATORY GUIDE 1.113 

E. l Liquid Effluent Dilution Factor Calculations 

E.1.1 Methodology 

The dilution factors used for calculating the doses from liquid effluent released to Lake 
Michigan were calculated using the methodology of Regulatory Guide 1.113, "Estimating 
Aquatic Dispersion of Effluents from Accidental and Routine Reactor Releases for the 
Purpose of Implementing Appendix I." The parameters used in the calculation and the 
results of the calculation are given in Table E-1. The results are presented graphically in 
Figure E-1. 

The centerline and shoreline values were calculated using Reg Guide 1.113 formulae 17 
and 18 which apply to discharges to the Great Lakes. (The formulae are not presented 
here. See Appendix I Section 5 of the PBNP FSAR for the formulae and origin of values 
used.) These results are applied as calculated for fish caught near PBNP. But for other 
pathways, an extra factor of two (2) is applied to account for current reversals which 
occur in Lake Michigan as described in the Appendix I, Section 5, of the PBNP FSAR. 

TABLEE-1 
SURFACE DILUTION FACTORS FOR LIQUID EFFLUENTS IN A LARGE LAKE 

10 8.81 
20 8.81 
30 8.81 
40 8.81 
50 8.81 
60 8.81 
70 8.81 
80 8.81 
90 8.81 
100 8.81 
200 8.81 
300 8.81 
400 8.81 
500 8.81 
600 8.81 
700 8.81 
800 8.81 
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SURFACE DILUTION FACTORS FOR LIQUID EFFLUENTS IN A LARGE LAKE 

900 8.81 
1000 8.81 122000 
2000 8.86 1758 
3000 9.01 401 
4000 9.25 186 
5000 9.53 116 
6000 9.85 83.8 
7000 10.2 65.9 
8000 10.5 54.9 
9000 10.8 47.4 
10000 11.1 42.l 
20000 14.0 24.0 
30000 16.l 20.l 
40000 17.7 18.7 
50000 18.8 18.3 
60000 19.6 18.2 
70000 20.3 18.3 
80000 20.9 18.6 
90000 21.4 18.9 
100000 21.9 19.2 
200000 25.9 23.2 
300000 29.2 26.9 
400000 32.3 30.3 
500000 35.2 33.3 
600000 37.8 36.0 
700000 40.2 38.6 
800000 42.6 41.0 
900000 44.8 43.3 
1000000 46.9 45.5 

NOTE 1: These values were calculated using the equation described in Section 5.2 of the 
PBNP FSAR and the following values: 

Ey 900 cm2/sec Zs 0 meters 

Ez 2 cm2/sec d 10 meters 
u 12.2 cm/sec h 10 meters 

Ys 152.5 meters b 305 meters 
Discharge rate 42.2 m3/sec 
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DILUTION FACTORS AT SURF ACE 
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E.1.2 Dilution Factor Twelve Miles Downstream: Two Rivers Water Intake 

The dilution factors used at the Two Rivers water intake twelve miles downstream from PBNP 
included the factor of two described in Section E.1.1. However, instead of using the straight 
centerline dilution factor shown in Table 1, the weighted average dilution factor calculated over 
the width of the plume was used. 

The approach was used for the following reasons. First, the path that the current takes to reach 
the Two Rivers water intake is not straight. In order to reach Two Rivers, the water must flow 
southeast around Point Beach State Park, which juts into Lake Michigan, and then curves back 
90 degrees towards Two Rivers. As a result of this deviation from straight line flow, any part of 
the plume or possibly none of the plume would impinge upon the intake structure. 

Second, there is a difference in the distance offshore of the PBNP discharge and the Two Rivers 
water intake. The Two Rivers water intake is located 5080 feet offshore. By contrast, PBNP 
discharges close to the shoreline through two flumes, one directed north and one directed south, 
and is modeled as a source that extends 1000 feet out into the lake from the shoreline. 

Based on these two considerations, it was concluded that the weighted average dilution across 
the width of the plume as it diverges while flowing south would constitute a better estimate of 
the dilution factor instead of the calculated for the centerline of an area source as is assumed for 
the FSAR calculation. The calculation and the values used are shown below. 

The average dilution factor at 12 miles downstream was calculated in the following manner: 

The standard deviation of the radionuclide concentration in they direction at 12 miles 
downstream on the surface of the lake is 168.8 meters. This calculation used the following 
formula: 

Where: (Jy = 

8y = 

x = 

u = 

try=~ [E-1] 

Standard deviation of the radionuclide concentration in 
they direction 
Lateral turbulent diffusion coefficient (cm2/sec) 
= 900 cm2 /sec 
Downstream distance (cm) 
=l.93E+06 cm 
Current (cm/sec) 
= 12.2 cm/sec 

At distances of O.lcr, 0.2cr, etc. off the plume centerline, the dilution factor was calculated using 
the equation shown in Appendix I Section 5.2 of the PBNP FSAR. The distances off the plume 
centerline, the calculated dilution factor, and the fraction of the area under the normal 
distribution curve is listed below. 
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NOTE: 

O.lcr 
0.2cr 
0.30' 
0.4cr 
0.5cr 
0.6cr 
0.7cr 
0.8cr 
0.9cr 
1.0cr 
1. lcr 
1.2cr 
1.3cr 
1.4cr 
1.5cr 

1.75cr 
2.0cr 

2.25cr 
2.5cr 
3.0cr 

TABLEE-2 
DILUTION FACTORS 

16.9 0.080 
33.8 0.080 
50.6 0.078 
67.5 0.075 
84.4 0.072 
101.3 0.068 
118.l 0.065 
135.0 0.060 
151.9 0.056 
168.8 0.051 
185.6 0.046 
202.5 0.042 
219.4 0.037 
236.3 0.032 
253.2 0.028 
295.4 0.053 
337.6 0.035 
379.8 0.021 
421.9 0.012 
506.3 0.010 

TOTAL 1.000 

13.8 
14.0 
14.3 
14.7 
15.2 
15.8 
16.6 
17.6 
18.8 
20.2 
21.9 
23.9 
26.3 
29.2 
32.6 
44.7 
64.7 
98.4 
158.4 
482 

It is assumed that the standard deviation of the radionuclide concentrations across the plume can be 
represented by a normal distribution curve. The fraction of the total area under the curve is that 
fraction of the area under the curve that lies between, for example, the interval O.lcr and 0.2cr which also 
includes the area of the curve in the interval -0.lcr and -0.2cr. 
The average dilution factor over the width of the plume was calculated by multiplying the dilution factor 
at each of the locations off of the plume centerline by the fraction of the total area of the curve occupied 
by that interval and then summing over all the intervals. An average dilution factor of 29 was calculated. 
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RADIOLOGICAL IMPACT OF SEW AGE TREATMENT SLUDGE DISPOSAL 

NOTE: Appendix F is for historical reference. Land disposal of sewage sludge is no longer used 
at Point Beach 

The methodology for determining the radiological impact of land application of contaminated sewage 
treatment sludge is presented in this section. The evaluation must be made prior to every land 
application of sewage treatment plant (STP) sludge that contains licensed material. Sludge and other 
STP material which does not contain licensed material may be disposed of by any legal method without 
prior radiological analysis. 

F .1 Basis, Commitments and Actions 

F.1.1 Basis 

With the discovery that the PBNP STP sludge contained licensed material, Wisconsin 
Electric applied for NRC approval to dispose of the sludge by land application on land 
within the PBNP site boundary pursuant to 10 CFR 20.302(a). Wisconsin Electric 
committed to gamma isotopic analysis (GIA) of the sludge to measure the concentrations 
of licensed material in the STP sludge and to compare the results to concentration limits 
prior to each disposal [letter dated October 8, 1987 (VPNPD-87-430, NRC-87-104)] (See 
Appendix G). In addition, the dose to the maximally exposed individual of the general 
public and to the inadvertent intruder would be evaluated for the appropriate exposure 
pathways. 

F .1.2 Basis for NRC Commitment Modification 

Pursuant to NRC guidance, the sludge is clean if no licensed materials are found when 
analyzed under conditions necessary to achieve the environmental LLDs 
(NRC HPPOS 221). Clean sludge is not under NRC jurisdiction and may be disposed of 
by any legal method without prior radioanalyses. Therefore, ifthe sludge is clean and 
there is no pathway to the STP from the RCA, or pathways are administratively 
controlled to prevent the transfer of licensed materials to the STP, there is no need to 
analyze the sludge prior to any disposal. 

Since the 1987 commitment, engineering modifications and administrative controls have 
eliminated the pathways from the RCA to the STP. Three subsequent sludge GIAs (a 
total of eight STP samples) utilizing the analytical parameters required to achieve 
environmental lower limit of detection (LLD) found only naturally occurring 
radionuclides. In each analysis, the licensed materials were below the minimum 
detectable activity for the particular measurement and below the required LLDs. These 
results verify the efficiency of the modifications and administrative controls in 
eliminating pathways from the RCA to the STP. Therefore, because there is no longer 
any reason to believe that the PBNP STP sewage contains licensed material and there are 
no pathways from the RCA to the STP, the sewage may be disposed of by any legal 
method without GIA prior to each disposal. 
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Periodic gamma isotopic analyses (GIA) of the STP sludge shall occur at a frequency set 
forth in the Chemistry Analytical Methods & Procedures (CAMP). This may include 
analyses prior to disposal depending on the results from the periodic analyses. The GIA 
of the STP sludge shall meet the LLD criteria of normal liquid effluents. The detection 
of any licensed material in the sludge during the periodic GIA shall necessitate returning 
to the GIA prior to disposal in order to evaluate the radiological consequences of the 
disposal. The GIA prior to each disposal shall continue until such time that the sludge 
can be shown, using environmental LLD criteria, not to contain licensed material. 

Also, re-initiation of the 1987 commitment to analyze the STP sludge prior to each 
disposal shall be required if plant conditions change in a manner which would lead one to 
believe that the STP sludge may be contaminated. An example of such a condition is the 
opening of valve STP-009 which is controlled by a tag. Again, reversion to a CAMP 
controlled frequency can occur only upon verification that no licensed material is in the 
sludge pursuant to the environmental LLD criteria. 

F .1.4 Exposure Evaluations 

If the sludge contains licensed material, the 1987 commitment requires that the 
appropriate exposure pathways be evaluated prior to each application of sludge to insure 
that the dose to the maximally exposed member of the general public is maintained at less 
than 1 mrem/year and that to the inadvertent intruder, at less than 5 mrem/year. Also, the 
measured concentration shall be compared to the liquid maximum effluent concentrations 
of Appendix B to 10 CPR 20. 

The exposure pathways evaluated for the maximally exposed individual are the 
following: 

1. External whole body exposure due to a ground plane source of radionuclides. 

2. Milk ingestion pathway from cows fed alfalfa grown on plot. 

3. Meat ingestion pathway from cows fed alfalfa grown on plot. 

4. Vegetable ingestion pathway from vegetables grown on plot. 

5. Inhalation of radioactivity resuspended in air above plot. 

6. Pathways associated with a release to Lake Michigan. These pathways are ingestion 
of potable water at the Two Rivers, Wisconsin municipal water supply, ingestion of 
fish from edge of initial mixing zone of radionuclide release, ingestion of fresh and 
stored vegetables irrigated with water from Lake Michigan, ingestion of milk and 
meat from cows utilizing Lake Michigan as drinking water source, swimming and 
boating activities at the edge of the initial mixing zone, and shoreline deposits. 

The exposure pathways evaluated for the inadvertent intruder are the same as items 1, 4, 
5, and 6 identified above for the maximally exposed individual. 
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The following steps are to be performed by the responsible Chemistry Specialist for each 
contaminated sewage treatment sludge disposal. 

1. Determine the radionuclide concentrations in each representative sewage treatment sludge 
sample. The minimum number of representative samples required is three from each 
sludge storage tank. The average of all statistically valid concentration determinations will 
be utilized in determining the sludge storage tank concentration values. 

2. Verify that the concentration of each radionuclide meets the concentration and activity 
limit criteria. The methodology for determining compliance with the concentration and 
activity limit criteria are contained in Wisconsin Electric letter VPNPD 87-430. 

3. Verify that the proposed disposal of the sewage treatment sludge will maintain doses 
within the applicable limits. This calculation will include radionuclides disposed of in 
previous sludge applications. The activity from these prior disposals will be corrected for 
radiological decay prior to performing dose calculations for the meat, milk, and vegetable 
ingestion pathways, the inhalation of resuspended radionuclides, and all pathways 
associated with a potential release to Lake Michigan. The residual radioactivity will be 
corrected, if applicable, for the mixing of radionuclides in the soil prior to performing 
external exposure calculations. 

Microshield, a nationally recognized computer code, will be used to calculate the dose rate 
due to standing on a plot of land utilized for sludge disposal in which the radionuclides 
from prior disposals have been incorporated into the plot by plowing. This calculated dose 
rate will be used to assess the radiological consequences from prior disposals with the 
consequences of proposed future disposals. The total radiological dose consequence of the 
past and the proposed disposal will be compared to the applicable limits to insure the dose 
is maintained at or below the limits. 

The methodology for calculating the radiological impact of the sewage treatment sludge 
disposal is contained in Wisconsin Electric letter VPNPD 87-430. 

4. Inform the appropriate Chemistry Specialist that the sewage treatment sludge disposal may 
proceed after verifying that the sewage treatment sludge meets the concentration, activity, 
and dose limits. 

5. All calculations shall be included with the sewage treatment sludge disposal record. 
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The following steps are to be performed by the responsible Chemistry Specialist for each 
contaminated sewage treatment sludge disposal. 

1. Complete records of each contaminated disposal shall be kept as follows: 

a. Radionuclide concentration of the sludge 

b. Total volume of the sludge disposed 

c. The identity of the plot used for the disposal 

d. Dose calculation results 

e. Results of annual chemical composition determination 

2. Modifications to the WE application as documented in the October 8, 1987, letter shall be 
processed in accordance with NP 5 .1. 7, Regulatory Commitment Management. 
(CCE 001-013) 

a. Commitment Change - 1 

Section 3.2 of Attachment II of the submittal states that physical and chemical 
properties of the sludge would be determined prior the each land application. 
Pursuant to a change in the PBNP WPDES Permit, non-radiological properties are 
now determined annually instead of per application. The frequency for radiological 
characterization did not change. (See Appendix H and CCE 2002-002) 

b. Commitment Change - 2 

In Section 3.3 of Attachment II of the submittal letter, the annual disposal rate was ... " 
limited to 4,000 gallons/acre, provided WDNR chemical composition, NRC dose 
guidelines and activity limits are maintained .... " Modification 2 removes the 
4,000 gallon limit and makes the application unlimited provided the WDNR and NRC 
constraints are met. (See Appendix I and CCE 2002-004) 
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In Section 3.2 of Attachment II ofNRC submittal letter dated October 8, 1987, 
Wisconsin Electric committed to gamma isotopic analysis (GIA) to determine the 
concentration of licensed material in sewage treatment plant (STP) sludge prior to 
each disposal. Pursuant to NRC HPPOS-221 guidance, the sludge has been shown to 
be clean on three different occasions after pathways from the RCA to the STP were 
eliminated by plant modifications and administrative controls. Pursuant to HPPOS, 
the sludge analyses were done under the conditions necessary to achieve the 
environmental LLDs. Only naturally occurring radionuclides were found and 
licensed material was below the minimum detectable concentration. This indicates 
that the former pathways from the RCA to the STP had been eliminated. Therefore, 
there is no need to continue the analyses because there is no RCA to STP pathway 
and there is no reason to believe that the sewage contains licensed material. Hence, 
the commitment to analyze STP sludge prior to every disposal is modified and 
replaced with periodic analyses at a frequency set by CAMP 914. However, if plant 
conditions change in a manner which places the STP sewage outside the guidance 
parameters which allowed for the discontinuance of analyses, the sewage must be 
analyzed prior to each disposal until it again is shown not to contain licensed 
material. (See Appendix J and CCE-2002-3) 
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Wisconsin Electric submittal to the United States Nuclear Regulatory Commission, dated 
October 8, 1987 (VPNPD-87-430, NRC-87-104) 

The submittal consists of the letter and two Attachments. Attachment II contains Appendices A-G. 

Pursuant to the NRC letter of January 13, 1988 (NPC-30260), a copy of the submittal (VPNPD-87-430, 
NRC-87-104) must be permanently incorporated into the ODCM as an Appendix and future 
modifications of the letter be reported to the NRC in accordance with commitments regarding ODCM 
changes. 
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;~/·-:~~ 
~sconsm Electnc P(M(R coMPA/';Y 
231Wtf.tCH1GAN.P0 BOX 2045,tlti,.WAUKEE.Vll 53201 

VPNPD-67- 4 30 
NRC-87-1011 

October 8, 1987 

U:S. NUCLEAR REGULATORY COMMISSION 
Document .control Desk 
Washington, o.c. 20555 

Gentlemen: 

DOCKET NOS, 50-2GG AND 50-301 
RESPONSE TO REQUEST FOR ADDITIONAL 
FOR 10 CFR 20.302 APPLJCATtON 
FOINT BEACa NUCLEAR PLANT 

ODCM 
Revision 23 

• ~- .,'4. .. - ""'' 

On .July 14, 1987, ·wisconsin Electric Power company submitted an 
appl.fi::ation, under the provisions ot~G:=CFR 2.0 .• :!'02;,.;, {PC.-: !lPP;lf.9.¥.!ll, ... 
of a proposed procedure to dispose of sewage treatment sludge · 
containing minute quantities of radioactive materials. Sub
sequent to the application, Mr. Ted Quay of the NRC staff 
requested additional information regardinq the environmen•·.i1 
characteristics of the area surrounding the Point Beach Nuclear 
Plant. The responses to this request we~e furnished in our 
submittal d~ted August G, 1987 .. 

ay let~er dated September 9, 1987, the NRC has requested 
Wii.icomdn Ell!t:Lt.lc supply additional info1·mation in order to 
complete the review of our application. This Request for 
Additional Inforrn.i>.tion (RAI) contains ten epeci£ic items iw.hich 
require responses o·r commitments from Wisconsin Electric. .In 
addition, tho NRC rcqucotc the p~evioQ~ly submitt~d inCo:r:mation 

.and the information supplied in response to the RAI be compiled 
into "one complete, extensive, and self-contain.ad package". 
To facilitate your review, Attachment' I is included to provide 
~i~ect responses to the ten items contained in the RAI. 
Attachment Il. is provided as the complete application, including 

.•the info.>;mation .from our letters dated July 14,. 1987 r .and . 
August 6, H87, ·•md infoniation supplied in response to the 

. ~RC RA!. 

~~ We request that you.co~plete your review o£·this complete~ 
._I self-contained packa9e .ind i.ssue an approval of our application 
RECENE~ . 

OCT 12 1987 

l'Oltll BfACH 
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NRC Document Controi Desk 
Cctober 9, 1987 
Page 2 · :...-· 
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. , 

as soon as poz~ible. In order to facilitat& you• •eview anct 
to expedite processing, we would be pleased to discuss these 
niCltte:i:s or provide .additional informa.tion by telephone. Please 
feel free to contact us. 

Very truly yours, 

C. W. Fay 
Vice President 
Nuclear Power 

bjm 

Attachments 

copies to NRC Resident Inspector 
NRC Regional Administrator, Region III 

Blind copies to Britt/Gorske/Finke, Burstein, Charnoff, 
Fay, Krieser, Lipke, Newton, Z~ 
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. ("· " . . . .. 7;:. ~. ~ 

RESPONSES TO· UESTIONS CO~TAINEO IN THE 
REQUEST FOR ADDITIONAL,INFORMATION (RAI 

ON POINT· BEACH 1 AND 2 _REQUEST 
FOR DISPOSAL OF LOW LEVEL RADIOACTIVITY 

CONTAMINATED SEWAGE SLUDGE BY LAND APPLICATION 
WISCONSIN ELECTRIC POWER COMPANY . 

·UNDER 10 CFR 20.302(a) 
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,• 

The numbering system used in these responses corresponds directly to numbering 
us~d in the NRC RAI, dated September 9. 1987. 

1; a. This request is for multiple applications, approximately 2 to 4 
per year. 

b. This request is for multiple years. ~xpiration to toincide with 
conclusion cf decommisstoniny activities associated with ret1rement 
of PBNP Units 1 & 2. 

c. Please refer to the response to question number 10. 
2. The pathway$ used to determine doses to both t.he mG>dma 1 ly expo11ed 

individual and the inadvertent intruder are documented in Attachment 
II. Arpendices U a~d E. · 
Due to the f.!xtremety low concentrations of radionuclides in the sewaae 
sludge and the associate low doses, Wisconsin Electric wi 11 control 
access to the disposal sites by conditions of use defined in lease 
agreements with the lease. Use of the 1 and h · not contro 11 ed beyond 
the CQnditions of the lease, thereby· not restraining a casual visitor 
from the disposal sfte. However continuous occupancy would be readily 
observed. and remedial a~tion ~ould ~e taken. 

3. Information contafoed in previous sub.iittal s haio been included fo 
AttEchment II with modifications to provide specific co1D111itments to 
the NRC. . 

4. P,.ease ref er to the response to Question number 10. 

5. Site rnaps have been updated and are included fo Attachment lI, 
Appendix c. 

·~ ~ .... ..:.. -· 
Jhe direct oraiina of cattlP. an the._praposed disposal sites is 
control led by restrictions containe'a~·.the' leau ...,ll,greement. ·· . , - ....... --..;-. .. - ··~:. 

··There will be no restrictions placed or. ,fishermen on Lake Michigan. 
Ca 1 c::ul at ions of do&ali due to. a 11 pathway' auoci ated wHh a re 1 ease 

· to Lake Michigan (Attachraent. II, Appendix E) do not i ndic::ate a need 
to apply restriction:; to fishcmcn. · 

7. Please refer to revised site maps included in Attachment 11, 
Appendix C. Site number 5 is located on coillpany owned land 
beyond the PBNP site boundary. All other site~ are within the 
PRNP site boundary area. 

8. a. Please refer to Attachment II, ~ection 3;2; Disposal Proced~re. 
b. Please refer to Attachment 11 1 Section 3.2t Di5pu~~l Procedure. 
c. Please refer to Attact.111.ent II, Section 3.2, Disposal Proc;edure. 
d. Please refer to Attachment 11 1 Appendix A. 

· 9. Please refer to Attachment 11, i nclud1ng Appendix D and Append1x E 
for additional pathways analyled for this sub~ittal. These identified 
p.athways wi 11 be ·analyzed p"rior to at 1 subsequent disposals to insure.· rP 
doses are maintained within prescribed limits, i.e., 1 ·mrem/year to the 
maximally exposed individual and 5 mrem/year ta the inadvertent · 
intruder. 

10, A limiting concentration level for the sludge contained in the 
storage tank is discussed, in Attachment II.- Appendix F. Since this 
application is for multiple applications over multiple years, 
Attachment II, Appendix Falso addresses an activity limit. 
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COMPLETE ANALYSIS AND, EVALUATION 
. " 

PO I NT BEACH fiUCLEAR ? LANT . 

. ~o CFR 20. 302(a) APPLlCATlOH 
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By tn1s subm1ttal W1scon~1n Electr1c Powe~ Compahy requests approval of the 
U.S. Nuclear Regulatory Commission for a proposed procedure to dispose of 
sewage treatment sludge conta1ning trace quantities of radionuclides 
generated at the Point Beach Nuclear Plant. This r'quest is submitted in 
accordance with the provisions of 10 CFR ?.0.302(a). 

2.0 Waste Description ,, , u 

The waste involved in this disposal ptoceu consists of the residual sol ids 
remaining 1n solution upon completion of the aerobic digestion sewage tre<1t~ 
ment process utilized at PBHP. The PBNP sewage treatment plant is used to 
pror.ess waste 'llo'ater from the plant sanitary and potable water systems. 
Th~se systems produce non-radioactive waste streams w\th the possible 
exception cf wash basin~ located in the radiologically controlled ~re~ of 
the plant. These wasll basins are believed to be the primary sourc::e of the 
extrerr.ely small quantitiH of radionuclide" in the sludge. 

The Hwage sludge generated at PBNP is allowed to accumulate in the i1ewage 
plant digestor and aeration basin. Two to four times annually, depending 
on work activities ~nd corresponding work foree at PDNP 1 the volume of 
the sludge in the digestor and aeration basin needs to be reduced to allow 
continued efficient operation of the treatnent facility. Th~ lolal volume 
of sludge removed during each disposal operatjon is typically on the order 
of 1S 1 000 gallons. The max~mum capacity for the entire PBNP treatment 
facility and hence the maximum disposal volume is about 30,000 ga~lons. 
·l n-J1he· ... cas.e or. a max i1J1U11!- tiapac:i ty .. .<J1 sp,Q§A!l 1 doses )olcL1~,a.;:,n~ot1eJ:ess,arily ... , ...... 
intrust 1n~proportion tc the voiutne, slr.ce more than·-one·· disposal site · · · 
may be used. 

Trace amounts of rad1onuclides have Deen identffied in PBNP sludge currently 
. befog stored await.ing. d.i.sposal. The radionuclides identified and their 
concentrations in the 5ludge are stnm1arized below: 

Nuclide 

co-60 
Cs-137 

Concentration (µCi/cc) 

2 . .llE-07 
1. SOE-07 

The total activity of the radionuclides in the stored. slud~e. based on the 
identified concentrations and a total volume of 15,COO gallons of sewage 
sludge. are as follows: 

NuclidP 

Co-60 
Cs .. 137 

Acthrity (!JCi) 

13.2 
8.5 

These concentrations and activities are consistent with expected values 
ba$~d on prior analysef of ~ewage sludge. The radionuclide concentration 
in thP sewage sludge has remained relatively constant during sampling 
conducted ~incc: Dc:ccmbcr 30 1 .1983. A detailed summary of thi: ruult.!. of 
this sarep1ing program are contained in Appendix A for your review. 
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In·addition to moni~oring for the radionuclide content of the sludget 
tl'le WONR requires several other phys tea 1 and chemical prop1;!1·L i es oJ ,the . 
sludge to be determined. These properties are the percent total solids, 
percent total nitrogen, percent ammonfu~ nitrogen, pH, percent total 
phosphorus, percent total potassiuin, cadmium, copper, lead, nickel. · 
mercury, zinc~ and boron. An example of a typical sludge sample analysis 
is included in Appendix B · 

3.0 Oisposal Method 
I • .......... , .. I 1'4 

In the context of this appl~c~tio~. Wis6onsi~ Electric commits to th~ 
following meth.odology. No di~tinction is made or intended between 11 sha.ll 11 

or 11 wi 11°. as used in the description·s contained in this section. 

3.1 Transport o.f Sludg~ 

The method used to dispose of the &ludge shall utilize a technique approved 
by the WDNR. The process of transporting the sewage sludge for disposal 
involves pumping the &ludge frQm the PBNP s~age treatment plant storage 
tanks into a t~uck ~ounted t~nk. The truck ~o~nted·tank shall be required 
to be m~i~\ained.tightl~ closed to prevent $pillage while in transit to 
the djsposal site; The sludge shall.be transported to one or more· of the 
six sitiu approved by the WDliR for. land applicEttion of the: o€Wagc sludge 
from P8NP. 

3.2 OisHosal Proc~dur~ 

The radionuclide ccncentrations in the sludge shall be determined prior 
to .. ,ea.ch. dtspo~a] py ~Dta1.nJn.Q t~ree' representative, .;;.a111Pr,l:'!l~·:.f~~,\;~~ch1 ~.::..·_.1:.~. 
of the sludge s1.orage tank·sr:··1n1f sludge contai1.ed 1n the shJClge ·tanks 
is prevented from going septic: by a process xnown· as complete mix and 
continuous aera~ion. Thh process co111pletely mixes tile sludge allowing 
for representat~v~ ~amples to be obtained. · 

The samples shail ~e counted utilhing .11."Geli detect(.•r and l!ulti
channel analyzer ~i~h appropriate geometry. The detection system is 
routinely calibrated and checked to ensure the lower li~its of · 
detection are within values sp~cified in the Radiologi~al Effluent 
Techoica1 Specificat1~ns (RETS). 

To insure the sa111plef are representative of the o.veral l cc.ncentration . 
in th~ storage tanks, the radionuclide concentration deter~tnation for 
each of the three samples st-.all be analyied to insure eacti sample is 
within t-.io standard d~viations of th1( average value of tha three 
samples. If this criteria is not ~et, addition~l. samples will be. 

:>: '.. ·-·obtai'ned anc:l·analyzed to in!'lUl"e a trUly repre-;ent.ativP. radionuclide 
concentration is utilized for dose calculations and concentration 
l \init determinations. 1he average of all. stati st.ical ly va)j,f.'!_- 1 : _ .. .i: •. 

concentration determinations will be utilited in ~etermining lhe 
.storage tank cuncrnlration.value~. 
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Prior to disposai thP. waste stream will be monitored to determine the 
physical and chem1cal properttes of t.h.e sludge, a!1 d.1scussed)n ~he la.st 
paragrar1n of Section 2.0. Waste Oescription. The results will be compared 
to State of Whconsin limits to insure the sludge does not pose a chemical 
hazard t.o people or to the environment. 

The raQionuclides identified in the slu~~e. along ~ith their respective 
conce!".trations, wi 11 ba compared to concentration limits prior to 
dis~osal. The methodoloQY discussed in Appendix F will be used in 
determin~~.9,~0J!IP~.h.nce w.ith the proposed concentratipn li.~U .... J~'··· 
total actwity of the proposed disposail will be compared to lhe- ·· ~ .... 
proposed activity limit as described in App~odix F. 

If the concentration and activity limit criteria .are met, the appropriate 
exposure pathways (as described in Appendix 0) will be ev11.luated prior to 
each application of sludge. These e>:posures wi 11 be evaluated to insure 
the dosa to tha maximally axposQd individual will be malntained les~ than 
l mrem/year and the dose to the inadvertent intruder is maintained less 
than 5 mrem/year. The exposures will be calculated utilizing the meth
odology used f n Appendix E, including the current activity to be landspread 
l:llong with the activity from al 1 prior disposal. The rem,aining radio
activity from prior disposals will be corrected for radiological decay 
prior to performing dose t111tulations for the meati milk, and vegetable 
ingestion path•.\lays, the inhalation of resuspended radionuclides, and all 
pathways asso,;iated with a release lo lake Michtyc111. The r~s I dual 1·ad1o
activity will be corrected for radiological decay and, H appropriate, the 
mixing of the radionuclides in the soil by plowing prfor to perfon11ing 
external exposure calculations . 

.. ~ ·~ . ~ - . 
'" ' • ' ,- ' J ,. ' I • ""''-/S The sewagf.! sludge rs appl hid on the desii;;nated area of land util iz·ing the - · 

WONR approved lechn i que and adhering to the fo 11 owing ·requi reillents of 
WPOES Permit Number WI-0000957-3. 
a 

0 

Discharge t.o the land disposal system shall be limited so that during 
surface spreading a11 of the sludge and any precipitation falling 
onto or flow:ng onto the disposal field shall not overflow the peri
meter of the system. 

Sludge shall not be land spread on land with a slope greater than 12%. 
During the period fro111 December 15 throuah March 31 sludae shall not 
be land spread on land with a slope greater than 6% unless the wast~s 
are injected im~edialely ;nto the sail. · 

0 Sludge shall not be surface ~pread closer than 500 feet from the 
nearest inhabited dwelling except that this distance may be reduced 

..;::;~e-,,'§'if1"°-'i'n~~n·~..::w.~~· .. .,·cGn·•etnt~·..,.~··"=·-=-=· ... ._" ..., ... _:...,,_._ .. _.:.:·:-. "·""-·=•·'·~ ·--

0 

0 

Sludge shall not be spread closer th(ln 1,000 feet f:r:J)lll a public: water 
supply well or 250 feet from a private water supply well. 

S 1 udge sha n not be 1 and spread within 200 feet of any surface water 
unless a egetative buff!!'r strip is aiafotained between the surface 
watercourse and the land spreading system, in which case a minimum 
separation di~tftnce of ot le~st 100 feet is required between the 
system and the surf ace watercourse. 
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0 · Depth to "roundwater and bedrock shal 1 be greater than 3 feet from 
the land surface elevation during use of any site. 

. 0 • Sludge sha11 not be land spread in a floodway . 

, .... .,,-..,ht• 

0 

0 

0 

0 

Sludge shal 1 not be land spread within 50 feet of a proper.ty line road 
or ditch unleu the sludge is incorporated with t:.he SQi l, in whfrh 
case a ~inimum·separation distance of at least 25 feet is required. 

The pH of the sludge-soil mixture shall be maintained at 6.5 ·or higher. 

low areas of the approved fields, sub.jec;.t .. to seaseinally h'igh ground-
water levels, are excluded from the sludge appHc\.ltion. · · · · 

Crops fQr human conswption shall not be grown ori the land for up to 
one year following the application of the sludge. 

The sludge shall be plowed, disked, injected or .otherwise incorporated 
1nto th~ surface soil layer a~ appropriate intervals. 

Hie flexibility implied in the li::tter provision for so1l ·1nC"orporation iE 
intended to allow for crops which require more than a one year cycle. 
For the Point Beach disposal sites. alfalfa is a·co111mon crop which is 
narvested for several years after a single planting. Sludge disposal on 
an alfalfa plot constitutes good fertilization, but the plot cannot be 
plowed without destroying.th~ crop. ·Th~ alfalfa in· this case aids in 
binding the layer of sludge on the surface of the plot. At a minimum, 
however, plowing (or disking or other ~ethod of injection and mixing to 
a. nominal depth of 6 inches) shal I be done prior to p1anting any new crop, 
1"._e9?_rd.1Ps!> nf the crop_ 

-\,~"';~lf;"''~?"ii1"i'' ,·:./ • iJ~lf'Tf'"'"," '.• l .. ~ ~ "· t;1 • •;.;. •,:.,.,i~-v; )..,,••,";";itf~"'' -~~~~· ' ".&-l.•I•~?:.: ·~ 0 -:.i I i ';•' 1···~ h' ,i~i'"_,- ._ • ~ L • ',': o To 

3. 3 A~mi nis.trative' Procedures: 

Co.11p lete records of each cH sposa 1 wi 11 b& 111ainta i ned. These records 
will include thf! concentr~tion of radionuclides In the sludge> ttie 
total volumeof sl.;dge disposed, the total activity, the plot on 
which the sludge was applied, the.results of the chemical composition 
determin~tioni;~ and a·ll-dosi: calc:ulation·s. · 

The annual disposal rate for each of the approved land spreari sites 
wi.11 tie limited to 4,000 gallons/acre. provided WDNR chemical composi
tion, NRC dose guidelines, and concentrotion and Bctivity li~its arc 
maintained within the appropriate values. 

The farmer· leasing the site used for the disposal will be notified 
of the applicable re~tricticns placed oo the ~!te due to the land 
spreading of sewage sludge . 

. 4.0 Evaluation ~f Environmental Impact 

4.1 Site tharacteristics · 

4.1.1 Site Topogr~h.}! 

The disposal site~ are located in th~ Town of Two Creeks in 
the northeast corner of M~nitowor. County, Wisconsin, or. the 
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west shore of Lake Michigan about 30 miles south~ast of the 
center·of the city of Green Bay, ftnd 90 miles NNt of Milwaukee. 
This site is located at longitude 87° 32.5'W and latitude 44° 
1.7.0' N. The six sites·· are on pro·perty owned and controlled" by 
Wisconsin El~etric and are within or directly adjacent to the 
Point Beach site boundary. The sites are described below and 
are outlined on the map contain@d in Appendix C as Figure 3. 

Site No. PB•Ol - The approximately 15.acres locat~d in th~ NE 
1/4 of the NE 1/4 of Section 23, T. 21N - R. ·24E. 

Site Ha. PB-02 • The approximately ZO acres located in the SE 
1/4 of the St 1/4 of Section 14, T. 21N - R. 24E. 

Site No. PB·OJ - The approximately S acres located in tha NW 
1/4 of Sect i en 24, T. 21N - R~ 24E.· 

Site No. PB-04 • The approximately & acres located in the NW. 
1/4 of the SW 1/4 of Sect1on 2~. T. 21N - R. 24E. 

Site Ho. PB-Oo - The approxi11ataly 5 acres located 1n the liE 
'1/4 of the .NW 1/4 of Section 25, T. 21N • R. 24E. 

Site No. PB-06 - The approximately & acres located in the Nr 
1/4 of the SW 1/4 of Section 14. T. 21N - R. 24E. 

The overall ground surface at the site of the Point Beach Nuclear 
Plant is gently rolling to flat with elevations varying from · 
5 to 60 feet above the level of Lake Michigan. Subdued knob · 

,.and .kett.le ~OP.f?.g.r:fl_P.~.),"' visJ_bll;! fr:o~ aerial photographs: The ._ .. 
'··land-:surface-,s~ope'' graduai1y. toward ·thl! lake' fromi t>!rie .. tnghu-" , .. ,.,..,,q 

glacial ~oraine areas west of the site. Higher ground adjacent 
to the lake. however, diverts the drainage to the north and 
south. · 

The major surface drainage feature' are two small creek~ whi~h 
drain to the riorth and south. One creek discharges into the 
lake a.bout. lSOO fcHit above the northet'n corner of the !d te .:11\d 
the other near the center of the site. Curing the spring, ponds 
of water may occupy the shallow depressions. As mentioned in 
Section 3.2,. Disposal Procedure, these low areas are excluded 
from the sludge appli~ation. · 

A sile lopugra1Jhii; m~p i;;uv~rlng detai l5 out to a 5 mile radius 
may be found in the fSAR at f;gure 2. 2-3 and is included in': 
Appendix C as Figur~ 2. · 

The disposal of sewage sludge at these s1x sites will havt! 111.1 

impact on the topography of this area. 
·r:i :.. -J.• ·:-.~ , . 

4. 1.2 Site Geology 

Prior to canst, .·ction of the Pof nt Beach Nuclear Plant, an 
evaluation o( the geo\ogical charact~ri•tics of the area tn and 
s4rrounding the site was made. lhe ge.ologic structure of the 
region is e5sentially simple. Gently dipping sedimentary rock 
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strata of Paleozoic age outcrop in a horseshoe pattern around a 
shield of Precambrian crystalline rock which occupies the 
wesiern· part of the region. The site is located on the western 
·flank of the Mi~higan Basin. which is a broad downwarp ringed 
by discontinuous outcrops of more resistant formations. The 
bedrock format;ons are principally lime~tones, dolo~ites, and 
sandstones with subordinate shale layers. The rocks form a 
5uece5~ion of extensive layers that are relatively onifor~ in 
thickness. The bedrock strata dip very gently towards Lake 
Michiga.n at rates from 15 to 35 feet per mile. 

~··~··-
1

7?•J1'f 1 
" L o ;.'- ~~·1.•' 

The upperniost bedrock under the site 1s Niagan Dolomi_t·~: ·· · · · 
Bedrock does not outcrop on the site but fs covered by glacial 
tfll and lake depos1ts, The sotls conta1n e~pans1ve clay 
minerals and have moderately high base exchange capacity. 

In the area of the site, th.e overburden soi ls are approximately 
70 to lOO feet in thickness. Although the character of the 
glacial deposits may vary greatly within relati,vely short 
distances, a genera 1f zed sect ion through the overburden soils 
adjacent to lake Michigan at the site consists of the following 
sequence~ 

1. An upper layer of brown clay silt topso;1 underlain with 
several feet of brown silty clay with layers of silty ~and: 

2. A layer of 20 feet of reddish~brown silty clay with some 
sand and gravel and oc.casional lenses of silt; 

<";·:· ....... _,, . ., .... 3~aA,.,t.aye.r..;;~f~:~;.f~~.~ .. p,f r~ddi sh~brown· 'silty .cJ~y. W.i..th ,1J;a_v,e,.t,~;;}, .. ~~ 
of silty sand and lenses of ~, lt; 

4. A lolyer Qf 50 ft;iel. of reddisll-br.own si1ty clay with some 
sand and gravel, the lower portion of which contains 
gravels, cobbles, anel boulders resting on a glacial eroded 
surface of Niag~ra dolomite bedrock. 

Site drainage \s poor due to the high c1ay content of the soil 
combined with the pock-marked surface. Additional information 
on site geology may be found in Section 2.8 of the FSAR. 

The use of these sites for disposal of ·sewage sludge will not 
;mpact the geoloQy of the area. 

4.2 Area Characteristics 

4.2.l Meteorology 

. ._.,The cili.mate of the site region is influenced by the general 
storms which move eastward along.the nort.h~rn t'ler of the United 
Stat~s and by. those which move northeastward from the south~ 
\.festern part .of the. country to the Great lakes. Thfo l:;on·ti.
nental type of cl i.iate is n.odtfh~d by Lake Michigan. Curing 
Spring, Sl.Mllmer, 4nd fall rnonth5 the lake temp~~oture differs 
markedly from the air temperature. Wind shifts from westerly 
t.o u~lerly cl i n:icL ions pr1nluce marked cooling of day-time 
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temperatures in spring and su111r1er. ln autumn the relatively 
war~ water to the la~e prevents night-time temperatures from 
falling aG l~ as the~ do a few miles inland from the shoreline. 
Summer time te~pQratures exceed 90°F for six days on the 
average. freeiing temperatures occur 147 days and below lero 
·on 14 days of the winter on the average. Rainfall averages 
~bout 28 inches per yeor w;th SS percent f~lling in the ~onth$ 
of Hay through Septell.ber. Snowfall averages about 45 in~hes 
per year. Sludge spreading shall be managed such that the 
surface spreading together with any precipitation falling on 

.. the f1eld sha11 not overflow the perimeter of the f1eld. 
··Additional information on site meteorology may be found in 

Section 2. 6 of the FSAR. · · · 

lhere will be no 1mpact on the meteorology or the area due to 
the disposal of the sewage sludge. 

4.2.2 Hydrology 

lhe dominant hydrological feature of this site is lake Michigan. 
one of the largest of the Great Lakes. The notinal ~ater level 
in Lake Michigan ts ·aJ)pro>;h1ately 580 feet above mean sea 1eveL 
In the general vicinity of the site. the 30 foot depth contout 
is between 1 and 1-1/2 miles offshore and the 60 foot contour 
is 3 to 3-112 miles off shore. Th! disposal sites are twenty . 
or more feet above the nol"11u!l laKE! lcwel. There h no record 
that.the sites have been flooded.by the lake during modern 
times. There are no river6 or large streami which cou'd cr&it9 
a flood hazard at or near the sites. 

'· ...... "· ... . :· fW·- sulis-ur'fa't'e~'~atrer tab l e'-'~t{ the· Point Bead•··S i.te~.h\iSA\i,.,:, .. :,.,. .... ,~oi. •. ~•·· 
def intte slope eastward toward the lake. The gradient indi-
cated by test drilling on the site ;s approximately 30 feet per 
mile. It is therefore extremely unlikely that any release of 
radioactivity on the sHe cou·ld spread inland. furthermore 1 

the rate of subsurface flow is smal i due lu lhe relative 
impervious nature of the soil and wil1 not promote the spread 
of releases. further inrormat1on on s1te hydrology is detai1ed 
in· the PBNP FS~R Section 2.5. 

There wi 11 be no adverse impact on hydrology of the area due 
to ~isposal ot sewage sludge by land spreading. 

4.J Water usage 

4.3.l Surface Water 

Lake Michignn is used as the source of potable water supplies 
in the vicin;ty of the site for the cf ties of Two Rivers (12 
miles south), Manitowoc (16 11i les s'ourth); Sheboygan (40 miles 
south), and Green Bay (inta~e at Rostok l mile north of Kewaunee, 
13 Miles north). Ne other potable water uses are recorded 
within SO miles of the site along the lake shor~. All public 
water suppli~~ d~awn from Lake Michigan are treated in puri
ikation plants. Tiu~ MP;:lrJ'st '.•Urface W;llPr USC>.d far drinking 
other tha~ Lake Hict.1gan are the Fox River 30 m1les NW and 
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Lake Michigan is ·nlso utilhE!d by various r~creational 
act ivi ti as, including ffshi flQ, swi1Jmi ng and b.oat i ng. 

There will be no impact on surface water usage due to the 
d;~posal of sewage sludge • 

. 4.3.2 Ground Water 

Ground water provides the remaining population with potable 
supplies. Public ground water suppiies ·within .. a 20 mile radius 
of the site are 1 ht.eel in Ta.ble 2:.5-3 ur the fSAR. Additional 
wells for private use are in existence throughout the region. 
The location of private wells within a two mile radius of PBNP 
are indicated on Figure 3, Appendix c. · 

· The potable water for use at the Point Beach Nuclear Plant is 
drawn fro111 a 257 feet deep well located at the. southwest corner 
of the plant.yard. Water .from this well is routinely sampled 
as part of _the environmental monitoring program. 

There will be 'no adverse impact on ground water usage due to 
the disposal of sewage sludge. 

4.4 Land UsagP. 

Manitowoc Countyi in whh:h the site is lo~ated, and the adjacent 
counties of Kewaunee, ·Brown, Calumet, and Sheboygan are predominantly 

..... ,. ... ,.,, .. ,,i::~r.al,. _ .A~r.tcultural purJH-!ih. ,,account. for ap~.'l.'(.pcimately .. 9,0%~ o.f the 
. : ... .to.tal· county acreag~. With the except1on of<the ~ewaunee~·Nm:lear 

Plant.located 4;5 ~iles north, the region within a radius.of five 
miles of the sit~ is presently devoted exclusively to agriculture. 
Dairy products and livestock account for 85% of the counties• farm 
production, with field crops and vegetables accounting for most of 
the remaindet. The principal crop11 1u·e grain corn, silage corn~ 
oats, barley, hay, potatoes 1 green peas, lima beans, snap beans, 
lleets, cabbage, sweet. corn, cucumbers, o:md cranberries. Within t.hc 

·· ·· '·:, ... township of-Two Creeks surrounding ·the site (15 sq. miles), thetC! 
a.re about 800 pru\.lud ng cows on alJuut 40 d~ i ry farms. Soine bei:f 
cattle are raised 2.5 miles north of the site. Cows are on pasture 
from the first of June to late September or ea.rly Oclv~er. During 
the winter, cows are fed on locally produced hay and s n age. Of the 
milk pr.oduced 1n th1s area, about 25 percent is consum~d a~ riuid 
milk and 50 percent is converted to cheese, with the remainder being 
useu in butter making and other by-products. 

It has been the policy of Wisconsin.Electric.to permit the controlled 
use of crop land and pasture land on company owned property. No 
direct grazing of dairy or beef cattle or other animals is permitted 
on these company owned properties. Crops intended for human consump-

· t ion shall _not be grown on the disposal sites for at·least one ye~r 
rollowiog the application of the sludge. 

The proposed land application of sewage sludge wtll not have any 
direct effect on the ad~acent facilities. Additional land use 
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information may be found in Section 2.4 of the FSAR. 

4.5 Rduiological Impact 

The rate of sewage 51 udg1: app 1 (cation on each of the :;ix proposed 
sites will be monitored to insure doses are maintained within applic• 
able limits. These 11m1ts are bas~d on NRC Nuclear Reactor Regulation 
(NRR) staff proposed guidance (described in AIF/llESP-037 1 August, 
1986). These l 1m1ts requ1 re Closes to the maximally expost?d meniber 
of the general public to be maintained less than 1 mrem/year due to 
the disposal material. In addition, HRR guidance requires doses of 
less than 5 1IT'em/year to an inadvertent intruder. 

To assess the doses received by the m.aximally exposed individual and 
the inadvertent intruder, six credible pathways have been identified 
for the maximally exposed individual and four credible pathways for 
the inadvertent intruder. lhe identified credible pathways· are 
described in Appendi~ D. · · 

CAlculatians dE!tailed in Appendix E demonstrate the disposal of the 
currently stored PaNP sewas~ sludgP. would re~ain below these limits. 
The total annual exposure to th@ maximally e~posPd individual based 
on the identified exposure pathways is equal to 0.072 mrem. The 
dose to a hypothetical intruder asswing an 0·1erly conservative 
occupancy factor of 100% is calculated to be 0.115 mrem/yur. By 
definition, the inadvertent intruder would not be e~po$ed to the 
processed food pat~ays (~eat and milk). 

The calculational Methodology used in determining doses for the 
'\'.)!t proposed di;;posal of :;ludge storelil,:j!t PDNP shtill b.e utilhed p.d.o.r. to 

each additional land applicatfon to insure doses are maintained ·ie-ss 
than those proposed by NRR. This ca~culation will include radio-
nucl ides disposed of in previous sludge applications. The activity 
from these prior disposals will be ~orre~ted for radiolugical ~ecay 
prior to performing dose calculations for the meat·. milk, and 
vegetab1e ingestion pathways. the inhalation of resuspended radio
nuclides, and all pathways associated with a potential release to lake 

··:~~.~:~~*b~Y~~e,!~\~~~~~{'p~;~}~~r,:~·~H~ ~~~ii~~ o¥9,~~~i~~3c~i~e~~7~~~;-t1i · 
soil prior to perforudng external exposure ~alculations. In addition, 
the dose to a farmer potenthl ly leasing mo;·e than one application 
site will be addressed by summing the doses received from the external 
exposure from a ground plane sour~e and resuspension inhalatior. 
pathways for each leased site. In addition, the maximum site specific 
dose due to the other pathways identified in Appendix 0, will be 
utilized in the total exposure estimation. 

5.0 Radiation Protection 

The disposal operation will follow the applicable PBNP procedures to 
m;iint..;iin t;105es .;is low as rie."3SQMbly .;ichiP.v.;ibll'. Ter;hrdr.:al rP.view and 
guidance wi 11 be provided by the PBNP Superintendent - Health Phys ks. 

Page 201 of 278 REFERENCE USE 



POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

APPENDIX A 

,,.. ,. ... ; "' - . 

ODCM 
Revision 23 

SUMMARY OF RADIOLOGICAL AtiALYSE$ 
OF SEWAGE SLUDGE SINCE DECEMBER __ 30, 1983 
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Sample Tank ·Tank Radionuclide Concentration 
. O;i,t.p 'i2,lume (Gallons) CuCi/cc) 

12- ;jO-~;j 01gester 8400 co-5-8 S.58E-07 
Co·60 l.87E•06 
cr-51 4. S"BE..:07· 
Cs .. 134 l.59E-07 

. Cs-137 3. 57E-07 . 

4-05-84 Oi!;:ester 7560 Co-60 7.B9E-07 
Aeratiori 6667 Co-60 1. 87E-07 

12-0S-84 Digester 7560 Co·SS 1.7SE-07 
Aeration 6667 Co-60 B.,9f-07 

6-03-85 Digester 7560 Co· GO 8.29£-07 
Cs-137 2_46E•07 

Aeration 6700 Co-60 3.27E-07 
Cs-137 1.33E-07 

4-10-86 Oige,ter 75GO Co-60 6.79E-07 

~ 
Cs .. 137 l.72E-07 
Mn-54 4.91E-08 
Co-60 1.65E-07 

11-04-86 Digester 7560 Co-58 8.04E-08 
Aeration & 

Clarifier 25100 Co-58 l.37E-07 
Co-60 l.18£-07 
Cs-137 l.64E-07 
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CHEMICAL COMPOSITION ANALYSIS 
OF SEWAGE SLUDGE 
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SLUDGE CHARACTERISTIC 
Wi•"OMll\ 6ututl 147.02111 and 
Wiso:>n1il\ Admlni11mive Cod~ NFI 110.27181 
FOlllll :1£00·49 RIV, JG-•O 

PIHu .,.,mpll!lt 1hls farm and send lo 1h1 DtDlrtmtm of N1tur•I F11n11.1r1:11s IOllroorlau Dinrict/Aru Oltlm, K"P one coov :or 
your re(:(Jrds. 
For .ctdilloNI forml, PIUH aintl~ your 1pproD1i1t1 Dfn:rlet/Aree Offl~. 

PliRMITil NlJMA.• 

Wisconsin Elcc~Tic ?ower Company ' WI 00 Q...· .2... L .5... .1. 
KT OR ROUTE 

231 w. ~ichi,~n Str~ec 

•p41ram1tor ADDttvillion fltllllt •p111me1er Al>~evtnlon Result . . -
l'Obl SOiidi. '- ..... r:- .. Cl'llOl!lium, ppm Cr 

Total Ni1rog1n, 1' TOTN ].(\ 
Cop~•ppm cu non 

• ~.rin111m,~:~~~··" NH:-N IJ, H l.Hd,~- ", ..... -, ·: ·-~.tb.' N 

Bll 

Toul l'ho!phorous, % p '- ~. 01 Mcro;u•Y•ppm Hg :; . u 

T11t1l l"ot.n~um, % K O.'.?S Niok.~l,ppm Ni !~ 

Arwnlc,ppm ~ 1.0 Zin~•ppm Zn ~:;.11Q 

0.!11Jmium. ppm r.d l '.?. pH 7. •1 

•su~nt1d 1,..l.,il1 proccd11ru for th• 1bolt pt"'"1ll1n c.n be found in NR 218, 1111lytiC11111tn1 uid llfGoedurH .. Wi1oon1ln 
·,Adminhtrotln Codi, All par11111un other than puetnl .Olld1 •nd pH 1h1ll b1 upo111d 0111 dry weight buh. 

2. Whit 11 the n1me of the l.1bor11orv that did th11nalvsl111ld whe11 w11 It lltrformed1 

) 

Labotitarv N•me Wisconsin Electt'ic Power Co, 
Laboratory Servi~os Divi~ion 

Whtrt at lh<I treurn.enl pllnt WH the 11mp11 tlktn1 

"· 

4, WMn wu the ,..mple ullen1 _.._A'""Tl-'T""i:..l:;;.'-=l-"':?-',__.l ... 9._S"'-'-3--------------"'----------
SIQNA UR DAU 

,•/ If•' I ,/ 

_,...., 

.. .-
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1. External whole body exposure due to a ground plan~ source of 
rae11 anuclides. 

2, M1 lk 1ngest1on patnway fro111. cows fed alfalfa grow;1 on plot. 

3. Meat. ingestion pathway from cows fed alfalfa grO\"O on plot. 

4. Vegetable ingestion pathway from vegetables grown on plot. 

5. Inhalation of radioactivity resuspended in air above applicat\on 
site. 

6. Pa~n~~ys associated with a release to Lake Michigan. Ingestion of 
potaole water at Two River·s, .Wisconsin municipal water supply, 
in{Jestion of fish from edge of initial mh.fng zone of radionuclide 
release, ingestion of fresh and stored vegetables irrigated with 
w:.t~r !':'Qurc~ ll!.$ Lak~ Mit;hfg<in 1 ing~stfon of milk and meat from 
cows utilizing Lake Michigan as drinking water source, swimming 
and boating activiti~s at @dg@ of initial mixing z~n~, and sh~re1in~ 
deposits.· 

II. EXPOSURE PATHWAYS - INADVERTENT INTRUDER 

,:,.,::·::· ... 1 ..... · Externa.l .whole body.::.exP:d.S.Ur..-e.··dlJe~·~gr.ound P.lane'.sour.c~~ot.;.;::;·':;;;··.-:J.;t;; ;;;f:;; 
radicnuclides. . · · . . 

2. Veget.,ble ingest.ion pllthway from vegebblu gTo'rtn on plot. 

J, Inhalation of radioac;tivity resi.:spended in air 11.bove applic:at.fon 
site. 

4. Pathways assoclated with a release to lake Michigan. Ingestion of 
potable water at Two R1vers, W1sconsin ~unicfpal waler 5upply, 
ingestion Of f;sh fro~ edge of initial mixing zone Of radionuclide 
release, inge~tion of fresh and stored vegetables trrtgated wfth 
water source as Lake Michigan. inge~tion of ~ilk and meat from 
cows ut i 11z1 ng lake M1th1 gan as. dri nl<.1 ng water so,Jrce, s~1m1 ng 
and boating acti~itios at edge of 1n1tia1 mi~?ng zone, and shoreline 
deposits. · 

The milk and meat pathways are not included in calculating the dose to 
the inadvertent intruder. The dcses due to these pathw~s are calculated 
band on feeding the c:ow:>. alfalfa ~rown on the sludge applied lanc;I .. $..il)~e
direct grazing on these 1~nds is prohibited, the alfalfa must be cropped 
prior to befng used as feed. Thts effectively removes·the availability of 
these patffi.lays .to the inadvertent intruder, who by definition occupies 
the sludge applied land continoously. 
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The ingestion of groundwater 1s not a credible exposure pathWay. The two . 
ta~tors contr1.buting Lo lhis determination are a.s follows: 

l. · The s1te map 1n Append1x C1 Figure 3 details t.he spc1tial relation
ship between the proposed disposal sites and the local ground water 
wel !S. lne flow gradient of ground water was determfned for the 
PSNP FSAR to be towards Lake Michigan. Reviewing the sites and 

.local ~ells shows no private well lo~~~ed in thR path of radionuclide 
migration towards Lake Michigan. · 

The PBNP site well is located on the plant site, potentially in a 
path of radionuclide ~igration. The PBNP we11 is routinely sampled 
as a requirement of the PBNP environmental lflonitoring program. 

2. The cation exchange capacity (CEC) of ·the soils at each site has 
been ~etermined. · 

Site Catton Exchange Capacity ("1EQ/100g2 

1 -~ 
2 ll 
3 11 
~ 10 
5 ·8 
6 9 

·~.The ca ti.on exchange capacity of soil is dependent on the valanc~ 
... : ,o·f the radionuclides .and is determine'd by the rel_a~,i;Oflh_.· r·.A···· ·· ·. 

HEQ _ ATOMIC WEIGHT .:11 l OE .. r.3 .··~· ··. · 
".' VALANCE ' u 

.Rad1onucl1de 

<.;o-60 
Co-56 

·cs-131 
Hn-54 
Cr-51 
Cs-134 · 

Valance 

+2 
+2 
+l 
+2 
+3 
+l 

CEC (MEQ!iOOg) 

3.ooi:..;oz 
2.90E-02 
1. ;flf.-01 
2.70E-02 
1. 70E-02 
1.34E-Ol 

Using the values for Cs-137 and 5ile 5 wh.ich has the lowest CEC, the 
total exchange capacity of thl! soil is 

1.1o·grams Qf .Cs-137 
100 grarus·of soil 

Calculating the specific activity of Cs-137. 

S · f i A t. i · ..:..-..._:;;3,;.,;. 5::.:7-=8~£+~0;..:5___ __ 3. 5 78E+05 .. p1>r:1 c c.v1ty:.:-
T 112(yrs.) • ATOMIC MSS 30 • 137 

= 87. l Ci/gram 
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The cation exchange capacity of the soil expressed fn the number 
uf Curie~ of radionuclide per 100 grams of soil is 

9S..8 Ci Cs-137 
100. grams of soil 

Since the proposed disposal .of sewage •ludge contains quantities 
of radionuclides on the order of 10·100 ~Ci the soil at each site 
has the capacity to effectively eliminate the migration of the 
rad1onucl1de to ground water. 
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1. Sewage sludge is uniformly applied over plot acreage. 

2. Sewage sludge is applied to one of the 5 acre plots~ site PB-03, 
PB-r.4. PB .. 05. or PB-06. (Assuming the smallest s;te size is 
conserv.ative for the calculati,on methodology herein.),-~···~·-: ... 

3. Based on the sewage sludge currently stored at PBNP, the. follO'trling 
data is used in the calculations. 

Ground Plane 
Sludge Volu111e Activity Concentration Concentration 

Ra(ti onuc li de (Gallons) (crn3) (1-1Ci) {1JCi/tn13)._ (HC1/cm2 ) 

Co-60 IS,000 5.M.E+07 13.2 2.33E-07 6.S3E-08 
c.s-137 15,000 5.6BE•07 8.5 l.SOE-07 4.21E-08 

1. CALCULATION OF EXTERN.AL EXPOSURES 

~. Spcc)fic Assumptians 

1. · Conservatively as~umc radioactivity remains on 6Urfa'' Qf land plot. 
. Calculation ignores any plowing or mixing of radioactivity within 

• -.;.-.:... _ .:.~-~il. . c~~ ~.~l.~~~.o.~s. '°!' ~he l?rc:iee.~d. dhposa.l win .• th~:-~foi;.~ Jgnp,r.e . 
•. ~- !l.elf·ab'S'orpt:ion 6r shielding from'.>to11. .... ·· · ·~.:- "!"1..:" .. ··•t•:--r. ,..,,,. ,~,.,, 

The external exposure at the application site due to prior disposals 
will !:>e calcu1ated·utilizing the methodology in Appendix G and . 
added to that calculated for the proposed disposal. 

2. ·rhe plots are owned by Wisconsin Electric and have been approved by 
the Wisconsin Deµarlment or Ndtural Resources (ONR) a! disposal 
sites. The land is leased and potentially farmed. Occupancy of . 
the land can be realisth;illly e;icpe<;ted only c.luf"iog plowing, planting 
and harvesting. Occupancy has been estimated to be 64 hours p.er 
year. · 

B. Summary of Calc:ulational Meth0do1ogy 

.1. Calculate ground plane radionuclide concentrat1on5 1n pC1/,m2 • 

2. . The dose from a plane of uniformly deposited radionucl ides is 
calculated using Regulatory Guide 1.109, Revision 1, AppendiK C, 
Fam.t.1la c-2. · . · · · 

3. Dose rates -were ca 1 cu la led ass urnt ng continuous occupancy then 
adjusted for realistic occupancy factors. · 
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· c. Externa1 exposure Rate Calculations 

o!I. I•_ .. • 

The dose from a plane of uniformly deposited radionuclides is calculated 
using Regulatory Gu;de l.109t Revision 1, Appendix Ct formula C-2 '. . . 

where 

D~Cr.9) = 8760 SF f C~(r.9} DFGij 

o~ (r·.e) :: ·yearly dose 

8760 = hours per year 

:;::;: l. O. !!;, inr::a- oo dosP. Y'educ:t ion du@ to res; rSent ia l 
sh:elding 1s applicable. 

c~· (r.9) =ground plane radionuclide concentration (pCi/m2) 

DFGU ,j) . = external dose fact.or for standing Qn contaminated ground 
at given fo Table E .. 6 of 'Reg1.11at.ory Guide 1.109 9 

Revision 1. · · . 

y Dose -

Radionuclide · 
l Dose Factor 

(tarem/hr eer .J?.Ci/1112) 

Ground Phne 
Concentration 

!J:!Ci/cm.:l 

Grouncl Plane 
Conc~otration 
. JpCi/m2) 

. Rate 
(mrem/yr} ._...,....,.,.,,._._ 

Co-60 l.70E-08 
-1,:.,r.:f,:j1;~;;J.3~. ,f;r, ·' t';"\';~;.:·;"' 4. 20[-09:..·.;.:...w::... ·c. 

6. S3E-08 6. S3E+02 . 9~ 72E-02 
·~~~lE~~B .. ,.,.._~:. ;t~4 .. ~~~+Q~.: ... ~.~~ 1. 55E-02 .... 0:, 

. TOTAL: 1.13E·Ol mrem/year 

These calculated dose rates assume continuous occupancy. In reality~ these 
sites will be occupied only during plow;ng, planting, and harvesting .. · 
Assul'llinO an occupanc:y of 2 ho ii rs· per day·. 1 day per week, and 32 week!i {A 
month growing season) per year, the occupancy filctor beco~s· · · . 

z. h"r/day *- 1 day/week * 32 weeks/yr * 1/8760 hours/yr -= 7. 3E .. 03. 

EXTERNAL. E)(POSURE OOSE RATE· (mrem/y~ar.} 

Radionuclide Contiouous._Or.t:uQanct 

Co-60 · 9.72E-02 
cs~137 i~sse-oi 

TOTAL: ·l.13£-01 
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11. CALCULATION OF MEAT AND.HILK lHGESTION~?ATHWAV E~POSURCS 

A. Specific Assumptions 

1. 

2. 

. 3, 

Ail feed consumed by cow is grown on sluage appl1ed a~reage. 

A11 meat and milk consumed by human is from cattle exclus1vely fed 
feed from sludge applied land. 

Stable element transfer coefficients (B ) are utilized fr<im 
Regulatory Guide 1.109 to estimate the t¥action or radioactivity 
which is transferred from the soil to the feed. 

Radionuclide 8iv -· ---· ·-

9.4E-03 
l.OE-02 

4. Alfalfa hu _typically been grown on the plots. Soil tests have indi
cated a mini~um alfalfa yield of 4.1 ton~ per acre tan be expected. 

R. Summary of Calculational Methodology 

1. Th~ conc@ntration of radionuclides in feed grown on the disposal 
pl~ts is estimated. Transfer coefficients (B.v) from Table E-1 of. 
Regulatory Guide 1.109 were used to estiinate t~e fractfon of radio
nuclide which may be expected to transfer ~o the feed from the soil. 

• • ~ ' ..... -. • - ·- ..... 'I • ~·... • 

Conc.ent:rati-ons of.··radlonuel i·des~j<Ff m111c. and, me-a.t:•were est-imaterl..-
using Formula A-11 from Regulatory Guide 1.109. 

· 3. IngQs.tion doi:e NU' wan "'timated using Fonula. A-12 fT'"fT'I 
Regulatory Guide 1.109. 

C. Milk and Meat. Ingestion Pathway Dose Rate Calculation 

1. Concentration in feed. 

·Activity in Feed: Biv * Activity in Soil 

Concentration in feed= ActivH.y in FeediClc.g ~:r:eed :i11 5 Acres) 

Radionuclide 
Activity in Activity in Concentration in 

Radionuc:l1de .soil (µCq Feed (~Ci) Feed (gCilli91._ 

Co-60 
Cs-137 

u.2 
a.s 

z. concenirat1on 1n M11k and Meat 

1. 24E-Ol 
8.SOE-02 

6.67E+OO 
4. S7E:+OO 

Calc1..1Hite c:oncenttAl10l'l!l. or rad1onucl1de!!i in m\lk aml nK!at using 
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3. 

f.or.mul a A-11 in Regulatory Gu 1de l. 109, Revision 1 which .; s· 

C;A ~ FiA~cfFitQF · 

where CiA = radionuclide conc::entration of i in component A 
F1A = stable element transfer coefficient whose values 

Table E-1 of the Regulatory Guide 
c1f = radionu~lide concentration in fe~d 
QF .= c~nsumption rate of feed = 50 kg/d (wet weight) 

Reoulatory Gu~de 1.109 · 

Use the following Regulatory Guide 1.109 valuH fOl" r1·A 

ElemQnt F1A=m (d/l} for milk F;A=F, (d/kg) for meat 

Co l.OE~Ol l.lE-02 
Cs 1.2E-02 4.0E~03 

Concentration in Concentration in 
RadiMuclide Milk 'eCi/l} Meat ~eCilkg} 

co~so 3.34E-Ol · 4. 34E+OO 
Cs-137 · 2. 74E+OO 9.l4E-Ol 

Ca1cu1ated Dose rates 

- I• 

are in 

from .. -· 

The formula for total dose from eating animal products fed vegeta-
.. t1on (alfalfa~ gr.own ... on PBN~.sJ.Ji!R£•~ applie~ 1an···d is .gi.v.e.n by· ....... ,,., .. 

Regulatory Gu1de 1.109. ·Revaioif'lt "formula A-12. p-a·ge11r .... 1Q9•16·.""~" i.. 
But~ as noted following equation A~l3, it is necessary to compute 
separately the milk and meat portions of 'the dos~. . 

DOSE; I(Uap*D;~p9*exp(-hit$)) · 

where U · ~ consu"RJ>tion rate of animal ·product 
CiA = cone vf radionuclide i in animal product A 
o1 __ . =dose factor 
t

5
°PY =average time between milking or slaughtering and· 

consumption 

Milk (1/yr) 
Mu t ( kg/yr) 

1n·fant 

330 

Uap by Age Group 
"Chi 1 d Teenager Adult 

330 400 
~· 1!~- : ... ~_,_.,,2~_: ·:=·' 

CiA .. = c.onc-entration calc;u~."lt<td above 
-;. • :-:.·":·' • l ,. •• .,' ~ •••• • 

Diapg =OF ~h~le body dose factors, Regulatory Guide 1.109, 
· Rev1s1on 1. . . 
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.Whole Body.Dose Factors {.mrem/pCi Ingested) 

Nuclide 

Co·60 
Cs-137 

Infant 
Ingestion 

2.55E·OS 
4.33E-05 

Child Teenager 
Ingestion Ingestion 

l.SGE-05 6.33E-06 
4.62E-05 5.19E·05 

Adult 
Ingestion 

4.72E-06 
7.14E-05 

T
5 
~ O for milk (assume consu111Ption on farm) . . 
::: 20 'i:lays for ineat (Regul;1tory Guide 1.109. ReviS:iori '1: ·:fable E-15) 

MllK INGESTION DOSE RATE {mrem/lear) 

Radionucl 1de Inf ant Child Teenag_er . Adult 

Co-60 2.SlE-03 1.72E-03 8.46E-04 4.89E .. 04 
C11-l37 3.92E"."02 4.18E-02 5.G!lE-02 6.06£-02 

TOTALS: 4.20E-OZ 4.35E-02 s. nt-02 6.llE-02 

H~AT INGESTION DOSE RATE (mre~/year) 

Radionucl;de Infant Chtld Teenager Adult. 

Co-60 2.76E-03 1. 77E-Ol 2.24E·03 
Cs-137 1. 73~~~~ 3.0Bl:.-OJ 7. lBE"'.P.3 __ . 

• ··-- 41.""r ...... ~-· , .. ',• ....... ,.. .... r~ ~ ; .. ~ . . ' ... . ·~ ~ t. . ~\ .... I''' _, ' " . ~· . ~ . 
TOTALS: 4.49E-03 4.85E-03 9.42c~u3 

MEAT AND HILK INGESlIOH PATHWAY DOSE RATES (rnrem(~!~r) . 

Infant - 4.20E·02 
Child • 4.SOE-02 
Teenaaer - 6.26E·02 
Adult ~ 7.0SE-02 

111. CALCULATION OF. VEGETABLE INGESTION PATHWAY EXPOSURES 

A. Specific Assumptions 

·, 

1. The WPDES permit issued to PBNP for the disposal of sewage 
sludgQ prohibit' the growing of crops for huMan consumption 
for one year following t~e·applicaticin of the sewage sludge. 
Therefore, prfor to planting.vegetables on the application 
site, the soil would be plowed. Plowing is assumed to uni
formly 11i>¢ t.he t•:~ 6 inches of soil. 

, ., 
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z. The· so;1 dens\ty is as&u~ed to be 1.3 gra~s/cm3 .. 

3. All voagetab1es consumed by the fodiv1dual of interest are 
grown on ihe slu!Jge ;pplied acreage. 

4.. Stable frkmcnt transfer coeffic:ients CB1) from Ragulatory 
. Guide l.109 are used to estimate the fraction of· radio

activity transfered from the ao;1 to the vegetables. 

s. 

6. 

·-··· 'Radion~cl ;d~ 

Co-60 
Cs-137 

9. 4E>-OJ 
1.0E-02 

The consumption factors of food medium (U · ) and the mass basis 
distributions from Regulatory. Guide 1.109~PTable E-5 are used 
to determine annual consumption of vegetables. 

Infant 

Uap by Age Group11 

Child 

280 ":n/yr 

Teen 

340 kg/yr 

Adult 

280 kg/yr 

*Based oo 54% ~egetable consumption by mass of frµit, vegetable, 
and grain. 

Tttlf'I~rige~tion Dose Factor~ by a§e gtoup are .from Regul°atory · ... _:_ 
Guide 1.109, Tables E~11 1 E~12, E-13~ and E-14 . 

. Whole Bod,Z'. Ingestion_ Dose Factors (11rem/pCi in9£.sl~d1 

Radionuclide 

Co-60 
cs-137 

Inf ant 

2.SSE-05 
4.33E-OS 

Child 

l.56E-05 
4.62E-05 

Teen 

6.33E-O& 
5.19£·05 

Adult 

.4. 72E-06 
. 7 .14E-05 

7. Radilllogicat decay of the radioni.Jc;l ides applied to the plol is 
not taken into account in these cal~ulations. 

B. Summarl o(':altulational,.ttethodolo.e~ 

f': .... "":. 

L The radionuclide concentration in the soil is calculated in units 
of pCi/kg based on uniform application over 5 acre plot, plowing 
~o a dep_th of 6 . i 11ches, and a soi 1 density of 1. 3 g/cm3 • 

2. 

3. 

Ttle B. values are applied to the 5oil concenlrdtfo11 values to 
obtaiAvthe radionuclide concentratiQn in the vegetables. . 

The ·consumption factQrs (U ) tor each age group are then used 
lo determini! the annual ra8~onucl1de 1nlake by age g~o·up due 
to eating these vegetables. · 
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· 4. Final'ly, the age dependent ·inge.stion do.se factors are used to 
obtoin ~nnual do5es by age group. 

C. Vegetable Pathway Ingestion Dose Rate Calculations 

.· I 

1. Concentration iri ~Qil 

Adivity- Soil Volume 
Radionuclide AP.E!lied ~~Ci} ~cm'l) 

Co-60 . 13.2 3.0SE-+09 
Cs-137 8.& 3.0SE+09 

2. Concentration in vegetables 

3. 

Radionuclide 

co~6o 
Cs-137 

Concentration ln 
Soil (pCi/kg) 

3.30E+OO 
2.13E+OO 

Calcu1ated Dose Rates 

Soil Mass 
~kg) 

4.00£+06 
4.00E+06 

8iv 

9.4E-03 
1.0E-0~ 

Concentration 
In Soil 

~E!Ci/kgl 

3.30E+OO 
2.13E+OO 

Concentration 
In Vegetables 

(pCi/kg} 

3.lOE-02 
· .2.13E-0.2 

..-..---·~.:.. ... ;..._ 

The dose rate for direct ingestion of vegetables grown on the 
sludge applied land is given by t_he equation . 
... ~_.... ... ~~.... . .• ~ . .· ... ,1~. ~ ...... . 

.-· 'l':-'l'f'~' 

DOSE RAlE =I U * D. . * EXP (~~.t) * C. ap laPJ 1 l 

where 

U = consumption rate of food madium 
D~p . = dose factor for radionuclide, i 
~\apJ = radiological d~c~y constant 
t = time between harvest and consu11tptf on 
C. . ~ concentration of rad1onuclide, i. in food 

1 medium. 

t, the time between harvest and ingestion; is assu11ed to be zero 
--}or ~his c41lc::uhition .. ,. 

VEGETABLE INGESTION DOSE RATE (mrem/year) 

Radionuclide !nfant 

Co-GO 
Cs-137 

TOTAL 

Child Teen Adult 

l.3~E-04 6.67E-OS 4.lOE-05 
2. 76E-04 · 3. 76E.·04 4. 26E-04 

4.11£-04 4.4~E-04· 4.67E-04 
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!V. CALCULATION Of INHALATION OF RESUSPENDED RAOIO.NIJCLIDES PATHWAY £)(j)0SURE 

A. Specific AssumRtlons 

l. ·The 111odel used to detem1ne the rad.ionu~l ide c::;gm;:l;lnlrcs.tion 
in air above the sludge applied land is taken from WASH-1400, 
USNRC, Reactor·Safety Study - An Assas!~~nt of Acc1dent Risks 
in Commercial Nuclear Pow~r Plants, Appendix VI; 

2. The radionuclide concenttation in air remains constant for 
year o·f interest, i.e. 1 radio1og1ca1 decay and ciecrease fa 
resuspension factor ~re not-taken ~nto accourt. for this 
calculation. 

3. The maximally exposed member of the general public is assumed 
to be the farmer using the plot of land with an occupancy of 
64 hours per year. 

4. The inadvertent intr.uder is _assui:ned to occupy the plot of 
1 and for thr en.tire year. 

5. The InhalJtion Dose Factors by age group are from Regulatory 
.......:~_: ....... _j.l~id~ 1..109, .T~~.l.,~!:i .. l:L, E-8 1 ~-9,. ~9~ .E;:JOt .... . .. . '•'. . . . . - . . 

WHOLE BODY INHALATION DOSE . FAC fORS.Jmrem/pCi i nha l e.f!l 

Radionuclide.. 'Infant . Chi.lg ... 
• •. ;:. ··;ir ...... •··1'• ~~:.r. •. 

Co .. GO . . . 8. 41£~06 6.12£-06 
cs-137 3.25E~os 3.47E-os 

T.e-111'.n . · Adult 
' ..... 

2.48E-OG l.85E-06 
3.89E-05 S.35E-05 

LUNG INHALATION DOSE FACTORS {mrem/pCi inhal~dl 

Radionuclide . lnfant Child Teen Adult 

Co-~0 3;22E-03 1.91E·03 l.09E-03 7.46E·04 
cs-137 ·5.ogc~o5 2.01r-os 1.s1r-os 9.40E-06 

6. . The age dependent. i nha 1 at ion rates o.re obtained from · 
Regulatory Guide 1 .. 109, Table E-5. · 

Inhalation R~~&S (ml/yr) 
' ,.~ . ........ .t·."· 

Infant Ctii l d Teen --. 
1400 3700 8000 

Adult 

8000 

·11 .• .... ! 
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1. The ground plane radionuclf~e concentrations in pCi/m2 • 

2. Calculate.the resuspension factor utilizing f:llUation gfven 
in WA~H-1400. 

3. Obta1n tne raaionucl1ae concentration in a1r (pCi/m~) above 
plot uti11z1ng ~ethodology fo WASH-1400. · · 

4. Using parameters contained in Regulatory Guide 1.109 •. 
calculate annual dose for continuous occup&l)O.Y and for 
rHlistic occupancy. 

C. Inhalation of Resuspended Radionuclides in Air Pa.tJhway Dose Rate 
'Eirculations • Resuspension of.Radlonuclide in Air 

l. Ground plane radionuclide concentration 

; ,,.. ... '" ..... !-- -

Radionuc 1 i de 
Ground Plane 

Con~entration CwCi/cm2) 
Ground Plane 

.Concentration {pCi/m2) 

6.53E-08 
4.21E .. 08 

6.53E+02 
4.2lE+02 

-l 
2. Calculation of resuspension factor, K (m ) 

wher~ t = time 'ince radionuclides were depc~ited on grou~d surface. 

t is assumed to be. 0 for these ca1culatfon;. 9 thereby llla)(imizing 
the resuspension factor. 

Therefore, 
-1 

K = 1.0E-05 m 

3. Calculate radionuclide concentration (pCi/•1j in air. 

From WASH-1400, 
K(m- 1 ) =air concQntration (pCi/m2). 

surface deposit (pCi7~1) 
or .1 

Air -Ctincent.r:..at ion (pC i/m3 ) ::;: surface depos t t (pCi/i:il·) "'"·:K{m ··}·· 

Radionuclide 

co-60 
Cs-137 

AIR CONCENTRATIONS 

.Air Concentrations (pCi/~ll 

6.53E"'03 
4.21£-03 
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:.· ... ..... .,,, .. 

4. Dose Rate Calcuiations 

Dose Rate (inrem/yr) = Inhalation R.:.. ~· \m3 /yr) * Air Cone. (pCi/m3) * 
Dose Conversfoi1 factor (111rem/pCi) 

. W,HOlE __ BODV INHALATiQN ,DOSE RATE {mrem/year} 

.~.·:...1.1 

infant 
' .... '!' ~ "-;· ... 

Radioouc:lid~ Child Teen Adulf 

Co-60 7.69E-OS l.48E-04 1. JOE-04 9.GSE ... 05 
cs~l37 l.92E-04 5.41E .. 04 l.31E-03 1.SOE-03 

TOTAL 2.69E·04 6.89E-04 1. 44E-iJ3 1_. 90E-03 

LUNG lNHAlATIO~J>OSE RATE (mrem/year) 

Radionuclide 

Co-60. 
cs-137 

Inf ant Child Teen Adult 

2.94E-02., 4.61£-02 5.69E~oz. 3.90E-02 
3. OOE-04 4. JBE°-U4 5. 09E-04 3. l7E•04 

TOTAL 2.97E-02 4.GSE-02 5.74£-02 3.9J~~oz 

,•, . - . 

· J NHALATION· OFj~ESUS,!>~NOED
1 

RADIOHU~l iQJS IN_ AIR _09~E· '~'lES' 1 r-1,•· r l".. · ~,':"~:i~t: 

~'HOLE·BOOY DOSE ~ATE (mrem/year) 
.. 

· ·.' :.\F- ·-, Occ:'li~ani:~ · .... ;,,:liif~ilt -· Child. Teen J\dtif t 

Continuous 
Real it'> tic 

Occupancy 

Continuous 
Re;:1l is tic:· . 

2.69E ... 04 6.89E-04 l.44E~03 
1.96£,;.06 5.03E-06 1. 05F.-05 

LUNG DOSE RATE !mrern/yeat) . 

Infant_·. Child 

2.97E-02 4.65E•02 
2.17E-04 · 3.3~E-04 

Teen 

S. 74E-02 
4.19E-04 

l. 90E-03 
L39f ... 05 

Adult 

3.93E-02 
2.87E-04 

v. :c·ALCULATION OF WHOLE soov E~POSURES ouE 10 RELEAsE.·,.·ro- l'AKE MICHIGAN 

A. Specific Assumptions 

1. The m~thodology contained in· the PBNP Off site Dose r.al~ulation 
Manual (OOCM)-1s used to perrorm·tn1s calculatton. 
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2. The entire activity contained in the sludge is released into 
Lake Michigan. 

3. ·The exposure pathways addressed by the ODCH methodo1cgy are 
i.ngestion of potable water from.Ti,.ro Rivers. WI water supply, 
ingestion of fish at edge of initial mixing zone, ingestion of 
fresh and stored vegetables. irrigated wUh lake Michigan as 

_. , .~puree of water, ingestion of milk and 1i1eat frof!i ,c~~s utilizing 
..... ·-· la.ke Hkhigan as drink fog water source. swimming i!rid boating 

activities at edge of initial mixing zone, and shoreline deposits. 

· B. Sum~ary of Calculational Methodology 

1. The activity released in the sludge is converted into 
Co-60 dose equivalent Curies. 

2. The annual dar;.ign relP.aSP. limit from the ODCH is 94.7 Co-60 
equivalen~ curies. 

3. The annual design release limit is based on.a limiting dose 
of 6 rnrem adult whoh body. The annual dose- due to sewi!gQ 
sludge is cal~ulate\l 'rJy a ratio of calculated release compared . 

. to release H1nit.. · · 

C. Whole Body·E~po~urc Calculation$ 

1. Co-60 eguivalent C~rics 
:.~~ ·r:~j~;.:·,i~~~~~r:r;~.. . . . . . . ~')·~~-:; 

Activity 
Radionuclide .Jl!.CJ.l.._ DF;/DFco-60 

Co-60 eq. 
Activity {~Ci) 

Co-60. 
Cs-137 

13.2 
8.& 

1.00E+OO 
l.SlE+Ol 

13.2 
128.4 

TOTAL 141.6µCi Co~60 
equivalent 

2. Ratio of dose limit to annual design release limit 

6 rnrern . 
94.7 Cu-60 equival~nt curies 

3. Whul~ Bu.Jy Dul.~ C.ih:ul e1t.lu1, 

Dose . ~ . 6 mre~ 
141.Gµci 94.7x10Gµci 

Dos•= 8,97E-Q6 mrem 

WHOLE BODY DOSE RATE (mrem/yearl 

8.97E-06 

•;., ' 
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The identified .credible e)(posure ·pathways f~r the 111~xi11al ly e>iposed fodividu.al 
are: · · 

1.) External exposure frClm ground· pla~e s·ourc:e {realistic occ'upancy) 
2.) Milk ingestion pathway· 
3.) Meat ingestion pathway- . 
4.) Vegetable ingestion pathway ·· . 
5.) Resuspension inhalation pathway (realistic occupancy) 
6.) Pathway! identified due to·te1ease to lake Miciigan • 

. AGE GROUP. 
Pathway ·. Infant Child Teen 

External 8.23£-04 6.23E-04 8,23[w04' 
Milk ·4.20E-02 4.35E-02· 5~ 77£-02 
Medt. . 4,49£~03 4.SSE-03 
Vegetable - · 4.llE-04 4.43E-04 
Inhalation l.96E-06 5.03£-06 . l. 05E-05 
Water .. 8.97E-06 8.97E".'06 8.97E-06. 

TOTAL: 0.043. 0.049 0.064 
(mrem/year) 

· Inadvertent Intruder .. ·4.·, ... 
'-', .. ~ ..... ,rt 

. Adult 

o. 23[-04. 
6.11E·02 
9.42E-03 
4.67£-04 
1.39E-OS 
8.97E-06 

0.072 

• rwo ~- • .:.• l U"...!."'::~ .. -~--
The identified credible exposure path\olays for the inadvertent in.truder are: 

1.) Extl)rrtal expornre from ground plane source (continuous occupancy) 
2.) Vegetable inge$tfon path;oiay 
3.) Resuspension inhalation pathWay (continuous occupancy) 
4.) Pathways identified due to release to Lake Michigan. 

AGE GROUP 
Pathway Infant Child· Teen 

h.,, .... '"-'-',xternal. 1.-}.~.~::P} ...... 1.,l~E;-Ql 1.13E·Ol 
f '· "' •. Vegefable 4.11E-o4 

.. . 4~4)'£ .. 04· 
Inhalation 2.96£-04 6.89E-04 l.44E-03 
Water 8.97E-06 8~97E-06 . 6.97E-06 

TOTAL: 0.113 ,0.114 0.115 
(lnrem/year) 

Adult 

l.13E-01 
;4'.67E;,04 . 
1.90E~03 

8,97E-06 

0.115 
1. 

:,_,;_•_. 

Reviewing these tablest the calculated limiting dose! for both the moximally 
exposed individual and the inadvertent intruderoccur for tl1e adult age group~ 
These doses ar~: · · · ' 

Maxima1'1y Exposed Individuah 
Inadvertent Intruder: · 

0.07Z mrer.i/year 
0.115 mretn/.year 
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BASIS FOR SETTING CONCENTRATION LIMITS AND ACTIVITY LIMIT 
FOR DISPOSAL OF SLUDGE 
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Analyses of pre~fously disposed sewage sludge have ,.identified six different 
radionuclides in the sludge. All six. radionuclides did not occur in each· 
disposal. Therefore. it is diffic~lt to determine a single concentration 
liimi t for regulating· t~e disposal of the s 1 udge from the ·storage tanks. · 

To provide a basis to regulate th~ disposal of the sewage sludge based on 
identified radionuclide concentrations. the following relation i5·proposed. 

N · c. · 
...... ·. 1 < 1 ' 
i~l 0. l *··MP~ 

where 

= number of ~ifferent r~dio~uclides identified in the 

c . . . l 

sewage. sludge. 
~ toncentration of th~ ith radionuclide in t~~ 

sewage sludge·~ = the MPC value of the ith radionuclide in the · 
sewage sludge~ as listed in 10 CFR Part 20· 
Appendix et Table ii I Cglumn 2. . 

1f thi ~ cl"i tcl"ia i 5 met.! the sewage s.1 udge may be disposed of by 1 and spr!;!ad-
iog provided the dose calculation$ (as identified in Appendix E) indicate · 
dose ra.tes within the pre3c::ri bed 1 imi t~. · 

The .. t11,tt~chm-ent to thi.5 Appe11d i K det.u.i 1 s ca 1c·ul1;1t i QO~ performed .. to dete't"mi ne- .. - . -
· dose·s''f'r'Ctm fQ(.l'r~r-adiolluclides.·identifie:d in rthe slutlge·~· ·The· cah:iilatibn-s··,1':r·e':-ir 
· bas·ed Of'! an identifhd concentration equal to 10% of the 10 CFR Part 20, · 

Appendix B, Table II. Column 2 ¥~1~es. The calc~lations use the methodology 
1n Appendix E along with the exposure pathways identified in Append1x 0 to 
determine the dose rates. These calculations indicate the use of this 
r1ietl10uology will mafotain radiation doses.within the appropriate'Hmit~. 

The max.;murn dllow~bh ~'tivit.y !Jh.po~'d!d. vf pe1' ye~u- pe1' acre is ·calculnited 
utilizi.ng 10% of the MPC valuet 10 CFR Part 20, Appendix B, Table· 11! Column 2, 
for Co•58. Volume 1 im;l per acre turn· been r>ropo!.ed at 4,000 ga1lons/acre/y(!ar. 
Then1 

i:oE-05 µCi/cc* 4,000·~alloris/acr~/year x 3.785~43 tc/gallon 
= 151. 4 µCi /acre/year 
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Cs-134 -
Conc.entra~ion in Sludge: 9.0E~07 111Ci/11H 

. Sludge Volume 
(Gallons) {~m3) 

15000 . 5.68E+07 

E~ternal Exposure 

Conceotration 
~~C1/i;;1111') 

9.00E-07 

Activity 
(1:1C1) 

5.UE+o1 ·· ., 

"I Dose Factor 
Cmre;n/hr •. per pCi/m~ l 

GTound Plane Concentration 
(pCi/m;z:). 

1. 20t-08 2.53E.+03 

ODCM 
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Ground Plane 
Conc.entrat ion (1:1C i /c.1112) 

2.53E-07 

V·Dose Rate 
(mrem/year~ 

z. bbE.·U! 

Continuous Occupancy: 2.66E-Ol mrem/year 
Realistic Occupancy: · i. 94E-03 mre111/year 

Meat & Milk Pathwaj'. 

Activity in Activity in Concentration in r.oncentrat1on in Concentration in 
Soil (µCi) Feed (µC.il Feed (pCi/Kg) Milk (~i/2} · Meat. ('pCi/kg) 

5;22E+Ol 5.llE-01 

Infant 

3.87E-Ol 

Infant 

Milk Dose Rates (mrem/year) 

Child 

4.41E-Ol 

. Teenag~r 

6.03E·Ol 

Me~t Dosa Rate (mrem/yaar) 

Child Teenager 

1.83E.,Q2. 3.27E-02 

Vegetable Pathway 

Activity 
{µCi) 

s." i1c .-01 

Soil Volume Soil· Mass , Com:entrat.ion 
(C1113) (K51l in Soil lfCi/Kg) 

3~06E+O~ · 4.00E~06 l.28E~Ol 

Cs-134-1 
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Adult 

6.19E-Ol 

Adult ---
7.32E-02 

'5.50E+OO 

Concentration 
in Veget~ble~ (pCi/Kg) 

1. 28E-Ol 
... 
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Vegetable Pathway Dose Rates (mre~/year) 

Infant Child Teenager Adult 

Inhalation Pathway 

. Ground Plane 
Conc;;entriation {pCi/m2 ) 

2.53E+03 

.2.90E-03 

. Ki 
(m- ) 

l.OE-PS 

3.98E•03 4.34E-03 

Air Concentration 
. (pCi/m:J} 

·2:s3E-02 

Inhalation Pathway Oose Rates (mrem/~ear} 

Infant Child Teenager Adult 

Continuous Occupancy 
_Realistic Occupancy 

Release to Lake Michigan 

Act1v1ty 
. (µCi) 

5.UE+Ol 
r·. 1-=-!r-r·. · .. :.;,- ·J 

. 1. 88£-03 .5 .. 68E-03 l. 39E-02 1. 84E-02 
l.38E-05 :4.15E-05 1.0iE~04 l.35E-04 

2,56Et01 

Co-60 eq. activity 
(J,JCi) 

l.31E+03 
,. 

M~~jrrial ll. Ex~osed Individual 

Infant Child . Teenager Adult 

External 1~94E-03 l.94E-03 1.94E-03 1. 94E-03 
Hilk 3.87E-Ol 4.41E-Ol 6,03E-Ol 6.19£~01 

Meat l.B3E-02 3.27E-02 7.32E-02 
Vegetable 2.90E-03 3.9SE-03 4.341:-03 
lnhalatiori · 1. 38E-05 4.15E-05 1.0lE-04 1 .• 35E-04 
Water 8.29E-05 8~29E-05 B.29E-05 · 8.29E .. 05 

Totals: 3.89E-Ol 4.64E-Ol 6.42E"'Ol 6.99E-Ol 

inadvertent Intruder 
. . fr,•:r.;.. ' , . .i, i'" 
·Infant · · Child Ieenager Adult 

External· ' z: 66£-01 2.66E-Ol. Z.66E-01 2. 66E-01" 
V~get.o"lbl~ 2.90E-03 3.9SE-01. 4.34F.-03 
Inhalation 1.88E-03 5.GSE-03 l.·39E-02 1. 84E-02 
W;it.(!I" 8. 29E""'05 B, 29E-0!1 8.29E-05 l:l:29F-05 

Totals: . 2.68E~Ol 2.75E-Ol · 2.84E-Ol 2 •. 89E-Ol 

Cs-134-2 

-~·.,?.· 
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Cs-137 ;1 
• 

Concentration in Sludge: 2.0E·Q6·'1-1Ci/11l 

Sludge Volume 
(Gallon!} (cml) 

lSOOO . ·. ·:'5'.ta'E+07 

External Exposure 

Concentration 
(uti/c111) · 

'). llCl'E-OS 

Activity 
(!.!Ci) . 

l.14H02 

y Dose Factor 
i_mrcm/hr .. 2cr pCi/m21 

Ground Plane Concentration 
. (pCi/rn2) 

4.20E-09 5.62E+03 
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Ground Plane 
·concentration·(uCi/cm2J 

·:: :·..:s ~'b1E~·o1 

--y Dose Rate 
{r.irem/y.ur) 

2.07£-01 

Continuous Occupancy: 
Reali st i c Occupancy: 

2. 07£--01 111rein/yc.:ir 
l.SlE-03 mrem/year 

Me<1t & Milk. Pat.11w4y 

Act1vity 1n Act1v1ty in Concentration in 
Soil {µCil.. Feed (µCi) Feed (pCi/Kg)° 

C~nc~nLraticn in 
Milk (pCi/!) 

Concentration in 
Meat. !£!Cilk9) 

Infant. 

~.26E:--OO 

_Jnfant · 

:.. 

Vegetable Pathwa~ 

" ·~c;.tivHy Soil Volu11e 
(pc; ) ~Crnl t 

l.1U+02 3.0B£+09 

3. 6se+ot.-... ,,-.·;. ·. ',:;a..~l~~JIJ..:i 

Milk Dose Rates (~rem/year) 

Child 

S.61E-Ol 

Teenager 

7.64E·Ol 

Meat Dose Rate ·cmrem/yenr) 

Child Teenager 

2.33E:-02 4.15E-02 

Soil Hass ' Concentrat i:on:.. _ 
~Kg_~ in Soil ([!f.i/K!]} , 

4.00E+06 2.asi:+o1 · 

Cs-137~1 

Adult 

8.15E-Ol 

Adult 

9,66E:-02 

............ Concentration 
in Vegetables'(pCi/Kg) 

2. 85E•Ol 

,1:--·. 

"· 
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_Vegetable Pathway Dose Ratesj111rem!,year) 

Infant 

Jnha1at..iun Pathwi!l 

Gruund Plane 
': · Concentrat fon (pCi /tR1) 

S.62E+03 

Child 

3.69E.-03 

K_1 
(m l: 

l.OE ... 05 

Teenager 

5.03E .. 03 

Adult 

S.70E-03 

Air Concentration 
(pCi/m3 } 

S.62E-02 

Inhalation PathwayDo~e Rates CmremNear) 

Infant Chi~- Teenager Adult 

Continuous_Occupanr:y 
· Rea1istic Occupancy 

R~lease to Lake Michigan 

Activity· 
CHCi) 

l.14E+02 

2.SGE-03 . 7.22E;.03 1.75E-02 .2.41E-02 
l.87E•OS 5.27E-05 . l.28E~04. 1. 76E-04. 

l.51E+Ol 

·co-60 eq. activ;ty 
(µCi) 

l.72E+03 

•' .. ·: ·6 mre!Q 111 1. 72E+O~ ·•· 
1: O~+~~·· ~Ci ,,,: 1. 09E-04 mre~ ~:~ -:':,T"~· ... 

94.7 Ci 
-.--· 

~~ximall~ Ex~oscd lndi~idual 

Infant Child Teenager Adult· 

External 1. SlE_-03 l.SlE-03 l.51E-03 l.SlE-03 
Milk 5.26E-Ol 5.61E-Ol 7. 64E-_01 8.lSE-01 
Meat 2.33E-02 4.15E-02 5.70E-03 
Vegetable · 3.69E-03 5.03E-03 5.70E-03 
· Inh<ilat ton 1.87E-05 5.27E .. 05 . L.28E...,Q4 1. 76E-M 
water l.09E-04 1.09E-04 l. 09E-:04 l.09E-04 

Tota Ji: 5.28E"'.0l 5.90E-Ol 8.l2E~Ol · 9.19E-Ol 

Inadvertent Intrµder 

1nfant .. Ct.ii ld TeenagPr Adult 
. ' 

F.xterni!il 2.07E-Ol· · 2'. 07E-Ol Z.07E-Ol 2.07E-Ol 
Vegl'!table . 3. 69E-03. 5.03E-03 5. 70E-03 . 
Inhalation 2.56£"03 7.22E-03 l. 75E-02 . 2. 41F.-02 
Water l.09E-04 '1.09E-04 l.09E-04 1. 09E-04 · 

Totals: 2.lOE-01 2.lBE~Ol 2.30E-Ol 2.37£-01 
Cs-137-2 . 

t • t I 
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·•''"':' 

Co.;58 

concentration in Sludge: 1.00E·05 µCi/rnl 

Sludge Volme 
~Gallons) .J.c~~) 

15000 · 5.68E+07 

External Exposure 

'I Dose Factor 
(mre11/hr. per pC.i/111Z) 

J.OOE-09 

Concentration 
(HCtlcm1 ) 

1.·ooE•OS ,. 

Activity 
h.1Ci) 

5.68E+OZ 
·q 

Ground Plane Concentration 
CpC1/m2 ) 

2.81E+04 

Gt"Ound Plane 
ConcentTation (~Ct/cm2 ) 

Z.OlE-06 

)' Dose Rate 
i11rem/;year) 

l.72E+OO 

continuous occupancy: l.7ZE+OO rnrem/year 
Realistic Occupancy:. l.26E-02 mrem/year 

Meat. & Milk Pathway. 

Activity in 
Soil (µCi) 

Activity in Cor.centration in ~oncentration in ~oncentrat1on 1n 
Feed (JJCi) . Fee,d {[!Ci/Kg) Milk (pCi/i) HeatJeCi/kg) 

5.6BE+02 5.34E+OO 2.B7E+02 l.44E+Ol 1.87E+02 
"~ ... ' ·. 

·-··:~;~-;-~---~·rUi.··7.. ~-~· . .:f.~~·i~-r-:~·: .. '.. .~.u:r··-:·~-..C······ .. •4 

Infant 

4.27E-02 

Infant 

Vegetable Pathway 

Activity Soil Volume 
(pf. 0 (Cinl) 

S.6$E+02 3.08E+09 

Milk Dose Rates· ~mrem/lear) 

Child Teenager Adult 

2.62E-02 l.29E-02 7.45E".'03 

Meat Dose Rate ~mre~/~ear) 

Child. Teenager Adult 

4.22E-02 2.72E-02 3.44E-.02 

Soil Mass' Concentration Concentration 
(Ks) .~·. ·in Soil (pCi/Kg) · in Vegetables (pCi/K~}:, 

4.00E+OG J.4?.E:-04 l.33E+OO 

Co-58-1 
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Vegetable Pathway.Oas~ RatesJmre11/year) 

.Infant· :J'hild 

2.nsE-03 

Teenager · Adult 

l.OlE-03 · 6.22E-04 

Inhalation Pathwat 

Ground Plane 
. Concentration (pCi/1112) 

K 
(m-1) 

Air Concentration 
(pCi/m3) .--·~.-.,,i:,...u,H·' 

2.61E+04 l.OE-05 2.SlE-01 

J_l}haJation Pathway Dose Rates (mre11/year) · 

Child ·· . Teenager Adult 

Conti nllo us occ lip ancy 
Realistic Occupancy 

S.llE-04 8.89£-04 7.SOE-04 ·5.82E-04 
3.74E-06 6.49E-06 5.70E-06 4~25E-06 

ReJease to Lake Michigan.·· 

Ac.tivity 
c1;1cn 

S.68E+o2· 

-::·t :~. };. :..·· 

3.54E-Ol 

co~60· eq. activity 
(tJCi) 

2.0lE.+02 

Maxfaal1):'. Ex~osed Individual 

Inf ant Child Ji:ienaser -
. External l.26E~02 1.26E-02 l.26E-M 
Hilk 4.27E·02 2.62E-02 l.29E-02 
Heat 4.22E-02 2. 72E-.OZ 
-Vegetable 2.0SE-03 1. 01E·03 
Inh;;ili:1tion ·3. 74£-06 6.49£-06 5.70E-06 
Water l.27E-05· i. 21E-os· · 1.27E-05 

Totals! 5.53E-02 8.31E·02 5.37E-02 

!n~~@f ~~n.t Intruder 
' 

···'• Infant . Chi1d Teena.ger . 

1. 72E+OO 1.72E+OO 

Adult 

l..26E.;02 
7.45E-03 
3.44E-02 
6. 22E--04 
4. 25f.-Ofi. 
1.27E-:05 

5.SlE-02 

Adult 

l.72E.+OO External . 1. 72~+00 
Vegetable . 2.0SE-03 . 1. OlE-03 ... · 6. 22E-04 
·Inhalation !1.°UE-04 · · 8.89E-04 7.SOE-04 5~82E~04 

Water. 1. 27E.-05 l.27E-05 1. 27E-05 1. 27E-05 

Totals: 1. 72E+OO l.72E+OO 1. 72E-t00 1.72E+OO 

Co·58·2 
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Concentr3tion i" Sludge: S.OE-06 µC1/ml 

s fudge Vo 1 ume 
{Gallons) .<cml) .· 

15000 5.68E+07. 

External Exposure 

concentrat.1ori 
(pCi/cm1) 

5.00E-06 

Aci1v1ty 
(1JCi) 

2.84E+02 

y Dose Factor 
(mrem/hr. par pCi/in2) 

Grcund Plane Concentration 
(pCi/112 ) 

1. 70E-08. l.41E+04 

ODCM 
Revision 23 

Clniund Plane 
Conceotratton (1JCi/cm2) 

1.41E•06 

y Dose Rate 
~111rem/year) 

· 2.09E+OO 

Continuous Occ.upancy: 2. 09F.+OO 11rem/year 
Realistic Occupancy: 1.53E-02 mrem/year 

Meat & Milk Pathwa~ 

Activity in Activity in 
Soil (µCi) Feed (pCi) 

Concentration in Concentration in Concentration in 
Feed (pCi/Kg) Milk (pCi/t) Meat (pCi/kg) 

;2. 84E+02 2.67E+OO .1.44E+02 · ;_-/ 7.1S'E-i£00"~:-::> 9:3JE+.0.l 

. Milk Dose Rates· (mrem/~earl 

Infant · Child Teenasier 

6.o4£-02 :i.JOE_-02 l.82E-02 

Meat Dose Rate (mrem/~ear} 

lnf ant Child 

· 5~97E-02 

l/eg~t.able Pathway 

Activity So;l Volume So;l Mass 
(µCi) ~~ (Kg) 

2.84E+02 3.08E+09 .. 4.00E+06 

Teenag,er 

3.84E-02 

Concentration 
in Soi 1 ~pCi/Kg) 

7.lOE+Ol 
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Adult 

l. OSE..:02 · 

Adult 
~.; '· ' 

4.B4E·02 

Concentrat io:1 · .· 
in Vegetables·(pCi/Kg) 

6:67E".'01 
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I' 

Vegetable Pathway Oose.1fates (mrem/year) 

Inhalation Pathway 

Ground Plane 
Concentration CpCi/m2) 

1.41E+04 

Child 

·2.91E·03 

·K -· (m.;J 

1.0E-05 

Teenager Adult 

s.a2£-01 

Air ConGGntral ion . · 
(pCi/m3 ) 

. 1. 41E-Ol 

Inhalation Pathway Dose Rates (mrem/year) 

·Infant 

Continuous Occupancy 
Realistic Occupancy 

1.66E·03 3.19Eft03 . 2.SOE-03 2.09E-03 
l.21E·05 2.33E-05 · 2.05£-05 l.53E-05 

·Rel ease to Lake Michigan 

·Activity 
· (l!Cf) 

.• 1.·. : 

Co-60 ec1• activity 
--~<~~~ ..... ,.;.. 

1., .- ;:~~} . .. J•.' 

S mrem. * Z.B4E+02:pCi * · 1 Ci - l BOE o· m-em 
94.7 Ci l.OE+l'l6 µCi - · · - 0 0 

Maxim~ll~ ExE!osed Individua·l 

Infant Chilrl TPP.nt1ger _Adult 

External i.53E-02 1.53E-OZ l. 53E-02 ·. 1. 53E·02 
Milk 6.04E-02 3. 70E-02 l.82E·02 l.05E·02 
Meat s. ~nr-02 1.84E-02 4.84F.-02 
Vegetable 2.91E·03 1.44E-03 8.82E-04 
Inhalation 1.2lE-OS 2.JJE-os· 2.·ose~o5 1.53f-05 
Water l.SOE~O& l,80E-05 · 1.SOE-05 · l.BOf.-05 

Totals: 7.57E-02 l. lSE-01 7.34E-02 7.51E·02 

Inadvertent Intruder 

Infant i:h i 1 d Teenager Adult 

External 2.09£-tOO 2.09f..+OP i.09E+OO 2.09E+OO 
Vegetable 2. 91E-03· 1. 44~-03 8.82E-04 
Inhalatior1 1. 66E-03 '3.19E-03 · 2.80E·03 2.09E-03 
Water 1. 80E-0!"1 1. 80E-05 1.80E·03 ~· 8Ul::fil 

Totals: 2.09E+Ou 2.lOE+OO 2.lOE+OO 2.09£+00 

Co-60·2 

I 1,1 •: 
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CALC.ULATIONAL METHODOLOGY FOR [.)ETERMINING .................. ....__ ____ " -: 'T,": 

EXTERNAL DOSE RATES f-ROH RADIONUCLlDES 
AFTER lHCORPORATlOK INTO SOIL 
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. Wisconsin Electric utili:z.es QAO~ a nationally recognized computer code, to 
perform shielding and do'e rate arialyses, · ThA QAD computer c·ode uti 1 izes a 
point kernel methodology to calculate the dose rate at a specified point 
due to a given source of r~diation. 

·QAD.wi.11 be u=i.cd ta calculate th~ dose rate due·to i;.ti:,ni:ling·on a plot.of "land 
utilized. for s1~dge dispo~al aft~r th& radionuc1ides have be~n incorporated· 
into the plot by plowing. The following parameters will be used in the 
calculation: · 

0 

.o 

The total activity from a11 previous disposals will be 
corrected for radiological decay and used u the nd11'.'1-
nuclide source term. · · 

Appropriate values will be use.ct to represerit the surface 
area of the plot. 

The radionuclides will .be assumed to be incorporated 
uni ~orm1y into the top six inches of soi 1. 

The dose rate will be calCulated at a height of l meter 
above the.ground pl>1ne at a depth of 5 centimeter~ 1n' 
tissue. (Regulatory Guide 1.109 valijes). 

·1··~'= 1<,,..,;.-;,,,,,ei!r~;~,...;'.Tne"·Ciensity:::of the. sofl ;wi-ll b~"':a~1sumed' to be-.(~~ ~·v gr--Smsrl~"·-. ;~,. .. · 
cubic centimeter. 

This calculated dose rate wiJl be used to assess the ratiio1Qgical consequences 
of past· di sposa1s in conjunction with the cons.equences of proposed future · 
disposa1s. The total ra.diologkal dose cuni.equeni::.e of the pa$t and the pro
posed disposa1 will be compared to the applicable limits to insure the dose 
i~ maintained at or below th~ 11m1ts. 
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APPENDIXH 
MODIFICATION #1 TO NRC SUBMITTAL 

Modifications to the Wisconsin Electric submittal to the United States Nuclear Regulatory Commission 
dated October 8, 1987 (VPNPD-87-430, NRC-87-104), Disposal by Land Application of Sewage Sludge 
Containing Minute Quantities Of Radioactive Material. 
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MODIFICATION #1 TO NRC SUBMITTAL 

CHANGE TO ORIGINAL SUBMITTAL 

Section 3.2, Disposal Procedure (page 3) 

Section 3.3, Administrative Procedure (page 4) 

The requirements for sludge characterization (the determination of the chemical and physical 
properties of the sludge) contained in the sections referenced above are modified to allow 
characterization of the sludge on an annual basis. 

BASIS/EXPLANATION 

The October 8, 1987 submittal to the USNRC for permission to dispose of sewage treatment 
sludge containing minute quantities of radioactive material requires that, "prior to disposal the 
waste stream will be monitored to determine the physical and chemical properties of the 
sludge ... 11

• Subsequent to the submittal and the approval by the NRC, a new Wisconsin Pollutant 
Discharge Elimination System (WPDES) permit was issued to the Point Beach Nuclear Plant by 
the Wisconsin Department of Natural Resources on November 30, 1988. Both the new WPDES 
permit and the Point Beach Nuclear Plant Sludge Management Plan specify an annual required 
frequency for the evaluation of the sludge characteristics. 

The original requirement to perform the characterization of the chemical and physical properties 
of the sewage sludge prior to each disposal has proven time consuming and costly for Wisconsin 
Electric Lab Services. Preparation of special analytical standards are required to complete the 
characterization study. The preparation of these standards, sample preparation, and the actual 
analyses are all manpower intensive and difficult to perform on a timely basis. This has led to 
requiring overtime for Lab Services personnel and support from outside companies. In order to 
better utilize the resources of Lab Services while maintaining the requirements of the WPDES 
permit, the frequency of sludge characterization in the October 8, 1987 submittal to the NRC 
should be changed to an annual requirement. 

This change in the required frequency for determination of the sludge characteristics does not 
change the requirement to analyze the sewage sludge for radionuclide content or perform dose 
evaluations prior to each disposal. 
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APPENDIX I 
MODIFICATION #2 TO NRC SUBMITTAL 

Modifications to the Wisconsin Electric submittal to the United States Nuclear Regulatory Commission 
dated October 8, 1987 (VPNPD-87-430, NRC-87-104), Disposal by Land Application of Sewage Sludge 
Containing Minute Quantities Of Radioactive Material. 
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Section 3 .3, Administrative Procedures (Page E-10) 
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The limitation on the annual volume of sludge disposal per acre contained in the section 
referenced above is modified to allow unlimited disposal provided the other requirements of this 
submittal are met. 

BASIS/EXPLANATION 

The October 8, 1987, submittal to the USNRC for permission to dispose of sewage treatment 
sludge containing minute quantities of radioactive material requires that "the annual disposal rate 
for each of the approved land spread sites will be limited to 4,000 gallons/acre, provided WDNR 
chemical composition, NRC dose guidelines, and concentration and activity limits are 
maintained with the appropriate values". 

The original requirement to limit sewage sludge disposal to 4,000 gallons per acre is based on 
the assumption that the sewage sludge is contaminated with Co-58 at a concentration that is ten 
percent of the 10 CFR Part 20 Appendix B Table 2 Column 2 value. Past sewage sludge 
disposal experience has shown that the sludge may or may not be contaminated and, if it is, at 
concentrations far below ten percent of the performed prior to each sewage sludge disposal. 
With the removal of some of the land spread sites due to their use as a storage site for dry storage 
of spent fuel, this requirement is limiting our ability to dispose of the sewage sludge on the 
remaining approved land spread sites. 

This removal of the annual volume of sewage sludge that may be disposed of per acre on 
approved land spread sites does not change the requirement to analyze the sewage sludge for 
radionuclide content or perform dose evaluation prior to each disposal. 

This change was evaluation under SER 95-057, "Removal of licensee Commitment Involved 
With Sewage Sludge Disposal", 4/20/95. 
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0 

.. 
• 

MODIFICATION ft2 

Depth tg 9Tound'ifater •ncl titdrlilCk 1hll\ ti-.: grtU•t t.hth ~ feet frci11 
ttie 1&od SUT'fac. elt'lat.i'Ofl dL.lring us. ctf •"l' Jite. 

Sludge sh.ell not be lan.d sprel.cl 1n a fl~y. 

Sludge $h•11 n~t be l•nd 1pr11.d w1th1n 50 fe~t of a property l1n~ ~010 
OT ditc~ ~n1~$$ th• sl~Qe 1s 1..c:o~or1tll!d wit~ the 1~11, tn whlc~ 
case a •ini~~ separ•t1on dlstlnc• of •t l•ait 2S f••t is reqQired. 

Tn. ~R of the 1l~·5oil ~ixt.YNI sna1l be 11a!nta,ned at 6.5 or ~IQher. 

law areas of t.ht ~roved field$, subject to 1eason1ll~ n1gh iround
tott.tar levelst art excl~dad froM the .t~d;e 19pli~•iion. 

Crap1 foT hUJH.n con1umptton •hall nDt bi! QW'aWl'I on t~ land fQt up tD 
ona yur foHowin; th• appHcat.lon c.f t.ht tludge. 

Th~ sludge shall be plgwed~ di1te~, in~ected or othtT"ll'i1• 1ncorpgrat!d 
into the surfa~e soil la~er at appropr1ale inter~al~-

The flexibility implied in the l1tteT provision f~r soil incarporatio" 15 
; ntended to ill now for crops whii:ll req11i '!"& mire than a one .)'•a r c:yel •• 
Fo~ tl1'I Poi~t ~ach d1590,al sftti, ~1falt• 1s • eOJ111iOn Cl"tp ld11ch ;$ 
h1,....ested for sev~ral yel~' after a $1~1t planttng. Slud~ disposal on 
an •lfelf~ p1ot e.on~t\tut.es g~~~ fertil1zatio"· but tJi.e ~1ot cannot b• 
i:i101i111d 11tft.hciut Ots.troYho Uie Cl"'l!lfl. The ~ilfalfi111 1n t.Mi» c1se lids 1n 
~1~ding \he 1&.Yt:r of •l"'*-lt on tilt i~rt•;• of th• ~lui.. ~i a m4n11M111. 
hgwe~er, plowing (or di1ting o~ otn1r m.thod of injection and ~ixing to 
a ru:imfnal depth of 6 1nchu) 1h1ll be d=n• prior to planting ,.ny ntw crap, 
r1gard.l•11 of Uw tN!f>. 

3.J Adm1nistr~tfve l!fpe~dures 

COll()leie rec~rd& cf Rach di,posal will be natntafn.ed. Tht~t rt<:Otdi 
will itM:1~~e lh~ concentrftion of redfQtluelides fn t~ Sl!Jdve, the 
tot1l Y01Lllll• of •ludg1 dlspo&•d~ t.h1 total •~ti~it1 1 itt• plot Qn 
wtii~h ttie sludge 'lll'as 1ppl~ed, th! 1"t'sults Df 'lhe ~h!nical CllmJIOSit1on 
ci.t.ert1ination&, and all dost e•l~~l•t1ons • 

..-li~~ . . 
T~ annlta.1 ~ispo$tl rate for eac..h of the appro'oled land spread sites 
w-f ll ot ~ ••-·h 000 9tH ot11l1i: N , pro Y 1 G4id W:N.R c:h111. h~• 1 i:ompOi 1-
t 1 on. MRC doMI! Q1.11delin11. and conc1nt~•t1Dn •"a 1ct1vlty li~it1 are 
••int.inad wtth\n t,he •ppropr1At• w1lu•1. 

Thi "UntllT 1Nl1fli ti•• stt. UHcl for tr. di ip05111 ~111 b9 nDtifitcl 
of the tipp1ic.d)1e rettrictfon$ pl1c1d Oil the si~e du~ to tht l•nd 
.S"PrMClil'I" of Uw•fe s 1 ~· 

4.0 E~al~1tia.n af EnwiJ"ann.ental l!'Fact 

~.l Sitp Ch1ras;\trtstlcs 

4.1.1 Site Toeo;r1phY 

Th• dtspo5•1 sit•s 1r1 10~1ted fn the TO'llln of Two Crtt~s 1n 
the northe~it corner ~f ..r.anitowt>e Cuunty,.Wi,eonsin, gn th• 

:S:-10 
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APPENDIX J 
MODIFICATION #3 TO NRC SUBMITTAL 

Modifications to the Wisconsin Electric submittal to the United States Nuclear Regulatory Commission 
dated October 8, 1987 (VPNPD-87-430, NRC-87-104), Disposal by Land Application of Sewage Sludge 
Containing Minute Quantities Of Radioactive Material. 

Page 244 of 278 REFERENCE USE 



POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

ODCM 
Revision 23 

MODIFICATION #3 TO NRC SUBMITTAL 

CHANGE TO ORIGINAL SUBMITTAL 

Section 3.2 of Attachment II of the October 8, 1987 letter to the NRC contains the commitment 
to perform a gamma isotopic analysis of sewage sludge samples prior to every sludge disposal on 
land surrounding PBNP. The analytical results are to be used to evaluate the dose consequences 
of the radionuclides entering the environmental via this disposal pathway. As described in 
ODCM Section 7, the requirement for a radioisotopic analysis of the sewage sludge prior to 
every disposal on land surrounding PBNP is modified if the sludge has been shown to be clean 
and there is no reason to believe that the sludge is contaminated. 

BASIS/EXPLANATION 

Small µCi quantities of PBNP licensed materials (Co-58/60, Cs-134/137, Cr-51, and Mn-54) 
were found in PBNP sewage treatment plant (STP) sludge. Pursuant to of 10 CFR 20.302(a), 
Wisconsin Electric applied to the NRC for permission to dispose of the licensed material by 
applying the sludge to Wisconsin Electric land surrounding PBNP. In the October 8, 1987 
application letter, Wisconsin Electric committed to gamma isotopic analysis of the sludge prior 
to every disposal in order to evaluate the dose consequences of this disposal and to compare 
radionuclide concentrations to the 10 CFR 20, Appendix B, maximum effluent concentrations. 
However, such analysis are not required if the sludge does not contain licensed material. It there 
is no reason to believe that the sludge is contaminated and ifthere is no pathway from the RCA 
to the STP, then there is no reason to analyze the sludge for radionuclides once it has been shown 
to be clean. Administrative controls and engineering modifications to PBNP have removed the 
pathway from the RCA to the STP as verified by subsequent analyses of the sludge under 
conditions required to obtain the environmental LLDs. These analyses have not revealed 
radionuclides attributable to PBNP. Pursuant to NRC HPPOS-221, a substance is clean if 
analyses under analytical parameters necessary to achieve the environmental LLDs does not 
reveal any licensed material. These LLDs define how hard you have to look. Below this 
detection level, 11 

... the probability of undetected radioactivity is negligible and can be 
disregarded when considering the practicality of detecting such potential radioactivity from 
natural background ... 11 (Docket No. 50-206, letter to J.E. Dyer from L. J. Cunningham dated 
September 6, 1991). Therefore the NRC criteria are met and there is no longer any reason to 
believe that the STP sludge is contaminated. However if plant conditions should change in a 
manner compromising the NRC criteria, radiological analysis must be made prior to each STP 
sludge land application until such time that the clean criteria are satisfied pursuant to subsequent 
NRC guidance. 
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LIQUID EFFLUENT DOSE CONVERSION FACTORS 

The tables below identify the expected dose to each of the four age ranges (adult, teen, child and infant) 
as a result of activity released via liquid effluents. These dose conversion factors are based on Reg. 
Guide 1.109 and NUREG-0133 assumptions. The pathways included in these DCFs are drinking water 
and fish. The other pathways (irrigated meat, irrigated milk, invertebrates and shoreline exposure) are 
either not applicable or contribute a negligible contribution to the dose. The dose conversion factors 
below assume a discharge flow of 6.77E+05 gpm. If actual plant conditions are significantly different, 
revised DCFs should be calculated and used. 

l.34E-06 l.34E-06 l.34E-06 l.34E-06 l.34E-06 
9.51E-07 9.51E-07 9.51E-07 9.51E-07 9.51E-07 9.51E-07 
1.75E-06 1.75E-06 1.75E-06 l.75E-06 l.75E-06 1.75E-06 

1.65E-06 1.65E-06 1.65E-06 l.65E-06 l.65E-06 1.65E-06 

4.64E-03 4.64E-03 4.64E-03 4.64E-03 
2.52E-02 5.05E-03 5.05E-03 5.05E-03 5.05E-03 5.05E-03 5.05E-03 
3.25E-02 6.51E-03 6.51E-03 6.51E-03 6.51E-03 6.51E-03 6.51E-03 

2.23E-04 4.76E-05 4.76E-05 4.76E-05 4.76E-05 4.76E-05 4.76E-05 

O.OOE+OO l.30E-08 0.00E+OO O.OOE+OO O.OOE+OO 3.47E-09 
l.24E-07 O.OOE+OO l.35E-08 0.00E+OO O.OOE+OO O.OOE+OO l.llE-08 
l.54E-07 O.OOE+OO l.52E-08 0.00E+OO O.OOE+OO O.OOE+OO 4.16E-08 

6.17E-13 O.OOE+OO 5.27E-14 0.00E+OO O.OOE+OO O.OOE+OO 1.45E-13 

3 .49E-03 3 .49E-03 3.49E-03 3.49E-03 3.49E-03 3.49E-03 3.49E-03 
4.27E-03 4.27E-03 4.27E-03 4.27E-03 4.27E-03 4.27E-03 4.27E-03 

9.23E-04 9.23E-04 9.23E-04 9.23E-04 9.23E-04 9.23E-04 9.23E-04 

1.76E-04 l.76E-04 l.76E-04 
1.81E-04 1.81E-04 1.81E-04 1.81E-04 l.81E-04 l.81E-04 1.81E-04 
2.02E-04 2.02E-04 2.02E-04 2.02E-04 2.02E-04 2.02E-04 2.02E-04 

l.03E-05 1.03E-05 l.03E-05 l.03E-05 l.03E-05 1.03E-05 1.03E-05 
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LIQUID EFFLUENT DOSE CONVERSION FACTORS 

2.25E+OO 1.41E+OO O.OOE+OO O.OOE+OO O.OOE+OO 3.05E+OO 
4.68E+Ol 2.19E+OO l.81E+OO 0.00E+OO O.OOE+OO 0.00E+OO 1.29E+OO 

1.45E-02 8.53E-04 5.62E-04 O.OOE+OO 0.00E+OO O.OOE+OO 1.96E-04 

l .23E-07 2.39E-07 7.lOE-08 0.00E+OO 2.29E-07 0.00E+OO 
3.04E-07 4.17E-07 1.61E-07 O.OOE+OO 3.69E-07 O.OOE+OO 6.lOE-04 

3.47E-07 5.00E-07 1.56E-07 O.OOE+OO 3.29E-07 O.OOE+OO 3.26E-04 

O.OOE+OO 1.0lE-06 2.21E-07 1.70E-04 
O.OOE+OO O.OOE+OO 1.15E-06 6.36E-07 1.74E-07 1.16E-06 6.07E-05 

O.OOE+OO 0.00E+OO 1.26E-07 8.23E-08 l.80E-08 1.60E-07 3.68E-06 

2.64E-03 7.03E-04 O.OOE+OO 7.40E-04 O.OOE+OO 2.22E-03 

1.86E-04 4.22E-05 O.OOE+OO 4.13E-05 0.00E+OO 6.84E-05 

3.38E-06 6.02E-07 0.00E+OO 4.28E-06 0.00E+OO 2.23E-04 
3.08E-06 6.96E-07 O.OOE+OO 3.73E-06 0.00E+OO 4.47E-04 

l.91E-11 3.29E-12 0.00E+OO 1.64E-11 O.OOE+OO l.73E-09 

5.64E-04 4.00E-04 9.33E-05 O.OOE+OO 0.00E+OO 1.73E-04 
8.35E-04 4.43E-04 1.37E-04 O.OOE+OO O.OOE+OO 2.51E-04 8.21E-05 

1.30E-04 8.43E-05 2.25E-05 O.OOE+OO 0.00E+OO 4.12E-05 l.07E-05 
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8.68E-04 2.03E-03 7.82E-04 O.OOE+OO O.OOE+OO 6.39E-04 4.79E-03 
l.18E-03 1.92E-03 9.SSE-04 O.OOE+OO O.OOE+OO 5.56E-04 2.00E-03 

2.81E-04 4.90E-04 1.93E-04 O.OOE+OO O.OOE+OO 1.45E-04 2.34E-04 

3.26E-05 O.OOE+OO O.OOE+OO O.OOE+OO 3.63E-04 
2.14E-05 4.34E-05 O.OOE+OO O.OOE+OO O.OOE+OO 1.76E-04 

1.08E-05 1.75E-05 O.OOE+OO O.OOE+OO O.OOE+OO 3.67E-05 

7.91E-05 1.82E-04 O.OOE+OO O.OOE+OO 0.00E+OO 1.09E-03 
7.77E-05 2.38E-04 0.00E+OO O.OOE+OO O.OOE+OO 4.53E-04 
3.32E-05 8.28E-05 O.OOE+OO O.OOE+OO 0.00E+OO 8.27E-05 

2.30E-04 5.19E-04 0.00E+OO O.OOE+OO 
2.3 IE-04 6.80E-04 0.00E+OO O.OOE+OO O.OOE+OO l.28E-03 

1.0IE-04 2.40E-04 0.00E+OO O.OOE+OO O.OOE+OO 2.41E-04 

1.87E-03 8.96E-04 O.OOE+OO 0.00E+OO O.OOE+OO 
3.91E-02 2.09E-03 1.33E-03 O.OOE+OO O.OOE+OO O.OOE+OO 1.41E-04 

5.96E-03 3.69E-04 2.07E-04 O.OOE+OO 0.00E+OO O.OOE+OO 1.83E-05 

3.71E-06 4.74E-07 2.16E-07 O.OOE+OO O.OOE+OO O.OOE+OO 2.57E-05 
4.74E-06 4.46E-07 2.60E-07 O.OOE+OO 0.00E+OO 0.00E+OO 5.47E-05 

8.03E-ll 9.09E-12 4.13E-12 O.OOE+OO O.OOE+OO O.OOE+OO 6.92E-10 
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4.15E-06 l.95E-06 0.00E+OO 1.05E-05 3.22E-04 

3.96E-06 2.39E-06 0.00E+OO 9.57E-06 0.00E+OO l.86E-04 

0.00E+OO 4.17E-07 l.93E-07 0.00E+OO 7.05E-07 0.00E+OO 8.56E-06 

5.42E-02 2.53E-02 0.00E+OO 3.47E-02 0.00E+OO 2.29E-02 

l.61E-02 4.29E-02 2.67E-02 O.OOE+OO 2.70E-02 O.OOE+OO 7.54E-03 

l.72E-04 5.90E-04 2.72E-04 O.OOE+OO 2.86E-04 O.OOE+OO 4.98E-04 

3.54E-04 7.65E-05 O.OOE+OO 0.00E+OO 4.59E-02 

4.52E-04 7.70E-04 9.1 IE-05 0.00E+OO 4.48E-04 O.OOE+OO 2.51E-02 

l.26E-06 2.56E-06 2.34E-07 O.OOE+OO l.04E-06 O.OOE+OO 3.55E-05 

5.34E-09 l.02E-08 7.12E-10 O.OOE+OO 6.65E-09 0.00E+OO l.88E-08 

6.87E-09 9.92E-09 9.17E-10 O.OOE+OO 6.02E-09 O.OOE+OO 6.25E-07 

2.89E-22 5.21E-22 3.88E-23 O.OOE+OO 2.17E-22 O.OOE+OO 4.25E-20 

l.55E-04 7.58E-04 4.55E-05 l.82E-04 6.83E-03 

6.20E-05 l.72E-04 9.99E-04 5.85E-05 l.89E-04 5.85E-05 8.95E-03 

2.16E-05 5.70E-05 9.83E-05 2.16E-05 5.99E-05 2.16E-05 6.29E-04 

l.38E-03 

0.00E+OO 1.SOE-03 O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO 

O.OOE+OO 4.65E-05 O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO 
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O.OOE+OO O.OOE+OO 0.00E+OO 0.00E+OO 
0.00E+OO l.31E-06 O.OOE+OO O.OOE+OO 0.00E+OO 0.00E+OO 

O.OOE+OO 3.25E-12 O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO 

O.OOE+OO 6.25E-12 O.OOE+OO 0.00E+OO 0.00E+OO O.OOE+OO 
0.00E+OO 7.39E-12 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO 

O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO 

O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO 0.00E+OO O.OOE+OO 

7.93E-02 O.OOE+OO O.OOE+OO O.OOE+OO 1.17E-02 
7.74E-02 4.76E-02 O.OOE+OO O.OOE+OO 0.00E+OO 4.98E-03 

1.48E-03 7.33E-04 O.OOE+OO O.OOE+OO O.OOE+OO 3.80E-05 

l.3 lE-16 6.96E-17 0.00E+OO O.OOE+OO O.OOE+OO 
l.26E-16 8.73E-17 O.OOE+OO O.OOE+OO 0.00E+OO 6.16E-18 

O.OOE+OO 0.00E+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO 

1.25E-18 8.84E-19 O.OOE+OO O.OOE+OO 0.00E+OO 
1.15E-18 l.02E-18 0.00E+OO O.OOE+OO O.OOE+OO 1.00E-20 

O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO 
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2.39E-02 6.84E-04 O.OOE+OO O.OOE+OO 0.00E+OO 
4.ISE-02 O.OOE+OO 1.19E-03 O.OOE+OO 0.00E+OO O.OOE+OO 

2.30E-02 0.00E+OO 6.59E-04 O.OOE+OO 0.00E+OO O.OOE+OO 

5.61E-01 0.00E+OO 1.12E-02 O.OOE+OO 0.00E+OO O.OOE+OO 
8.19E-01 O.OOE+OO l.65E-02 0.00E+OO O.OOE+OO 0.00E+OO 

2.66E-Ol 0.00E+OO 5.40E-03 0.00E+OO O.OOE+OO O.OOE+OO 

1.40E-04 0.00E+OO 5.SSE-06 O.OOE+OO O.OOE+OO O.OOE+OO 
l.85E-04 O.OOE+OO 6.98E-06 O.OOE+OO 0.00E+OO O.OOE+OO 

1.42E-05 O.OOE+OO 5.13E-07 0.00E+OO O.OOE+OO 0.00E+OO 

2.85E-03 
l.61E-03 

4.72E-04 

1.28E-02 
7.32E-03 

2.17E-03 

6.33E-04 
4.08E-04 

l.68E-05 

0.00E+OO O.OOE+OO O.OOE+OO l.46E-04 
7.32E-06 O.OOE+OO 2.93E-07 0.00E+OO O.OOE+OO O.OOE+OO 1.39E-04 

8.41E-10 O.OOE+OO 3.12E-11 0.00E+OO O.OOE+OO 0.00E+OO 9.06E-09 

5.24E-07 O.OOE+OO O.OOE+OO 0.00E+OO 0.00E+OO 
8.80E-07 O.OOE+OO 2.36E-08 O.OOE+OO O.OOE+OO O.OOE+OO 2.SlE-03 

4.86E-07 O.OOE+OO 1.30E-08 O.OOE+OO 0.00E+OO O.OOE+OO 6.71E-04 

1.89E-13 0.00E+OO 7.24E-15 0.00E+OO O.OOE+OO 8.94E-12 
O.OOE+OO 8.80E-15 0.00E+OO O.OOE+OO 0.00E+OO 4.74E-10 

0.00E+OO 0.00E+OO O.OOE+OO 0.00E+OO O.OOE+OO 9.13E-23 
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O.OOE+OO 2.57E-07 0.00E+OO O.OOE+OO O.OOE+OO 3.93E-03 
l.72E-05 O.OOE+OO 4.61E-07 O.OOE+OO O.OOE+OO O.OOE+OO 2.30E-03 

l.04E-05 O.OOE+OO 2.76E-07 0.00E+OO O.OOE+OO O.OOE+OO 7.44E-04 

3.89E-09 O.OOE+OO 1.13E-10 O.OOE+OO O.OOE+OO O.OOE+OO l.07E-04 
5.00E-09 O.OOE+OO l.43E-10 0.00E+OO O.OOE+OO O.OOE+OO 1.44E-04 

5.96E-12 O.OOE+OO l.67E-13 O.OOE+OO O.OOE+OO O.OOE+OO l.14E-07 

5.93E-08 O.OOE+OO l.62E-09 O.OOE+OO O.OOE+OO O.OOE+OO l.81E-03 
7.97E-08 O.OOE+OO 2.19E-09 0.00E+OO O.OOE+OO O.OOE+OO l.19E-03 

8.76E-09 0.00E+OO 2.38E-10 O.OOE+OO O.OOE+OO 0.00E+OO 6.92E-05 

7.68E-07 1.67E-07 O.OOE+OO 3.56E-07 O.OOE+OO 5.59E-04 
l.87E-06 4.llE-07 3.66E-07 0.00E+OO 5.89E-07 O.OOE+OO 4.29E-04 

1.90E-06 4.62E-07 3.28E-07 O.OOE+OO 4.98E-07 O.OOE+OO 2.30E-04 

l.12E-08 2.21E-09 l.02E-09 0.00E+OO 3.35E-09 O.OOE+OO 
2.22E-08 3.21E-09 1.89E-09 O.OOE+OO 4.60E-09 O.OOE+OO 4.86E-04 

l.92E-08 3.30E-09 1.51E-09 O.OOE+OO 3.32E-09 O.OOE+OO 2.IOE-04 

3.29E-04 l.OlE-04 l.77E-04 O.OOE+OO 7.81E-01 
3.89E-04 1.51E-04 l.08E-04 0.00E+OO l.42E-04 O.OOE+OO 2.80E-01 

3.80E-07 1.56E-07 9.04E-08 O.OOE+OO l.12E-07 O.OOE+OO 1.32E-04 
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8.56E-10 3.13E-10 O.OOE+OO 1.00E-09 O.OOE+OO 2.04E-05 

4.38E-09 7.91E-10 3.69E-10 O.OOE+OO 8.78E-10 0.00E+OO 2.44E-04 

7.72E-21 l.65E-21 5.94E-22 0.00E+OO 1.29E-21 0.00E+OO 5.20E-16 

l.25E-04 2.38E-05 O.OOE+OO 0.00E+OO 

1.85E-04 4.57E-05 O.OOE+OO 3.95E-04 0.00E+OO l.53E-04 

l.93E-04 3.76E-05 O.OOE+OO 2.88E-04 O.OOE+OO 6.36E-05 

l.70E-09 7.07E-08 3.12E-06 

2.07E-09 4.06E-09 6.73E-08 O.OOE+OO 5.90E-08 2.06E-09 2.3 lE-06 

7.0SE-11 1.47E-10 1.89E-09 O.OOE+OO l.58E-09 7.67E-11 4.26E-08 

6.22E-06 1.16E-04 9.45E-07 2.24E-04 

l.24E-05 l.39E-05 4.98E-06 0.00E+OO 1.63E-04 l .23E-06 1.45E-04 

1.02E-05 l.37E-05 4.28E-06 O.OOE+OO l.16E-04 l.33E-06 5.93E-05 

5.83E-23 O.OOE+OO l.07E-22 O.OOE+OO 

5.60E-24 7.09E-23 0.00E+OO 9.54E-23 2.96E-24 1.78E-23 

O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO 

6.99E-06 O.OOE+OO 2.99E-06 O.OOE+OO 2.46E-05 5.83E-04 

1.45E-05 O.OOE+OO 5.56E-06 O.OOE+OO 3.64E-05 0.00E+OO 3.74E-04 

l.34E-05 O.OOE+OO 4.49E-06 0.00E+OO 2.80E-05 O.OOE+OO l .63E-04 
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O.OOE+OO l.76E-08 0.00E+OO 5.72E-07 0.00E+OO 
5.81E-08 O.OOE+OO 2.llE-08 0.00E+OO 5.llE-07 0.00E+OO 3.79E-05 

7.12E-10 O.OOE+OO 2.40E-10 0.00E+OO 5.23E-09 0.00E+OO 2.83E-07 

1.lOE-04 O.OOE+OO l.38E-05 O.OOE+OO 2.l lE-04 O.OOE+OO 5.25E-03 
2.37E-04 0.00E+OO 2.96E-05 O.OOE+OO 3.20E-04 O.OOE+OO 3.69E-03 

2.26E-04 O.OOE+OO 2.82E-05 O.OOE+OO 2.67E-04 O.OOE+OO l.71E-03 

2.83E-06 2.04E-06 l.34E-06 O.OOE+OO O.OOE+OO 2.60E-04 
5.28E-06 2.84E-06 2.42E-06 0.00E+OO 1.13E-05 0.00E+OO l.76E-04 

4.00E-06 2.62E-06 l.76E-06 O.OOE+OO 7.27E-06 O.OOE+OO 6.50E-05 

'i\11''*'11: :J:_OLrcl~ 

0.00E+OO 7.20E-06 0.00E+OO 1.49E-03 
3.60E-06 3.40E-06 2.07E-06 0.00E+OO 6.49E-06 0.00E+OO 9.56E-04 
8.51E-06 5.75E-06 4.59E-06 O.OOE+OO l.07E-05 0.00E+OO 6.83E-04 

9.3 lE-06 6.80E-06 4.50E-06 0.00E+OO 9.72E-06 0.00E+OO 3.52E-04 

8.40E-04 4.95E-04 l.48E-01 
5.13E-03 1.lOE-03 l.69E-02 4.42E-04 1.l 7E-03 5 .52E-04 l.88E-O 1 

9.98E-05 2.00E-05 2.68E-04 l.07E-05 2.00E-05 l.34E-05 2.96E-03 

7.47E-03 3.22E-04 l.29E-02 6.0lE-05 4.54E-04 1.lOE-04 l.45E-01 
l.02E-02 4.82E-04 l.59E-02 7.62E-05 4.89E-04 l.40E-04 l.84E-01 

l.79E-04 7.23E-06 2.42E-04 2.04E-06 6.29E-06 2.96E-06 2.77E-03 
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6.98E-06 4.77E-06 9.55E-07 3.12E-06 1.29E-06 8.0SE-04 
l.88E-05 1.13E-05 2.09E-04 2.46E-06 6.84E-06 3.22E-06 2.26E-03 

4.39E-05 2.93E-05 3.76E-04 8.78E-06 l.40E-05 l.OOE-05 3.97E-03 

6.0lE-05 1.1 lE-06 2.35E-05 l.36E-07 O.OOE+OO 5.25E-05 l.21E-03 
l.64E-04 2.13E-06 5.75E-05 3.62E-07 O.OOE+OO 9.lOE-05 l.03E-03 

l.97E-04 2.89E-06 6.09E-05 5.22E-07 0.00E+OO l .23E-04 6.06E-04 

3.93E-05 4.30E-07 9.20E-06 3.76E-08 0.00E+OO 3.46E-05 3.06E-04 

l.OSE-04 8.33E-07 2.26E-05 l.OOE-07 O.OOE+OO 6.02E-05 2.58E-04 

1.15E-04 l.12E-06 2.38E-05 l.45E-07 O.OOE+OO 7.25E-05 1.54E-04 

6.22E-03 9.0IE-04 4.36E-04 1.27E-03 I .03E-02 O.OOE+OO 6.34E-03 

8.29E-03 9. I 5E-04 5.SOE-04 1.70E-03 9.67E-03 O.OOE+OO 2.74E-03 

6.32E-04 8.58E-05 4.5 IE-05 I .57E-04 6.39E-04 0.00E+OO 1.04E-04 

7.60E-04 2.82E-04 5.89E-04 O.OOE+OO 0.00E+OO 6.22E-03 

2.SOE-03 7.58E-04 3.73E-04 7.85E-04 O.OOE+OO O.OOE+OO 2.70E-03 

2.14E-04 7.15E-05 2.89E-05 7.20E-05 0.00E+OO O.OOE+OO l.02E-04 

5.34E-03 l.89E-03 6.35E-04 1.27E-03 O.OOE+OO 

7.12E-03 l.92E-03 8.45E-04 1. 70E-03 2.03E-02 0.00E+OO 5.76E-03 

5.43E-04 l.SOE-04 6.57E-05 l.57E-04 l.34E-03 O.OOE+OO 2.19E-04 
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l.25E-05 7.58E-06 1.43E-04 O.OOE+OO 2.72E-03 
4.54E-05 l.22E-05 9.74E-06 3.14E-05 l.29E-04 O.OOE+OO 1.77E-03 

2.73E-07 9.14E-08 5.87E-08 2.22E-07 6.66E-07 O.OOE+OO 5.73E-06 

3 .3 lE-03 1.4 lE-03 2.88E-03 3.74E-02 O.OOE+OO 3.35E-02 
1.19E-02 3.32E-03 l.85E-03 3.83E-03 3.49E-02 O.OOE+OO l .45E-02 

9.02E-04 3.09E-04 l.39E-04 3.46E-04 2.26E-03 O.OOE+OO 5.39E-04 

1.86E-08 4.52E-09 l.33E-08 7.80E-08 0.00E+OO 1.02E-07 
2.40E-08 6.69E-09 5.69E-09 1.71E-08 7.0lE-08 O.OOE+OO 1.49E-06 

9.33E-19 3.22E-19 2.18E-19 7.82E-19 2.32E-18 0.00E+OO 7.46E-17 

1.0lE-03 4.84E-04 4.04E-04 7.28E-04 5.05E-03 O.OOE+OO 
l.30E-03 4.51E-04 4.80E-04 9.27E-04 4.36E-03 O.OOE+OO 1.83E-02 

4.71E-05 1.90E-05 l.57E-05 3.85E-05 l.31E-04 O.OOE+OO 3.19E-04 

3.22E-14 O.OOE+OO 2.64E-15 
4.13E-14 l.26E-14 1.23E-14 3.16E-14 1.25E-13 O.OOE+OO 2.17E-13 

O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO 

1.72E-03 l.09E-03 1.03E-03 1.15E-03 1.05E-02 O.OOE+OO 3.45E-02 
2.20E-03 9.75E-04 l.18E-03 1.42E-03 9.05E-03 O.OOE+OO 9.82E-03 

1.27E-04 6.28E-05 5.86E-05 9.27E-05 3.93E-04 O.OOE+OO 2.32E-04 
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l.35E-05 2.75E-03 5.19E-05 O.OOE+OO 2.59E-05 
l.59E-05 3.22E-05 l.65E-05 3.53E-03 4.79E-05 0.00E+OO 1.SOE-05 

3.82E-06 8.41E-06 3.38E-06 9.43E-04 9.24E-06 0.00E+OO l.80E-06 

l.85E-04 l.39E-04 7.55E-02 4.45E-04 0.00E+OO 
3.54E-04 3.56E-04 2.02E-04 1.18E-01 5.84E-04 O.OOE+OO 3.17E-05 

2.84E-04 3.35E-04 1.4 7E-04 1.1OE-01 3.91E-04 O.OOE+OO 1.19E-05 

1.47E-07 3.85E-07 l.38E-07 l.30E-05 O.OOE+OO l.67E-07 
l.82E-07 3.34E-07 l.54E-07 l.55E-05 5.llE-07 0.00E+OO 3.93E-07 

7.18E-12 1.46E-11 5.19E-12 6.83E-10 l.63E-11 O.OOE+OO l.18E-11 

3.31E-05 5.62E-05 l.72E-05 0.00E+OO 4.25E-05 
5.20E-05 6.43E-05 2.43E-05 1.19E-02 l.07E-04 O.OOE+OO 2.59E-05 

2.37E-05 3.45E-05 l.OlE-05 6.29E-03 4.06E-05 O.OOE+OO 5.85E-06 

5.93E-10 2.13E-10 9.88E-09 9.35E-10 0.00E+OO 7.82E-12 
2.77E-10 5.14E-10 2.37E-10 1.18E-08 7.86E-10 O.OOE+OO 3.41E-10 
2.69E-22 5.51E-22 l.96E-22 l.29E-20 6.16E-22 0.00E+OO 5.70E-22 

3.53E-06 9.lOE-06 3.37E-06 5.85E-04 l.44E-05 O.OOE+OO l.OlE-05 
4.46E-06 8.04E-06 3.80E-06 7.12E-04 l.23E-05 0.00E+OO 6.12E-06 
2.16E-07 4.30E-07 l.57E-07 3.86E-05 4.79E-07 O.OOE+OO l.56E-07 
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O.OOE+OO l.70E-01 6.64E-03 
2.75E-01 4.52E-01 9.53E-02 O.OOE+OO 1.40E-01 5.03E-02 2.44E-03 
3.54E-03 6.60E-03 6.66E-04 O.OOE+OO l.70E-03 6.96E-04 l.79E-05 

9.33E-06 4.79E-06 5.19E-06 9.llE-07 6.20E-06 
5.58E-06 8.26E-06 5.39E-06 O.OOE+OO 4.35E-06 7.20E-07 l.04E-05 

l.72E-11 2.87E-11 1.45E-11 0.00E+OO l.1 lE-11 2.54E-12 2.27E-11 

2.27E-02 8.92E-02 5.99E-02 0.00E+OO 4.86E-02 7.66E-03 7.18E-03 
2.69E-02 7.40E-02 4.79E-02 O.OOE+OO 3.94E-02 5.88E-03 2.60E-03 
3.88E-04 l.14E-03 4.26E-04 0.00E+OO 4.55E-04 9.31E-05 l.73E-05 

3.04E-01 4.04E-01 O.OOE+OO l.37E-01 5.34E-02 5.75E-03 
3.85E-01 3.69E-01 5.44E-02 O.OOE+OO l.20E-01 4.32E-02 2.3 lE-03 
4.91E-03 5.74E-03 4.07E-04 O.OOE+OO l.54E-03 6.24E-04 l.80E-05 

7.46E-11 O.OOE+OO 5.SlE-11 6.41E-12 3.39E-14 
6.85E-11 4.34E-11 0.00E+OO 4.82E-11 5.18E-12 3.lSE-11 

0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO 

l.94E-09 9.40E-13 l.73E-08 
2.49E-09 l.33E-12 7.21E-11 O.OOE+OO l.16E-12 7.81E-13 1.44E-07 
3.69E-16 2.45E-19 l.07E-17 0.00E+OO 1.47E-19 l.48E-19 2.34E-14 
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5.19E-04 3.35E-05 O.OOE+OO 2.16E-07 8.0lE-04 
1.27E-03 l.llE-06 7.42E-05 0.00E+OO 3.63E-07 6.64E-07 6.44E-04 

1.44E-03 1.44E-06 7.43E-05 0.00E+OO 3.42E-07 8.85E-07 3.54E-04 

3.87E-22 l.73E-20 0.00E+OO 3.59E-22 2.65E-22 l.llE-24 
3.73E-22 2.17E-20 O.OOE+OO 3.23E-22 2.19E-21 3.80E-19 

0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO 0.00E+OO O.OOE+OO 
O.OOE+OO 0.00E+OO O.OOE+OO 0.00E+OO O.OOE+OO 0.00E+OO 

5.78E-08 3.32E-03 
1.84E-07 6.42E-08 2.16E-08 O.OOE+OO 0.00E+OO O.OOE+OO 1.79E-03 

8.68E-08 3.42E-08 8.81E-09 O.OOE+OO 0.00E+OO 0.00E+OO 4.02E-04 

2.72E-11 1.21E-11 3.68E-07 
3.44E-11 l.lOE-11 3.43E-12 O.OOE+OO 0.00E+OO O.OOE+OO 2.17E-06 
4.28E-18 l.57E-18 3.77E-19 0.00E+OO O.OOE+OO 0.00E+OO 2.67E-13 

l.35E-07 0.00E+OO O.OOE+OO 3.88E-04 
5.76E-07 2.87E-07 4.26E-08 O.OOE+OO l.26E-07 0.00E+OO 3.58E-04 

7.09E-07 4.32E-07 5.09E-08 0.00E+OO 1.33E-07 O.OOE+OO 2.23E-04 
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~· 

1.48E-08 l.09E-05 l.21E-09 4.82E-09 4.09E-04 

1.49E-08 l.09E-05 l.21E-09 O.OOE+OO 4.88E-09 O.OOE+OO 3.27E-04 

4.03E-08 2.18E-05 3.16E-09 O.OOE+OO 9.16E-09 O.OOE+OO 3.20E-04 

5.08E-08 3.37E-05 3.85E-09 O.OOE+OO 9.82E-09 O.OOE+OO l.97E-04 

l.lOE-05 4.55E-06 2.72E-06 0.00E+OO 2.77E-03 

3.13E-05 9.81E-06 l.67E-06 O.OOE+OO 5.43E-06 O.OOE+OO 2.56E-03 

2.79E-05 l.14E-05 l.56E-06 O.OOE+OO 4.61E-06 0.00E+OO l.60E-03 

3.00E-08 0.00E+OO 1.40E-07 0.00E+OO l.98E-03 

l.07E-06 3.22E-07 5.32E-08 O.OOE+OO l.74E-07 O.OOE+OO l.16E-03 

6.90E-07 2.58E-07 3.42E-08 O.OOE+OO 9.59E-08 0.00E+OO 3.64E-04 

1.70E-22 2.llE-23 O.OOE+OO 9.75E-23 O.OOE+OO 4.58E-25 

l.66E-22 2.70E-23 O.OOE+OO 8.79E-23 O.OOE+OO 3.58E-19 

O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO 

4.64E-07 2.78E-08 O.OOE+OO 2.72E-07 O.OOE+OO l.67E-03 

7.SOE-07 6.08E-07 4.71E-08 0.00E+OO 3.33E-07 0.00E+OO 9.63E-04 

4.58E-07 4.71E-07 2.88E-08 O.OOE+OO l.81E-07 O.OOE+OO 2.98E-04 

2.85E-06 2.51E-06 O.OOE+OO 1.32E-05 O.OOE+OO l.OSE-03 

l.79E-05 3.26E-06 3.87E-06 O.OOE+OO 1.37E-05 O.OOE+OO 5.35E-04 

6.33E-06 l.68E-06 l.42E-06 O.OOE+OO 4.72E-06 O.OOE+OO l.49E-04 
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1.36E-04 4.78E-05 0.00E+OO 0.00E+OO O.OOE+OO 

2.13E-04 l.26E-04 5.66E-05 0.00E+OO 0.00E+OO 0.00E+OO 

2.llE-06 1.47E-06 5.07E-07 O.OOE+OO O.OOE+OO O.OOE+OO 

1.66E-02 O.OOE+OO l.OlE-03 0.00E+OO 3.88E-03 0.00E+OO 

4.97E-02 0.00E+OO 3.0lE-03 0.00E+OO 8.lSE-03 O.OOE+OO 

4.39E-02 0.00E+OO 3.35E-03 O.OOE+OO 9.34E-03 O.OOE+OO 

l.58E-02 O.OOE+OO 9.43E-04 O.OOE+OO 3.63E-03 O.OOE+OO 

4.75E-02 O.OOE+OO 2.82E-03 0.00E+OO 7.61E-03 0.00E+OO 

4.20E-02 0.00E+OO 3.13E-03 O.OOE+OO 8.72E-03 O.OOE+OO 

l.77E-02 

8.62E-05 

1.20E-03 

l.l 7E-03 

7.62E-04 

8.47E-04 

8.22E-04 

5.37E-04 

3.47E-08 3.27E-09 O.OOE+OO 5.26E-04 

6.87E-08 4.93E-09 3.46E-09 O.OOE+OO 1.43E-08 0.00E+OO 3.65E-04 

5.79E-08 5.18E-09 2.93E-09 0.00E+OO l.03E-08 0.00E+OO l.SOE-04 

4.16E-02 l.59E-02 2.77E-03 0.00E+OO 2.08E-02 0.00E+OO 3.80E-03 

4.16E-02 1.86E-02 2.96E-03 O.OOE+OO l.81E-02 0.00E+OO 2.22E-03 

l.44E-02 6.75E-03 l.02E-03 O.OOE+OO 6.16E-03 O.OOE+OO 7.24E-04 
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The tables below identify the expected dose to each of the four age ranges (adult, teen, child and infant) 
as a result of activity released via gaseous effluents. These dose conversion factors are the summation 
of the expected exposures based on Reg. Guide 1.109 and NUREG-0133 assumptions. The pathways 
considered are inhalation, ground plane, milk, meat, leafy vegetables and produce. The assumed values 
for x/Q and D/Q are those referenced in Table I 0-2. 

The total body, skin and air dose factors for noble gas releases are contained at the end of the tables 
below. 

8.69E-05 8.69E-05 8.69E-05 8.69E-05 8.69E-05 8.69E-05 
l .23E-04 l .23E-04 l .23E-04 1.23E-04 1.23E-04 1.23E-04 

5.32E-05 5.32E-05 5.32E-05 5.32E-05 5.32E-05 5.32E-05 

7.30E-03 7.30E-03 7.30E-03 7.30E-03 7.30E-03 7.30E-03 
5.51E-02 l.lOE-02 l.lOE-02 l.lOE-02 l.lOE-02 l.lOE-02 l.lOE-02 
l.30E-01 2.59E-02 2.59E-02 2.59E-02 2.59E-02 2.59E-02 2.59E-02 

7.37E-02 l.57E-02 l.57E-02 l.57E-02 l.57E-02 1.57E-02 l.57E-02 

Gaseous release mrem/Ci released 
:\,'!~lib~ 

1.47E-04 1.57E-04 1.47E-04 1.47E-04 1.47E-04 1.49E-04 
1.47E-04 l.60E-04 1.47E-04 1.47E-04 1.47E-04 l.54E-04 

3.05E-04 1.47E-04 1.63E-04 1.47E-04 1.47E-04 1.47E-04 1.75E-04 

2.72E-04 1.47E-04 l.58E-04 1.47E-04 1.47E-04 1.47E-04 1.67E-04 

5.00E+OO 
5.68E+OO 5.68E+OO 5.68E+OO 5.68E+OO 5.68E+OO 5.68E+OO 
7.66E+OO 7.66E+OO 7.66E+OO 7.66E+OO 7.66E+OO 7.66E+OO 

8.45E+OO 8.45E+OO 8.45E+OO 8.45E+OO 8.45E+OO 8.45E+OO 
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2.78E-03 2.78E-03 2.78E-03 2.78E-03 2.78E-03 
3.07E-03 3.07E-03 3.07E-03 3.07E-03 3.07E-03 3.07E-03 

3. l 8E-03 3. l 8E-03 3. l 8E-03 3 .l 8E-03 3.18E-03 3.18E-03 

3.34E-01 3.16E-01 3.08E-01 3.33E-01 
3.25E-01 3.31E-01 3.17E-01 3.08E-01 3.28E-Ol 3.08E-Ol 

3.20E-01 3.25E-01 3.13E-01 3.08E-Ol 3.19E-01 3.08E-01 

2.78E-03 
3.07E-03 

3.18E-03 

8.31E-Ol 
6.39E-01 

3.09E-Ol 

7.97E-02 0.00E+OO 0.00E+OO 1.71E-01 
2.24E-01 1.85E-01 0.00E+OO O.OOE+OO O.OOE+OO 1.32E-01 

7.66E+OO 4.51E-01 2.97E-01 O.OOE+OO O.OOE+OO O.OOE+OO l.03E-01 

8.72E-04 8.82E-04 8.76E-04 1.37E-03 3.37E-03 
8.72E-04 8.72E-04 9.03E-04 8.89E-04 8.77E-04 l.28E-03 2.37E-03 

8.72E-04 8.72E-04 8.83E-04 8.79E-04 8.73E-04 1.17E-03 1.14E-03 

2.59E-Ol 3.46E-01 4.37E-Ol 
2.59E-01 3.86E-Ol 2.93E-01 2.59E-01 2.95E-01 2.95E-01 3.65E-01 

2.59E-01 2.65E-Ol 2.60E-Ol 2.59E-Ol 2.60E-01 2.82E-01 2.61E-01 

l.69E-04 1.69E-04 1.69E-04 1.69E-04 5.14E-04 1.47E-03 
1.69E-04 1.69E-04 1.69E-04 1.69E-04 l.69E-04 4.67E-04 2.96E-03 

1.69E-04 l.69E-04 l.69E-04 1.69E-04 1.69E-04 4.53E-04 1.79E-03 
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9.82E-02 l.62E-02 O.OOE+OO O.OOE+OO 4.66E-02 3.00E-02 

2.23E-01 1.18E-Ol 3.67E-02 O.OOE+OO O.OOE+OO 6.91E-02 2.19E-02 

l.92E-02 l.24E-02 3.32E-03 O.OOE+OO O.OOE+OO 7.91E-03 l.57E-03 

~';fi:W?A:~~,;;, 
[i(JJ,;:j!'; 

3.97E-01 
l.02E-01 l.71E-01 9.74E-02 5.09E-02 l.23E-01 3.37E-01 
l.59E-01 2.25E-01 l.38E-01 5.09E-02 5.09E-02 l.30E-01 2.33E-01 

6.69E-02 7.88E-02 6.19E-02 5.09E-02 5.09E-02 8.20E-02 6.46E-02 

5.95E-02 6.79E-02 l.36E-01 
5.95E-02 5.95E-02 5.95E-02 7.28E-02 l.36E-01 

5.95E-02 6.61E-02 7.29E-02 5.95E-02 5.95E-02 7.lOE-02 1.14E-01 

5.95E-02 6.06E-02 6.13E-02 5.95E-02 5.95E-02 6.81E-02 6.34E-02 

7.lOE-02 8.09E-02 9.38E-02 7.lOE-02 7.lOE-02 l.OlE-01 2.09E-01 
7.lOE-02 8.52E-02 1.15E-01 7.lOE-02 7. lOE-02 9.61E-02 1.55E-01 

7.lOE-02 7.31E-02 7.63E-02 7.lOE-02 7.lOE-02 8.86E-02 7.65E-02 

4.09E+OO 4.16E+OO 4.03E+OO 4.03E+OO 4.23E+OO 4.80E+OO 
4.12E+OO 4.29E+OO 4.03E+OO 4.03E+OO 4.19E+OO 4.51E+OO 

4.04E+OO 4.06E+OO 4.03E+OO 4.03E+OO 4.13E+OO 4.06E+OO 

7.74E+OO 5.47E-01 2.62E-01 O.OOE+OO O.OOE+OO 6.96E-03 8.72E-02 
l.78E+Ol 9.53E-01 6.06E-01 O.OOE+OO 0.00E+OO 6.23E-03 6.43E-02 

5.52E+OO 3.41E-01 l.92E-01 0.00E+OO O.OOE+OO 4.73E-03 l.70E-02 

Page 264 of278 REFERENCE USE 



POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

APPENDIXL 

ODCM 
Revision 23 

GASEOUS EFFLUENT DOSE CONVERSION FACTORS 

5.56E-05 5.55E-05 5.55E-05 5.55E-05 
5.56E-05 5.55E-05 5.55E-05 5.55E-05 5.55E-05 2.41E-04 l.96E-03 

5.56E-05 5.55E-05 5.55E-05 5.55E-05 5.55E-05 2.40E-04 l.19E-03 

1.14E-04 1.17E-04 1.14E-04 l.23E-04 3.66E-04 l.78E-03 
1.14E-04 1.19E-04 1.17E-04 1.14E-04 l.27E-04 3.31E-04 l.21E-03 

1.14E-04 l.22E-04 1.18E-04 1.14E-04 1.28E-04 3.24E-04 6.32E-04 

5.70E-01 l.63E+OO 8.37E-01 1.40E-01 1.lOE+OO 1.68E-01 7.72E-01 
9.63E-01 2.33E+OO l.SOE+OO l.40E-01 l.52E+OO 1.62E-01 5.25E-01 

9.16E-01 2.80E+OO l.37E+OO l.40E-01 l.43E+OO l.54E-01 2.39E+OO 

4.70E-04 4.96E-04 4.54E-04 4.SOE-04 4.78E-04 1.16E-03 6.83E-03 
4.95E-04 5.27E-04 4.59E-04 4.SOE-04 4.95E-04 1.07E-03 5.21E-03 

5.30E-04 6.12E-04 4.65E-04 4.SOE-04 5.16E-04 l.06E-03 3.62E-03 

1.lOE-09 2.09E-09 1.46E-10 O.OOE+OO l.37E-09 3.59E-05 
l.52E-09 2.19E-09 2.02E-10 0.00E+OO l.33E-09 3.22E-05 2.31E-04 
l .22E-09 2.19E-09 1.63E-10 O.OOE+OO 9.llE-10 3.33E-05 3.00E-04 

9.65E-04 1.13E-03 2.29E-03 9.60E-04 1.16E-03 3.62E-03 l.06E-02 
l.03E-03 1.28E-03 3.29E-03 l.02E-03 l.3 IE-03 3.lOE-03 2.00E-02 
1.35E-03 2.1 IE-03 3.24E-03 l.35E-03 2.l 7E-03 3.03E-03 l.43E-02 
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7.15E-03 7.15E-03 
7.15E-03 7.15E-03 l.35E-02 7.15E-03 7.15E-03 7.15E-03 7.15E-03 

7.15E-03 7.15E-03 l.66E-02 7.15E-03 7.15E-03 7.15E-03 7.15E-03 

9.16E-07 9.16E-07 8.71E-06 9.16E-07 9.16E-07 
9.16E-07 9.16E-07 l.17E-05 9.16E-07 9.16E-07 9.16E-07 9.16E-07 

9.16E-07 9.16E-07 9.55E-06 9.16E-07 9.16E-07 9.16E-07 9.16E-07 

3.79E-05 3.79E-05 4.77E-05 3.79E-05 3.79E-05 
3.79E-05 3.79E-05 5.03E-05 3.79E-05 3.79E-05 3.79E-05 3.79E-05 

3.79E-05 3.79E-05 4.70E-05 3.79E-05 3.79E-05 3.79E-05 3.79E-05 

O.OOE+OO 4.15E-07 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO 5.74E-07 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

O.OOE+OO 4.63E-07 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

l.68E-03 l.68E-03 l.68E-03 l.68E-03 
l.68E-03 5.41E-01 3.33E-Ol l.68E-03 l.68E-03 l.68E-03 3.62E-02 
l.68E-03 l.08E+OO 5.32E-01 l.68E-03 l.68E-03 l.68E-03 2.91E-02 

6.15E-06 l.86E-05 l.23E-05 6.15E-06 6.15E-06 6.15E-06 6.15E-06 
6.15E-06 l.89E-05 1.45E-05 6.15E-06 6.15E-06 6.15E-06 6.55E-06 

6.15E-06 l.88E-05 l.27E-05 6.15E-06 6.15E-06 6.15E-06 l.38E-05 
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APPENDIXL 
GASEOUS EFFLUENT DOSE CONVERSION FACTORS 

2.82E-05 2.29E-05 2.29E-05 2.29E-05 2.29E-05 
2.29E-05 3.08E-05 2.95E-05 2.29E-05 2.29E-05 2.29E-05 2.30E-05 

2.29E-05 3.02E-05 2.76E-05 2.29E-05 2.29E-05 2.29E-05 2.45E-05 

3.00E+OO 4.05E-06 8.60E-02 4.05E-06 4.05E-06 5.48E-02 3.65E-OI 
7.13E+OO 4.05E-06 2.04E-OI 4.05E-06 4.05E-06 4.89E-02 2.79E-OI 

9.47E-OI 4.05E-06 2.72E-02 4.05E-06 4.05E-06 4.60E-02 2.07E-02 

l.73E-03 4.13E+OO l.73E-03 l.73E-03 3.75E-OI 
l.73E-03 8.41E+OO 1.73E-03 l.73E-03 3.36E-OI 3.74E+OO 

l.73E-03 5.92E-OI l.73E-03 l.73E-03 2.57E-OI 2.39E-OI 

4.02E-04 4.04E-04 4.02E-04 4.02E-04 l.78E-03 6.53E-03 
5.08E-04 4.02E-04 4.06E-04 4.02E-04 4.02E-04 l.61E-03 4.57E-03 

4. I 7E-04 4.02E-04 4.03E-04 4.02E-04 4.02E-04 l.60E-03 2.08E-03 

7.67E-04 2.85E-03 
I .46E-04 I .45E-04 I .45E-04 I .45E-04 I .45E-04 6.90E-04 5.64E-03 
I .46E-04 I .45E-04 I .45E-04 I .45E-04 I .45E-04 6.85E-04 3.32E-03 

6.64E-03 3.19E-02 
9.83E-05 8.40E-07 3.46E-06 8.40E-07 8.40E-07 5.93E-03 l.84E-02 
7.54E-05 8.40E-07 2.84E-06 8.40E-07 8.40E-07 6.09E-03 2.40E-03 
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ODCM 
Revision 23 

GASEOUS EFFLUENT DOSE CONVERSION FACTORS 

l.88E-05 l.88E-05 l.88E-05 l.88E-05 9.13E-05 
l.88E-05 l.88E-05 l.88E-05 l.88E-05 l.88E-05 8.25E-05 

l.88E-05 l.88E-05 l.88E-05 l.88E-05 l.88E-05 8.19E-05 

l.67E-02 2.0lE-04 6.42E-04 
2.45E-02 2.0lE-04 8.48E-04 2.0lE-04 2.0lE-04 5.97E-02 

l.35E-02 2.0lE-04 5.56E-04 2.0lE-04 2.0lE-04 5.57E-02 

3.41E-05 3.38E-05 3.38E-05 3.38E-05 6.41E-04 
3.42E-05 3.38E-05 3.38E-05 3.38E-05 3.38E-05 5.76E-04 

3.41E-05 3.38E-05 3.38E-05 3.38E-05 3.38E-05 5.89E-04 

3.47E-05 l.13E-03 
3.77E-05 3.47E-05 3.47E-05 3.47E-05 3.47E-05 l.92E-03 
3.89E-05 3.47E-05 3.48E-05 3.47E-05 3.47E-05 l.72E-03 

3.74E-04 3.47E-05 3.47E-05 3.47E-05 3.47E-05 l.77E-03 

4.95E-02 4.70E-02 4.66E-02 4.58E-02 4.75E-02 l.07E-01 
5.lOE-02 4.69E-02 4.68E-02 4.58E-02 4.75E-02 9.64E-02 

4.84E-02 4.64E-02 4.63E-02 4.58E-02 4.65E-02 8.55E-02 

5.54E-04 5.51E-04 5.51E-04 5.51E-04 5.52E-04 
5.55E-04 5.51E-04 5.51E-04 5.51E-04 5.52E-04 3.12E-03 

5.54E-04 5.51E-04 5.51E-04 5.51E-04 5.51E-04 3.0SE-03 

5.77E-05 

7.21E-05 

6.27E-01 
4.77E-01 

2.21E-03 

3.77E-03 
5.46E-03 

2.90E-03 

l.06E-02 
l.41E-02 
9.67E-03 

3.81E-03 

2.59E-Ol 

4.64E-02 

l.79E-02 
l.08E-02 

3.73E-03 
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ODCM 
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GASEOUS EFFLUENT DOSE CONVERSION FACTORS 

2.61E-02 2.59E-02 2.57E-02 4.25E-02 3.94E-Ol 
2.63E-02 2.59E-02 2.58E-02 2.SSE-02 2.59E-02 3.94E-02 2.32E-01 

2.59E-02 2.57E-02 2.56E-02 2.SSE-02 2.56E-02 3.64E-02 3.85E-02 

6.31E-05 6.31E-05 6.31E-05 6.3 lE-05 1.52E-04 1.12E-04 
6.31E-05 6.31E-05 6.31E-05 6.31E-05 6.3 lE-05 l.40E-04 6.94E-04 

6.31E-05 6.31E-05 6.31E-05 6.31E-05 6.3 lE-05 1.38E-04 6.72E-04 

7.47E-04 3.91E-03 1.35E-03 7.47E-04 7.98E-02 4.23E-03 l.25E-02 
7.47E-04 6.0lE-03 2.0SE-03 7.47E-04 l.20E-02 3.82E-03 7.97E-03 

7.47E-04 1.0SE-02 2.65E-03 7.47E-04 1.53E-02 3.80E-03 5.06E-03 

3.44E-05 3.44E-05 3.44E-05 
3.44E-05 3.44E-05 3.44E-05 3.44E-05 3.44E-05 5.59E-05 1.45E-04 

3.44E-05 3.44E-05 3.44E-05 3.44E-05 3.44E-05 5.28E-05 8.12E-05 

6.SOE-02 9.52E-02 5.65E-04 l.20E+OO 4.19E-02 2.32E+OO 
1.37E-Ol 1.52E-Ol 5.SOE-02 5.65E-04 l.79E+OO 4.22E-02 l.59E+OO 

7.38E-02 9.96E-02 3.14E-02 5.65E-04 8.35E-Ol 3.17E-02 4.29E-01 

3.81E-06 3.81E-06 3.81E-06 3.81E-06 3.81E-06 l.89E-05 3.81E-06 
3.81E-06 3.81E-06 3.81E-06 3.81E-06 3.81E-06 l.71E-05 4.18E-06 
3.81E-06 3.81E-06 3.81E-06 3.81E-06 3.81E-06 l.70E-05 2.29E-05 
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APPENDIXL 
GASEOUS EFFLUENT DOSE CONVERSION FACTORS 

2.71E-02 2.02E-02 2.32E-02 3.80E-02 
3.33E-02 2.02E-02 2.52E-02 2.02E-02 5.31E-02 3.52E-02 3.57E-01 

2.03E-02 2.02E-02 2.02E-02 2.02E-02 2.03E-02 3.27E-02 2.06E-02 

1.19E-04 1.19E-04 1.19E-04 1.19E-04 1.19E-04 2.18E-03 
l.19E-04 1.19E-04 1.19E-04 1.19E-04 1.19E-04 4.80E-04 2.39E-03 

l.19E-04 1.19E-04 1.19E-04 l.19E-04 l.19E-04 4.74E-04 1.22E-03 

4.55E-01 7.99E-02 l.27E-01 
8.17E-01 7.99E-02 1.72E-01 7.99E-02 1.07E+OO 4.04E-01 1.15E+Ol 

8.19E-02 7.99E-02 8.02E-02 7.99E-02 8.24E-02 3.42E-01 8.38E-02 

2.74E-04 2.58E-04 2.43E-04 2.ISE-04 3.97E-04 9.57E-04 7.86E-03 
3.46E-04 2.85E-04 2.75E-04 2.ISE-04 4.95E-04 8.71E-04 5.67E-03 

4.04E-04 3.39E-04 2.98E-04 2.ISE-04 5.59E-04 8.75E-04 3.72E-03 

6.59E-01 6.53E-01 6.43E-01 6.73E-01 7.96E-01 
6.78E-01 6.67E-01 6.62E-01 6.43E-01 6.87E-Ol 7.67E-01 3.44E+OO 

6.94E-01 6.80E-01 6.68E-01 6.43E-01 6.96E-01 7.26E-01 2.54E+OO 

2.97E-02 9.83E-03 7.17E-03 1.12E-02 2.30E-02 8.68E-01 
5.55E-02 1.57E-02 1.71E-01 9.ISE-03 1.62E-02 2.19E-02 1.84E+OO 
2.56E-02 8.94E-03 6.07E-02 6.98E-03 8.87E-03 1.65E-02 6.09E-01 
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ODCM 
Revision 23 

GASEOUS EFFLUENT DOSE CONVERSION FACTORS 

4.16E-03 l.44E-02 3.97E-03 4.23E-03 2.0IE-02 9.94E-02 
l.54E-02 4.45E-03 2.ISE-02 4.0IE-03 4.44E-03 l .40E-02 l.97E-Ol 
l.35E-02 4.31E-03 1.70E-02 4.03E-03 4.25E-03 l. l 6E-02 l.44E-Ol 

2.48E-03 2.42E-03 5.02E-03 2.30E-03 2.36E-03 6.79E-03 2.SIE-02 
2.65E-03 2.SIE-03 6.83E-03 2.32E-03 2.41E-03 5.42E-03 4.75E-02 
2.75E-03 2.60E-03 7.00E-03 2.37E-03 2.43E-03 4.95E-03 4.91E-02 

3.13E-Ol 8.75E-01 
2.73E-Ol l.97E-Ol 2.23E-Ol l.97E-Ol l.96E-Ol 3.12E-Ol 6.72E-Ol 
2.14E-Ol l.97E-Ol 2.02E-Ol l.96E-Ol l.96E-Ol 2.77E-Ol 2.SOE-01 

8.47E-Ol 7.99E-Ol 8.IOE-01 7.98E-01 9.0IE-01 1.16E+OO 
9.09E-Ol 7.99E-Ol 8.21E-Ol 7.98E-Ol 7.98E-Ol 9.llE-01 l.06E+OO 
8.21E-Ol 7.98E-Ol 8.03E-Ol 7.98E-Ol 7.98E-Ol 8.32E-Ol 8.27E-Ol 

6.48E-02 2.35E-02 8.91E-03 1.83E-02 2.90E-04 l .24E-02 
l.40E-Ol 3.SIE-02 l.89E-02 3.94E-02 2.90E-04 l. l IE-02 l.35E-Ol 
l.38E-02 4.82E-03 2.12E-03 4.84E-03 2.90E-04 l .04E-02 6.97E-03 

9.78E-02 3.28E-02 6.56E-02 l.12E+OO 3. 76E-02 6.89E-Ol 
6.0IE-01 l.62E-Ol 7.14E-02 l.44E-Ol l.71E+OO 3.36E-02 4.88E-Ol 
5.23E-02 1.74E-02 6.35E-03 l.SIE-02 l.29E-Ol 2.97E-02 2.16E-02 
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APPENDIXL 
GASEOUS EFFLUENT DOSE CONVERSION FACTORS 

l.73E-06 9.78E-07 8.llE-07 l.36E-06 l.92E-03 
2.73E-06 l.15E-06 l.02E-06 2.06E-06 6.70E-06 2.28E-04 l.36E-03 

9.22E-07 6.86E-07 6.38E-07 8.54E-07 1.43E-06 2.35E-04 5.59E-04 

l.36E-01 5.32E-02 2.47E-02 4.92E-02 5.57E-01 3.00E-02 6.78E-01 
l.52E-01 5.87E-02 2.71E-02 5.15E-02 6.23E-01 4.85E-02 5.67E-01 
3.21E-01 9.25E-02 5.30E-02 l.06E-01 9.37E-01 4.36E-02 3.95E-01 

4.0IE-02 l.62E-02 9.3 IE-03 l.77E-02 9.46E-02 4.18E-02 2.68E-02 

4.91E-06 4.91E-06 4.91E-06 4.92E-06 4.15E-05 
4.91E-06 4.91E-06 4.91E-06 4.91E-06 4.91E-06 7.14E-05 5.83E-04 

4.91E-06 4.91E-06 4.91E-06 4.91E-06 4.91E-06 7.28E-05 6.0IE-04 

l.85E-03 l.73E-03 l.71E-03 l.78E-03 2.75E-03 2.43E-02 
2.06E-03 l.77E-03 l.78E-03 l.93E-03 3.07E-03 6.28E-03 l.46E-02 

l.81E-03 l.70E-03 l.69E-03 l.78E-03 2.15E-03 6.13E-03 5.60E-03 

5.46E-06 3.70E-05 5.88E-06 
5.46E-06 5.46E-06 5.46E-06 5.46E-06 5.47E-06 5.84E-05 5.81E-06 
5.46E-06 5.46E-06 5.46E-06 5.46E-06 5.47E-06 5.20E-05 3.57E-05 

5.46E-06 5.46E-06 5.46E-06 5.46E-06 5.46E-06 5.21E-05 l.92E-04 

l.80E-03 l.43E-03 l.39E-03 1.46E-03 7.00E-03 l.lOE-02 3.l 7E-02 
2.73E-03 l.64E-03 l.82E-03 2.04E-03 8.80E-03 9.33E-03 l.26E-02 

l.77E-03 l.27E-03 l.24E-03 l.SIE-03 3.86E-03 8.49E-03 3.59E-03 
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APPENDIXL 
GASEOUS EFFLUENT DOSE CONVERSION FACTORS 

l.22E-03 l.58E-03 l.25E-03 4.65E-02 
l.3 lE-03 l.60E-03 l.32E-03 6.46E-02 l.88E-03 l.03E-03 l.24E-03 

l.26E-03 l.53E-03 l.23E-03 5.77E-02 l.58E-03 l.03E-03 l.12E-03 

2.37E-02 3.19E-02 l.86E-02 8.39E+OO 5.26E-02 8.82E-03 
4.79E-02 4.82E-02 2.88E-02 l.49E+Ol 7.71E-02 3.21E-03 7.18E-03 

6.66E-02 7.78E-02 3.60E-02 2.45E+Ol 9.04E-02 3.21E-03 5.86E-03 

2.31E-04 
2.79E-04 3.23E-04 2.74E-04 4.62E-03 3.73E-04 2.31E-04 3.04E-04 
2.69E-04 3. l lE-04 2.60E-04 4.07E-03 3.21E-04 2.3 lE-04 2.74E-04 

l.57E-03 l.82E-03 9.75E-04 2.56E-01 2.73E-03 4.59E-04 9.47E-04 

l.61E-03 2.13E-03 9.48E-04 3.06E-Ol 2.42E-03 4.59E-04 7.17E-04 

l.04E-04 l.36E-04 l.03E-04 9.79E-04 l.67E-04 8.36E-05 8.41E-05 
l.IOE-04 l.33E-04 l.06E-04 l.23E-03 l.58E-04 8.36E-05 l.OSE-04 
l.04E-04 l.26E-04 9.87E-05 l.09E-03 l.3 lE-04 8.36E-05 l.13E-04 

6.93E-04 5.53E-04 l.52E-02 8.22E-04 6.38E-04 
5.88E-04 6.80E-04 5.70E-04 l.95E-02 7.93E-04 4.70E-04 5.80E-04 
5.60E-04 6.47E-04 5.35E-04 l.67E-02 6.68E-04 4.70E-04 5.13E-04 
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GASEOUS EFFLUENT DOSE CONVERSION FACTORS 

7.73E+OO 4.28E+OO 1.29E+OO 3.33E+OO 2.07E+OO 
7.49E+OO l.15E+Ol 3.43E+OO l.29E+OO 4.44E+OO 2.42E+OO l.34E+OO 

l.07E+Ol 2.24E+OO l.29E+OO 3.72E+OO 2.28E+OO l.31E+OO 

9.95E-06 l.39E-05 l.02E-05 5.96E-06 1.06E-05 6.79E-06 9.63E-06 
l.13E-05 l.34E-05 l.llE-05 5.96E-06 l.OlE-05 6.66E-06 l.26E-05 

l.02E-05 1.26E-05 9.49E-06 5.96E-06 8.66E-06 6.60E-06 9.64E-06 

5.85E-02 l.47E-Ol l.08E-Ol 2.82E-02 3.85E-02 3.77E-02 

9.21E-02 2.04E-Ol l.42E-Ol 2.82E-02 l.22E-Ol 4.22E-02 3.44E-02 

l.20E-Ol 2.97E-Ol l.29E-Ol 2.82E-02 l.36E-Ol 5.02E-02 3.23E-02 

7.40E+OO 3.84E+OO 3.79E+OO 2.65E+OO 2.0lE+OO 
l.17E+Ol l.13E+Ol 3.31E+OO l.93E+OO 4.97E+OO 3.02E+OO l.99E+OO 

l.lOE+Ol 2.57E+OO l.93E+OO 4.36E+OO 2.92E+OO l.96E+OO 

7.77E-05 8.66E-05 7.73E-05 6.72E-05 8.22E-05 6.90E-05 
8.15E-05 8.62E-05 7.98E-05 6.72E-05 8.13E-05 6.87E-05 7.33E-05 

7.86E-05 8.49E-05 7.62E-05 6.72E-05 7.65E-05 6.87E-05 8.70E-05 

2.00E-05 2.00E-05 2.00E-05 2.00E-05 l.66E-04 l.66E-04 

2.00E-05 2.00E-05 2.00E-05 2.00E-05 2.00E-05 1.SlE-04 l.33E-03 

2.00E-05 2.00E-05 2.00E-05 2.00E-05 2.00E-05 l.55E-04 l.18E-03 
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GASEOUS EFFLUENT DOSE CONVERSION FACTORS 

3.87E-03 5.77E-03 3.83E-03 3.84E-03 
6.42E-02 3.88E-03 7.35E-03 3.83E-03 3.85E-03 4.34E-02 

1.61E-02 3.84E-03 4.46E-03 3.83E-03 3.83E-03 4.00E-02 

7.82E-06 7.82E-06 7.82E-06 8.23E-05 
7.82E-06 7.82E-06 7.82E-06 7.82E-06 7.82E-06 7.40E-05 

7.82E-06 7.82E-06 7.82E-06 7.82E-06 7.82E-06 7.51E-05 

8.40E-06 8.40E-06 8.40E-06 8.40E-06 5.17E-05 
8.40E-06 8.40E-06 8.40E-06 8.40E-06 8.40E-06 4.56E-05 

8.40E-06 8.40E-06 8.40E-06 8.40E-06 8.40E-06 4.36E-05 

Gaseous release mrem/Ci released 
Ill JL 

3.60E-03 3.60E-03 
3.61E-03 3.60E-03 3.60E-03 3.60E-03 8.46E-03 

3.62E-03 3.61E-03 3.60E-03 3.60E-03 3.60E-03 7.74E-03 

3.61E-03 3.61E-03 3.60E-03 3.60E-03 3.60E-03 7.41E-03 

l.38E-04 l.38E-04 l.38E-04 l.38E-04 l.38E-04 3.68E-04 
l.38E-04 l.38E-04 l.38E-04 l.38E-04 l.38E-04 3.35E-04 

l.38E-04 l.38E-04 l.38E-04 l.38E-04 l.38E-04 3.24E-04 

3.25E-03 3.02E-03 2.56E-03 2.78E-03 1.65E-02 
3.57E-03 3.06E-03 2.63E-03 2.56E-03 2.78E-03 1.49E-02 
3.19E-03 2.94E-03 2.60E-03 2.56E-03 2.68E-03 l.43E-02 

5.36E-02 
3.59E-02 

7.40E-03 

7.82E-06 
1.41E-05 

l.15E-04 

8.40E-06 
8.46E-06 

2.41E-05 

l.46E-02 

5.53E-03 

4.IOE-04 
l.86E-03 

l.49E-03 

1.07E-Ol 
8.07E-02 

3.86E-03 
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GASEOUS EFFLUENT DOSE CONVERSION FACTORS 

4.34E-04 4.33E-04 4.35E-04 l.OlE-02 

4.42E-04 6.l 7E-04 4.34E-04 4.33E-04 4.35E-04 3.0SE-03 5.94E-03 

4.40E-04 4.SOE-04 4.34E-04 4.33E-04 4.35E-04 3.07E-03 l.63E-03 

l.34E-01 6.29E-02 l.95E-02 l.30E-02 4.28E-02 3.16E-01 2.47E+OO 
l.90E-Ol 6.83E-02 2.25E-02 l.30E-02 4.37E-02 2.84E-Ol l.92E+OO 

8.57E-02 4.06E-02 l.70E-02 l.30E-02 2.53E-02 2.36E-01 3.32E-02 

3.17E-04 l.26E-04 l.57E-05 O.OOE+OO 7.32E-05 l.lOE-02 

4.47E-04 l.34E-04 2.21E-05 O.OOE+OO 7.27E-05 9.81E-03 3.32E-02 

3.17E-04 l.19E-04 l.58E-05 0.00E+OO 4.48E-05 9.81E-03 8.80E-04 

l1llm'.>'ffl'''' , ''PU 'P"" J\liL,,,~, ,,,A'v! 

3.44E-07 2.34E-05 3.43E-07 
3.44E-07 3.44E-07 3.43E-07 3.43E-07 3.44E-07 4.0lE-05 3.43E-07 
3.45E-07 3.44E-07 3.43E-07 3.43E-07 3.44E-07 3.58E-05 4.80E-06 

3.44E-07 3.44E-07 3.43E-07 3.43E-07 3.44E-07 3.68E-05 9.74E-05 

4.18E-02 

l.76E-03 l.77E-03 l.58E-03 l.69E-03 3.34E-02 

l.83E-03 l.78E-03 l.59E-03 1.57E-03 l.69E-03 9.0lE-03 2.13E-02 

l.75E-03 l.76E-03 1.58E-03 1.57E-03 l.64E-03 8.87E-03 2.30E-03 

5.59E+OO 5.59E+OO 5.57E+OO 5.64E+OO 5.67E+OO 5.95E+OO 

5.59E+OO 5.59E+OO 5.57E+OO 5.63E+OO 5.65E+OO 5.83E+OO 

5.60E+OO 5.58E+OO 5.58E+OO 5.57E+OO 5.59E+OO 5.62E+OO 5.57E+OO 
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4.49E-04 4.48E-04 4.44E-04 4.42E-04 4.42E-04 l .52E-03 
4.55E-04 4.50E-04 4.45E-04 4.42E-04 4.42E-04 l.37E-03 3.62E-03 

4.45E-04 4.44E-04 4.42E-04 4.42E-04 4.42E-04 l.34E-03 l.36E-03 

1.07E+OO 2.44E+OO l.07E+OO l.64E+Ol 2.52E+OO 
5.28E+Ol l.07E+OO 4.20E+OO l.07E+OO 9.56E+OO 1.47E+Ol 2.21E+OO 

5.48E+OO l.07E+OO l.40E+OO 1.07E+OO l.99E+OO 1.15E+Ol 1.12E+OO 

3.99E-03 l.28E+OO 3.99E-03 4.93E+OO 1.43E+Ol l.03E+OO 
3.99E-03 2.94E+OO 3.99E-03 7.93E+OO l.28E+Ol 8.04E-01 

3.99E-03 3.09E-Ol 3.99E-03 8.62E-01 9.71E+OO 3.95E-02 

3.22E-04 l.17E-03 8.40E-03 
3.28E-04 3.21E-04 3.20E-04 3.20E-04 3.22E-04 1.79E-03 7.24E-03 
3.31E-04 3.21E-04 3.21E-04 3.20E-04 3.22E-04 1.64E-03 4.32E-03 

3.28E-04 3.21E-04 3.20E-04 3.20E-04 3.22E-04 l.67E-03 8.89E-04 

7.93E+Ol l.40E+Ol l.97E-Ol l.04E+02 1.92E+Ol l.48E+OO 
1.65E+02 7.44E+Ol 1.19E+Ol l.97E-Ol 7.24E+Ol l.71E+Ol l.20E+OO 

5.86E+Ol 2.70E+Ol 4.35E+OO 1.97E-Ol 2.54E+Ol l.31E+Ol l.99E-01 
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Kr-83m l.71E-09 4.81E-07 4.37E-07 6.53E-06 

Kr-85m 2.65E-05 6.37E-05 2.79E-05 4.46E-05 

Kr-85 3.65E-07 3.08E-05 3.90E-07 4.42E-05 

Kr-87 l.34E-04 3.74E-04 1.40E-04 2.33E-04 

Kr-88 3.33E-04 4.33E-04 3.44E-04 6.64E-05 

Kr-89 3.76E-04 6.60E-04 3.92E-04 2.40E-04 

Kr-90 3.53E-04 5.71E-04 3.69E-04 l.77E-04 

Xe-13 lm 2.07E-06 1.47E-05 3.53E-06 2.51E-05 

Xe-133m 5.69E-06 3.07E-05 7.41E-06 3.35E-05 

Xe-133 6.66E-06 l.57E-05 8.00E-06 2.38E-05 

Xe-135m 7.07E-05 9.98E-05 7.61E-05 l.67E-05 

Xe-135 4.lOE-05 9.00E-05 4.35E-05 5.57E-05 

Xe-137 3.22E-05 3.14E-04 3.42E-05 2.88E-04 

Xe-138 2.00E-04 3.23E-04 2.09E-04 l.08E-04 

Ar-41 2.00E-04 2.93E-04 2.1 lE-04 7.43E-05 
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