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I SUMMARY 

The Annual Monitoring Report for the period from January 1, 2017, through December 31, 2017, 
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 2017, the following Curies (Ci) of radioactive material were released via the liquid and 
atmospheric pathways: 

Liquid Atmospheric 
Tritium (Ci) 887 148 
1 Particulate (Ci) 0.0736 0.00025 
Noble Gas (Ci) (-) 0.615 

C-142 0.0222 11.74 
(-)Noble gases in the liquids are added to the atmospheric 
release totals. 
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 (MEl) 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 
0.00227 mrem 
0.00613 mrem 

Appendix I Dose 
6 mrem 

%Appendix I 
0.038 
0.031 

Calculated Dose 
0.0183 mrem 
0.0000379 mrad 
0.0000984 mrad 
0.000137 mrem 
0.0000932 mrem 

1 

20 mrem 

Appendix I Dose % Appendix I 
30 mrem 0.061 
40 mrad 0.00010 
20 mrad 0.00049 
30 mrem 0.00046 
10 mrem 0.00093 
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The results show that during 2017, the doses from PBNP effluents were :::;0.061% of the 
Appendix I design objectives. This is slightly lower than the 2016 results of 0.085%. 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 2014 LUC results confirmed the assumption that, for the purpose 
of calculating effluent doses, the maximally exposed person lives at the south boundary remains 
conservative. This conclusion is still valid based on the results of the 2017 LUC. 

The 2017 Radiological Environmental Monitoring Program (REMP) collected 788 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 16 samples. This yielded a total of 828 samples. The ambient radiation 
measurements in the vicinity of PBNP and the ISFSI were conducted using 144 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, crops, and milk found no influence from 
PBNP. Similarly, samples from the aquatic environment, consisting of lake and well water, 
algae, and fish revealed no buildup of PBNP radionuclides released in liquid effluents. 
Therefore, the data show no plant effect on its environs. 

No new, loaded dry storage units were added to the ISFSI in 2017. The total number now is 44 
dry storage casks: 16 ventilated, vertical storage casks (VSC-24) and 28 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 2017 confirmed that the effluent control 
program at PBNP ensured a minimal impact on the environment. 

One-hundred-fifty-three (153) samples were analyzed for H-3 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 for all but the SSD sump show no 
substantial change in H-3 from previous years. However, the H-3 concentration in the SSD 
sump, which collects groundwater from under the plant foot print, spiked in October to roughly 
nine times the normal concentration of about 1000 pCi/L to almost 9000 pCi/L. This sump is 
discharged to Lake Michigan via the wastewater effluent system. No gamma emitters were 
found in the elevated H-3 samples. Further analyses found no Sr-90, Fe-55, or Ni-63 in the high 
H-3 samples. No drinking water wells (depth >1 00 feet) have any detectable H-3. Tritium 
continues 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 H-3 whereas none was detectable in the wells monitoring the potential offsite 
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tritium movement. Gamma scans of groundwater samples originating within the power block 
found no plant related gamma emitters. 

The results of GWPP monitoring indicate no significant change from previous years for all but 
the SSD sump. 
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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 
annual reporting requirement pursuant to 10 CFR 72.44(d)(3) is no longer applicable. 
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 (MEl). The MEl 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 MEl 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 MEl is a very small fraction of the Appendix I design 
objective. 

Table 2-1 
Comparison of 2017 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) 0.00227 0.038 
20 (any organ) 0.00613 0.031 

2.2 2017 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 2017 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. 

5 



The 2017 processed waste volume (Table 2-2) increased about 25% from 2016 
(7.92E+05 to 9.89E+05 gallons). This is attributable to having two outages in 
2017. However, there was a decrease in the total isotopic curie distribution of 
gamma emitters plus hard-to-detects from 9.98E-02 Ci to 7.36E-02 Ci. Also, in 
spite of the higher than expected total antimony during March, the total for the 
year decreased from 1.30E-02 Ci in 2016 to 5.87E-03 Ci in 2017. As mentioned 
in the 2016 AMR, the higher Sb in 2016 was attributable to bypassing of Sb 
specific resin beds. By contrast, Zr-Nb increased about 30% from 2.48E-03 in 
2016 to 3.19E-03 in 2017 and the tin isotopes Sn-113/117m increased from 
2.64E-03 Ci to 7.97E-03, or about 200%. The 2017 C-14 was slightly down from 
2.43E-02 Ci in 2016 to 2.22E-02 in 2017. As in 2013-2016, no Sr-89 was 
detected in liquids. No Sr-90 was detected in 2017 as in the years 2013- 2015. 
A small amount, 1.491JCi, of short-lived Sr-92 was detected in 2017 during the 
spring outage. H-3 increased from 518 Ci in 2016 to 887 Ci in 2017, a roughly 
70% increase. The 2017 amount is comparable to the 866 Ci discharged 
in 2015. 

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. Six of these outfalls carry yard 
and roof drain runoff to the beach. A seventh outfall drains a small portion of the 
grassy area on top of the bluff overlooking the lake. 

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 2017, no tritium 
was observed at the effluent LLDs. H-3 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 H-3 has been determined to be 
recapture, including beach drain H-3 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 H-3. 
During the winter, natural melting is the principle source. (In the past, runoff has 
been enhanced by the use of snow melting machines where the melt water is 
emptied into the yard drains. [See Section 14.2 for further discussion.]) 
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. 
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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 H-3 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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I I 
I Jan I Feb Mar 

Total Act1v1ty Keleasea (t;l 
Gamma Scan(+HTDs) 5.07E-03 1.06E-02 3.15E-03 

GrossAipna 0.001::+00 0.001::+00 O.OOE+OO 

Tnt1um 1.27E+02 1.231::+02 7.251::+01 

Strontmm (89/90/92) 0.001::+00 0.001::+00 1.49E-06 

Nollie l::iases 9.49E-04 2.31 E-03 7.811::-04 

!Total Vol Releasea (gal) 
1-'rocessea vvaste 6.93E+04 8.18E+04 1.091::+05 

Waste Water Effluent 3.21E+06 2.82E+06 4.95E+06 

U1 ::Sl::i t:SIOWClOWn 2.70E+06 2.41E+06 2.681::+06 

uz SG Blowaown 2.651::+06 2.4~1::+06 1.53E+06 

1 otal Gallons 8.641::+06 7.751::+06 9.271::+06 

1ota1 cc ~.27E+10 2.93E+10 3.51E+10 

Dilution vol{ccr 7.91E+13 7.14E+13 6.33E+13 

Avg auutea Cl1scnarge cone {J.l{.;I/Cc) 
Gamma Scan {+HTDs) 6.41 E-11 1.49E-1 0 4.98E-11 

Gross Alpna 0.001::+00 0.001::+00 O.OUE+OO 

Tntmm 1.60E-06 1.731::-06 1.151::-06 

::StrontiUm (l.v,vv•v..!) 0.001::+00 0.001::+00 2.35E-14 

Noble Gases 1.201::-11 3.231::-11 1.2~1::-11 

Max Batch Discharge Cone (IJCi/cc) 
Tnt1um I 2.751::-05 I ~.63E-05 3.65E-05 

Gamma Scan I 1.19E-10 I 7.851::-10 5.7~1::-10 

Table 2-2 
Summary of Circulating Water Discharge 
January 1, 2017 through December 31, 2017 

Total 
Apr May Jun ~an-=Jun ~liT Aug 

3.52E-02 3.25E-03 1.88E-03 5.92E-02 8.30E-04 3.76E-03 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
1.051::+02 4.77E+01 5.22E+01 5:30E+02 6:35FOi 1.46E+o2 

O.OOE+OO O.OOE+OO O.OOE+OO 1.49E-06 O.OOE+OO O.OOE+OO 

5.651::-03 9.011::-04 1.311::-03 1.191::-02 1.701::-03 8.52E-O;:l 

2.241::+05 5.271::+04 4.85E+04 5:-Ef5E+0-5 -3-:-8-5E+04 -6-:-i8E+04 

3.64E+06 3.68E+06 3.64E+06 2.19E+07 3.53E+06 3.51E+06 
2.681::+06 2.631::+06 2.641::+06 1.57C+07 ""3":77E+OO 2.631::+06 
3.36E+06 3.96E+06 3.04E+06 1.70E+07 2.69E+06 2.69E+06 
9.911::+06 1.0~1::+07 9.37E+06 5.52E+07 T.O-OE+07 -a-:-a~+o6 

3.75E+10 3.911::+10 3.551::+10 2.09E+11 3.79E+10 3.37E+10 

8.57E+13 1.26E+14 1.22E+14 5.47E+14 1.27E+14 1.27E+14 

4.1 OE-1 0 2.59E-11 1.54E-11 6.54E-12 2.96E-11 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
1.251::-06 3.801::-07 4.251::-07 5.011::-07 1.151::-0ti 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
6.601::-11 7.161::-12 1.07E~11 ~4r-IT 0.711::-11 

3.61E-05 2.96E-05 4.21E-05 3.44E-05 3.79E-05 

1.861::-08 2.151::-10 2.1~1::-1 0 7.121::-11 1.131::-10 

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. 
Note: Dissolved noble gases detected in liquid effluents (e.g., Xe-133, Xe-135, etc.) are added to the atmospheric release summaries 
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Annual 
Sep uct NOV Dec Total 

1.05E-03 6.29E-03 1.66E-03 8.70E-04 7.36E-02 
0.001::+00 0.001::+00 O.OOE+OO O.OOE+OO O.OOE+OO 
3.78E+01 5.48E+01 1.071::+01 4.~~1::+01 5.571::+02 
0.001::+00 0.001::+00 O.OOE+OO O.OOE+OO 1.49E-06 
1.721::-0~ 5.451::-04 4.461::-04 1.37E-03 2.62E-02 

4.36E+04 1.411::+05 t:U:I~I::+04 4.901::+04 9.591::+05 

3.40E+06 3.24E+06 3.96E+06 3.70E+06 4.33E+07 
2.57I::+Oti 7.251::+05 4.501::+06 2.651::+06 3.291::+07 
2.571::+06 2.671::+06 2.60E+06 2.68E+06 3.29E+07 
8.59E+06 6.78E+06 1.141::+07 9.101::+06 1.1 01::+05 
~.251::+10 2.571::+10 4.331::+10 3.45E+10 4.17E+11 

1.23E+14 8.26E+13 1.21E+14 9.72E+13 1.22E+15 

8.55E-12 7.61 E-11 1.37E-11 8.95E-12 
0.001::+00 0.001::+00 O.OOE+OO O.OOE+OO 
;:l.Otsl::-07 ti.ti;:ll::-07 ts.791::-05 4.451::-07 
0.001::+00 0.001::+00 O.OOE+OO O.OOE+OO 
1.401::-11 ti.ti;:ll::-12 ;:l.651::-12 1.411::-11 

2.091::-05 1.801::-05 3.24E-06 2.91E-05 
2.;:l21::-11 5.441::-09 5.521::-10 1.511::-10 



Nuclide Jan Feb Mar 
H-3 1.27E+02 1.23E+02 7.28E+01 

C-14 3.93E-03 8.98E-03 ?.OOE-04 
F-18 3.88E-04 7.13E-04 8.81E-04 
Cr-51 O.OOE+OO O.OOE+OO 1.22E-05 
Mn-54 O.OOE+OO O.OOE+OO O.OOE+OO 
Fe-55 O.OOE+OO O.OOE+OO O.OOE+OO 
Fe-59 O.OOE+OO O.OOE+OO O.OOE+OO 
Co-57 O.OOE+OO O.OOE+OO O.OOE+OO 
Co-58 2.24E-05 1.54E-05 5.44E-05 
Co-60 4.54E-05 8.77E-05 1.21 E-04 
Ni-63 4.46E-04 5.58E-04 7.45E-04 
Zn-65 O.OOE+OO O.OOE+OO O.OOE+OO 
Se-75 O.OOE+OO O.OOE+OO 2.55E-06 
As-76 O.OOE+OO O.OOE+OO 1.02E-05 
Sr-90 O.OOE+OO O.OOE+OO O.OOE+OO 
Sr-92 O.OOE+OO O.OOE+OO 1.49E-06 
Nb-95 O.OOE+OO O.OOE+OO O.OOE+OO 
Nb-97 O.OOE+OO O.OOE+OO O.OOE+OO 
Zr-95 O.OOE+OO O.OOE+OO O.OOE+OO 
Tc-99 8.39E-06 2.60E-05 7.09E-06 

Ag-110m O.OOE+OO O.OOE+OO 3.63E-05 
Sn-113 O.OOE+OO O.OOE+OO O.OOE+OO 

Sn-117m 9.86E-06 2.23E-05 1.79E-05 
Sb-122 O.OOE+OO O.OOE+OO 1.89E-06 
Sb-124 O.OOE+OO O.OOE+OO 6.19E-06 
Sb-125 2.21E-04 2.06E-04 4.76E-04 

1-131 O.OOE+OO O.OOE+OO O.OOE+OO 
1-132 O.OOE+OO O.OOE+OO O.OOE+OO 

Te-132 O.OOE+OO O.OOE+OO O.OOE+OO 
Cs-137 O.OOE+OO 2.78E-05 6.89E-05 

Xe-131m O.OOE+OO 3.01 E-04 O.OOE+OO 
Xe-133 9.33E-04 1.95E-03 7.64E-04 

Xe-133m O.OOE+OO O.OOE+OO O.OOE+OO 
Xe-135 1.64E-05 5.50E-05 1.63E-05 

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

January, 2017 through December 31, 2017 

Total 
Apr May Jun Jan-Jun Jul Aug Sep Oct 

1.08E+02 4.77E+01 5.22E+01 5.30E+02 6.35E+01 1.46E+02 3.78E+01 5.48E+01 
1.61E-03 2.39E-03 9.73E-04 1.86E-02 2.62E-04 2.34E-03 6.10E-04 1.07E-04 
3.10E-04 4.85E-04 3.88E-04 3.16E-03 3.74E-04 9.03E-04 3.81E-04 O.OOE+OO 
7.85E-03 O.OOE+OO O.OOE+OO 7.86E-03 O.OOE+OO O.OOE+OO O.OOE+OO 2.06E-04 
2.19E-04 O.OOE+OO O.OOE+OO 2.19E-04 O.OOE+OO O.OOE+OO O.OOE+OO 1.83E-05 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
1.74E-04 O.OOE+OO O.OOE+OO 1.74E-04 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
7.71E-06 O.OOE+OO O.OOE+OO 7.71E-06 O.OOE+OO O.OOE+OO 3.72E-07 7.34E-06 
8.43E-03 1.28E-04 7.46E-05 8.72E-03 3.37E-05 4.09E-05 4.82E-06 3.81E-03 
3.21E-03 4.13E-05 3.52E-05 3.54E-03 4.16E-05 7.39E-05 3.16E-05 3.36E-04 
4.50E-04 2.19E-05 1.17E-04 2.34E-03 3.06E-05 1.54E-04 O.OOE+OO 7.48E-06 
3.21E-05 O.OOE+OO O.OOE+OO 3.21E-05 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
8.49E-06 O.OOE+OO O.OOE+OO 1.1 OE-05 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
2.65E-05 O.OOE+OO O.OOE+OO 3.67E-05 O.OOE+OO O.OOE+OO O.OOE+OO 4.33E-05 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO 1.49E-06 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
1.99E-03 1.05E-05 1.00E-05 2.01E-03 1.33E-06 1.97E-06 O.OOE+OO 5.65E-05 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
1.09E-03 O.OOE+OO O.OOE+OO 1.09E-03 O.OOE+OO O.OOE+OO O.OOE+OO 2.83E-05 
3.99E-05 4.99E-06 4.77E-06 9.12E-05 5.25E-06 2.57E-05 8.58E-06 2.46E-05 
1.39E-04 O.OOE+OO O.OOE+OO 1.75E-04 1.63E-05 O.OOE+OO O.OOE+OO 3.21 E-05 
1.43E-04 O.OOE+OO O.OOE+OO 1.43E-04 1.30E-06 O.OOE+OO O.OOE+OO O.OOE+OO 
5.21E-03 1.53E-04 1.21 E-04 5.54E-03 6.07E-05 3.58E-05 5.36E-06 1.21 E-03 
1.66E-05 O.OOE+OO 8.78E-07 1.94E-05 O.OOE+OO O.OOE+OO O.OOE+OO 4.24E-05 
4.99E-04 5.84E-06 1.04E-04 6.15E-04 O.OOE+OO 6.15E-05 2.84E-06 1.04E-04 
3.63E-03 O.OOE+OO 5.29E-05 4.59E-03 O.OOE+OO 1.20E-04 4.06E-06 2.12E-04 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
3.51E-60 O.OOE+OO O.OOE+OO 3.51E-60 O.OOE+OO O.OOE+OO O.OOE+OO 4.40E-05 
9.12E-05 9.74E-06 O.OOE+OO 1.98E-04 3.30E-06 O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO 3.01E-04 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
5.41E-03 8.97E-04 1.30E-03 1.13E-02 1.68E-03 8.03E-03 1.70E-03 5.37E-04 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 8.97E-06 1.11 E-04 1.22E-05 O.OOE+OO 
2.46E-04 3.37E-06 1.24E-05 3.50E-04 1.51 E-05 3.73E-04 1.08E-05 1.12E-05 

Nov 
1.07E+01 
O.OOE+OO 
O.OOE+OO 
1.49E-05 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
5.12E-04 
1.28E-04 
9.97E-05 
O.OOE+OO 
O.OOE+OO 
4.00E-05 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
8.62E-04 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
5.82E-06 
O.OOE+OO 
O.OOE+OO 
3.51E-04 
O.OOE+OO 
9.49E-05 

Note: The dissolved noble gases detected in liquid effluents (e.g., Xe-133, Xe-135, etc.) also are added to the atmospheric release summaries. "-"=no analysis 
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Total 
Dec Jan-Dec 

4.33E+01 8.87E+02 
2.97E-04 2.22E-02 
O.OOE+OO 4.82E-03 
O.OOE+OO 8.08E-03 
O.OOE+OO 2.37E-04 
O.OOE+OO O.OOE+OO 
O.OOE+OO 1.74E-04 
O.OOE+OO 1.54E-05 
2.41E-04 1.34E-02 
2.29E-05 4.17E-03 
6.86E-05 2.70E-03 
O.OOE+OO 3.21E-05 
O.OOE+OO 1.1 OE-05 
O.OOE+OO 1.20E-04 
O.OOE+OO O.OOE+OO 
O.OOE+OO 1.49E-06 
O.OOE+OO 2.07E-03 
O.OOE+OO O.OOE+OO 
O.OOE+OO 1.12E-03 
2.41E-05 1.79E-04 
O.OOE+OO 2.23E-04 
O.OOE+OO 1.44E-04 
1.14E-04 7.83E-03 
O.OOE+OO 6.18E-05 
2.58E-05 8.09E-04 
7.74E-05 5.00E-03 
O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 
O.OOE+OO 4.98E-05 
O.OOE+OO 2.01E-04 
O.OOE+OO 3.01E-04 
1.36E-03 1.37E-02 
O.OOE+OO 1.32E-04 
9.81E-06 5.15E-04 



1st Qtr 
H-3 (Ci) 

Flow (gal) 

2nd Qtr 
H-3 (Ci) 

Flow (gal) 

3rd Qtr 
H-3 (Ci) 
Flow (gal) 

4th Qtr 
H-3 (Ci) 

Flow (gal) 

S-1 S-3 

Table 2-4 
Subsoil System Drains - Tritium Summary 
January 1, 2017, through December 31,2017 

S-7 S-8 S-9 S-10 S-11 S-12 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 O.OOE+OO 

3.89E+05 8.93E+04 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

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

1.38E+06 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 2.77E+05 8.93E+04 O.OOE+OO 

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

4.44E+05 8.93E+04 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

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

3.11E+05 6.70E+04 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 2017. 
All disposals from the PBNP sewage treatment plant (STP) were done at the 
Manitowoc Sewage Treatment Plant. A total of 208,400 gallons in 36 shipments were 
made to Manitowoc. All sludge and equalization basin discharges were analyzed for 
environmental LLDs. Naturally occurring radionuclides such as Ra-226 and K-40 were 
present in all samples. For the 36 shipments in 2017 the total Ra-226 and K-40 were 
145 1-1Ci and 141 1-1Ci, respectively. Small concentrations of H-3 (95- 867 pCi/1) were 
found in thirty-three (33) of the shipments for a total of 241 1-1Ci. Based on the daily 
flow at the Manitowoc plant, the H-3 discharge concentration would be on the order of 
0.3 pCi/L or 60,000 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 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, 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, NextEra Point 
Beach began evaluating C-14 liquid discharges in 2009, prior to the issuance of 
Regulatory Guide 1.21 [RG 1.21], 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 2017, the monthly and total C-14 (2.22E-02 Ci) in liquid discharges is 
documented in Table 2-3. The 2017 amount of C-14 released makes up about 
25% of the non-tritium radionuclides released in liquids (2.22E-02/8.82E-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 0.07 4 to 0.076% of the dose to the whole body and 
the applicable organs except for bone, for which C-14 contributes 18.9% of the 
total dose. For the remaining age groups, the C-14 contributes roughly 73% of 
the bone dose and 2 - 12% of the dose to the whole body and to other organs 
specified in RG 1.1 09. 
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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 (MEl) 
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 MEl 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 1.83E-02 mrem for the child age 
group thyroid. Had C-14 been included, the child-bone dose would have been the 
highest at 2.41 E-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% dose objective. 

3.2 Radioactive Airborne Release Summary 

Radioactivity released in airborne effluents for 2017 is summarized in Table 3-2. 
The particulate total increased from 8.82E-05 Ci in 2016 to 2.33E-04 in 2017. 
H-3 increased from 64.4 to 148 Ci. Noble gases increased from 5.82E-01 to 
6.15E-01 Ci. 

3.3 Isotopic Airborne Releases 

The monthly isotopic airborne releases for 2017, 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. Eight different 
particulates were identified in the airborne effluent during March and nine in 
October, whereas in the non-outage months, two at the most were found. 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 fa<_;:ade, there are two circumferential gaps around the fa<_;:ade. It is 
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assumed that the release into fagade is transferred to the outside and therefore 
is treated as a release to the environment. 

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 201 0), "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 2017 was calculated using the EPRI 
guidance and the current core parameters resulting from the power uprate. The 
calculated amounts were 5.88 Ci for Unit 1 and 5.86 Ci for Unit 2 yielding a total 
of 11.7 4 Ci which is the same as 2016. The 2017 calculated total 11.7 4 Ci is 
roughly 500 times higher than the 2.43E-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 sites 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 
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 
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14C Production and Discharge From the Ginna Nuclear Power Reactor," 1982) 
found that ten percent of the C-14 was discharged as 14C02. Therefore, 1 0% of 
the 11.7 4 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 1.1 09. The inhalation dose was calculated using all of the 
C-14 calculated to be released. All the C-14 is used because whether the C-14 
is in the form of 14C02 or one of the organic forms, 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 of 
only 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 MEl 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 1.1 09, 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 is leased for feed 
corn by a dairy south of the plant. That dairy is part of the REMP. In an adjacent 
field soybeans are 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 1 0-3). 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 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 2017 Airborne Effluent Calculated Doses to 10 CFR 50 Appendix I Design Objectives 

Total NG from Liq (Ci) 

Total Noble Gas (Ci)1 

Total Radioiodines (Ci)2 

Total Particulate (Ci)3 

Category 
Particulate 
Noble gas 
Noble gas 
Noble gas 
Noble gas 

·Jan 

9.49E-04 

5.82E-02 

O.OOE+OO 

O.OOE+OO 

Alpha (Ci) O.OOE+OO 

Strontium(Ci) O.OOE+OO 

All other beta + gamma (Ci) O.OOE+OO 

Total Tritium (Ci) 2.17E+01 

Max NG H'rly Rei.(Ci/sec) 7.51E-08 

Annual Appendix I Design 
Objective 

30 mrem/organ 
40 mrad (beta air) 

20 mrad (gamma air) 
30 mrem (skin) 

1 0 mrem (whole body) 

January-December 
Calculated Dose 

0.0183 mrem 
0.0000379 mrad 
0.0000984 mrad 
0.000137 mrem 
0.0000932 mrem 

Table 3-2 

Percent of Appendix I 
Design Objective 

0.061 
0.00010 
0.00049 
0.00046 
0.00093 

Radioactive Airborne Effluent Release Summary 
January 1, 2017, through December 31, 2017 

Total 

Feb Mar Apr May Jun Jan-Jun Jul Aug Sep Oct 

2.31E-03 7.80E-04 5.66E-03 9.01E-04 1.31 E-03 1.19E-02 1.70E-03 8.52E-03 1.72E-03 5.48E-04 

5.07E-02 5.64E-02 6.34E-02 5.20E-02 4.42E-02 3.25E-01 5.32E-02 6.03E-02 4.98E-02 3.05E-02 

O.OOE+OO O.OOE+OO 1.37E-06 1.39E-05 4.49E-06 1.98E-05 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

O.OOE+OO 1.77E-05 2.02E-10 O.OOE+OO O.OOE+OO 1.77E-05 8.39E-06 O.OOE+OO 5.19E-09 9.55E-06 

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

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

O.OOE+OO 1.77E-05 2.02E-10 O.OOE+OO O.OOE+OO 1.77E-05 8.39E-06 O.OOE+OO 5.19E-09 9.55E-06 

7.84E+OO 8.20E+OO 5.92E+01 5.50E+OO 4.17E+OO 1.07E+02 3.60E+OO 5.13E+OO 4.49E+OO 7.03E+OO 

8.01E-08 7.60E-08 7.35E-08 6.40E-08 5.54E-09 6.34E-08 4.80E-07 5.03E-08 4.39E-05 

Nov 

4.46E-04 

5.05E-02 

O.OOE+OO 

1.98E-04 

O.OOE+OO 

O.OOE+OO 

1.98E-04 

1.23E+01 

5.54E-08 

Dec 

1.37E-03 

4.56E-02 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

9.12E+OO 

5.69E-08 

1 Total noble gas (airborne + liquid releases) and activation gas A-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 

2.62E-02 

6.15E-01 

1.98E-05 

2.33E-04 

O.OOE+OO 

O.OOE+OO 

2.33E-04 

1.48E+02 

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. 
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Jan Feb Mar Apr 

Nuclide (Ci) (Ci) (Ci) (Ci) 

H-3 2.17E+01 7.84E+OO 8.20E+OO 5.92E+01 
F-18 1.05E+OO 5.94E-05 O.OOE+OO 9.62E-08 
Ar-41 4.63E-02 3.89E-02 4.02E-02 3.70E-02 

Kr-85 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Kr-85m O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Kr-87 O.OOE+OO O.OOE+OO b.OOE+OO O.OOE+OO 
Kr-88 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Xe-131m O.OOE+OO 3.01E-04 O.OOE+OO O.OOE+OO 
Xe-133 1.19E-02 9.51E-03 1.62E-02 2.62E-02 

Xe-133m O.OOE+OO 1.95E-03 O.OOE+OO O.OOE+OO 
Xe-135 1.64E-05 5.50E-05 1.63E-05 2.46E-04 

Xe-135m O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Xe-138 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Cr-51 O.OOE+OO O.OOE+OO 4.83E-06 O.OOE+OO 
Mn-54 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Fe-59 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Co-57 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Co-58 O.OOE+OO O.OOE+OO 1.16E-06 O.OOE+OO 
Co-60 O.OOE+OO O.OOE+OO 7.97E-07 O.OOE+OO 
Zn-65 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Nb-95 O.OOE+OO O.OOE+OO 1.71 E-06 2.02E-1 0 
Zr-95 O.OOE+OO O.OOE+OO 1.47E-06 O.OOE+OO 
1-131 O.OOE+OO O.OOE+OO 1.09E-06 O.OOE+OO 
1-132 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
1-133 O.OOE+OO O.OOE+OO O.OOE+OO 1.37E-06 

Sb-124 O.OOE+OO O.OOE+OO 6.12E-06 O.OOE+OO 
Sb-125 O.OOE+OO O.OOE+OO 1.18E-06 O.OOE+OO 
Cs-137 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Fe-55 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Ni-63 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Tc-99 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Sr-89 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Sr-90 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Sn-113 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Sn-117m O.OOE+OO O.OOE+OO 4.78E-07 O.OOE+OO 

TABLE 3-3 
Isotopic Composition of Airborne Releases 

January 1, 2017 through December 31, 2017 

May Jun Semi- Jul Aug Sep 
(Ci) (Ci) Annual (Ci) (Ci) (Ci) 

5.50E+OO 4.17E+OO 1.07E+02 3.60E+OO 5.13E+OO 4.49E+OO 
O.OOE+OO O.OOE+OO 1.05E+OO 8.39E-06 O.OOE+OO 5.19E-09 
4.55E-02 3.96E-02 2.47E-01 4.49E-02 3.44E-02 4.17E-02 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 3.01E-04 O.OOE+OO 2.32E-04 O.OOE+OO 
6.48E-03 4.60E-03 7.49E-02 8.32E-03 2.51E-02 8.05E-03 
O.OOE+OO O.OOE+OO 1.95E-03 O.OOE+OO 1.56E-04 1.22E-05 
3.37E-06 1.24E-05 3.49E-04 O.OOE+OO 3.73E-04 1.08E-05 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 4.83E-06 O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 1.16E-06 O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 7.97E-07 O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 1.71 E-06 O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 1.47E-06 O.OOE+OO O.OOE+OO O.OOE+OO 
2.30E-06 O.OOE+OO 3.40E-06 O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
1.16E-05 4.49E-06 1.75E-05 O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 6.12E-06 O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 1.18E-06 O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 4.78E-07 O.OOE+OO O.OOE+OO O.OOE+OO 

Note: The Noble Gases listed above include the liquid contribution 
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Oct Nov Dec Total 
(Ci) (Ci) (Ci) (Ci) 

7.03E+OO 1.23E+01 9.12E+OO 1.48E+02 
O.OOE+OO 1.98E-04 O.OOE+OO 1.05E+OO 
2.25E-02 3.34E-02 3.61E-02 4.61E-01 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO 1.67E-04 O.OOE+OO ?.OOE-04 
7.84E-03 1.67E-02 9.45E-03 1.50E-01 
O.OOE+OO 1.12E-04 O.OOE+OO 2.23E-03 
1.44E-04 1.63E-04 9.81 E-06 1.05E-03 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO 4.83E-06 
2.33E-08 O.OOE+OO O.OOE+OO 2.33E-08 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
7.97E-06 O.OOE+OO O.OOE+OO 9.13E-06 
2.49E-07 O.OOE+OO O.OOE+OO 1.05E-06 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
2.84E-07 O.OOE+OO O.OOE+OO 1.99E-06 
O.OOE+OO O.OOE+OO O.OOE+OO 1.47E-06 
O.OOE+OO O.OOE+OO O.OOE+OO 3.40E-06 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO 1.75E-05 
O.OOE+OO O.OOE+OO O.OOE+OO 6.12E-06 
O.OOE+OO O.OOE+OO O.OOE+OO 1.18E-06 
2.37E-07 O.OOE+OO O.OOE+OO 2.37E-07 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
7.87E-07 O.OOE+OO O.OOE+OO 7.87E-07 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO 4.78E-07 



Table 3-4 
Comparison of Airborne Effluent Doses (Appendix I and C-14) 

2017 Appendix I (Airborne Particulate+ Tritium) Dose (mrem) 
Bone Liver T-WB Thyroid Kidney Lung Gl-LLI Skin 

Adult 1.33E-05 1.17E-02 1.17E-02 1.17E-02 1.17E-02 1.17E-02 1.17E-02 1.07E-08 
Teen 1.50E-05 1.29E-02 1.29E-02 1.29E-02 1.29E-02 1.29E-02 1.29E-02 1.07E-08 
Child 2.47E-05 1.82E-02 1.82E-02 1.83E-02 1.82E-02 1.82E-02 1.82E-02 1.07E-08 
Infant 1.41E-05 7.90E-03 7.89E-03 7.95E-03 7.89E-03 7.89E-03 7.89E-03 1.07E-08 

Ann. Limit 3.00E+01 
%Ann Lim 6.09E-02 

2017 Carbon-14 Dose (mrem) 
Bone Liver T.Body Thyroid Kidney Lungs GI-LLI Skin 

Adult 6.65E-02 1.32E-02 1.32E-02 1.32E-02 1.32E-02 1.32E-02 1.32E-02 O.OOE+OO 
Teen 1.04E-01 2.08E-02 2.08E-02 2.08E-02 2.08E-02 2.08E-02 2.08E-02 O.OOE+OO 
Child 2.41E-01 4.81 E-02 4.81 E-02 4.81 E-02 4.81E-02 4.81E-02 4.81E-02 O.OOE+OO 
Infant 1.23E-01 2.61E-02 2.61E-02 2.61 E-02 2.61E-02 2.61 E-02 2.61 E-02 O.OOE+OO 

2017 Total Airborne Non-Noble Gas Dose [Particulate+ H-3 + C-14 (mrem)] 
Bone Liver T -WB Thyroid Kidney Lung GI-LLI 

Adult 6.65E-02 2.49E-02 2.49E-02 2.49E-02 2.49E-02 2.49E-02 2.49E-02 
Teen 1.04E-01 3.36E-02 3.36E-02 3.37E-02 3.36E-02 3.36E-02 3.37E-02 
Child 2.41 E-01 6.63E-02 6.63E-02 6.64E-02 6.63E-02 6.63E-02 6.63E-02 
Infant 1.23E-01 3.40E-02 3.40E-02 3.40E-02 3.40E-02 3.40E-02 3.40E-02 

Ann.Limit 3.00E+01 
% Limit 8.04E-01 

The percent of limit is calculated using the highest total dose, the Child Age Group. 
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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 2017. No Types CorD 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 2017 

A Spent resins, filter sludge, evaporator bottoms, etc. 9.4 m3 180.030 Ci 

332.6 te 
B. Dry compressible waste, contaminated equipment, etc 368.1 m3 0.285 Ci 

13ooo.o te 
C. Irradiated components, control rods, etc. 0.00 m3 N/A Ci 

te 
D. Other 0.0 m3 N/A Ci 

o te 

4.2 Solid Waste Disposition 

There were eight solid waste shipments from PBNP during 2017. The dates and 
destinations are shown in Table 4-2. 

Table 4-2 

2017 PBNP Radioactive Waste Shipments 
Date Destination 

01/26/17 Oak Ridge, TN 

03/13/17 Clive, Utah 

3/20/2017 Oak Ridge, TN 

04/03/17 Oak Ridge, TN 

07/21/17 Andrews, TX 

10/06/17 Oak Ridge, TN 

10/23/17 Oak Ridge, TN 

10/31/17 Oak Ridge, TN 

4.3 Major Nuclide Composition (by Type of Waste) 

The major radionuclide content of the 2017 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. 

18 



Table 4-3 
2017 Estimated Solid Waste Major Radionuclide Composition 

TYPE A TYPES 
Percent Activity Percent Activity 

Nuclide Abundance (mCi) Nuclide Abundance (mCi) 
Total 100.00% 1.81E+05 Total 100.00% 2.93E+02 
Ni-63 66.87% 1.21E+05 Co-60 40.57% 1.19E+02 
Co-60 14.43% 2.61E+04 Fe-55 25.55% 7.49E+01 
Co-58 9.28% 1.68E+04 Co-58 8.43% 2.47E+01 
Cs-137 2.27% 4.10E+03 Ni-63 5.80% 1.70E+01 
Fe-55 2.04% 3.69E+03 Cr-51 4.42% 1.30E+01 

Sb-125 1.97% 3.55E+03 Sb-125 3.63% 1.06E+01 
Mn-54 1.40% 2.53E+03 Nb-95 2.27% 6.64E+OO 
Ni-59 0.73% 1.31 E+03 Zr-95 1.75% 5.14E+OO 
Co-57 0.49% 8.91E+02 Mn-54 1.41% 4.14E+OO 
Zn-65 0.11% 2.03E+02 Fe-59 1.26% 3.69E+OO 

Ag-110m 0.08% 1.43E+02 Zn-65 1.03% 3.03E+OO 
Pu-241 0.08% 1.42E+02 Sb-124 0.79% 2.31E+OO 
Sr-90 0.06% 1.01E+02 Sn-113 0.44% 1.28E+OO 
H-3 0.05% 9.08E+01 Ag-110m 0.43% 1.25E+OO 

C-14 0.05% 8.17E+01 Co-57 0.33% 9.78E-01 
Sn-113 0.03% 4.99E+01 Cs-137 0.32% 9.42E-01 
Sb-124 0.03% 4.60E+01 Ni-59 0.32% 9.36E-01 
Sr-89 0.01% 2.66E+01 H-3 0.29% 8.62E-01 
Nb-95 0.01% 1.61 E+01 Nb-94 0.26% 7.48E-01 
Tc-99 0.01% 1.22E+01 Ce-144 0.25% 7.23E-01 

Ce-144 0.00% 8.39E+OO Tc-99 0.15% 4.37E-01 
Zr-95 0.00% 6.17E+OO Sn-117m 0.11% 3.27E-01 
Cr-51 0.00% 3.89E+OO C-14 0.06% 1.81 E-01 

Pu-238 0.00% 1.54E+OO Sr-90 0.05% 1.35E-01 
Pu-239 0.00% 9.93E-01 Pu-241 0.03% 9.27E-02 
Am-241 0.00% 6.58E-01 Am-241 0.01% 4.27E-02 
Cm-243 0.00% 1.10E-01 Pu-239 0.01% 2.62E-02 
Cm-242 0.00% 2.57E-02 Pu-238 0.01% 2.18E-02 
Eu-154 0.00% 9.75E-04 Cm-243 0.01% 1.72E-02 
Th-230 0.00% 6.83E-05 Cm-242 0.00% 3.18E-03 
Ba-133 0.00% 3.41E-05 Pu-242 0.00% O.OOE+OO 
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5.0 NONRADIOACTIVE CHEMICAL RELEASES 

5.1 Scheduled Chemical Waste Releases 

There were no scheduled chemical releases of neutralized wastewater to the 
circulating water system from January 1, 2017, to June 30, 2017. 

There were no scheduled chemical releases of neutralized wastewater to the 
circulating water system from July 1, 2017, to December 31, 2017. 

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, 2017, to June 30, 2017, 
included 2.06E+07 gallons of clarified effluent. The wastewater contained 
2.20E+03 lbs. of suspended solids. 

Miscellaneous chemical waste releases from the wastewater effluent (based on 
effluent analyses) to the circulating water for July 1, 2017, to December 31, 2017, 
included 2.05E+07 gallons of clarified effluent. The wastewater contained 
1.62+03 lbs. of suspended solids. 

Miscellaneous chemical waste released directly to the circulating water, based on 
amount of chemicals used from January 1, 2017, to June 30, 2017, included 
3.28E+05 lbs. of sodium bisulfite solution (1.25E+05 lbs. sodium bisulfite), 
2.85E+05 lbs. of Sodium Hypochlorite Solution (3.56E+04 lbs. sodium 
hypochlorite), 1.02E+03 lbs. Acti-Brom 1338 (4.61 E+02 lbs. sodium bromide). 
1.33E+02 lbs. of biodetergent, and 6.86E+02 lbs. of silt dispersant. 

Miscellaneous chemical waste released directly to the circulating water, based on 
amount of chemicals used from July 1, 2017, to December 31, 2017, included 
9.50E+05 lbs. of sodium bisulfite solution (3.61 E+05 lbs. sodium bisulfite), 
8.06E+05 lbs. Sodium Hypochlorite Solution (1.01 E+05 lbs. sodium 
hypochlorite), 4.02E+04 lbs. Acti-Brom 1338 (1.81 E+04 lbs. sodium bromide), 
1.35E+03 lbs.of biodetergent, and 7.08E+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 2017 

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 w1th cooling water discharge flow. 
**U2 outage March 18 -April 13 

UNIT 

1 
2 

1 
2 
1 
2 

JAN FEB 

346.7 346.7 
346.7 346.7 
37.7 38.3 
38.3 38.8 
69.5 69.9 
68.5 68.1 

34.8 35.4 

Table 6-1 (continued) 

MAR** APR 

356.5 489.8 
201.3 284.6 
36.0 43.3 
36.5 45.3 
66.8 65.9 
62.7 56.0 

34.1 40.6 

Circulating Water System Operation for 2017 

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. 
**U1 outage October 7- October 31 

UNIT 

1 
2 

1 
2 

1 
2 
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JUL 

549.7 
551.1 

62.6 
63.1 

83.4 
78.9 

57.3 

AUG SEP OCT** 

549.7 549.7 157.5 
551.1 551.1 566.0 

66.7 59.4 50.5 
67.2 59.9 50.4 

87.7 79.8 60.3 
83.2 75.8 66.4 

62.1 55.4 46.6 

MAY JUN 

542.5 544.3 
548.3 548.5 
47.9 50.2 
48.3 50.6 
67.0 70.1 

63.4 66.3 

44.3 45.9 

NOV DEC 

534.3 422.6 
550.4 429.6 

43.0 38.8 
43.2 39.2 

62.9 67.5 
59.2 63.5 

40.3 36.8 



Part 8 
Miscellaneous Reporting Requirements 

7.0 ADDITIONAL REPORTING REQUIREMENTS 

7.1 Revisions to the PBNP Effluent and Environmental Programs 

The ODCM (attached) was revised in its entirety in 2017. The Radiological 
Effluent Control Manual (RECM) and Environmental Manual, formerly separate 
documents incorporated by reference, were physically incorporated into the 
ODCM to align with the industry standard. 

Changes to the ODCM include new liquid and airborne RMS setpoints that 
conform to the Technical Specification (TS) limits. Liquid setpoints are based on 
ten times the 1 OCFR20, Appendix 8, Table 2, Col. 2 effluent concentrations, 
while the airborne setpoints are based on complying with the TS site boundary 
dose rate values. The setpoint calculation methodology also uses an updated 
source term based on the effluent distribution from 2000-2010. 

Dose factors were revised by eliminating effluent dose pathways which do not 
exist for PBNP. The meteorological factors, x!Q and D/Q, were updated to 
reflect more current data. New airborne dose factors were calculated in a manner 
to allow the option of using sector specific x!Q and D/Q data to be used in 
addition to using the highest annual average x!Q and D/Q. 

EPRI methodology for calculating C-14, as well as the dose factor and dose 
calculation methodology, has been included. Definitions important to effluents 
and environmental monitoring were added to the ODCM. Additionally some 
material was eliminated or transferred to other site documents to conform to the 
standard format. 

Information concerning the land application of sewage sludge was reinserted in 
the ODCM per NRC letter, NPC-30250, which stipulates the permanent 
incorporation of the letter into the ODCM. PBNP no longer disposes of sewage 
sludge by land application. This information was added to comply with the 
requirements of NPC-30250. 

7.2 Interlaboratory Comparison Program 

ATI Environmental, Inc, Midwest Laboratory, the analytical laboratory contracted 
to perform the radioanalyses of the PBNP environmental samples, participated in 
the Department of Energy's Mixed Analyte Performance Evaluation Program 
(MAPEP) as well as in the interlaboratory comparison studies administered by 
Environmental Resources Associates (ERA) during 2017. The ERA 
environmental crosscheck program replaces the Environmental Measurements 
Laboratory (EML) Quality Assessment Program which was discontinued. The 
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results of these comparisons can be found in Appendix A of the attached final 
report for 2017, January- December 2017 from ATI Environmental Inc. 

7.3 Special Circumstances 

No special circumstances report regarding operation of the explosive gas monitor 
for the waste gas holdup system was needed during 2017. 
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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, weeds, and crops), 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 10 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 
10 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 and filamentous algae. Because of their migratory behavior, 
fish are wide area integrators. In contrast, the filamentous algae periphyton is attached 
to shoreline rocks and concentrate nuclides from the water flowing by their point of 
attachment. Grab samples of lake water provide a snapshot of radionuclide 
concentrations at the time the sample is taken; whereas analysis of fish and filamentous 
algae 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 provide 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" (NO), 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 interest 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 

25 



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 

No new sampling sites or other modifications were made to the REMP in 2017. 
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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, -TC 
-

Vegetation E-01, -02, -03, -04, -06, Gross Beta 3x/yr as available 
-08, -09, -20, Gamma Isotopic Analysis 

Algae E-05, -12 Gross Beta 3x/yr as available 
Gamma Isotopic Analysis 

Fish E-13 Gross Beta 3x/yr 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 Analysis 

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 2x/yr 
-06, -08, -09, -20, Gamma Isotopic Analysis 

, Shoreline Sediment E-01, -05, -06, -12, -33, Gross Beta 2X/yr 
Gamma Isotopic Analysis 

ISFSI Ambient North, East, South, 
Radiation Exposure West Fence Sections TLD Quarterly 
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Table 9-2 
PBNP REMP Sampling Locations 

Location Code Location Description 

E-01 Primary Meteorological Tower South of the Plant 

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

E-03 Tag_awingo 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 

E-06 Telephone 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. B and 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 Silver Lake College 

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 Saxonburg 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 Tapawingo Road closest to the gate at the West property line. 
E-32 On a tree located at the junction of property lines, as indicated by trees and shrubs, about 

500 feet east of the west gate 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. 
Lake Michigan shoreline accessed from the SE corner of KNPP parking lot. Sample South of 

E-33 creek. ' ' ' 

E-38 Tree located at the West end of the area previously containing 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-TC Transportation Control; Reserved for TLDs 
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Table 9-3 
ISFSI Sampling Sites 

Ambient Radiation Monitoring (TLD) Soil, Vegetation and Airborne Monitoring 
E-03 E-02 
E-28 E-03 
E-29 E-04 
E-30 
E-31 
E-32 

Table 9-4 
Minimum Acceptable Sample Size 

Sample Type Size 

Vegetation 100-1000 grams 

Lake Water 8 liters 

Air Filters 250 m3 (volume of air) 

Well Water 8 liters 

Milk 8 liters 

Algae 100-1000 grams 

Fish (edible portions) 1000 grams 

Soil 500-1000 grams 

Shoreline Sediment 500-1 000 grams 
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Table 9-5 
Deviations from Scheduled Sampling and Frequency During 2017 

Sample Collection Reason for not conducting 

Type Location Date REMP as required Plans for Preventing Recurrence 

LW E-01 1/30/2017 Icy conditions at the shore Natural occurrence 

LW E-05 1/30/2017 Icy conditions at the shore Natural occurrence 

LW E-06 1/30/2017 Icy conditions at the shore Natural occurrence 

LW E-33 1/30/2017 Icy conditions at the shore Natural occurrence 

AP/AI E-02 2/1/2017 GFI failure Unknown cause 

AP/AI E-02 2/22/2017 Loss of power Unknown cause 

AP/AI E-02 3/1/2017 Loss of power Circuit breaker tripped after 5 hrs 

AP/AI E-04 4/19/2017 Loss of power Loss of power due to storm 

Algae E-05 6/30/2017 No algae found growing Natural occurrence 

Algae E-12 6/30/2017 No algae found growing Natural occurrence 

Algae E-05 8/2/2017 No algae found growing Natural occurrence 

LW E-06 12/4/2017 Icy conditions at the shore Natural occurrence 

LW E-33 12/4/2017 Icy conditions at the shore Natural occurrence 

Table 9-6 

Sample Collections for State of Wisconsin 

Sample Type Location Frequency 

Lake Water E-01 Monthly 

Air Filters E-07 Weekly 

E-08 

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 Table 10-1 with the summary of the REMP 
results. All environmental LLDs listed in Table 12-2 of the ODCM (also in 
Table 10-1) were achieved during 2017. 

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-1 03, Ru-1 06, 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 2017. 

9.7.6 Environmental Radiation Exposure 

The 2017 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 

10.0 RESULTS 

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. 

10.1 Summary of 2017 REMP Results 

Radiological environmental monitoring conducted at PBNP from 
January 1, 2017, through December 31, 2017, consisted of analysis of air filters, 
milk, lake water, well water, soil, fish, shoreline sediments, algae, and vegetation 
as well as TLDs. The results are summarized, averages and high values, in 
Table 10-1 which contain the following information: 

Sample: Type of the sample medium 
Type of measurement 
Number of samples analyzed 
a priori lower limit of detection 

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

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 tech spec 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 
Interlaboratory 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 >0). An 
"NO" 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. 
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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." 

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-1 03, 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. 

The crop sampling initiated in 2015 continued in 2017 and is incorporated into 
the REMP via HPIP 3.58.1. Approximately 60% of the 1260 acres (FSAR 2.1) 
comprising the NextERA Point Beach site is licensed to farmers who use the land 
to grow various crops. These crops consist of corn, hay, and soy beans and 
appear to be for cattle feed. Ten samples were obtained from the nine separate 
plots and gamma scanned for radionuclides representative of Point Beach 
effluents and for naturally occurring radionuclides. Results are reported in 
Table 10-2. 

Table 10-3 contains the ISFSI fence TLD results. 
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Table 10-1 
Summary of Radiological Environmental Monitoring Results for 2017 

.1-\Verage _ ·• ~10. 
Sample Description N LLD (a) Deviation (b) High ± 2 sigma Units 

TLD Environmental Radiation 124 1 mrem 1.11 ± 0.17 1.48 ± 0.06 mR/7days 
Control (E-20) 4 1 mrem 1.21 ± 0.17 1.37 ± 0.05 mR/7days 

Air Gross Beta 261 0.01 0.024 ± 0.007 0.046 ± 0.004 pCi/m3 
Control (E-20) Gross beta 53 0.01 0.025 ± 0.007 0.042 ± 0.004 pCilm3 

1-131 261 0.030 (0.07) NO - pCi/m3 
Control (E-20) 1-131 53 0.030 (0.07) NO - pCi/m3 

Cs-134 20 0.01(0.05) NO - pCi/m3 
Control (E-20) Cs-134 4 0.01 (0.05) NO - pCi/m3 

Cs-137 20 0.01 (0.06) 0.0001 ± 0.0003 0.0007 ± 0.0005 pCi!m3 
Control (E-20) Cs-137 4 0.01(0.06) NO - pCi/m3 

Other y emitters (Co-60) 20 0.1 0. 0000 ± 0. 0004 0.0007 ± 0.0006 pCi/m3 
Control (E-20) Other (Co-60) 4 0.1 0.0000 ± 0.0005 0.0007 ± 0.0006 pCilm3 

Natural Be-7 20 - 0.074 ± 0.014 0.100 ± 0.016 pCi!m3 
Control (E-20) Natural Be-7 4 - 0.078 ± 0.022 0.097 ± 0.015 pCi/m3 

Milk Sr-89 36 5 NO - pCi/L 
Sr-90 36 1 0.5 ± 0.2 1.1 ± 0.3 pCi/L 
1-131 36 0.5 NO - pCi/L 

Cs-134 36 5 (15) NO pCi!L 
Cs-137 36 5 (18) 0.5 ± 0.8 2.4 ± 1.9 pCi/L 

Ba-La-140 36 5 (15) ND pCi/L 
Other gamma emitters(Co-60 36 15 0 ± 1.2 3.4 ± 2.2 pCi/L 

Natural K-40 36 - 1401 ± 73 1548 ± 112 pCi!L 
Well Water Gross beta 4 4 1.6 ± 0.8 2.6 ± 0.8 pCi/L 

H-3 4 200 (3000) ND - pCi/L 
Sr-89 4 5(1 0) ND - pCi/L 
Sr-90 4 1 _(2J ND - pCi/L 
1-131 4 0.5 (2) ND - pCi/L 

Mn-54 4 10 (15) ND - pCi/L 
Fe-59 4 30 -0.1 ± 1.9 2.5 ± 2.0 pCi/L 
Co-58 4 1 0(15) 0.4 ± 1.1 1.6 ± 1.4 pCi!L 
Co-60 4 1 0(15) ND - pCi!L 
Zn-65 4 30 0.6 ± 2.1 3.5 ± 3.0 pCi/L 

Zr-Nb-95 4 15 ND - pCi/L 
Cs-134 4 1 0(15) ND - pCi/L 
Cs-137 4 1 0(18) ND - pCi/L 

Ba-La-140 4 15 0.1 ± 2.7 3.4 ± 1.6 pCi/L 
ther gamma emitters(Ru-1 03 4 30 ND - pCi/L 

Algae Gross beta 3 0.25 1.47 ± 0.60 2.05 ± 0.13 pCi/g 
Co-58 3 0.25 ND - pCi/g 
Co-60 3 0.25 0.005 ± 0.006 0.003 ± 0.002 pCi!g 

cs-134 3 0.25 ND. - pCi!g 
Cs-137 3 0.25 0.0111 ± 0.006 0.008 ± 0.003 pCi/g 

Natural Be-7 3 - 0.59 ± 0.78 1.49 ± 0.11 pCi/g 
Natural K-40 3 - 2.40 ± 2.11 4.83 ± 0.11 pCi/g 
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Table 10-1 (continued) 
Summary of Radiological Environmental Monitoring Results for 2017 

Average ± 1 Std. 

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

Lake Water Gross beta 42 4 1.4 ± 0.9 5.4 ± 0.8 
1-131 42 0.5 (2) ND -

Mn-54 42 10 (15) 0.0 ± 0.8 1.3 ± 1.2 
Fe-59 42 30 0.2 ± 1.9 5.2 ± 3.4 
Co-58 42 1 0(15) -0.1 ± 0.8 1.8 ± 1.6 
Co-60 42 1 0(15) 0.2 ± 0.8 2.5 ± 1.6 
Zn-65 42 30 0.1 ± 1.4 3.3 ± 3.1 

Zr-Nb-95 42 15 0.1 ± 1.3 4.4 ± 1.9 
Cs-134 42 10 (15) ND -
Cs-137 42 10 (18) 0.2 ± 0.8 2.3 ± 2.0 

Ba-La-140 42 15 -0.3 ± 2.8 7.8 ± 1.4 
Other gamma (Ru-103) 42 30 -0.6 ± 1.1 2.9 ± 1.8 

Sr-89 16 5(10) ND -
Sr-90 16 1 (2) 0.15 ± 0.15 0.41 ± 0.37 
H-3 16 200 (3000) 2254 ± 8490 34083 ± 543 

Fish Gross beta 15 0.5 3.10 ± 1.14 4.17 ± 0.13 
Mn-54 15 0.13 0.002 ± 0.006 0.013 ± 0.011 
Fe-59 15 0.26 0.002 ± 0.011 0.020 ± 0.012 
Co-58 15 0.13 0.002 ± 0.007 0.012 ± 0.008 
Co-60 15 0.13 -0.001 ± 0.008 0.016 ± 0.012 
Zn-65 15 0.26 -0.010 ± 0.021 0.024 ± 0.022 

Cs-134 15 0.13 0.000 ± 0.007 0.012 ± 0.009 
Cs-137 15 0.15 0.013 ± 0.008 0.031 ± 0.018 

Other gamma (Ru-103) 15 0.5 -0.001 ± 0.006 0.010 ± 0.006 
Natural K-40 15 - 2.46 ± 0.88 3.45 ± 0.42 
Gross beta 10 2 6.98 ± 3.02 10.84 ± 0.93 

Cs-134 10 0.18 ND -
Cs-137 10 0.15 0.014 ± 0.009 0.028 ± 0.016 

Natural Be-7 10 - 0.057 ± 0.059 0.184 ± 0.065 
Shoreline Natural K-40 10 - 4.66 ± 1.15 6.35 ± 0.42 
Sediment Natural Ra-226 10 - 0.35 ± 0.07 0.46 ± 0.18 

Soil Gross beta 16 2 24.15 ± 6.36 35.61 ± 2.33 
Cs-134 16 0.15 ND 
Cs-137 16 0.15 0.15 ± 0.13 0.58 ± 0.04 

Natural Be-7 16 - 0.08 ± 0.14 0.44 ± 0.20 
Natural K-40 16 - 14.44 ± 3.82 19.53 ± 0.63 

Natural Ra-226 16 - 0.92 ± 0.30 1.49 ± 0.72 
Vegetation Gross beta 24 0.25 6.06 ± 1.42 8.28 ± 0.30 

1-131 24 0.06 0.000 ± 0.008 0.017 ± 0.009 
Cs-134 24 0.06 ND -
Cs-137 24 0.08 0.003 ± .0.008 0.029 ± 0.01;3 

Other gamma emitters (Co-60) 24 0.25 ND -
Natural Be-7 24 - 2.73 ± 1.40 4.86 ± 0.32 
Natural K-40 24 - 5.48 ± 1.37 7.79 ± 0.54 

(a) When two LLD values are listed, the requ1red LLD per the PBNP REMP 1s enclosed 1n the 
parentheses. Whenever possible, PBNP uses the lower value to obtain greater sensitivity. 
(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 
Feed Crops Grown on Point Beach Land 

Average Max 
Number pCi/g i 1a pCilg 

I I 

2a I I I 
I I I 

Gross Beta 10 3.95 ± i 1.56 7.26 ± 0.14 

Be-7 10 0.35 ± 0.47 1.31 ± 0.18 

K-40 10 3.42 ± 1.77 6.53 ± 0.45 

Co-60 10 ND -
1-131 10 0.0011 ± 0.050 0.013 ± 0.008 

Cs-134 10 ND -
Cs-137 10 ND -

NO= Not detected 

Table 10-3 
Average ISFSI Fence TLD Results for 2017 

Fence Location Average ± Standard Deviation Units 
North 2.21 ± 0.38 mR/7 days 
East 3.84 ± 0.08 mR/7 days 

South 1.30 ± 0.08 mR/7 days 

West 4.25 ± 0.16 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 four- five 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 1.11 ± 0.17 mR/7-days compared to 1.21 ± 0.17mR/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 2017 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 
Average Indicator TLD Results from 1993-2017 

Year 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 

*St. Dev = Standard Deviation 
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No new loaded casks were added to the ISFSI in 2017. Five new empty casks were 
staged on the pad for the 2018 campaign. The west fence TLDs continue to record 
higher exposures followed by the east, north, and south fence locations (Table 1-2). 
This sequence has been observed for the last five years. 

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 0fV of the ISFSI) and 
E-32 (SW of the ISFSI) are similar to previous years (1.36, 1.21, and 1.44 
respectively) and continue to be higher than E-30 (1.01) 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). 

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 
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Although the mR/7-day results for the three TLD locations nearest the site boundary 
(E-03 1.36 ± 0.14; E-31 , 1.21 ± 0.19; E-32, 1.44 ± 0.07) are higher than at the 
background site E-20 (1.21 ± 0.34) , 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. 

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. 

1.8 

1.6 

1.4 

Figure 11-1 ISFSI AREA TLD RESULTS 

1995- 20171SFSI AREA TLD RESULTS 

1.2 1-------- ~h:-~--.....-..~C1-'~-i--------! 
1/1 

~ 1 
"'C 

~ 0.8 

e o.s 

0.4 

0.2 

0 
1990 1995 2000 2005 2010 2015 2020 2025 

YEAR 

44 

+E-03 

• E-28 

E-29 

XE-30 

XE-31 

eE-32 

+E -20 



Table 11-3 
Average TLD Results Surrounding the ISFSI (mR/7 days) 

Sampling Site 
E-03 E-28 E-29 E-30 E-31 - E-32 - 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 

*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. 

Figure 11-2 Comparison of ISFSI Fence TLDs to Selected REMP TLDs 
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11.2 Milk 

Naturally occurring potassium-40 (1401 ± 73 pCi/1) 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 (1.1 ± 0.3 pCi/1), 
detected in milk. The annual average Sr-90 concentrations in milk continue to be 
similar to previous years. No positive results for Ba-La-140, 1-131, Cs-134, or Sr-89 
were obtained in 2017. 

Some low positive Cs-137 (4 of 36) results were obtained. In the last two years, 
Cs-137 was discharged from PBNP only in March 2016 and October 2017. All the 
Cs-137 values also are <MDC limit and therefore may be false positive. Another 
possibility is residual Cs-137 recycling through the environment from the 1960's 
atmospheric weapons tests and events such as Chernobyl and Fukushima. No 
Cs-134 was discharged and no positive Cs-134 results were obtained. 

Several (3 of 36) positive Co-60 values were obtained from site E-11 west of the 
plant. Only one was greater than the MDC, 2.6 vs 2.4 pCi/L. Also, the highest 
value occurred in February when the cattle would not be on pasture. It is concluded 
that these Co-60 results are false positives. 

Approximately 3.4 !JCi of airborne 1-131 were discharged in the spring during and 
shortly after the U2 refueling outage. No 1-131 was detected in any of the milk 
samples. 

The 2017 average Sr-90 concentrations have not changed much over the last few 
years (Figure 11-3). Over the past twenty years, the average has decreased from 
1.2 ± 0.5 pCi/L in 1997 to 0.5 ± 0.2 pCi/L in 2017. 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- 2017 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 2017 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 2017. 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 
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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, 70's and later 
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 this graph (1997- 2017), 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 2017 show no radiological effects of the plant 
operation. 

1995 

11.3 Air 

Figure 11-3 
Sr-90 Concentration in Milk (1997- 2017) 
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The average annual gross beta concentrations (plus/minus the 2cr uncertainty) in 
weekly airborne particulates at the indicator and control locations were 
0.024 ± 0.015 pCi/m3 and 0.025 ± 0.015 pCi/m3

, respectively, and are similar to 
levels observed from 1993 through 2017 (Figure 11-4). 

The 2017 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 - 2016. 
As in 2016, the slight August - September peak is not as well defined as it was 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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Figure 11-6 2015 Airborne Gross Beta 

2015 Airborne Gross Beta (pCI/m"3) vs. Time 
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No 1-131 was detected during 2017. 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 0.005 to 0.0.016 pCilm3

. 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 0.003 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 , several gamma emitters were detected but all were 
<MDC. By contrast, naturally occurring Beryllium-? was found in all of the quarterly 
composites at concentrations ranging from 5.6E-02 to 1.0E-01 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 2017 air gamma data from quarterly composites do not indicate an 
environmental impact from the operation of PBNP. . . 

11.4 Lake Water 

Lake water results are summarized in Table 10-1 . The gross beta results for June 
were higher than expected, 5.4±0.8 pCi/L. A recount resulted with a similar result , 
5.5±0.9 pCi/L. After thorough mixing, a 200 ml aliquot was filtered through a 0.8 
micron filter. The gross beta analyses showed 19.2±1.8 pCi/L for the suspended 
solids and 7.3±1.0 pCi/L for the dissolved solids. The filter was gamma scanned 
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revealing high amounts of K-40 (470±47 pCi/L) and Ra-226 (153±40 pCi/L). No 
plant radionuclides were identified on the filter. It is concluded that the observed 
high gross beta result was not due to plant discharges. 

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 29 of the results were positive, of which, about half (15) are from north 
of the plant, sites E-33 and E-05 (see Figure 9-1). 

Only two of the 29 slightly positive results are >MDC. Both occurrences are within 
the site boundary at site E-01, about 2800 feet from the Unit 1 discharge. Both are 
concluded to be false positives for the following reasons. During 2017 PBNP 
discharged C0-58 and Co-60 in about the same amounts. Only the Co-60 showed 
up as >MDC. If the Co-60 result were real, Co-58 also should have been detected. 
The other positive result >MDC was for Ba-La-140. However, no Ba-140 or La-140 
was discharged during in 2017. A review of discharges going back to 2012 also 
found no Ba-la-140 being discharged. Given the short Ba-La-140 half-life of 12.8 
days, it is unlikely that the value is a valid positive result. Therefore, based on these 
comparisons, it is concluded that the positive results are false positives and not 
indications of PBNP effluents in Lake Michigan during 2017. 

A false positive is concluding an isotope is present when it isn't. 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. 

In conclusion, based on the results of the gamma scans of Lake Michigan water, 
there is no measureable impact on the lake from PBNP discharges. 

Aliquots of the monthly samples are com posited quarterly and analyzed for Sr-89/90 
and for tritium. Small amounts of Sr-90 were detected in three of the sixteen 
quarterly composites, two north and one south of the plant. All the results were 
below their statistically calculated minimum detectable concentrations (MDCs). No 
Sr-90 was discharged in 2017 or in 2012-2015. 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. 

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 H-3 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 700 - 800 Ci of tritium per year. 

Sixteen quarterly lake water composites were generated from the monthly samples. 
Of the six quarterly composites with positive H-3 indications, four were greater than 
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the MDC. Two of these occurred in the samples obtained at the site of the shut
down Kewaunee nuclear plant. Analysis of the individual monthly samples 
indicated that PBNP sampled shortly after a Kewaunee discharge in the months of 
June, August, and September. 

The second quarter results were slightly elevated. The H-3 concentration was 661 
± 114 at E-33 (the Kewaunee site 5 miles north of PBNP), 276 ± 89 at E-05 (Two 
Creeks boat ramp 3 miles north of PBNP), 119 ±82 at E-01 (PBNP met tower ~o. 7 
miles south of the plant), and 422 ± 96 at E-06 (Rawley Point light house six miles 
south of PBNP). Based on these results, the individual June samples were 
analyzed for H-3. The June sample from E-33 was 1402 ± 135 pCi/1. E-05 H-3 
concentration was 625 ±1 03 pCi/L. The on-site location, E-01, was 104 ± 85 pCi/1 
of H-3. E-06 was 651 ± 104 pCi/L. 

Although Kewaunee is retired from service, it still makes discharges. Kewaunee 
made three H-3 discharges on June 7 -131

h. Point Beach had three H-3 discharges 
June 6 - 13th at concentrations of 2.2E+03 pCi/L- 9.2E+04 pCi/L. Point Beach 
sampled on June 141

h. Based on higher discharge concentrations and the location 
of the higher lake water H-3 concentrations, it is concluded that the higher 
concentrations north of PBNP are not the result of PBNP effluent. The H-3 
concentrations at E-06 may indicate an impact from both Kewaunee and Point 
Beach. 

The third quarter composite from location E-33 at the Kewaunee site had the 
highest H-3, 34083 ± 543 pCi/L. The other location composites had H-3 
concentrations ranging from 41 ± 74 to 71 ± 76 pCi/1, all below the MDC of 150 
pCi/L. As with the analysis of the second quarter results, the individual months 
were analyzed for each location with emphasis on the samples from E-33. No H-3 
was detected in the E-33 July sample. However, the August sample had H-3 at 
4680 ± 211 pCi/L and the September H-3 concentration was 100,062 ± 848 pCi/L. 
For those two months it was determined that Point Beach had sampled on the day 
of or two days after Kewaunee had discharged H-3. None of the other three sites 
had detectable H-3 for the month of September. A review of the Point Beach 
discharges reveals that they were made 2- 4 days prior to the June, August, and 
September sampling dates. Based on these results, it is unlikely that PBNP 
discharges had an impact on the observed elevated H-3 concentrations. 

11.5 Algae 

Filamentous algae attached to rocks along the Lake Michigan shoreline are known 
to concentrate radionuclides from the water. Samples are obtained at Two Creeks 
Park and at the PBNP discharge (locations 5 and 12 in Figure 9-1). In order to 
allow the algae time to grow, typically no samples are collected until June and then 
again in August and October. This is done to ensure that there is enough new 
growth to provide a sample. 

In 2017 no algae samples were available in June. In August algae were available 
only on site. In October, algae were available at both locations. 
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Algae sampling is not called for in either NUREG-0472 or 1301 the standard RETS 
documents. However, PBNP has continued to collect algae as a good practice to 
provide continuity between the current REMP and the pre-operational REMP. 

The only PBNP related radionuclide with positive results above the MDC is Cs-137. 
PBNP released ~Ci amounts of Cs-137 from February to June of 2017. Therefore, 
the 0.008±0.003 pCi/g of Cs-137 could be the results of PBNP discharges. The 
other possibility is the recycling of weapons testing fallout in Lake Michigan. In 
either case, the results indicate a minimal environmental impact from PBNP. 

11.6 Fish 

Fifteen fish were analyzed in 2017 with eleven exhibiting detectable amounts of 
plant related activity. Of these, eight were positive for Cs-137 with 3 Cs-137 results 
>MDC. No other radionuclide has a positive result >MDC. The positive Cs-137 
concentrations ranged from 0.011 ± 0.008 to 0.031 ± 0.018 pCi/g. In 2017 PBNP 
released ~Ci amounts of Cs-137 from February- June. This may be a source of 
the Cs-137 in the fish. The other Cs-137 source 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. 

Positive results below their MDCs were found also for Mn-54, Fe-59, Co-58, Co-60, 
Zn-65, Ru-103 and Cs-134. It is concluded that these results are false positives. 

The highest radionuclide concentration in fish is naturally occurring K-40 with an 
average concentration of 2.46 ± 0.88 pCi/g. 

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

11.7 Well Water 

Small, positive values of Fe-59, Co-58, Zn-65, and Ba-La-140 were detected in the 
main plant well water (E-10) during 2017. All values were below their minimum 
detectable concentrations of 5.5, 2.4, 5.7, and 7.8 pCi/L. It is concluded that these 
slightly positive values are false positives. Therefore, there is no evidence of PBNP 
effluents getting into the aquifer supplying drinking water to PBNP. 

11.8 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 2017, Cs-137 was detected in all 16 soil samples. The concentrations ranged 
from 0.040 ± 0.016 to 0.58 ± 0.04 and all were >MDC. As in previous years, the 
highest value was found at E-06, Point Beach State Park which lies in the highest 
xtO meteorological sector some 6 miles south of PBNP. During 2017 the only 
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airborne Cs-137 release occurred in October, for a total of 0.237 1-JCi at a 
concentration of 1.96E-08 pCi/cc. The dilution at the site boundary would reduce 
this by approximately 1 E-06 for a concentration of 1.96E-14 pCi/cc at the south 
boundary with the highest x/0. Further dilution would occur by the time this Cs-137 
would have reached the highest concentration location, Point Beach State Park, 
some 6 miles further south. 

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. 

The remaining soil Cs-137 results range from 0.04 ± 0.02 to 0.19 ± 0.03 pCi/g. 
Based on the rather uniform distribution of Cs-137 in soils at various locations, no 
plant based effect is indicated. 

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). 

11.9 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. Seven of the ten samples have Cs-137 
concentrations statistically different from zero with five results being >MDC. The 
one positive Cs-134 is below its MDC. Since no Cs-134 was released in 2017, this 
result is a false positive. 

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. 
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11.1 0 Vegetation and Crops 

The REMP collects two general types of vegetation within the site. The first 
consists of general vegetation, non-cultivated plants which would be consumed by 
grazing cattle. The second consists of crops grown on site acreage licensed to 
farmers, about half the site's 1400 acres, for growing feed crops for cattle. Ten 
samples of cultivated crops (corn, hay, alfalfa, and soybeans) grown on this 
acreage were obtained for analyses. 

The naturally occurring radionuclides Be-7 and K-40 were found in all of the general 
vegetation and crop samples (Tables 10-1 and 1 0-2). 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 was lower in the crop samples with an average of 0.35 ± 0.47 pCi/g, 
with only one result being greater than 1 pCi/g. In general vegetation Be-7 
concentrations were higher and ranged from 0.39 ± 0.11 to 4.86 ± 0.32 pCi/g or 
about a factor of 12 difference with the average concentrations increasing from May 
(1.28 ± 0.89 pCi/g) to October (3.67 ± 0.94). 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 K-40 concentrations from root uptake are more 
uniform with a range of 3.01 ± 0.24 to 7. 79 ± 0.54, or about a factor of 2.5 
difference. In crops, as in general vegetation, the K-40 is higher than Be-7. 

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., 1 0/21/1992). 

No Cs-137 was detected in the crop samples. In 2017 three of the twenty-four 
vegetation samples had a positive indication for Cs-137 and only E-06 
(0.029 ± 0.013) was above the MDC of 0.021 pCi/g. 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. Both the positive 2016 results were from E-06 and only 
one was >MDC. 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. Therefore, the 
Cs-137 has to be the result of uptake via roots. In this case, it is not possible to 
distinguish between plant effluent and radioactive fallout as previously mentioned. 
Given that only one of the 2017 positive results is above the MDC, and that one is 
not much above the MDC, both results could be false positives. Therefore, it is 
unlikely that the Cs-137 results indicate an impact from PBNP releases. 

The only other radionuclide having positive indication was 1-131, 0.017 ± 0.009pCi/g 
in general vegetation and 0.013 ± 0.008 pCi/g in crops. 1-131 releases occurred 
only in March (1.47 iJCi) and in May (2.3 iJCi). Based on its 8-day half-life, 
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this 1-131 would have decreased by 15 half-lives by the time of the September 
sample or about 1/300,0001

h of its original value. Factoring in the dispersion 
coefficients, it is unlikely that it would be detected in any vegetation. Additionally, 
the 1-131 result was below the calculated MDC. Therefore the 1-131 results are 
considered to be false positives. 

Based on the 2017 crop and general vegetation sampling results, it is concluded 
that there is little or no effect from PBNP effluents. 

11.11 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 2017. No significant change in the use of pasturelands or grazing 
herds was noted. Therefore, 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. This dairy leases land in the S and SSE 
sectors at the PBNP site boundary for growing feed corn. Also, the highest x/Q 
(1.09E-06) and D/Q (6.23E-09) values occur in these sectors. As demonstrated 
from the analyses of feed crops, there is no measureable plant impact on the crops 
grown on site by this dairy. Therefore, dose calculations to the 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 2017 LUC revealed no changes that 
would necessitate changes to the current REMP, such as the addition of new 
sampling locations. 

11.12 Long Term TLD Trending 

To put the 2017 REMP TLD results in perspective, it is instructive to look at long 
term trends. The following examines the TLD results from 1971 to 2017. The ANSI 
standard (ANSI/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. 
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The trend at E-01 (Figure 11-7) shows slowly decreasing tread 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 41

h 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 1971-2017 
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DATE 

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. 
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Figure 11-8 Comparison of E-03 and E-20 Results 1971 - 2017 
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Narrowing the time window for the TLD results from 1992 to the present allows for a 
comparison among the for 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 -2017) 
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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. 
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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-3, and E-04 are surrounded by 
plowed fields whereas the area around E-01 is uncultivated. Second, E-01 is within 
1 00 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 has lower average Ra-226 
content (0.90 pCi/g) than the soil at E-02, -03, -04 (1.30 pCi/g). Similar results are 
obtained for K-40, 12.6 pCi/g at E-01 vs.15.3 pCi/g (E-02, -03, -04). Furthermore, 
the beach sands at E-01 have lower Ra-226 (0.31 pCi/g) and K-40 (5.75 pCi/g) 
concentrations than the soil at E-01 . So, in effect, half the radiation field at E-01 is 
about a third of that of E-02, -03, and -04. 

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). 

Figure 11-10 E-03, E-31, and Background Site E-20 Results 1992 to 2017 
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Figure 11-2 shows that beginning with t~e use of the Teflon TLO 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 
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previously identified response differences between E-03 and E-01 are not 
applicable. Therefore, the lower results at the site boundary location E-31 show that 
the exposures from the ISFSI are dropping off and approaching the lower readings 
found at the background site E-20. 

12.0 REMP CONCLUSION 

Based on the analytical results from the 828 environmental samples (788 individual samples 
with an additional 24 quarterly air particulate composites and 16 quarterly lake water 
composites) together with 128 REMP + 16 ISFSI sets of TLDs that comprised the PBNP 
REMP for 2017, 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 (1 0 CFR 72.1 04) 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 11-1 0]. 
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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 2017 the 
sampling program consisted of beach drains, intermittent stream and bog locations, drinking 
water wells, fagade wells, yard electrical manholes, ground water monitoring wells, and the 
subsurface drainage (SSD) system sump located in the U-2 fagade. 

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 H-3 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 H-3, the beach drains are monitored as part of the 
groundwater monitoring program. In addition to H-3, 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 H-3 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 also' 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 H-3. These wells monitor the deeper (200 - 600 feet), drinking water aquifer from 
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. 
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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 2017. 

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 lSI 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. 

Rising lake levels and rip-rap added for flooding protection have impacted beach drain 
sampling. Beach drain S-1 has been sampled most frequently, eleven out of twelve months. 
High lake levels have washed away the access to beach drain S-3 south of the U2 discharge 
allowing sampling only three times during 2017. S-7, -8, and -10 were available but had no 
flow. S-9 has been buried under sand and when accessible, there was no flow. Although 
two samples were obtained at S-11, high lake levels and rip-rap made sampling impossible 
during the rest of the year. S-12 and S-13 are impacted by high lake levels and rip-rap. 
However, two samples were available from S-12. Only three samples have been available in 
2017. Because of rip-rap added for flooding concerns and of high lake water levels, beach 
drains S-7, S-8, S-9, and S-10 could not be sampled during 2017. Beach drains S-11 and 
S-12 were sampled only twice due to lake levels and rip-rap concerns. 

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 

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 H-3 
concentration at GW-08, close to the former retention pond, is about one-tenth of 
the H-3 concentrations it had prior to the remediation of the retention pond. 

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

Month GW-01 (E-01) GW-02 GW-03 GW-17 BOGS MDC 

Creek Confluence E. Creek W. Creek STP GW-07 GW-08 

Jan NO ± 225 ± 99 NO ± 278 ± 102 169 
Feb 179 ± 86 342 ± 94 NO ± 314 ± 93 146 
Mar 130 ± 78 284 ± 86 111 ± 77 461 ± 95 150 
Apr ND ± 318 ± 90 NO ± 231 ± 86 153 
May 129 ± 94 360 ± 104 ND ± 306 ± 102 NO ± NO ± 145 
Jun ND ± 141 ± 81 NO ± 155 ± 82 149 
Jul 142 ± 83 115 ± 82 95 ± 81 122 ± 82 158 

Aug 146 ± 78 NS ± NO ± 317 ± 87 149 
Sep 79 ± 72 156 ± 77 110 ± 74 NS ± 144 
Oct 158 ± 118 246 ± 87 80 ± 78 273 ± 88 186 
Nov NO ± 231 ± 85 NO ± 178 ± 82 154 
Dec NS NS ± NS ± NS ± 

Average 118 ± 40 244 ± 90 76 ± 27 262 ± 104 
A blank indicates no sample was scheduled. Streams are sampled monthly; bogs, annually. 
NS = no sample due to dry or frozen. Values are presented as the measured value and the 95% confidence level counting 
error. The LLD = 200 pCi/1. ND = measured value minus 2a is less than zero and <MDC. To be statistically correct, he 
measured, actual values for the NOs are used in calculating the average (i.e. 64±77, the 64 is used to calculate the average). 
STP is the north end of the E. Creek at theSE corner of the sewage treatment plant. 

The analyses of these surface water samples show low concentrations of H-3. 
Although seven small positive H-3 concentrations occur in samples from the 
confluence of the two creeks (GW-01 ), only the February concentration is above its 
MDC. None of the West Creek (GW-03) samples had H-3 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. Except 
for the February and May sample results, the East Creek concentrations are 
generally lower than the 300 - 350 pCi/1 found before the retention pond was 
remediated in 2002. It should be noted that the East Creek, in addition to being in 
the path of the west to east groundwater flow from the old retention pond, also is fed 
by yard runoff from the west side of the yard which may account for the higher 
values. 
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Tritium was not detected at the bog (GW-08, measured value of 81 ± 92) SE of the 
former retention and the bog (GW-07) north of the former retention pond. The 
GW-08 result is in conformance with the west to east groundwater flow described in 
the Site Conceptual Model and the FSAR. The non-detection of H-3 at GW-08, the 
bog closest to the former retention pond, is in contrast to the 3200 - 3900 pCi/1 seen 
in 1999 before the retention pond was remediated and the 297 ± 89 pCi/L seen 
in 2012. 

14.2 Beach Drains 

The 2017 results for the beach drains that were sampled are presented in 
Table 14-2. Beach drain S-9 was inaccessible due to high lake level and rip-rap 
placed due to flooding concerns. S-1 collects yard drainage from the north part of 
the site yard. S-3 collects yard drainage from the south part of the site yard. Drains 
S-8 and S-9 carry water from the lake side yard drains whereas drains S-7 and S-1 0 
are from the turbine building roof. S-11 is not connected to any yard drain system 
and mainly carries groundwater flow and runoff from a small lawn area south of the 
plant. S-12 is a drain from the external SSD which run along the outside northern 
half of the foundation wall. It is not connected to the internal SSD under the plant 
which drains to a sump in the U2 fagade. S-13, the south external SSD drain 
cannot be samples because it is buried under rip rap. 

Table 14-2 
2017 Beach Drain H-3 Concentration (pCi/1) 

Month S-1 S-12 S-3 
Jan NF ± NF NS ± 
Feb 293 ± 90 NF NS ± 
Mar 350 ± 89 NF 201 ± 
Apr 309 ± 88 245 ± 84 NS ± 
May 339 ± 103 216 ± 81 NS ± 
Jun 319 ± 108 NF NS ± 
Jul 204 ± 93 NF 264 ± 

Aug 175 ± 88 NF NS ± 
Sep 215 ± 95 NF NS ± 
Oct 529 ± 94 NF NS ± 
Nov 224 ± 94 NF NS ± 
Dec 376 ± 91 NF 332 ± 

Avg = 304 ± 106 231 ± 21 266 ± 
ND =not detected and :::;MDC 
NF =no sample due to no flow 

S-11 MDC 
NF ± 
NF ± 146 

81 NF ± 150 
NS ± 152 
558 ± 98 157 
280 ± 106 147 

96 NF ± 146 
NF ± 149 
NF ± 151 
NF ± 177 
NF ± 158 

89 NF ± 155 
66 419 ± 197 
NS = no sample 

The H-3 concentrations at S-1 are consistent with results from previous years. 
Because high lake levels and the addition of rip-rap around some of the beach 
drains to prevent shoreline erosion and to address flooding concerns, it is not 
possible to sample from the other beach drains most of the year. However, the 
results from available samples are consistent with other groundwater results from 
various streams and manholes. 

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 
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were found for Ba-La-140, Co-58, Co-60, Fe-59, and Zr-Nb-95. No Ba-La-140 was 
released via liquid or airborne effluents in 2017. Also, all the positive results were 
below their MDCs. Therefore, it is concluded that all the gamma results are false 
positives. This leaves H-3 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 H-3 concentrations (Table 14-3). Z-065A and 
Z-065B 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 EDG building. Z-068 
is located just west of the EDG building and north of Z-066/0670. Z-493F is near 
Z-068. Each of the two A, B, C, and D vaults is side by side. Based on being 
side-by-side, it is expected that the each pair of manholes 66N67 A, etc. would have 
similar H-3 concentrations. This is appears to hold for all the paired vaults. The 
similarity of the April Z-068 H-3 value to the S-1 beach drain was noted in the 
previous section. 

Table 14-3 
2017 East Yard Area Manhole Tritium (pCi/1) 

MH 9/11-12/2017 
Z-065A(M-1) 184 ± 82 -
Z-0658(M-2) 239 ± 85 

Z-066A 192 ± 83 
Z-067A 186 ± 82 
Z-0668 141 ± 80 -
Z-0678 186 ± 82 
Z-066C 148 ± 80 
Z-067C 99 ± 78 
Z-0660 218 ± 84 
Z-0670 230 ± 85 
Z-068 232 ± 78 

Z-493F 218 ± 84 
MDC 150 

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 be detrimental to 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 theSE (1Z-361A) and NE (1Z-361 B) corners of 
the fagade. However, in Unit 2, there is one well in the NW corner (2Z-361A) and 
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the other rotated approximately 180° in the SW corner (2Z-361 B). In each the well 
cap is level with the floor. 

The 2017 fagade well results are shown in Table 14-4. The Unit 1 wells continue to 
have higher H-3 concentrations than the U2 wells with 1Z-361A, in theSE corner of 
the Unit 1 fagade, having the highest H-3 concentrations. The 2017 highest results 
are in line with the 2016 results but a lower than the 2007 and 2008 highs of 
1169 - 1331 pCi/1. Based on the 2017 fagade well results, the conclusion is that H-3 
remains unevenly distributed in the soil beneath the facades and that the 
concentrations remain low compared to the 2007- 2008 results. 

Table 14-4 
2017 Facade Well Water Tritium (pCi/1 

UNIT 1 UNIT 2 

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 fagade. A comparison of the 2016 and 2017 SSD 
results are presented in Table 14-5. The 2017 concentrations are higher than those 
seen in 2016. Why the H-3 concentration increase by an order of magnitude in 
October 2017 is not known. There are no known system leaks. The decreasing 
concentrations for the months of November and December have continued into 
2018 with the January concentration being 2634 ± 168 pCi/L. 

Table 14-5 
2016 and 2017 Unit 2 Facade SSD Sump H-3 (pCi/1) 

2016 2017 
Date pCi/1 2a pCi/1 2a 
Jan 499 ± 102 1058 ± 122 
Feb 510 ± 102 776 ± 107 
Mar 507 ± 99 765 ± 111 
Apr 572 ± 102 1635 ± 142 
May 1018 ± 133 1503 ± 134 
Jun 1230 ± 125. 854 ± 112 
Jul 1333 ± 128 907 ± 115 

Aug 929 ± 116 1035 ± 115 
Sep 615 ± 104 737 ± 105 
Oct 966 ± 119 8772 ± 284 
Nov 1616 ± 140 7478 ± 265 
Dec 1523 ± 136 4165 ± 203 

Average 943 ± 410 2474 ± 2815 
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The SSD system and the fagade wells sample the groundwater under the plant 
foundation. Again in 2017, as in 2016, the SSD sump has higher H-3 
concentrations than the fagade wells. Why the fagade wells have lower H-3 is not 
known. The difference does illustrate that the groundwater H-3 was not uniformly 
distributed under the foundation. 

The SSD sump samples are scanned for gamma emitters. A few slightly positive 
values were found for Mn-54, Co-58, Fe-59, Zn-65, Cs-134, and Ba-La-140, all 
results were below the MDC. Additional analyses for hard-to-detect radionuclides 
were made on the SSD sump samples with elevated H-3 for the months of April, 
October, and November. No Fe-55, Ni-63, Sr-89, Sr-90, or Tc-99 was found. 

The H-3 in the SSD system sump is discharged via the wastewater effluent system. 

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. No samples from SSD S-13 were obtained in 2016 and 
2017 because it is buried under rip-rap. The two H-3 2017 results from S-12 are 
comparable to the 236 ± 93m pCi/L found in 2016 as well as the concentrations 
found in various manholes (Table 14-3) on the east side of the plant during 2017. 

In addition to H-3 analysis, the fagade wells were gamma scanned. As in lake 
water samples, small positive values below their calculated, minimum detectable 
concentrations were found for Mn-54, Fe-59, Zr-Nb-95, Cs-134, Cs-137, and 
Ba-La-140. Because all values were less than or equal to the MDC, it is concluded 
that this result is a false positives. 

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 H-3 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 H-3 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 one, slightly positive H-3 result from a potable water well was 
below the MDC. It was determined to be a false positive. The other: potable water 
wells had no detectable H-3 (Table 14-6). 

The monitoring well results are similar to that obtained in 2016. The two monitoring 
wells showing higher and consistently detectable H-3 (GW-15, GW-16) are in the 
flow path from the retention pond area to the lake (Table 14-7). Similar results were 
obtained in 2016. 
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Table 14-6 
2017 Potable Well Water Tritium Concentration (pCi/1) 

I:: I\.., Warehouse ::>l:lCC l..:lVV-UO, 

EIC WELL MDC 6Well Well WH7 06, 18 
Month GW-04 GW-05 GW-06 GW-18 MDC 
Jan NO 169 NO NO NO 176 
Feb NO 146 
Mar NO 150 
Apr ND 153 NO NO NO 147 
May NO 145 
Jun NO 149 
Jul NO 158 NO NO NO 149 

Aug 77 ± 74 149 
Sep ND 144 
Oct ND 154 NO NO NO 149 
Nov NO 154 
Dec NO 158 

NO= not detected 

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 theSE of the former pond; and GW-17, the surface water on theSE 
corner of the STP) show that the area around and in the groundwater flow from the 
former retention pond remain impacted by the H-3 that diffused from the pond into 
the soil while it was in use. 

T bl 14 7 2017 Q rt I M "t . W II T "f a e - ua er y om ormg e r1 IUm ( C"/1) p I 

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

Q GW-11 GW-12 GW-13 GW-14 *GW-15 *GW-16 MDC 
1 ND ± ND ± ND ± 
2 98 ± 75 ND ± ND ± 
3 113 ± 82 ND ± ND ± 
4 ND ± ND ± ND ± 

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

15.0 GROUNDWATER SUMMARY 

ND ± ND ND 
126 ± 76 188 ± 80 199 ± 80 
139 ± 83 184 ± 86 256 ± 89 
121 ± 90 125 ± 90 119 ± 89 

NS = no sample available 

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 H-3 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 H-3 in precipitation 
close to the plant. In addition to tritium captured by precipitation, the beach drains also 
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receive the H-3 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 fagade wells. 

In conclusion, the groundwater H-3 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 H-3 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 negative results from the two monitoring wells west of the plant (GW-12 
and GW-13, Figure 13-1 ). Additionally, because no H-3 is detected in either of the four 
on-site drinking water wells close to the power block or from the drinking water well at the 
site boundary, none of the H-3 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 final 2017 Monthly Progress Report for the Environmental Radiological 
Monitoring Program conducted at the Point Beach Nuclear Plant, Two Rivers, Wisconsin. Results of 
analyses are presented in the. attached tables. pata 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 gamma isotopic analyses, the spectrum covers an energy range from 80 to 2048 KeV. Specifically 
included are Mn-54, Fe-59, Co-58, Co-60, Zn-65, Zr-95, Nb-95, Ru-1 03, Ru-1 06, 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. Unless noted otherwise, the results reported under "Other 
Gammas" are for Co-60 and may be higher or lower for other radionuc)ides. · 

All concentrations, ~xcepf gross beta, are decay co'rrected .. 

All samples were collected within the scheduled period unless noted otherwise in the Listing of 
Missed Samples. 
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Sample Type 

LW 

LW 

LW 

LW 

AP/AI 

AP/AI 

AP/AI 

AP/AI 

SL 

SL 

LW 

LW 

POINT BEACH NUCLEAR PLANT 

2.0 LISTING OF MISSED SAMPLES 

Expected 
Collection 

Location Date . Reason 

E-001 01-30-17 No sample due to icy conditions. 

E-005 01-30-17 No sample due to icy conditions. 

E-006 01-30-17 No sample due to icy conditions. 

E-033. 01-30-17 No sample due to icy conditions. 

E-02 02-01-17 Loss of power. 

E-02 02..:22-17 Loss of power. 

E-02 03-01-17 Breaker tripped ·after 5 hours. 

E-04 04-19-17 Loss of power due to storm. 

E-05, 12 06-30-17 Samples not available. 

E-05 08-02-17 Sample not available. 

E-006 12-14-17 No sample due to icy conditions. 

E-033 12-14-17 No sample due to icy conditions. 
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3.0 Data Tables 
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POINT BEACH NUCLEAR PLANT 

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 

01-04-17 304 0.030 ± 0.004 < 0.'006 07-05-17 292 0.020 ± 0.003 < 0.010 
01-1 0"17 257 0.025 ± 0.004 < 0.010 07-12-17 290 0.024 ± 0.004 < 0.010 
01-18-17 361 0.034 ± 0.004 < 0.006 07-19-17 290 0.010 ± 0.003 < 0.012 
01-25-17 292 0.026 ± 0.004 < 0.009 07-26-17 302 0.022 ± 0.003 < 0.007 
02-01-17 308 0.017 ± 0.003 < 0.010 08-02-17 302 0.020 ± 0.003 < 0.010 

02-08-17 313 0.032 ± 0.004 < 0.008 08-09-17 300 0.016 ± 0.003 < 0.010 
02-15-17 292 0.024 ± 0.004 < 0.008 08-16-17 298 0.026 ± 0.004 < 0.008 
02-22-17 289 0.026 ± 0.004 < 0.008 08-23-17 302 0.030 ± 0.004 < 0.009 
03-01-17 303 0.018 ± 0.003 < 0.005 08-30-17 300 0.027 ± 0.004 < 0.009 

03-08-17 306 0.026 ± 0.004 < 0.007 09-06-17 300 0.020 ± 0.003 < 0.006 
03-15-17 299 0.026 ± 0.004 < 0.007 09-13-17 300 0.023 ± 0.003 < 0.008 
03-23-17 336 0.022 ± 0.003 < 0.008 09-20-17 306 0.027 ± 0.004 < 0.006 
03-30-17 298 0.020 ± 0.003 < 0.009 09-27-17 305 0.046 ± 0.004 < 0.009 

( 1st Quarter 3rd Quarter 

Mean± s.d. 0.025 ± 0.005 < 0.008 Mean± s.d. 0.024 ± 0.008 < 0.009 

04-05-17 252 0.021 ± 0.004 < 0.010 10-05-17 365 0.024 ± 0.003 < 0.007 

04-12-17 296 0.017 ± 0.003. < 0.011 10-11-17 260 0.032 ± 0.004 < 0.019 
04-19-17 299 0.019 ± 0.003 <; 0.005 10-18-17 297 0.026 ± 0.004 < 0.007 
04-26-17 302 0.013 ± 0.003 < 0.010 10-25-17 300 0.031 ± 0.004 < 0.005 

11-01-17 306 0.011 ± 0.003 < 0.009 
05-04-17 345 0.015 ± 0.003 < 0.010 
05-11-17 314 0.018 ± 0.003 < 0.008 11-08-17 301 0.021 ± 0.003 < 0.010 
05-17-17 254 0.022 ± 0.004 < 0.011 11-15-17 312 0.041 ± 0.004 < 0.007 
05-24-17 314 0.016 ± 0.003 < 0.010 11-22-17 307 0.030 ± 0.004 < 0.007 
05-31-17 297 0.015 ± 0.003 < 0.009 11-29-17 301 0.032 ± 0.004 < 0.004 

06-07-17 297 0.020 ± 0.003 < 0.009 12-06-17 295 0.036 ± 0.004 < 0.008 
06-14-17 306 0.029 ± 0.004 < 0.006 12-13-17 301 0.022 ± 0.003 < 0.008 
06-21-17 314 0.015 ± 0.003 < 0.010 12-20-17 312 0.031 ± 0.004 < 0.006 
06-28-17 300 0.015 ± 0.003 < 0.009 12-28-17 349 0.030 ± 0.004 < 0.009 

01-03-18 256 0.033 ± 0.004 < 0.010 

2nd Quarter 4th Quarter 
Mean± s.d. 0.018 ± 0.004 < 0.009 Mean± s.d. 0.029 ± 0.007 < 0.008 

Cumulative Average 0.024 ± 0.007 < 0.008 
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; Table 1. Airborne particulates and charcoal canisters, analyses for gross beta and iodine-131. 
i Location: E-02, Site Boundary Control Center \ 

Units: pCilm3 

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 

01-04-17 303 0.026 ± 0.004 < 0.006 07-05-17 296 0.017 ± 0.003 < 0.010 
01-10-17 267 0.022 ± 0.004 < 0.010 07-12-17 300 0.023 ± 0.003 < 0.010 
01-18-17 362 0.033 ± 0.004 < 0.006 07-19-17 300 0.008 ± 0.003 < 0.011 
01-25-17 296 0.024 ± 0.004 < 0.009 07-26-17 298 0.020 ± 0.003 < 0.008 
02-01-17 ND8 08-02-17 297 0.024 ± 0.003 < 0.010 

02-08-17 302 0.026 ± 0.004 < 0.008 08-09-17 303 0.016 ± 0.003 < 0.010 
02-15-17 297 0.028 ± 0.004 < 0.008 08-16-17 304 0.027 ± 0.004 < 0.007 
02-22-17 ND8 08-23-17 302 0.029 ± 0.004 < 0.009 
03-01-17 ND8 08-30-17 302 0.024 ± 0.003 < 0.009 

03-08-17 303 0.023 ± 0.004 < 0.007 09-06-17 303 0.019 ± p.003 < 0.006 
03-15-17 302 0.027 ± 0.004 < 0.007 09-13-17 303 0.020 ± 0.003 < 0.008 

. 03-23-17 342 0.027 ± 0.003 < 0.008 09-20-17 303 0.031 ± 0.004 < 0.007 
03-30-17 298 0.015 ± 0.003 < 0.009 09-27-17 296 0.046 ± 0.005 < 0.009 

( 1st Quarter 3rd Quarter 

Mean± s.d. 0.025 ± 0.005 < 0.008 Mean± s.d. 0.023 ± 0.009 < 0.009 

04-05-17 256 0.022 ± 0.004 < 0.009 10-05-17 348 0.024 ± 0.003 < 0.008 
04-12-17 305 0.021 ± 0.003 < 0.011 10-11-17 262" 0.032 ± 0.004 < 0.019 
04-19-17 302 0.018 ± 0.003 < 0.005 10-18-17 292 0.023 ± 0.003 < 0.007 
04-26-17 302 0.014 ± 0.003 < 0.010 10-25-17 288 0.031. ± 0.004 < 0.005 

11-01-17 303 0.011 ± 0.003 < 0.009 
05-04-17 342 0.017 ± 0.003 < 0.010 
05-11-17 309 0.021 ± 0.003 < 0.008 11-08-17 305 0.022 ± 0.003 < 0.010 
05-17-17 252 0.019 ± 0.004 < 0.012 11-15-17 306 0.038 ± 0.004 < 0.007 
05-24-17 314 0.019 ± 0.003 < 0.010 11-22-17 302 0.031 ± 0.004 < 0.008 
05-31-17 296 0.015 ± 0.003 < 0.009 11-29-17 298 0.036 ± 0.004 < 0.004 

06-07-17 296 0.022 ± 0.003 < 0.009 12-06-17 301 0.039 ± 0.004 < 0.007 
06-14~17 304 0.033 ± 0.004. < 0.007 12-13-17 306 0.022 ± 0.003 < 0.007 
06-21-17 300 0.017 ± 0.003 < 0.010 12-20-17 303 0.030 ± 0.004 < 0.006 
06-28-17 301 0.012 ± 0.003 < 0.009 12-28-17 353 0.028 ± 0.003 < 0.008 

01-03-18 258 0.035 ± 0.005 < 0.010 

2nd Quarter 4th Quarter 
Mean± s.d. 0.019 ± 0.005 < 0.009 Mean± s.d. 0.029 ± 0.008 < 0.008 

Cumulative Average 0.024 ± 0.008 < 0.009 
a "ND" = No data; see Table 2.0, Listing of Missed Samples. 

1-2 



POINT BEACH NUCLEAR PLANT 

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 

01-04-17 304 0.031 ± 0.004 < 0.006 07-05-17 293 0.017 ± 0.003 < 0.010 
01-10-17 268 0.026 ± 0.004 < 0.010 07-12-17 292 0.025 ± 0.004 < 0.010 
01-18-17 '362 0.032 ± 0.004 < 0.006 07-19-17 292 0.009 ± 0.003 < 0.011 
01-25-17 300 0.029 ± 0.004 < 0.009 07-26-17 299 0.017 ± 0.003 < 0.007 
02-01-17 306 0.014 ± 0.003 < 0.010 08-02-17 301 0.023 ± 0.003 < 0.010 

02-08-17 30.5 0.027 ± 0.004 < 0.008 08-09-17 300 0.018 ± 0.003 < 0.010 
02-15-17 298 0.028 ± 0.004 < 0.008 08-16-17 303 0.024 ± 0.003 < 0.007 
02-22-17 294 0.025 ± 0.004 < 0.008 08-23-17 296 0.030 ± 0.004 < 0.009 
03-01-17 314 0.023 ± 0.003 < 0.005 08-30-17 308 0.022 ± 0.003 < 0.009 

03-08-17 311 0.022 ± 0.003 < 0.007 09-06-17 304 0.020 ± 0.003 < 0.006 
03-15-17 310' 0.025 ± 0.004 < 0.007 09-13-17 304 0.021 ± 0.003 < 0.008 
03-23-17 343 0.021 ± 0.003 < 0.008 09-20-17 297 0.030 ± 0.004 < 0.007 
03-30-17 304 0.019 ± 0.003 < 0.009 09-27-17 289 0.042 ± 0.004 < 0.009 

1st Quarter 3rd Quarter 
Mean± s.d. 0..025 ± 0.0.05 < 0.008 Mean± s.d. 0.023 ± 0.008 < 0.009 

04-05-17 255 0.023 ± 0.004 < 0.009 10-05-17 346 0.022 ± 0.003 < 0.008 
04-12-17 301 0.018 ± 0.003 < 0.011 10-11-17 266 0.029 ± 0.004 < 0.019 
04-19-17 303 0.018 ± 0.003 < 0.005 10-18-17 294 0.025 ± 0.004 < 0.007 
04-26-17 306 0.015 ± 0.003 < 0.010 10-25-17 304 0.026 ± 0.004 < 0.005 

11-01-17 304 0.010 ± 0.003 < 0.009 
05-04-17 348 0.012 ± 0.003 < 0.009 
05-11-17 306 0.018 ± 0.003 < 0.008 11-08-17 304 0.026 ± 0.004 < 0.010 
05-17-17 258 0.020 ± 0.004 < 0.011 11-15-17 305 0.039 ± 0.004 < 0.007 
05-24-17 313 0.016 ± 0.003 < 0.010 11-22-17 305 0.030 ± 0.004 < 0.008 
05-31-17 297 0.016 ± 0.003 < 0.009 11-29-17 293 0.028 ± 0.004 < 0.004 

06-07-17 297 0.023 ± 0.003 < 0.009 12-06-17 296 0.035 ± 0.004 < 0.008 
06-14-17 302 0.027 ± 0.004 < 0.007 12-13-17 304 0.022 ± 0.003 < 0.007 
06-21-17 295 0.015 ± 0.003 < 0.011 12-20-17 312 0.028 ± 0.004 < 0.006 
06-28-17 294 0.012 ± 0.003 < 0.009 12-28-17 355 0.030 ± 0.003 < 0.008 

01-03-18 259 0.036 ± 0.005 < 0.010 

2nd Quarter 4th Quarter 
Mean± s.d. 0.018 ± 0.004 < 0.009 Mean± s.d. 0.028 ± 0.007 < 0.008 

. Cumulative Average 0.023 ± 0.007 < 0.008 

{ 
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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 

Reguired LLD 0:010 0.030 Reguired LLD 0.010 0.030 
.. 

01-04-17 . 306 0.035 ± 0.004 < 0.006 07-05-17 300 0.015 ± 0.003 < 0.010 
01-10-17 271 0.022 ± 0.004 < 0.010 07-12-17 297 0.026 ± 0.004 < 0.010 
01-18-17 358 0.033 ± 0.004 < 0.006 07-19-17 297 0.010 ± 0.003 < 0.011 
01-25-17 296 0.031 ± 0.004 < 0.009 07-26-17 302 0.020 ± 0.003 < 0.007 
02-01-17 304 0.016 ± 0.003 < 0.010 08-02-17 308 0.026 ± 0.003 < 0.010 

02-08-17 308 0.028 ± 0.004 < 0.008 08-09-17 299 0.017 ± 0.003 < 0.010 
02-15-17 298 0.026 ± 0.004 < 0.008 08-16-17 297 0.027 ± 0.004 < 0.008 
02-22-17. 296 0.028 ± 0.004 < 0.008 08-23-17 300 . 0.028 ± 0.004 < 0.009 
03-01-17 . 314 0.022 ± 0.003 < 0.005 08-30-17 300. 0.022 ± 0.003 < 0.009 

03-08-17 308 0.023 ± 0.003 < 0.007 0.9-06-17 305 0.018 ± 0.003 < 0.006 
03-15-17 310 0.028 ± 0.004 < 0.007 09-13-17 305 0.020 ± 0.003 < 0.008 
03-23-17 340 0.022 ± 0.003 < 0.008 09-20-17 297 0.035 ± 0.004 < 0.007 
03-30-17 303 0.023 ± 0.003 < 0.009 09-27-17 306 0.043 ± 0.004 < 0.008 

1st Quarter 3rd Quarter 

Mean± s.d. 0.026 ± 0.005 < 0.008 Mean± s.d. . 0.024 ± 0.009 < 0.009 

04-05-17 255 0.025 ± 0.004 < 0.009 10-05-17 356 0.022 ± 0.003 < 0.008 
04-12-17 305 . 0.019 ± 0.003 < 0.011 10-11-17 260 0.034 ± 0.004 < 0.019 
04-19-17 NDa 10-18-17 293 0.024 ± 0.004 < 0.007 
04-26-17 294 0.017 ± 0.003 < 0.010 10-25-17 301 0.028 ± 0.004 < 0.005 

11-01-17 307 0.010 ± 0.003 < 0.009 
05-04-17 357 0.014 ± 0.003 < 0.009 
05-11-17 313 0.020 ± 0.003 < 0.008 11-08-17 305 0.021 ± 0.003 < 0.010 
05-17-17 196 0.012 ± 0.004 < 0.015 11-15-17 309 0.045 ± 0.004 < 0.007 
05-24-17 304 0.016 ± 0.003 < 0.011 11-22-17 302 0.031 ± 0.004 < 0.008 
05-31-1.7 294 0.013 ± 0.003 < 0.009 11-29-17 300 0.036 ± 0.004 < 0.004 

06-07-17 294 0.022 ± 0.003 < 0.009. 12-06-17 302 '0.029 ± 0.004 < 0.007 
06-14-17 301 0.030 ± 0.004 < 0.007 12-13-17 309 0.024 ± 0.004 < 0.007 
06-21-17 294 0.012 ± 0.003 < 0.011 12-20-17 309 0.030 ± 0.004 < 0.006 
06-28-17 299 0.013 ± 0.003 < 0.009 12-28-17 352 0.027 ± 0.003 < 0.009 

01-03-18 264 0.040 ± 0.005 < 0.010 

2nd Quarter 4th Quarter 
Mean± s.d. 0.018 ± 0.005 < 0.010 Mean ±s.d. 0.029 ± 0.009 < 0.008 

Cumulative Average 0.024 ± 0.008 < 0.009 
a "ND" = No data; see Table 2.0, Listing of Missed Samples. 
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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: c;::ontinuous, 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 

01-04-17 308 0.033 ± 0.004 < 0.006 07-05-17 299 0.020 ± 0.003 < 0.010 
01-10-17 263 0.028 ± 0.004 < 0.010 07-12-17 .296 0.022 ± 0.003 < 0.010 
01-18-17 366 0.034 ± 0.004 < 0.006 07-19-17 296 0.013 ± 0.003 < 0.011 
01-25-17 301 0.029 ± 0.004 < 0.009 . 07-26-17 294 0.021 ± 0.003 < 0.008 
02-01-17 :,108 0.019 ± 0.003 < 0.010 08-02-17 290 0.027 ± 0.004 < 0.010 

02-08-17 311 0.027 ± ·0.004 < 0.008 08-09-17 302 0.019 ± 0.003 < 0.010 
02-15-17 302 0.031 ± 0.004 < 0.008 08-16-17· 302 0.026 ± 0.004 < 0.007 
02-22-17 295 0.028 ± 0.004 < 0.008 08-23-17 300 0.032 ± 0.004 :< 0.009 
03-01-17 317 0.020 ± 0.003 < 0.005 08-30-17 304 0.025 ± 0.003 < 0.009 

03-08-17 315 0.026 ± 0.004 < 0.007 09-06-17 313 0.020 ± 0.003 < 0.006 
03-15-17 320 0.027 ± 0.004 < 0.007 09-13-17 313 0.025 ± 0.003 < 0.008 
03-23-17. 342 0.028 ± 0.003 < 0.008 09-20-17 300 0.034 ± 0.004 < 0.007 
03-30-17 302 0.016 ± 0.003 < 0.009 09-27-17 298 0. 042 ± 0. 004 < 0.009 

1st Quarter 3rd Quarter 

Mean± s.d. 0.027 ± 0.005 < 0.008 Mean± s.d. 0.025 ± 0.007 < 0.009 

04-05-17 257 0.018 ± 0.004 < 0.009 10-05-17 360 0.022 ± 0.003 < 0.008 
04-12-17 304 0.014 ± 0.003 < 0.011 10-11-17 258 0.030 ± 0.004 < 0.019 
04-19-17 297 0.021 ± 0.004 < 0.005 10-18-17 300 0.024 ± 0.003 < 0.006 
04-26-17 302 0.013 ± 0.003 < 0.010 10-25-17 302 0.027 ± 0.004 < 0.005 

11-01-17 306 0.010 ±0.003 < 0.009 
05-04-17 355 0.013 ± 0.003 < 0.009 
05-11-17 312 0.022 ± 0.003 < 0.008 11-08-17 .311 0.023 ± 0.003 < 0.009 
05-17-17 258 0.021 ± 0.004 < 0.011 11-15-17 308 0.040 ± 0.004 < 0.007 
05-24-17 318 0.019 ± 0.003 < 0.010 11-22-17 306 0.032 ± 0.004 < 0.008 
05-31-17 296 0.019 ± 0.003 < 0.009 11-29-17 304 0.032 ± 0.004 < 0.004 

06-07-17 296 0.023 ± 0.003 < 0.009 12-06-17 298 0.036 ± 0.004 < 0.007 
06-14-17 300 0.027 ± 0.004 < 0.007 12-13-17 300 0.026 ± 0.004 < 0.008 
06-21-17 293 0.013 ± 0.003 < 0.011 12-20-17 317 0.031 ± 0.004 < 0.006 
06-28-17 297 0.012 ± 0.003 < 0.009 12-28-17 356 0.030 ± 0.004 < 0.008 

01-03-18 263 0.037 ± 0.005 < 0.010 

2nd Quarter 4th Quarter 
Mean± s.d. 0.018 ± 0.005 < 0.009 Mean± s.d. 0.029 .± 0.008 < 0.008 

Cumulativ~ Average 0.025 ± 0.007 < 0.008 
Control Annual Mean ± s.d. 0.025 ± 0.007 < 0.008 
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Table 2. Gamma emitters in quarterly composites of air particulate filters 

Units: pCi/m3 

(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 

1st Quarter 

E-01 EAP- 1693 0.072 ± 0.013 0.0000 ± 0.0005 < 0.0010 0.0005 ± 0.0006 < 0.0007 -0.0005 ± 0.0006 < 0.0006 3956 
E-02 - 1694 0.068 ± 0.016 0.0002 ± 0.0005 < 0.0008 -0.0003 ± 0.0005 < 0.0007 0.0006 ± 0.0005 < 0.0006 3073 
E-03 - 1695 0.061 ± 0.014 - .-0.0002 ± 0.0003 < 0.0007 0.0001 ± 0.0004 < 0.0006 -0.0002 ± 0.0004 < 0.0005 4018 
E-04 - 1696 0.066 ± 0.018 -0.0001 ± 0.0005 < 0.0009 -0.0003 ± 0.0005 < 0.0007 -0.0003 ± 0.0006 < 0.0004 4012 
E-08 - 1697 0.065 ± 0.016 0.0003 ± 0.0005 < 0.0008 0.0001 ± 0.0005 < 0.0007 0.0004 ± 0.0006 < 0.0008 4035 
E-20 - 1698 0.061 + 0.015 ·-0.0002 ± 0.0006" < 0.0010 0.0000 ± 0.0006 < 0.0010 -0.0001 ± 0.0006 < 0.0004 4049 

2nd Quarter 

E-01 EAP- 3707 0.090 ± 0.016 0.0002 ± 0.0004 < 0.0007 -0.0001 ± 0.0005 < 0.0007 0.0003 ± 0.0004 < 0.0007 3889 
E-02 - 3708 0.100 ± 0.016 0.0000 ± 0.0004 < 0.0008 0.0001 ± 0.0004 < 0.0007 0.0001 ± 0.0004 < 0.0005 3878 
E-03 - 3709 0.093 ± 0.014 0.0001 ± 0.0004 < 0.0006 0.0002 ± 0.0004 < 0.0006 -0.0003 ± 0.0004 < 0.0003 3873 
E-04 - 3710 0.090 ± 0.018 -o:ooo5 ± o.ooo6 < 0.0010 0.0004 ± 0.0006 < 0.0010 0.0003 ± 0.0008 < 0.0012 3508 
E-08 - 3711 0.089 ± 0.016 0.0003 ± 0.0005 < 0.0010 -0.0004 ± 0.0005 < 0.0008 0.0007 ± 0.0006 < 0.0008 3857 
E-20 - 3712 0.097 ± 0.015 -0.0003 + 0.0004 < 0.0008 0.0001 ± 0.0004 < 0.0006" 0.0001 ± 0.0005 < 0.0005 3885 

3rd Quarter 

E-01 EAP- 5570 0.080 ± 0.011 -0.0001 ± 0.0003 < 0.0004 0.0003 ± 0.0003 < 0.0006 0.0001 ± 0.0003 < 0.0004 3885 
E-02 - 5571 0.091 ± 0.014 0.0001 ± 0.0004 < 0.0007 0.0003 ± 0.0004 < 0.0008 -0.0001 * 0.0005 < 0.0008 3905 
E-03 - 5572 0.075 ± 0.014 -0.0001 ± 0.0004 < 0.000~ 0.0002 ± 0.0004 < 0.0006 0.0000 ± 0.0004 < 0.0007 3879 
E-04 - 5574 0.076 ± 0.012 0.0000 ±"0.0004 < 0.0007 0.0002 ± 0.0004 < 0.0007 0.0002 ± 0.0003 < 0.0004 3911 
E-08 - 5575 0.077 ± 0.018 -0.0002 ± 0.0005 < 0.0010 -0.0001 ± 0.0006 < 0.0008 -0.0004 ± 0.0006 < 0.0007 3932 
E-20 - 5576 0.097 ± 0.020 -0.0018 ± 0.0007 < 0.0010 0.0003 ± 0.0006 < 0.0008 0.0007 ± 0.0006 < 0.0008 3906 

' 4th Quarter 

E-01 EAP- 6818 0.061 ± 0.012 -0.0001 ± 0.0005 < 0.0009 0.0003 ± 0.0005 < 0.0007 -0.0004 ± 0.0006 < 0.0005 4260 
E-02 - 6819 0.063 ± 0.015 0.0001 ± 0.0005 < 0.0007 .0.0007 ± 0.0005 < 0.0008 -0.0006 ± 0.0006 < 0.0004 4225 
E-03 - 6820 0.056 ± 0.010 0.0000 ± 0.0003 < 0.0007 0.0002 ± .0.0004 < 0.0007 0.0001 ± 0.0004 < 0.0005 4247 
E-04 - 6821 0.056 ± 0.009 0.0000 ± 0.0003 < 0.0006 0.0001 ± 0.0003 < 0.0005 -0.0001 ± 0.0004 < 0.0005 4269 
E-08 - 6822 0.058 ± 0.012 -0.0002 ± 0.0004 < 0.0007 -0.0001 ± 0.0005 < 0.0005 0.0004 ± 0.0005 < 0.0007 4248 
E-20 -6823 0.056 ± 0.013 0.0001 ± 0.0004 < 0.0004 0.0001 ± 0.0004 < 0.0006 -0.0005 ± 0.0005 < 0.0005 4288 

Annual Mean±s.d. 0.075 ± O.o15 -0.0001 ± 0.0004 < 0.0008 0.0001 ± 0.0002 < 0.0007 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 Dai~ Farm 
MDC MDC 

Collection Date 01-18-17 02-08-17 03-08-17 

Lab Code EMI- 227 EMI- 504 EMI- 915 

Sr-89 -0.4 ± 0.7 < 0.7 0.6 ± 0.7 < 0.8 0.0 ± 0.8 
sr-90 0.8 ± 0.3 < 0.6 0.4 ± 0.3 < 0.5 0.5 ± 0.3 

1-131 0.22 ± 0.22 < 0.42 0.10 ± 0.19 < 0.35 0.00 ± 0.13 

K-40 1405 ± 103 1391 ± 1Q4 1481 ± 101 
Cs-134 -1.0 ± 1.6 < 3.4 -0,9 ± 1.9 < 3.9 0.1 ± 1.7 
Cs-137 1.5±2.0 < 3.1 -0.1 ± 2.3. < 4.0 0.9 ± 1.9 
Ba-La-140 1.3 ± 1.7 < 4.5 0.9±1.4 < 2.5 0.9 ± 1.8 
Other (Co-60) -1.2 ± 1.9 < 1.9 3.4 ± 2.2 < 3.9 1.0 ± 1.8 

Collection Date 04-12-17 05-10-17 06-14-17 

Lab Code EMI- 1492 EMI- 2093 EMI- 2896 

/ sr-89 0.5 ± 0.7 < 0.6 -0.4 ± 0.7 < 0.7 -0.7 ± 0.8 
Sr-90 0.6 ± 0.3 < 0.5 0.6 ± 0.3 < 0.5 1.1 ± 0.3 

1-131 -0.12 ± 0.34 < 0.34 0.04±0.13 < 0.23 -0.03 ± 0.19 

K-40 1367 ± 90 1405 ± 41 1422 ± 40 
Cs-134 -0.1 ± 1.6 < 2.8 -0.3 ± 0.7 < 1.2 -0.3 ± 0.7 
Cs-137 -0.4 ± 1.9 < 3.3 0.4 ± 0.8 < 1.6 0.6 ± 0.7 
Ba-La-140 -0.4±1.8 < 2.8 -1.0±0.7 < 3.5 -0.6 ± 0.6 
Other (Co-60) -1.5 ± 1.8 < 2.2 0.1 ± 0.8 < 1.2 0.1 ± 0.8 

3-1 

MDC Required 
LLD 

< 0.8 5.0 
< 0.6 1.0 

< 0.23 0.5 

< 3.0 5.0 
.< 3.1 5.0 
<: 2.6 5.0 
< 3.0 15.0 

< 0.7 5.0 
< 0.5 1.0 

< 0.34 0.5 

< 1.2 5.0 
<1.4 5.0 
< 1.1 5.0 
<1.4 15.0 



POINT BEACH NUCLEAR PLANT 

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 07-12-17 08-09-17 09-13-17 LLD 

Lab Code EMI- 3358 EMI- 4072 EMI- 4671 

Sr-89 0.8 ± 0.8 < 0.7 -0.2 ± 0.8 < 0.8 0.0 ± 0.6 < 0.7 5.0 
Sr-90 0.9 ± 0.3 < 0.5 0.8 ± 0.3 < 0.5 0.5 ± 0.3 < 0.5 1.0 

1-131 0.04 ± 0.19 < 0.39 o:o6 ± 0.12 < 0.21 0.07 ± 0.20 < 0.39 0.5 

K-40 1416 ± 49 1341 ± 101 1283 ± 118 
Cs-134 -0.1 ± 0.8 <' 1.6 -0.9 ± 1.8. < 3.3 0.7±2.1 < 3.8 5.0 
Cs-137 0.1 ± 1.0 < 1.8 1.7 ± 1.9 < 2.9 0.6 ± 2.4 < 4.0· 5.0 
Ba-La-140 -0.3 ± 0.8 < 4.1 1.4 ± 1.5 < 3.0 -2.5 ± 1.8. <1.4 5.0 
Other (Co-60) 1.0 ± 0.9 < 1.6 -2.5 ± 2.3 < 2.0 -0.5 ± 2.6 < 3.2 15.0 

Required 
Collection Date 10-11-17 11-08-17 12-13-17 LLD 

Lab Code EMI- 5276 EMI- 5940 EMI- 6475 

Sr-89 oA ± o.e < 0.8 -0.2 ± 0.7 < 0.7 0.2 ± 0.8 < 0.8 5.0 
Sr-90 0.6 ± 0.3 < 0.5 0.6 ± 0.3 < 0.5 0.5 ± 0.3 < 0.6 1.0 

1-131 0.06 ± 0.08 < 0.10 0.03 ± 0.20 < 0.40 -0.04 ± 0.19 < 0.34 0.5 

K-40 1280 ± 101 1282 ± 108 1244 ± 106 
Cs-134 -0.3 ± 1.6 < 2.6 0.0 ± 1.8 < 3.4 -0.5 ± 2.0 < 3.7 5.0 
Cs-137 -0.5 ± 1.8 < 2.4 -0.1 ± 1.9 < 2.8 0.2 ± 2.3 < 3.0 5.0 
Ba-La-140 0.3 ± 1.9 < 3.2 -1.1 ± 1.7 < 3.0 1.4 ± 1.7 < 2.7 5.0 
Other (Co-60) 2.6 ± 2.0 < 2.4 -0.5 ± 2.1 < 3.1 0.8±2.1 < 2.2 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 
Collection Date 01-18-17 02-08-17 03-08-17 

Lab Code EMI- 228 EMI- 505 EMI- 916 

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

1-131 0.16 ± 0.18 < 0.32 -0.03 ± 0.15 < 0.22 0.21 ± 0.22 

K-40 1509 ± 97 1433 ± 94 138:3 ± 86 
Cs-134 -0.9 ± 1.4 < 2.9 2.0 .± 1.7 < 3.5 -0.8 ± 1.4 
Cs-137 1.9 ± 1.8 < 3.6· . 1.0 ± 1.9 < 2.9 0.1 ± 1.8 
Ba-La-140 0.7 ± 1.4 < 2.7 -1.2 ± 1.7 < 3.1 -1.3 ± 1.4 
Other (Co-60) -1.5 ± 1.8 < 1.8 -0.9 ± 2.0 < 3.2 1.3 ± 1.8 

Collection Date 04-12-17 05-10-17 06-14-17 

,<' Lab Code EMI- 1493 EM!- 2094 EMI- 2897 

Sr-89 -0.5 ± 0.6 < 0.7' -0.3 ± 0.7 < 0.8 -0.4 ± 0.9 
Sr-90 0.6 ± 0.3 < 0.5 0.3 ± 0.3. < 0.6 0.6 ± 0.4 

1-131 0.10 ± 0.12 < 0.21 -0.06 ± 0.13 < 0.24 -0.26 ± 0.20 

K-40 1501 ± 91 1466 ± 42 1364 ± 45 
Cs-134 1.4 ± 1.6 < 2.9 0.2 ± 0.7 < 1.3 0.2 ± 0.7 
Cs-137 -1.4±1.8 < 2.4 -0.3 ± 0.7 < 1.1 0.4 ± 0.8 
Ba-La-140 -2.2 ± 1.6 < 4.1 -0.2 ± 0.6 < 2.4 -0.9 ± 0.7 
Other (Co-60) 1.1 ± 1.9 < 3.1 0.3 ± 0.8 < 1.3 -0.1 ± 0.8 

3-3 

MDC Required 
LLD 

< 0.8 5.0 
< 0.6 1.0 

< 0.43 0.5 

< 2.6 5.0 
< 2.0 .5.0 
< 2.7 5.0 
< 2,5 15.0 

.< 1.0 5.0 
< 0.7 1.0 

< 0.39 0.5 

< 1.3 5.0 
< 1.5 5.0 
< 1.8 5.0 
< 1.3 15.0 
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Table 3. Radioactivity in milk samples 

Collection: Monthly 

Sample Description and Concentration (pCi/L) 

E-21 Strutz DailY Farm 
.·MDC MDC MDC Required 

Collection Date 07-12-17 08-09-17 09-13-17 LLD 

Lab Code EMI- 3359 EMI- 4073 EMI- 4673 

Sr-89 -0.2 ± 0.7 < 0.9 -0.1 ± 0.7 < 0.8 0.1 ± 0.8 < 0.7 5.0 
Sr-90 0.4 ± 0.3 < 0.5 0.5 ± 0.3 < 0.5 0.7 ± 0.3 < 0.5 1.0 

1-131 -0.01 ± 0.12 < 0.22 0.06 ± 0.15 < 0.26 -0.11 ± 0.14 < 0.27 0.5 

K-40 1452 ± 46 1548 ± 112 1349 ± 111 
Cs-134 0.0 ± 0.7 <1.4 -0.4 ± 1.9 < 3.8 -0.6 ± 1.6 < 2.8. 5.0 
Cs-137 0.7 ± 0.9 < 1.6 1A ± 1.9' < 3.1 1.9 ± 2.1 <'3.9 5.0 
Ba-La-140 -0.6 ± 0.7 . < 2.9 -1.2 ± 1.5 < 4.0 0.6 ± 1.8 < 3.0 . 5.0 
Other (Co-60) -0.6 ± 0.9 < 1.5 -0.3 ± 2.3 < 3.2 -0.4 ± 2.5 < 3.8 15.0 

Required 
Collection Date 10-11-17 11-08-17 12-13-17 LLD 

Lab Code EMI- 5277 EMI- 5941 EMI- 6476 

Sr-89 -0.1 ± 0.8 < 1.0 0.1 ± 0.7 < 0.8 0.0 ± 0.7 < 0.8 5.0 
Sr-90 0.1 ± 0.3 < 0.6 Q.2 ± 0.3 < 0.5 0.2 ± 0.3 < 0.5 1.0 

1-131 0.08 ± 0.13 < 0.23 0.17 ± 0.21 < 0.36 -0.07 ± 0.16 < 0.30 0.5 

K-40 1449 ± 120 1436 ± 109 1238 ± 104 
Cs-134 -1.5±1.9 < 3.5 0.9 ± 1.7 < 3.2 1.2 ± 1.9 < 3.4 5.0 
Cs-137 -0.5 ± 2.1 < 3.0 0.7 ± 1.9 < 3.4 0.3 ± 2.3 < 3.8 5.0 
Ba-La-140 -0.3 ± 1.8 < 3.5 -1.8 ± 1.6 < 2.8 1.5 ± 2.1 < 4.7 5.0 
Other (Co-60) 1.8 ± 2.8 < 2.9 -1.0 ± 2.2 < 2.6 -1.7 ± 2.1 < 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 01-18-17 02-08-17 03-08-17 

Lab Code EMI- 229 EMI- 506 EMI- 917 

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

1-131 0.14 ± 0.25 < 0.50 0.07 ± 0.19 < 0.37 -0.03 ± 0.15 

K-40 1406 ± 104 1422 ± 89 1493 ± 93 
Cs-134 -0.1 ± 1.7 < 3.2 -0.2 ± 1.5 < 2.8 -1.5 ± 1.4 
Cs-137 0.7 ± 1.7 < 2.!} 0.0 ± 1.5 < 2.8 -0.1 ± 1.6 
Ba-La-140 0.6 ± 1.6 < 3.7 -2.1 ± 1.4 < 1.8 0.7 ± 1.3 
Other (Co-60) 1.1 ± 1.9 < 2.6 -1.0 ± 2.0 < 2.8 1.5 ± 1.5 

Collection Date 04-12-17 05-10-17 06-14-17 

Lab Code EMI- 1494 EMI- 2095 EMI- 2898 

Sr-89 0.3 ± 0.6 < 0.6· -0.6 ± 0.7 < 0.7. -0.6 ± 0.7 
Sr-90 0.3 ± 0.3· < 0.5 0.5 ± 0.3 < 0.6 . 0.7 ± 0.3 

1-131 0.00±0.10 < 0.19 0.03 ± 0.12 < 0.21 -0.13 ± 0.19 

K-40 1460 ± 42 1461 ± 43 1445 ± 43 
Cs-134 -0.2 ± 0.7 < 1.2 -0.2 ± 0.7 <1.4 -0.1 ± 0.7 
Cs-137 0.3 ± 0.8 < 1.3 1.0 ± 0.8 < 1.6 0.0 ± 0.8 
Ba-La-140 -1.5±0.7 < 1.7 -1.2±0.7 < 2.5 -2.3 ± 0.7 
Other (Co-60) -0.1 ± 0.8 < 1.2 0.6 ± 0.9 < 1.8 -0.1 ± 0.8 
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MDC Required 
LLD 

< 0.7 5.0 
< 0.5 1.0 

< 0.27 0.5 

< 3.1 5.0 
< 3.0 5.0 
< 3.3 5.0 
< 2.0 15.0 

< 0.7 5.0 
< 0.5 1.0 

< 0.36 0.5 

< 1.3 5.0 
< 1.5 5.0 
< 2.0 5.0 
< 1.5 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 07-12-17 08-09-17 

Lab Code EMI- 3360 EMI- 4074 

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

1-131 -0.02 ± 0.10 < 0.18 0.03 ± 0.14 < 0.24 

K-40 1406 ± 46 1365 ± 109 
Cs-134 -0.5 ± 0.7 < 1.5 -0.9±1.7 < 3.1 
Cs-1"37 1.1 ± 0.9 < 1.6 0.9 ± 1.9 < 3.4 
Ba-La-140 -1.3 ± 0.8 < 2.5 -0.7 ± 1.4 < 3.3 
Other (Co-60) 0.3 ± 0.9 < 1.2 0.8 ± 2.1 < 2.7 

Collection Date 10-11-17 11-08-17 

Lab Code EMI- 5278 EMI- 5942 

Sr-89 0.2 ± 0.8 < 0.8 -0.5 ± 0.7 < o.? 
Sr-90 0.6 ± 0.3 < 0.5 0.4 ± 0.3 < 0.5 

1-131 0.09 ± 0.12 < 0.21 0;19 ± 0.20 < 0.34 

K-40 1408 ± 100 1362 ± 107 
Cs-134 -1.2 ± 1.7 < 3.0 0.8 ± 1.8 < 3.3 
Cs-137 2.4 ± 1.9 < 3.4 0.0 ± 2.0 < 3.2 
Ba-La-140 -0.1 ± 1.5 < 2.1 -2.0 ± 1.5 < 1.5 
Other (Co-60) -0.4 ± 2.3 < 3.6 -0.3 ± 2.2 < 2.1 

Sr-89 Annual Mean + s.d. -0.1 ±0.4 
Sr-90 Annual Mean + s.d. 0.5 ±0.2 
1-131 Annual Mean+ s.d. 0,03 ±0.10 
K-40 Annual Mean + s.d. 1401 ±73 

Cs-134 Annual Mean+ s.d. -0.3 ±0.9 
Cs-137 Annual Mean+ s.d. 0.5 ±0.8 
Ba-La Annual Mean + s.d. -0.5 ± 1.2 
Co-60 Annual Mean + s.d. 0.0 ± 1.2 
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09-13-17 

EMI- 4674 

0.2 ± 0.7 
0.6 ± 0.3 

0.02±0.12 

. 1377 ± 118 
-2.4 ± 2.0 
.0.2 ± 2.2 
-0.7 ± 2.1 
-1.1 ± 2.1 

12-13-17 

EMI- 6477 

-0.3 ± 0.6 
0.4 ± 0.3 

0.04 ± 0.16 

1383 ± 105 
-1.6 ± 1.7 
-0.2 ± 2.1 
0.8 ± 1.8 

-1.7±2:4 

MDC 

< 0.7 
< 0.5 

< 0.21 

< 3.9 
< 3.4 
< 1.9 
< 2.5 

< 0.7 
< 0.5 

< 0.29 

< 3.0 
< 2.9 
< 1.9 
< 2.9 

Required 
LLD 

. 5.0 
1.0 

0.5' 

5.0 
5.0 
5.0 
15.0 

Required 
LLD 

5.0 
1.0 

0.5 

5.0 
5.0 
5.0 
15.0 
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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. Annual 
LLD Mean ±s.d 

Collection Date 01-11-17 04-13-17 07-13-17 10-11-17 

Lab Code EWW- 133 EWW- 1540 EWW- 3496 EWW- 5306 

Gross Beta 1.6 ± 1.1 0.6 ± 1.0 1.4 ± 1.1 2.6 ± 0.8 4.0 1.6 ± 0.8 

H-3 88 ± 96 55± 79 34 ± 73 -6 ± 69 500 42.8 ± 39.4 

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

1-131 0.12 ± 0.19 0.04 ± 0.14 0.17 ± 0.33 0.05 ± 0.22 0.5 0.10 ±0.06 

Mn-54 1.1 ± 1.4 "0.9 ± 1.6 0.6 ± 1.1 . -0.2 ± 1.5 10 0.1 ± 0.9 
Fe-59 -1.5 ± 2.8 -1.5 ± 2.7 2.5 ± 2.0 0.4 ± 2.9 30 -0.1 ± 1.9 
Co-58 0.3 ± 1.4 1.6 ± 1.4 -1.1 ± 1.1 0.9 ± 1.4 10 0.4 ± 1.1 
Co-60 0.3 ± 1.7 0.2 ± 2.0 -0.2 ± 1.3 0.1 ± 1.4 10 0.1 ± 0.2 
Zn-65 -1.3 ± 2.6 3.5 ± 3.0 -0.7 ± 1.9 1.1 ± 3.2 ' 30 0.6 ± 2.1 
Zr-Nb-95 -0.8 ± 1.8 -1.5 ± 1.6 -0.4 ± 1.2 -4.7 ± 1.9 15 -1.8 ± 1.9 
Cs-134 -1.4 ± 1.5 0.6 ± 1.5 -1.7 ± 1.1 -0.9 ± 1.9 10 -0.8 ± 1.0 
Cs-137 -0.9 ± 1.6 0.1 ± 1.8 -0.4 ± 1.4 -0.3 ± 2.0 10 -0.4 ± 0.4 
Ba-La-140 1.3 ± 1.5 -2.6 ± 2.1 3.4 ± 1.6 -1.5 ± 1.9 15 0.1 ± 2.7 
Other (Ru-103) -0.2 ± 1.4 0.1 ± 1.5 -Q.4 ± 1.2 -0.6 ± 1.5 30 -0.3 ± 0.3 

MDC Data 

Collection Date 01-11-17 04-13-17 07-13-17 10-11-17. 

Lab Code EWW- 133 EWW- 1540 EWW- 3496 EWW- 5306 

Gross Beta < 2.0 < 2.0 < 1.9 < 1.2 4.0 < 1.8 

H-3 < 176 < 144 < 149 < 149 500 < 154.6 

Sr-89 < 0.5 < 0.5 < 0.5 < 0.6 5.0 < 0.5 
Sr-90 < 0.5 < 0.4 < 0.4 < 0.5 1.0 < 0.5 

1-131 < 0.37 < 0.26 < 0.50 < 0.44 0.5 <0.39 

Mn-54 < 2.3 < 2.4 < 2.5 < 2.0 10 < 2.3 
Fe-59 < 4.7 < 3.5 < 5.5 < 5.5 .30 <4.8 
Co-58 < 2.4 < 2.4 < 1.8 < 2.1 10 <2.2 
Co-60 < 2.7 < 2.0 < 1.3 < 2.4 10 < 2.1 
Zn-65 < 4.0 < 5.7 < 2.3 < 5.9 30 <4.5 
Zr-Nb-95 < 3.3 < 2.1 < 4.0 < 1.8 15 < 2.8 
Cs-134 < 2.7 < 2.6 < 2.2 < 3.3 10 < 2.7 
Cs-137 < 2.1 < 3.6 < 2.2 < 2.7 10 < 2.7 
Ba-La-140 < 2.4 < 3.4 < 7.8 . < 2.5 15 <4.0 
Other (Ru-103) < 2.8 < 3.4 < 2.9 < 2.8 30 < 3.0 
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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 · 

MDC MDC MDC MDC 

Lab Code NS" ELW- 513 ELW- 945 ELW- 1536 
Date Collected 01-30-17 02-08-17 03-08-17 04-12-17 Req.LLD 

Gross beta 1.5 ± 0.9 < 1.7 3.1 ± 0.7. < 0.9 1.5 ± 0.6 < 0.9 4.0 

1-131 0.13 ± 0.14 < 0.24 -0.06 ± 0.14 < 0.27 0.04 ± 0.21 < 0.42 0.5 

Be-7 2.1 ± 12.6 < 28.5 6.2 ± 18.9 < 37.0 5.8 ± 8.5 < 22.0 
Mn-54 0.4 ± 1.6 <2.2 .-0.2~ 1.6 < 2.7. 0.2 ± 1.0 < 1.7 10 
Fe-59 2.3 ± 2.7 < 4.4 (5.2 ± 3.4 < 7.2· -1.3 ± 1.6 < 3.0 30 
Co-58 -0:3 ± 1.4 < 1.6 -0.4 ± 1.7 < 2.8 -0.6 ± 1.0 < 1.5 10 
Co-60 1.2 ± 1.2 < 1.6 0.1 ± 1.9 < 2.0 0.4 ± 1.'1 < 1.7 10 
Zn-65 0.4 ± 2.9 < 3.9 0.3 ± 4.0 < 4.9 -0.5 ± 2.1 < 4.0 30 
Zr-Nb-95 0.1 ± 1.6 < 3.8 -0.7 ± 1.8 < 3.2 0.7 ± 1.0 < 2.3 15 
Cs-134 -0.1 ± 1.4 < 2.8 -1.1 ± 1.9 < 3.8 -0.8 ± 1.0 < 1.9 10 
Cs-137 0.4 ± 1.4 < 2.8 1.0 ± 2.1 < 3.5 0.7 ± 1.0 < 2.1 10 
Ba-La-140 -1.2±1.5 < 3.3 -0.9 ± 1.8 < 3.2 -1.4 ± 1.2 < 2.0 15 
Other (Ru-1 03) -2.2 ± 1.5 < 2.4 0.4 .± 2.0 < 4.7 0.8 ± 0.9 < 2.5 30 

Lab Code ELW- 2103 ELW- 2899 ELW- 3385 ELW- 4075 
Date Collected 05-10-17 06-14-17 07-12-17 . 08-09-17 Req.LLD 

Gross beta 0.3 ± 0.5 < 0.9 5.4 ± 0.8· b < 0.9 2.0 ± 0.7 < 1.0 0.6 ± 0.5 < 0.9 4.0 

1-131 -0.02 ± 0.21 < 0.38 0.00 ± 0.23 < 0.45 -0.04 ± 0.13 < 0.23 -0.08 ± 0.23 < 0.48 0.5 

Be-7 4.4 ±.13.8 < 32.3 5.1 ± 14.8 < 34.1 7.1 ± 11.4 < 38.7 -3.8 ± 1.5.7 < 34.8 
Mn-54 0.1 ± 1.6 < 2.4 -1.2 ± 2.0 < 3.0 -0.8 ± 1.4 < 1.9 0.6 ± 1.6 < 2.7 10 
Fe-59 -1.3 ± 2.5 < 3.5 2.4 ± 3.0 < 4.2 -3.0 ± 2.2 < 4.2 -2.2 ± 2.8 < 7.4 30 
Co-58 0.1 ± 1.6 < 2.6 -0.9 ± 1.9 < 3.1 -0.3 ± 1.2 < 2.0 0.1 ± 1.7 < 2.2 10 
Co-60 0.3 ± 1.6 < 1.9 1.0±1.9 < 2.6 -0.2 ± 1.2 <1.4 1.2 ± 1.7 < 2.8 10 
Zn-65 0.3 ± 3.2 < 4.3 1.4 ± 3.6 < 5.3 -0.2 ± 2.6 < 3.7 -0.6 ± 3.0 < 4.0 30 
Zr-Nb-95 4.4 ;!: 1.9 < 5.2 2.1 ± 2.0 < 4.9 0.8 ± 1.3 < 4.2 0.7 ± 1.7 < 3.1 15 
Cs-134 -0.3 ± 1.4 < 2.8 -0.4 ± 1.6 < 3.1 1.0 ± 1.3 < 2.3 . 0.0 ± 1.5 < 3.4 10 
Cs-137 0.3 t 1.7 < 3.3 0.2 ± 2.1 < 3.5 -1.0 ± 1.6 < 1.4 1.4 ± 1.9 < 3.8 10 
Ba-La-140 4.3 ± 1.5 < 3.6 0.5 ± 2.1 < 5.0 -0.4 ± 1.7 < 11.0 2.3 ± 2.0 < 13.2 15 
Other (Ru-103) 0.0 ± 1.5 < 3.5 -1.9±1.7 < 2.5 -0.2 ± 1.2 < .4.7 -2.3 ± 1.8 < 3.3· 30 

Lab Code ELW- 4699 ELW- 5302 ELW- 5976 ELW- 6478. 

Date Collected 09-13-17 10-11-17 11-08-17 12-12-17 Req.LLD 

Gross beta 1.2 ± 0.6 < 0.9 1.6 ± 0.6 < 0.9 1.3 ± 0.6 < 0.9 1.3 ± 0.6 < 0.9 4.0 

1-131 0.15 ± 0.16 < 0.27 -0.01 ± 0.16 < 0.29 0.10 ± 0.17 < 0.29 0.08 ± 0.15 < 0.27 0.5 

Be-7 -3.2 ± 14.2 < 30.9 19.7 ± 17.9 < 37.9 -2.2 ± 14.9 < 28.0 6.7 ± 16.4 < 32.4 
Mn-54 0.7 ± 1.5 < 2.7 -0.9 ± 1.8 < 3.0 -1.0 ± 1.6 < 2.7 1.3 ± 1.7 < 2.9 10 
Fe-59 0.6 ± 3.1 < 5.9 2.7 ± 3.0 < 6.1 -2.7 ± 2.8 < 4.8 2.4 ± 2.9 < 5.7 30 
Co-58 0.6 ± 1.6 < 3.1 -0.8 ± 1.9 < 1.9 -0.1 ± 1.3 < 2.0 1.5 ± 1.5 < 2.8 10 
Co-60 1.4 ± 1.5 < 2.2 -0.6 ± 1.8' < 2.0 2.5 ± 1.6 < 2.1 -0.9 ± 1.5 < 1.9 10 
Zn-65 -0.3 ± 3.1 < 4.2 -0.7 ± 2.4 < 1.7 3.3 ± 3.1 < 4.3 -0.7 :1; 2.4 < 2.9 30 
Zr-Nb-95 0.6 ± 1.7 < 3.3 1.4 ± 1.9 < 4.0 -1.1 ± 1.3 < 1.8 0.2 ± 1.7 .< 3.2 .15 
Cs-134 u ± 1.5 < 3.0 -1.1 ± 1.8 < 3.3 -0.3 ± 1.5 < 3.0 0.3 ± 1.5 < 2.5 10 
Cs-137 -0.5 ± 1.7 < 2.4 0.3 ± 2.1 < 2.2 -0,1 ± 1.6 < 1.2 -0.1 ± 1.9 < 2.7 10 
Ba-La-140 1.2 ± 1.2 < 5.5 -2.0 ± 2.0 < 2.6 -2.6 ± 1.7 < 4.7 -1.9 ± 1.7 < 1.9 15 
Other (Ru-103) -1.8 ± 1.7 < 2.8 -0.2 ± 1.9 < 2.0 -1.7±1.4 < 2.4 2.9 ± 1.8 < 2.8 30 

a "NS"- No sample; see Table 2.0, Listing of Missed Samples. 

b Gross beta recounted with a result of 5.5±0.9 pCi/L. Sample being reanalyzed at time of report. Results after mixing well and filtering = 
beta(ss) = 19.2±1.8pCi/L, beta(ds) = 7.3±1.0 pCi/L. 
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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-1 03) 

NS" 
01-30-17 

MDC 

ELW- 2104 
05-10-17 

1.2 ± 0.5 

0.17 ± 0.21 . 

1.2 ± 11.0 
0.2 ± 1.4 

-1.3 ± 2.2 
0.1 ± 1.2 
0.8 ± 1.3 
1.0 ± 2.8 

-2.4 ± 1.4 
0.5 ± 1.4 
0.0 ± 1.6 
0.3 ± 1.6 

-0.7 ± 1.4 

ELW- 4700 

09-14-17 

1.0 ± 0.5 

0.00 ± 0.14 

-3.2 ± 9.4 
1.2 ± 1.1 
2.7 ± 2.3 

-1.2 ± 1.2 
-0.5 ± 1.4 
2.4 ± 2.3 
0.2 ± 1.2 

-0.1 ± 1.1 
0.2 ± 1.4 
3.0 ± 1.6 

-2.1 ± 1.1 

< 0.8 

< 0.36 

< 27.3 
< 2.3 
< 5.0 
< 2.4 
< 1.9 
< 4.9 
< 2.4 
< 2.6 
< 2.1 
< 8.6 
< 2.7 

< 0.8 

< 0.26 

< 21.3 
< 2.1 
< 5.5 
< 2.3 
< 1.8 
< 4.1 
< 3.2 
< 2.2 
< 2.4 
< 10.7 
< 2.5 

MDC 

ELW- 514 
02-09-17 

2.1 ± 1.0 < 1.7 

0.03 ± 0.13 

7.8 ± 10.6 
-1.1 ± 1.3 
1.5 ± 2.2 

-0.2 ± 1.1 

0.3 ± 1.3 
-0.7 ± 2.1 
-0.2 ± 1.4 
-0.2 ± 1.5 
0.9 ± 1.4 
1.9 ± 1.5 

-1.2 ± 1.2 

< 0.23 

< 24.9 
< 2.1 
< 4.6 
< 2.0 

< 1.8 
< 2.8 
< 2.7 
< 2.7 
< 2.3 
< 4.5 
< 1.9 

· ELW- 2900 
06-14-17 

3.3 ± 0.7 

0.08 ± 0.22 

9.1 ± 12.1 
-1.0±1.4 
0.2 ± 2.3 

-0.9 ± 1.2 
0.2 ± 1.4 
0.7 ± 2.7 

-1.0 ± 1.6 
o·.o±1.4 
1.9 ± 1.7 

-1.7±1.9 
0.8 ± 1.3 

ELW- 5303 

10-12-17 

1.3 ± 0.6 

-0.08 ± 0.14 

-12.2 ± 11.7 
1.0 ± 1.5 
2.5 ± 2.8 
1.6 ± 1.7 

·-0.3 ± 1.5 
-1.2 ± 2.6 
1.2 ± 1.8 

-0.3 ± 1.6 
0.3 ± 1.6 

-0.3 ± 1.7 

< 0.9 

< 0.42 

< 30.4 
< 1.8 
< 3.4 
< 1.9 
< 1.9 
< 4.1 
< 2.8 
< 2:-7\ 

·< 3.1 
< 6.1 
< 3.0 

< 0.9 

< 0.26 

< 18.3 
< 2.6 
< 2.9 
< 3.3 
< 1.5 
< 1.7 
< 2.7 
< 3.0 
< 2.7 
< 3.3 

-1.3±1.5 < 2.4 

• "NS" = No sample; see Table 2.0, Listing of Missed Samples. 
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MDC MDC 

ELW- 946 
03-08-17 

ELW- 1537 
04-13-17 

1.7 ± 0.6 < 0.9 1.5 ± 0.6 < 0.9 

0.00 ± 0.15 

0.6 ± 14.6 
0.2. ± 1.6 

-1.8 ± 3.2 
0.6 ± 1.6 

-0.7 ± 1.7 
-1.1 ± 3.4 
-0.2 ± 1.7 
0.7 ± 1.3 

-0.1 ± 1.8 
2.9 ± 1.7 
0.3 ± 1.8 

< 0.21 -0.05 ± ·o.14 

< 30.5 2.4 ± 17.7 
< 2.2 0.1 ± 1.5 
< 3.9 -0.2 ± 3.3 
< 2.5 0.0 ± 1.5 

< 2.3 0.6 ± 1.7 
< 3.3 -0.2 ± 2.9 
< 4.1 Q.7 ± 1.7 
< 3.0 1.5 ± 1.8 
< 2.5 -0.5 ± 1.9 
< 4.2 1.2 ± 1.9 
< 3.7 -1.1 .± 2.1 

< 0.26 

< 34.4 
< 2.9 
< 6.0 
< 1.8 

< 1.9 
< 2.8. 
< 3.2 
< 3.6 
< 2.2 
< 2.9 
< 3.4 

ELW- 3386 
07-12-17 

ELW- 4076 
08-09-17 

0.6 ± 0.5. 

0.08 ± 0.12 

5.4 ± 11.0 
-0.3 ± 1.3 
-3.8 ± 2.3 
0.0 ± 1.4 
0.9 ± 1.3 

-0.7± 2.2 
-0.5 ± 1.6 
-0.6 ± 1.3 
-0.5 ± 1A 
7.8 ± 1.4 
o:2 ± 1.3 

< 0.9 

< 0.21 

< 27.5 
<1.4 
< 4.5 
< 2.0 
< 2.3 
< 2.3 
< 4.9 
< 2.3 
< 2.2 
< 8.5 
< 4.2 

ELW- 5977 

11-08-17 

0.0 ± 0.4 

0.03 ± 0.18 

-0.2 ± 19.0 
-1.6 ± 1.8 
-1.7±2.4 
-0.3 ± 1.7 
0.4 ± 2.3 

-0.7 ± 3.4 
-1.4±1.5· 
0.3 ± 1.6 
0.7 ± 1.8 

-6.3 ± 2.1 
-1.7 ± 2.1 

< 0.9 

< 0.32 

< 43.2 
< 1.7 
< 4.8 
< 2.9 
< 3.5 
< 3.9 
< 3.0 
< 3.1 
< 2.4 
< 3.9 
< 3.4 

0.5 ± 0.5 

0.19 ± 0.20 . 

15.2 ± 11.0 
-0.1 ± 1.3 
0.5 ± 2.3 

-0.6 ± 1.4 
-0.3 ± 1.5 
2.2 ± 2.9 

-0.8 ± 1.4 
0.8 ± 1.4 

-1.1 ± 1.5 
'2.4 ± 1.1· 
-f:2 ± 1.3 

ELW- 6479 

12-14-17 

1.8 ± 0.6 

-0.03 ± 0.13 

-0.9 ± 12.4 
0.3 ± 1.7 
0.7 ± 2.8 
0.5 ± 1.6 
1.4 ± 2.0 
0.4 ± 2.9 

"1.3 ± 1.8 
0.5 ± 1.9 

-0.6 ± 1.9 
-0.7 ± 1.6 
0.9 ± 1.6 

< 0.9 

< 0.36 

< 32.4 
< 1.8 
< 5.9 
< 3.5 
< 1.9 
< 5.6 
< 3.7 
< 2.5 
< 2.1 
< 3.7 
< 3.2 

< 0.9 

< 0.24 

< 23.0 
< 2.2 
< 4.3 
< 2.8 
< 3.1 
< 3.3 
< 2.7 
< 3.1 
< 2.6 
< 2.1 
< 3.6 

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 



POINT BEACH 

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

MDC MDC MDC MDC 

Lab Code NS" ELW- 515 ELW- 947 ELW- 1538 
Date Collected 01-30-17 02-09-17 03-09-17 04-13-17 Req. LLD 

Gross beta 1.9 ± 0.9 < 1.6 2.6 ± 0.7 < 0.9 1.2 ± 0.6 < 0.9 4.0 

1-131 -0.04 ± 0.25 < 0.37 0.14 ± 0.19 < 0.33 0.17 ± 0.18 < 0.31 0.5 

Be-7 -1.0 ± 4.8 < 9.5 -0.3 ± 14.2 < 24.7 2.5 ± 8.3 < 16.6 
Mn-54 -0.2 ± 0.6 < 0.8 -0.4 ± 1.6 < 2.7 -0.2 ± 1.0 < 1.7 10 
Fe-59 0.2 ±.1.0 < 1.6 -0.2 ± 2.9 < 4.8 1.5· ± 1.8 < 2.2 30 
Co-58 0.5.± 0.5 < 1.2 -0.6 ± 1,5 < 1.8. -0.5 ± 1.0 <1.4 10 
Co-60 0.0 ± 0.6 < 1.2 -0.4 ± 1.6 < 1.8 U.'3 ± 1.0 < 1.7 10 
Zn-65 0.2 ± 1.1 < 1.7 3.0 ± 3.6 < 5.9 -0.7 ± 1.8 "< 2.0 30 
Zr-Nb-95 -0.5 ± 0.6 < 0.8 0.1 ± 1.8 < 3.1 -0.4 ± 1.0 < 1.7 15 
Cs-134 -0.2 ± 0.6 < 1.1 0.0 ± 1.5 < 3.2 0.3 ± 1.0 < 1.8 10 
Cs-137 1.0 ± 0.7 < 1.4 -0.9 ± 1.8 < 3.5 -1.8 ± 1.1 < 1.9 10 
Ba-La-140 -1.9 ± 0.7 < 1.0 0.4 ± 1.9 < 3.5 0.3 ± 1.2 < 3.0 15 
Other (Ru-1 03) 0.1 ± 0.5 < 1.5 -1.9 ± 1.8 < 3.3 0.3 ± 0.9 < 1.5 30 

Lab Code ELW- 2105 ELW- 2901 ELW- 3387 ELW- 4077 
Date Collected . 05-10-17 06-14-17 07-12-17 08-09-17 Req. LLD 

Gross beta 0.9 ± 0.5 < 0.9 p.7 ± 0.5 < 0.9 1.2 ± 0.6 < 0.9 1.1 ± 0.6 < 0.9 4.0 

1-131 . -0.04 ± 0.23 < 0.42 -D.14 ± 0.18 .< 0.27 0.01 ± 0.12 < 0.22 -0.02 ± 0.16 < 0.25 0.5 

Be-7 -8.3 ± 10.6 < 21.9 5.0 ± 11.1 < 34.7 0.2 ± 9.2 < 28.9 5.1 ± 10.1 < 28.8 
Mn-54 0.6 ± 1.2 < 1.8 0.6 ± 1.6 < 3.1 -0.4 ± 1.2 < 2.0 d:3± 1.2) < 2.3 10 
Fe-59 3.0 ± 2.6 < 4.0 1.9 ± 2.3 < 4.9 0.7 ± 1.9 < 3.8 -0.2 ± 2.2 < 6.0 30 
Co-58 -0.4 ± 1.2 < 2.0 -1.5±1.4 < 1.9 -1.1 ± 1.1 < 2.1 1.6 ± 1.1 < 2.5 10 
Co-60 -0.6 ± 1.5 < 1.6 1.4 ± 1.5 < 1.7 -0.5 ± 1.1 < 0.9 -0.1 ± 1.4 < 1.5 10 
Zn-65 -0.6 ± 2.5 < 4.1 1.1 ± 2.7 < 3.4 -0.2 ± 2.2 < 3.0 -0.3 ± 2.6 < 3.8 30 
Zr-Nb-95 1.6 ± 1.3 < '3.4 -0.9 ± 1.4 < 2.7 -1.1 ± 1.2 < 2.9 1.9 ± 1.3 < 4.3 15 
Cs-134 0.0 ± 1.4 < 2.6 0.5 ± 1.6 < 2.7 0.9 ± 1.1 < 2.3 0.1 ± 1.2 < 2.3 10 
Cs-137 0.0 ± 1.5 < 2.2 0.4 ± 1.7 < 3.2 -1.1 ± 1.4 < 1.7 0.2 ± 1.5 < 2.9 10 
Ba-La-140 -2.0 ± 1.6. < 6.3 -6.1 ± 2.0 < 5.5· -5.3 ± 1.3 .,: 6.0 0.5. ± 1.4 < 9.6 15 
Other (Ru-1 03) -0.4 ± 1.2' < 2.8 -1.1 ± 1.2 < 2.3 -0.5 ± 1.1 < 2.1 -1.6 ± 1.0 < 2-.3 30 

Lab Code ELW- 4701 ELW- 5304 ELW- 5978 NSa 

Date Collected 09-14-17 10-12-17 11-08-17 12-14-17 Req.LLD 

Gross beta 0.6 ± 0.5 < 0.9 1.3 ± 0.5 < 0.8 1.7 ± 0.6 < 0.9 4.0 

1-131 -0.08 ± 0.14 < 0.26 0.16 ± 0.19 < 0.32 0.16 ± 0.18 < 0.31 0.5 

Be-7 6.1 ± 9.2 < 26.6 -7.8 ± 17.8 < 31.6 3.9 ± 12.4 < 24.5 
Mn-54 0.3 ± 1.2 < 2.0 1.4 ± 1.6 < 2.6 0.0 ± 1.2 < 2.2 10 
Fe-59 1.4 ± 2.3 < 5.5 1.8 ± 3.1 < 3.7 0.2 ± 3.0 < 5.8 30 
Co-58 . ~0.8 ± 1.2 < 1.6 0.4 ± 1.9 < 3.1 -1.2 ± 1.2 < 1.7 10 
Co-60 -0.8 ± 1.3 < 1.3 -0.2 ± 2.3 < 2.9 0.7 ± 1.6 < 2.4 10 
Zn-65 0.2 ± 2.1 < 4.2 -1.6 ± 2.6 < 2.0 -0.5 ± 2.5 < 3.1 30 
Zr-Nb-95 . . 0.4 ± 1.3 < 4.4 1.7 ± 1.9 < 3.4 -1.7 ± 1.6 < 2.4 15 
Cs-134 0.1 ± 1.2 < 2.1 -1.1 ± 1.7 <·3.1 -1.4 ± 1.5 < 2.9 10 
Cs-137 ' 0.3 ± 1.4 < 3.0 2.3 ± 2.0 < 3.1 0.6 ± 1.5 < 2.5 10 
Ba-La-140 . -4.1 ± 1.5 < 8.8 1.4 ± 2.1 < 3.0 0.9 ± 1.1 < 4.3 15 
Other (Ru-1 03) -0.9 ± 1.1 < 2.5 -2.7 ± 2.1 < 1.7 -1.1 ± 1.2 < 3.0 30 

• "NS" = No sample; see Table 2.0, Listing of Missed Samples. 
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POINT BEACH 

Table 5. Lake water, analyses for gross beta, iodine-131 a'nd gamma emitting isotopes. 
Location: E-33 (Kewaunee) 
Collection: Monthly composites Units.: pCi/L 

MDC MDC MDC MDC 

Lab Code Ns• ELW- 516 ELW- 948 ELW- 1539 
Date Collected 01-13-16 02-09-17 03-09-17 04-13-17 Req. LLD 

Gross beta 2.1 ± 1.0 < 1.8 1.7 ± 0.6 < 0.8 0.8 ± 0.5 < 0.9 4.0 

1-131 0.07 ± 0.13 < 0.23 0.05 ± 0.20 < 0.40 -0.05 ± 0.15 < 0.27 0.5 

Be-7 11.8 ± 13.7 < 30.6 -3.9 ± 12.5 < 25.6 -9.2 ± 13.6 < 20.8 
Mn-54 0.6 ± 1.6 < 2.3 1.3 ± 1.5 < 2.7. -0.4 ± 1.4 < 2.7 10 
Fe-59 0.7 ± 2.6 < 5.2 1.0 ± 2.5 < 4.4 -1.0 ± 2.7 < 5.1 30 
Co-58 1.8 ± 1.6 ·q.8 o.o ± 1.3 < 2.4 -0.5 ± 1.2 < 1.5 10 
Co-60 0.9 ± 1.5 < 2.2 -0.1 ± 1.7. . < 2.5 -0.2 ± 1.6 < Z:9 10 
Zn-65 0.7 ± 3.5 < 3.6 '1.6±2.7 < 3.7 -1.0 ± 3.0. < 4.8 30 
Zr-Nb-95 1.6 ± 1.5 < 3.4 . -1.2 ± 1.5 < 2.5 0.8 ± 1.4 < 2.6 15 
Cs-134 0.2 ± 1.4 < 2.6 -0.7 ± 1.5 < 2.5 -0.5 ± 1.5 < 2.6 10 
Cs-137 0.8 ± 1.6 < 2.4 -0.5 ± 1.6 < 1.7 -0.3 ± 1.5 < 2.4 10 
Ba-La-140 -2.9 ± 1.5 < 3.3 -3.6 ± 2.0 < 3.3 -2.0 ± 1.8 < 3.8 15 
Other (Ru-1 03) -0.8 ± 1.6 < 2.7 1.0 ± 1.3 < 3.3 0.5 ± 1.5 < 2.8 30 

Lab Code ELW- 2106 ELW- 2902 ELW- 3388 ELW- 4078 
Date Collected 05-10-17 06-14-17 07-12-17 08-09-17 Req.LLD 

Gross beta 0.6 ± 0.5 < 0.9 0.6 ± 0.5 < 0.8 0.9 ± 0.5 < 0.8 0.7 ± 0.5 < 0.9 4.0 

1-131 -0.09 ± 0.21 < 0.40 0.04 ± 0 .. 16 < 0.29 0.01 ± 0.11 < 0.19 0.07 ± 0.19 < 0.36 0.5 

Be-7 -13.1 ± 12.7 < 21.6 6.2 ± 12.8 < 39.3 -7.6 ± 9.3 < 19.9 -14.9 ± 11.6 < 20.7 
Mn-54 -1.1 ± 1.5 < 1.8 0.4 ± 1.3 < 1.5 -0.4 ± 1.0 <1A -0.3 ± 1.5 < 2.8 10 
Fe-59 -1.6 ± 3.3 < 3.3 -4.1 ± 2.8 < 5.1 -0.4 ± 2.2 < 3.7 -0.8 ± 2.4 < 5.2 30 
Co-58 0.9 ± 1.5 < 2.9 -1.6 ± 1.5 < 2.3 0.5 ± 1.0 < 2.5 -0.7 ± 1.3 < 2.4 10 
Co-60 0.3 ± 1.2 < 1.6 -0.9 ± 1.6 < 1.7 -1.2 ± 1.1 < 1.1 -0.4 ± 1.5 < 1.8 10 
Zn-65 -4.4 ± 3.1 < 2.5 0.5 ± 3.0 < 3.2 0.6 ± 2.3 < 4.2 1.4 ± 2.8 < 4.1 30 
Zr-Nb-95 1.8 ± 1.7 < 4.4 -2.5 ± 1.5 < 2.4 -0.3 ± 1.0 < 2.6 0.2 ± 1.2 < 3.4 15 
Cs-134 -0.6 ± 1.4 < 2.8 0.2 ± 1.2 < 2.5 0.0 ± 1.3 < 2.4 -0.5 ± 1.5 < 2.5 10 
Cs-137 -0.1 ± 1.6 < 2.7 0.2 ± 1.6 < 2.6 0.6 ± 1.4 < 2.2 0.1 ± 1.7 < 2.2 10 
Ba-La-140 2.8 ± 2.1 < 7.9 -1.5 ± 1.6 < 5.1 -0.3 ± 1.5 < 7.2 2.0 ± 1.5 < 8.7 15 
Other (Ru-103) -0.3 ± 1.5 < 3.1 ~1.5±1.4 < 2.8 0.1 ± 1.1 < 3.1 -1.1 ± 1.2 < 2.8 30 

Lab Code ELW- 4702 HW- 5305 ELW- 5979 NSa 
Date Collected 09-14-17 10-12-17 11-08-17 12-14-17 Req. LLD 

Gross beta 1.4 ± 0.6 < 0.8 1.6 ± 0.6 < 0.9 1.5 ± 0.6 < 0.9 4.0 

1-131 -0.01 ± 0.16 < 0.29 -0.04 ± 0.15 < 0.27 -0.08 ± 0.22 < 0.46 0.5 

Be-7 -1.2 ± 8.9 < 22.2 -0.5 ± 13.6 < 24.9 -17.2 ± 14.5 < 21.8 
Mn-54 0.0 ± 1.1 < 1.6 -1.2 ± 1.7 < 2.2 0.9 ± 1.5 < 2.9 10 
Fe-59 -1.6 ± 2.2 < 6.4 3.0 ± 3.2 < 4.8 -2.6 ± 2.4 < 5.6 30 
Co-58 0.0 ± 1.2 < 2.6 -0.5 ± 1.6 < 2.4 0.9 ± 1.5 < 2.2 10 
Co-60 0.8 ± 1.4 < 2.0 -0.7±1.7 < 1.5 0.5 ± 1.7 < 1.9 10 
Zn-65 0.4 ± 2.3 < 2.8 -1.8 ± 3.2 < 2.4 1.1 ± 3.1 < 3.8 30 
Zr-Nb-95 0.1 ± 1.2 < 3.3 -0.3 ± 2.1 < 2.7 0.0 ± 1.5 < 2.2 15 
Cs-134 -0.7 ± 1.0 < 2.2 0.8 ± 1.4 <"2.9 -0.9 .± 1.6 < 2.8 10 
Cs-137 0.2 ± 1.2 < 2.2 0.9 ± 2.0 < 3.2 -0.9 ± 1.7 < 2.2 10 
Ba-La-140 1.3 ± 1.2 < 8.1 0.9 ± 1.8 < 3.1 -1.9 ± 1.8 < 4.3 15 
Other (Ru-1 03) 0.0 ± 1.1 < 3.2 0.0 ± 1.6 ~ 2.9 ·0.2±1.7 < 3.6 30 

a "NS" = No sample; see Table 2.0, Listing of Missed Samples. 
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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. MDC 

Lab Code ELW- 958 ELW- 2922 ELW- 4721 ELW- 6626 

H-3 14 ±75 < 154 119 ± 82 <152 
a b 

< 158 71 ± 76 < 150 65 ±86 

Sr-89 0.23 ±0.51 < 0.58 0.22 ±0.77 < 0.75 0.55 ± 0.64 < 0.75 0.41 ± 0.70 < 0.76 
Sr-90 0.32 ±0.28 < 0.54 0.10 ±0.36 < 0.75 0.07 ± 0.24 < 0.51 0.21 ±0.28 < 0.54 

Location E-05 (Two Creeks Park} 

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

Lab Code ELW- 959 · ELW- 2923. ELW- 4722 ELW- 6627 

H-3 -27±72 < 154 276 ±89 < 152 58 ±75 < 150 
c 

27 ±85 < 158 

Sr-89 -0.14 ± 0.42 < o.so· 0."06 ±0.85 < 0.82 0.47 ± 0.65 . < 0.98 0.61 ±·0.61 < 0.77 
Sr-90 0.22 ±0.25 < 0.48 0.24 ± 0.40 < 0.80 -0.02 ± 0.21 < 0.46 -0.05 ± 0.23 < 0.50 

Location E-06 (Coast Guard Station} 

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

Lab Code ELW- 960 ELW- 2924 ELW- 4723 ELW- 6628 · 

H-3 87 ±79 < 154. 422 ±96 < 152 41 ± 74 < 150 
d 

57 ±86 < 159 

Sr-89 -0.02 ±0.42 < 0.51 0.40 ± 0.65 < 0.68 0.32 ± 0.66 < 0.77 0.91 ± 1.05 < 1.44 
Sr-90 0.15 ±0.24 < 0.47 0.26 ±0.27 < 0.52 0.13 ± 0.26 < 0.52 -0.15 ± 0.25 < 0.57 

' 
Location E-33 (Kewaunee) 

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

Lab Code ELW- 961 ELW- 2925 ELW- 4724 ELW- 6629 

H-3 23 ±75 < 154 661 ± 114 < 152 a 34083 ± 543 < 150 
e 

93 ±88 < 159 
Sr-89 0.08 ±0.46 < 0.49 0.38 ±0.54 < 0.66 0.26 ± 0.80 < 0.64 -0.18 ± 0.97 < 1.12 
Sr-90 0.26 ±0.27 < 0.51 0.00 ±0.22 < 0.47 0.41 ± 0.37 < 0.65 0.27 ±0.25 < 0.47 

• Tritium analysis on June sample requested.by station. Results: E-01 = 104±85; E-05 = 625±103; E-06 = 651±104; 

E-33 = 1 ,402±135 pCi/L. 

b August tritium= 155±77 pCi/L, September= 35±70 pCi/L (MDC= <145 pCi/L). 

c August tritium= 69±72 pCi/L, September= 81±73 pCi/L (MDC= <145 pCi/L). 
d August tritium= 143±76 pCi/L, September= 92±73 pCi/L (MDC= <145 pCi/L). 
• Tritium repeated with a result of 35416±533 pCi/L. Monthly breakdown =.July - 80±11 0 pCi/L; August- 4680±211 pCi/L; 
September - 1 00062±848 pCi/L. 

Tritium Annual Mean ± s.d. 2254 ±8490 
Sr-89 Annual Mean± s.d. 0.29 ±0.29 
Sr-90 Annual Mean ± s.d. 0.15 ±0.15 
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POINT BEACH NUCLEAR PLANT 

Table 7. Fish, analyses for gross beta and gamma emitting isotopes. 
Location: E-13 
Collection: 2xl year Units: pCi/g wet 

Sample Description and Concentration Req. 
MDC MDC MDC LLD 

Collection Date 01-19-17 01-31-17 02-08-17 

Lab Code EF- 595 EF- 596 EF- 597 

Type Chinook Brown Trout Rainbow Trout 

Ratio (wet/dry wt.) 4.93 5.04 3.41 

Gross Beta 0.77 ± 0.02 < 0.008 3.78 ± 0.07 < 0.023 4.03 ± 0.09 < 0.032 0.5 

K-40 0.56 ± 0.17 3.45 ± 0.42 2.61 ± 0.28 
Mn-54 0.000 ± 0.005 < 0.010 0.002 ± 0.007 < 0.014 0.010 ± 0.006 < 0.012 0.13 
Fe-59 0.007 ± 0.008 < 0.027 -0.007 ± 0.013 < 0.026 -0.004 ± 0.012 < 0.026 0.26 
Co-58 0.003 ± 0.005 < 0.012 0.008 ± 0.006 < 0.016 0.004 ± 0.005 < 0.011 0.13 
Co-60 0.001 ± 0.006 < 0.009 -0.005 ± 0.008 < 0.007 0.000 ± 0.006 < 0.007 0.13 
Zn-65 -0.009 ± 0.011 < 0.024 -0.029 ± 0.015 < 0.017 -0.019 ± 0.014 < 0.026 0.26 
Cs-134 -0.001 ± 0.005 < 0.010 -0.007 ± 0.006 < 0.013 -0.006 ± 0.007 < 0.011 0.13 
Cs-137 0.006 ± 0.006 < 0.012 0.016 ± 0.009 < 0.013 0.011 ± 0.008 < 0.013 0.15 
Other (Ru-103) 0.006 ± 0.004 < 0.015 -0.001 ± 0.007 < 0.018 . 0.003 ± 0.005 < 0.013 0.5 

Collection Date 02-21-17 02-24-17 03-05-17 

Lab Code EF- 1550 EF- 1551 EF- 1552 

Type Brown Trout Rainbow Trout Catfish 

Ratio (wet/dry wt.) 5.41 5.08 5.15 

Gross Beta 3.34 ± 0.07 < 0.021 3.78 ± 0.07 < 0.024 3.11 ± 0.06 < 0.020 0.5 

K-40 2.44 ± 0.35 3.16 ± 0.38 2.19±0.33 

Mn-54 -0.004 ± 0.009 < 0.019 -0.001 ± 0.007 < 0.013 0.003 ± 0.009 < 0.014 0.13 
Fe-59 -0.018 ± 0.015 < 0.055 0.005 ± 0.015 < 0.065 0.020 ± 0.012 < 0.028 0.26 
Co-58 0.002 ± 0.008 < 0.022 0.008 ± 0.008 < 0.024 0.012 ± 0.008 < 0.020 0.13 
Co-60 0.003 ± 0.010 < 0.014 0.007 ± 0.008 < 0.008 -0.004 ± 0.009 < 0.011 0.13 
Zn-65 0.002 ± 0.018 < 0.033 0.002 ± 0.019 < 0.032 0.005 ± 0.017 < 0.024 0.26 
Cs-134 0.004 ± 0.008 < 0.015 -0.009 ± 0.007 < 0.014 -0.012 ± 0.008 < 0.016 0.13 
Cs-137 0.011 ± 0.011 < 0.018 0.019 ± 0.011 < 0.019 0.018 ± 0.010 < 0.019 0.15 
Other (Ru-103) -0.005 ± 0.007 < 0.036 0.010 ± 0.006 < 0.033 0.002 ± 0.008 < 0.026 0.5 
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POINT BEACH NUCLEAR PLANT 

Table 7. Fish, analyses for gross beta and gamma emitting isotopes. 
Location: E-13 
Collection: 2x/year Units: pCi/g wet 

Sample Description and Concentration (pCi!g wet) Req. 
MDC MDC MDC LLD 

Collection Date 05-01-17 08-02-17 08-03-17 

Lab Code EF- 2270 EF- 4238 EF- 4239 

Type Lake Trout Brown Trout Lake Trout 
Ratio (wet/dry wt.) 5.09 3.23 3.65 

Gross Beta 2.96 ± 0.06 < 0.023 4.17 ± 0.13 < 0.042 3.77 ± 0.12 < 0.043 0.5 

K-40 2.24 ± 0.38 3.08 ± 0.42 2.92 ± 0.41 

Mn-54 0.005 ± 0.010 < 0.020 -0.004 ± 0.009 < 0.014 -0.006 ± 0.010 < 0.010 0.13 
Fe-59 0.012 ± 0.020 < 0.044 0.005 ± 0.017 < 0.041 -0.008 ± 0.021 < 0.067 0.26 
Co-58 0.001 ± 0.009 < 0.019 -0.005 ± 0.007 < 0.011 0.004 ± 0.009 < 0.028 0.13 
Co-60 -0.001 ± 0.009 < 0.011 -0.011 ± 0.009 < 0.010 -0.013 ± 0.012 < 0.016 0.13 
Zn-65 -0.012 ± 0.025 < 0.021 0.016 ± 0.021 < 0.029 0.024 ± 0.022 < 0.042 0.26 
Cs-134 0.012 ± 0.009 < 0.017 -0.001 ± 0.008 < 0.014 0.004 ± 0.009 < 0.018 0.13 
Cs-137 0.010 ± 0.013 < 0.018 0.016 ± 0.010 < 0.013 0.020 ± 0.013 < 0.024 0.15 
Other (Ru-103) 0.005 ± 0.010 < 0.024 -0.010 ± 0.007 < 0.020 -0.001 ± 0.009 < 0.036 0.5 

Collection Date 10-08-17 11-04-17 11-04-17 

Lab Code EF- 5939 EF- 5937 EF- 5938 

Type Brown Trout Chinook Salmon Burbot 

Ratio (wet/dry wt.) 4.08 4.81 5.11 

Gross Beta 3.89 ± 0.11 < 0.034 2.65 ± 0.08 < 0.026 0.21 ± 0.02 < 0.012 0.5 

K-40 3.05 ± 0.42 2.11 ± 0.37 0.51 ± 0.21 < 0.38 

Mn-54 0.002 ± 0.011 < 0.025 0.012 ± 0.010 < 0.020 -0.002 ± 0.010 < 0.015 0.13 
Fe-59 0.001 ± 0.024 < 0.069 -0.011 ± 0.023 < 0.042 -0.001 ± 0.016 < 0.029 0.26 
Co-58 -0.014 ± 0.011 < 0.021 -0.005 ± 0.011 < 0.020 -0.003 ± 0.010 < 0.014 0.13 
Co-60 -0.008 ± 0.013 < 0.020 -0.009 ± 0.012 < 0.017 0.001 ± 0.011 < 0.009 0.13 
Zn-65 -0.049 ± 0.030 < 0.045 -0.017 ± 0.024 < 0.029 -0.017 ± 0.018 < 0.016 0.26 
Cs-134 0.000 ± 0.010 < 0.019 0.004 ± 0.009 < 0.018 -0.006 ± 0.011 < 0.021 0.13 
Cs-137 0.005 ± 0.013 < 0.024 0.010 ± 0.011 < 0.018 0.000 ± 0.012 < 0.014 0.15 
Other (Ru-103) -0.009 ± 0.011 < 0.032 -0.003 ± 0.010 < 0.022 -0.004 ± 0.009 < 0.021 0.5 
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Table 7. Fish, analyses for gross beta and gamma emitting isotopes. 
Location: E-13 
Collection: 2x I year Units: pCi/g wet 

Sample Description and Concentration (pCi/g wet) 
MDC MDC 

Collection Date '11-18-17 11-29-17 

Lab Code EF- 6472 EF- 6473 

Type Chinook Salmon Brown Trout 

Ratio (wet/dry wt.) 5.91 5.53 

Gross Beta 3.26 ± 0.06 < 0.020 3.49 ± 0.07 < 0.023 

K-40 3.02 ± 0.41 3.06 ± 0.41 

Mn-54 0.003 ± 0.008 < 0.014 0.013 ± 0.011 < 0.022 
Fe-59 0.011 ± 0.020 < 0.043 0.014 ± 0.025 < 0.055 
Co-58 0.012 ± 0.009 < 0.023 0.003 ± 0.011 < 0.018 
Co-60 -0.001 ± 0.009 < 0.008 0.016 ± 0.012 < 0.019 
Zn-65 0.005 ± 0.020 < 0.029 -0.046 ± 0.033 < 0.047 
Cs-134 0.001 ± 0.009 < 0.020 0.009 ± 0.011 < 0.021 
Cs-137 0.002 ± 0.011 < 0.020 0.031 ± 0.018 < 0.022 
Other (Ru-103) 0.001 ± 0.010 < 0.021 -0.007 ± 0.012 < 0.019 

Collection Date 
Lab Code Annual 

Type 
Ratio (wet/dry wt.) Mean ± s.d. 

Gross Beta 3.10 ± 1.14 

K-40 2.46 ± 0.88 

Mn-54 0.002 ± 0.006 
Fe-59 0.002 ± 0.011 
Co-58 0.002 ± 0.007 
Co-60 -0.001 ± 0.008 
Zn-65 -0.010 ± 0.021 
Cs-134 0.000 ± 0.007 
Cs-137 0.013 ± 0.008 
Other (Ru-103) -0.001 ± 0.006 
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Req. 
MDC LLD 

11-29-17 
EF- 6474 

Lake Trout 

4.67 

3.35 ± 0.06 < 0.020 0.5 

2.55 ± 0.36 

0.003 ±·0.008 < 0.015 0.13 
0.011 ± 0.014 < 0.032 0.26 
0.003 ± 0.008 < 0.017 0.13 
0.008 ± 0.010 < 0.014 0.13 

-0.009 ± 0.019 < 0.033 0.26 
0.000 ± 0.008 < 0.015 0.13 
0.015 ± 0.010 < 0.017 0.15 
0.004 ± 0.006 < 0.018 0.5 



POINT BEACH NUCLEAR PLANT 

Table 8. Radioactivity in shoreline sediment samples 

Collection: Semiannual 

Sample Description and Concentration (pCi/g dry) 

MDC MDC MDC 
Collection Date 4/13/2017 4/13/2017 4/13/2017 
Lab Code ESS- 1553 ESS- 1555 ESS- 1556 LLD 

Location E-01 E-05 E-06 

Gross Beta 6.09 ± 0.91 < 1.23 5.39 ± 0.90 < 1.25 8.44 ± 1.03 < 1.35 2.0 

Be-7 0.075 ± 0.041 < 0.11 -0.006 ± 0.051 < 0.12 -0.008 ± 0.042 < 0.11 
K-40 4.84 ± 0.34 3.93 ± 0.33 4.82 ± 0.36 
Cs-134 0.000 ± 0.005 < 0.010 -0.003 ± 0.005 < 0.008 0.001 ± 0.006 < 0.011 0.15 
Cs-137 0.015 ± 0.006 < 0.011 0.002 ± 0.007 < 0.009 0.014 ± 0.007 < 0.012 0.15 
Tl-208 0.032 ± 0.011 0.043 ± 0.014 0.034 ± 0.013 
Pb-212 0.10 ± 0.015 0.11 ± 0.019 0.12 ± 0.017 
Bi-214 0.109 ± 0.022 0.16 ± 0.026 0.11 ± 0.023 
Ra-226 0.35 ± 0.12 < 0.23 0.29 ± 0.17 0.33 ± 0.13 < 0.25 
Ac-228 0.11 ± 0.046 0.14 ± 0.057 0.15 ± 0.044 

Collection Date 4/13/2017 4/13/2017 
Lab Code ESS- 1557 ESS- 1558 

Location E-12 E-33 

Gross Beta 7.71 ± 0.95 < 1.25 10.37 ± 1.11 < 1.42 2.0 . 
,. Be-7 0.059 ± 0.054 < 0.12 0.038 ± 0.056 < 0.14 

K-40 4.69 ± 0.34 6.35 ± 0.42 
Cs-134 -0.007 ± 0.006 < 0.007 0.001 ± 0.006 < 0.012 0.15 
Cs-137 0.023 ± 0.013 < 0.013 0.013 ± 0.008 < 0.013 0.15 
Tl-208 0.040 ± 0.016 0.038 ± 0.016 
Pb-212 0.11 ± 0.018 0.095 ± 0.018 
Bi-214 0.093 ± 0.022 0.079 ± 0.024 
Ra-226 0.28 ± 0.14 < 0.27 0.28 ± 0.17 
Ac-228 0.11 ± 0.044 0.10 ± 0.050 
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Table 8. Radioactivity in shoreline sediment samples 

Collection: Semiannual 

Sample Description and Concentration (pCi/g dry) 

MDC MDC MDC 
· Collection Date 1011212017 10/12/2017 10/12/2017 Req. 

Lab Code ESS~ 5341 ESS- 5342 ESS- 5343 LLD 

Location E-01 E-05 E-06 

Gross Beta 4.15 ± 0.81 < 1.11 0.80 ± 0.80 < 1.19 8.90 ± 0.90 < 1.09 2.0 

Be-7 0.12 ± 0.056 < 0.17 0.047 ± 0.040 < 0.13 0.014 ± 0.042 < 0.13 
K-40 2.97 ± 0.34 2.78 ± 0.2(3 5.26 ± 0.37 
Cs-134 -0.004 ± 0.007 < 0.010 0.004 ± 0.005 < 0.007 -0.001 ± 0.006 < 0.010 0.15 
Cs-137 0.010 ± 0.008 < 0.013 0.006 ± 0.007 < 0.012 0.006 ± 0.008 < 0.012 0_.15 
Tl-208 0.047 ± 0.018 0.032 ± 0.012 0.039 ± 0.014 
Pb-212 0.11 ± 0.020 0.12 ± 0.017 0.12 ± 0.018 
Bi-214 0.13 ± 0.02?. 6.11 ± 0.022 0.10 ± 0.022 
Ra-226 0.31 ± 0.15 < o:31 0.44 ·± 0.12 . < 0.25 o:4f±0.13· < 0.26 
Ac-228 . 0.13 ± 0.045 0.13 ± 0.038 0.13 ± 0.047 . 

Collection Date 10/12/2017 10/12/2017 
Lab Code ESS- 5344 ESS- 5345 

Annual 
Location E-12 E-33 Mean ±s.d. 

Gross Beta 7.07 ± 0.91 < 1.17 10.84 ± 0.93 < 1.09 2.0 6.98 ± 3.02 
( 

Be-7 0.18 ±.0.065 < 0.21 0.043 ± 0.048 < 0.15 0.057 ± 0.059 
K-40 4.98 ± 0.39 5.94 ± 0.41 4.66 ± 1.15 
Cs-134 -0.006 ± 0.007 < o:o11 -0.006 ± 0.006 < 0.009 0.15 0.00 ± 0.00 
Cs-137 0.028 ± 0.016 < 0.016 0.024 ± 0.013 < 0.013 0.15 0.014 ± 0.009 
Tl-208 0.046 ± 0.017 0.051 ± 0.015 0.04 ±0.01 . 
Pb-212 0.10 ± 0.021 0.13 ± 0.020 0.11 ±0.01 
Bi-214 0.14 ± 0.032 0.21 ± 0.037 0.12 ±0.04 
Ra-226 0.30 ± 0.16 < 0.33 0.46 ± 0.18 0.35 ± 0.07 
Ac-228 0.12 ± 0.046 0.18 ± 0.050 0.13 ±0.02 
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Table 9. Radioactivity in soil samples 

Collection: Semiannual 

Sample Description and Concentr.ation (pCi/g dry) 

MDC MDC MDC 
Collection Date 5/25/2017 5/25/2017 5/25/2017 Req. 

Lab Code ESO- 2450 ESO- 2451 ESO- 2452 LLD 

Location E-01 E-02 E-03 

Gross Beta 26.69 ± 1.18 < 1.10 25.17 ± 1.19 < 1.17 20.54 ± 1.07 < 1.07 2.0 

Be-7 0.047 ± 0.11 < 0.24 0.22 ± 0.10 < 0.25 -0.004 ± 0.096 < 0.17 

K-40 15.70 ± 0.76 14.27 ± 0.70 15.39 ± 0.80 

Cs-134 -0.005 ± 0.011 < 0.017 0.010 ± 0.011 < 0.021 0.000 ± 0.012 < 0.023 0.15 
Cs-137 0.17 ± 0.035 < 0.031 0.074 ± 0.023 < 0.023 0.088 ± 0.024 < 0.025 0.15 
Tl-208 0.19 ± 0;032 0.15 ±0.028 0.15 ± 0.034. 
Pb-212 0.58 ± o".041 0.41 ± 0.034 0.39 ± 0.040 
Bi-214 0.37 ± 0.04~ 0.29 ± 0.042 0.27 ± 0.047 
Ra-226 1.19 ± 0.33 0.69 ± 0.22 < 0.48 1.49 ± 0.72 
Ac-228 0.56 ± 0.095 0.49 ± 0.076 0.52 ± 0.10 

Collection Date 5/25/2017 5/25/2017 5/25/2017 
Lab Code ESO- 2453 ESO- 2455 ESO- 2456 

Location E-04 E-06 E-08 

( Gross Beta 15.70 ± 1.06 < 1.17 16.84 ± f.04 < 1.13 24.80 ± 1.09 < 0.96 2.0 

Be-7 -0.073 ± 0.083 < 0.17 0.008 ± 0.090 < 0.18 -0.013 ± 0.068 < 0.13 

K-40 9.19 ± 0.57 8.60 ± 0.54 13.47 ± 0.69 

Cs-134 -0.002 ± 0.009 < 0.018 -0.006 ± 0.009 < 0.016 0.001 ± 0.009 < 0.017 0.15 
Cs-137 0.18 ± 0.035 < 0.028 0.58 ± 0.040 < 0.024 0.19 ±0.027 < 0.022 0.15 
Tl-208 0.10 ± 0.025 0.080 ± 0.024 0.088 ± 0.022 
Pb-212 0.30 ± 0.032 0.23 ± 0.029 0.25 ± 0.029 
Bi-214 0.18 ± 0.037 0.16 ± 0.036 0.21 ± 0.036 

Ra-226 0.62 ± 0.27- 0.56 ± 0.20 < 0.42 0.59 ± 0.23 
Ac-228 0.28 ± 0.076 0.29 ± 0.082 0.35 ± 0.085 

Collection Date 5/25/2017 5/25/2017 
Lab Code ESO- 2457 ESO- 2458 

Location E-09 E-20 

Gross Beta 31.52 ± 1.32 < 1.25 24.87 ± 1.27 < 1.29 2.0 

Be-7 -0.034 ± 0.084 < 0.22 0.22 ± 0.083 < 0.26 

K-40 18.23 ± 0.86 16.17 ± 0.78 

Cs-134 -0.005 ± 0.012 < 0.022 -0.001 ± 0.011 < 0.020 0.15 

Cs-137 '"0.17 ± owo < 0."026 0.055 ± 0.018 < 0.021 0.15 

Tl-208 0.18 ± 0.035 0.15 ± 0.026 

Pb-212 0.47 :i: 0.039 0.48 ± 0.038 

Bi-214 0.37 ± 0.050 0.38 ± 0.049 

Ra-226 1.11 ± 0.31 0.94 ± 0.31 

Ac-228 0.52 ± 0.10 0.57 ± 0.091 
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Table 9. Radioactivity in soil samples 

Collection: Semiannual 

Sample Description and Concentration (pCi/g dry) 
MDC . MD~ MDC 

Collection Date 10/25/2017 10/25/2017 . 1 0/25/2017 Req . 
Lab Code ESO- 5704 ESO- 5706 ESO- 5707 LLD 

Location E-01 E-02 E-03 

Gross Beta 16.50 ± 1.03 < 1.11 25.29 ± 1.20 < 1.18 35.61 ± 2.33 < 1.89 2.0 

Be-7 0.019 ± 0.063 < 0.16 0.038 ±0.10 < 0.17 0.20 ± 0.083 < 0.22 

K-40 9.57 ± 0.56 17.08 ± 0.77 18.80 ± 0.83 

Cs-134 -0.004. ± 0.009 < 0.013 0.000 ± 0.011 < 0.018 0.001 ± 0.011 < 0.021 0.15 

Cs-137 0.040 ± 0.016 < 0.018 0.092 ·± 0.028 < 0.028 0.19 ± 0.032 < 0.028 0.15 

Tl-208 0.093 ± 0,022 0.15 ±0.0.27 0.19 ± 0.030 

Pb-212 0.27 ± 0.027 0.41 ± 0.037 0.56 ± 0.041 

Bi-214 0.27 ± 0.036 0.31 ± 0.047 0.43 '± 0.049 

Ra-226 0.59 ± 0.22 1.00 ± 0.30 1.20 ± 0.32 

Ac-228 0.31 ± 0.071 0.59 ± 0.11 0.65 ± 0.081 

Collection Date 10/25/2017 10/25/2017 10/25/2017 
Lab Code ESO- 5708 ESO- 5709 ESO- 5710 

Location E-04 E-06 E-08 
/ 

I 

Gross Beta 27.05 ± 1.18 < 1.09' 12.56 ± 1.01 < 1.17 23.26 ± 1.12 < 1.09 2.0 

Be-7 0.11 ± 0.090 < 0.23 0.055 ± 0.058 < 0.17 0.15 ± 0.092 < 0.27 

K-40 17.23 ± 0.75 7.58 ± 0.46 13.62 ± 0.69 

Cs-134 -0.008 ± 0.011 . < 0.016 0.001 ± 0.007 < 0.013 0.009 ± 0.009 < 0.018 0.15 

Cs-137 0.11 ± 0.027 < 0.026 0.13 ±0.018 < 0.015 0.13 ± 0.023 < 0.020 0.15 

Tl-208 0.14 ± 0.025 0.10 ± 0.023 0.096 ± 0.030 

Pb-212 0.41 ± 0.032 0.26 ± 0.024 0.23 ± 0.031 

Bi-214 0.30 ± 0.042 0.29 ± 0.033 0.17 ± 0.039 

Ra-226 0.96 ± 0.29 0.71 ± 0.23 0.64 ± 0.29 

Ac-228 0.53 ± 0.093 0.32 ± 0.062 0.29. ± 0.076 

Collection Date 10/25/2017 10/25/2017 
Lab Code ESO- 5711 ESO- 5712 Am:mal 

Location E-09 E-20 Mean ± s.d. 

Gross Beta 31.15 ± 1.18 < 0.95 28.89 ± 1.30 < 1.26 24.15 ± 6.36 2.0 

Be-7 -0.075 ± 0.060 < 0.12 0.44 ± 0.20 0.082 ± 0.1·4 
K-40 19.53 ± 0.63 16.71 ± 0.64 14.44 ± 3.82 
Cs-134 -0.003. ± 0.008 < 0.016 -0.003 ± 0.008 < 0.015 -0.001 ± 0.01 0.15 
Cs-137 0.093 ± O.D15 < 0.019 0.077 ± 0.018 < 0.020 0.15 ± 0.13 0.15 
Tl-208 0.18 ± 0.022 0.16 ± 0.026 :o.14 ± o.o4 
Pb-212 0.51 ± 0.029 0.46 ± 0.030 0.39 ± 0.12 
Bi-214 0.40 ± 0.035 0.37 ± 0.038 0.30 ± 0.09 
Ra-226 1.26 ± 0.24 1.16 ±0.23 0.92 ± 0.30 
Ac-228 0.60 ± 0.065 0.57 ± 0.068 0.46 ± 0.13 
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Table 10. Radioactivity in vegetation samples 

Collection: Tri-annual 

Sample Description and Concentration (pCi/g wet) 

MDC MDC MDC 
Location E-01 E-02 E-03 
Collection Date 05-24-17 05-24-17 05-24-17 
Lab Code EG- 2459 EG- 2460 EG- 2461 Req. LLD 

Ratio (weUdry) 8.08 7.43 6.92 

Gross Beta 6.89 ± 0.~.7 < 0.051 4.12 ± 0.12 . < 0.042 2.50 ± 0.11 < 0.049 0.25 

Be-7 0.43 ± 0.14 . 0.39 ±' 0.11 1.25 ± 0.16 
K-40 5.91 ± 0.43 3.37 ± 0.28 4.76 ± 0.29 
1-131 -0.007 ± 0.008 < 0.031 -0.006 ± 0.005 < 0.017 -0.001 ± 0.005 < 0.015 0.060 
Cs-134 0.001 ± 0.007 <' 0.015 0.001 ± 0.005 < 0.009' 0.001 ± 0.005 < 0.010 0.060 
Cs-137 -0.001 ± 0.009 < 0.010 0.000 ± 0.005 < 0.009 -0.002 ± 0.006 < 0.006 0.080 
Other (Co-60) -0.002 ± 0.007 < 0.007 o.ooo ± ·o.oo6 < 0.008 0.003 ± 0.005 < 0.008 0.060 

Location E-04 E-06 E-08 
Collection Date 05-24-17 05-24-17 05-24-17 
Lab Code EG- 2462 EG- 2463 EG- 2464 Req. LLD 

Ratio (weUdry) 5.64 4.04 5.14 

Gross Beta 6.26 ±0.18 < 0.059 6.56 :±: 0.19 . < 0.065 4.27 ±0.12 < 0.036 0.25 

Be-7 0.73 ± 0.14 3.02 ± 0.28 2.07 ± 0.16 
K-40 3.91 ± 0.30 3.88 ± 0.37 3.01 ± 0.24 
1-131 0.005 ± 0.006 < 0.027 -0.008 ± 0.008 < 0.024 0.003 '± 0.004 < 0.020 0.060 
Cs-134 0.002 ± O.Q05 < 0.009 -0.005 ± 0.007 < 0.014 0.004 ± 0.004 < 0.007 0.060 
Cs-137 0.004 ± 0.005 < 0.008 '- 0.010 ± 0.009 < 0.017 0.001 ± 0.006 < 0.010 0.080 
Other (Co-60) -0.003 ± 0.006 < 0.007 0.001 ± 0.005 < 0.006 -0.001 ± 0.005 < 0.005 0.060 

Location E-09 E-20 
Collection Date 05-24-17 05-24-17 
Lab Code EG- 2465 EG- 2466 Req.LLD 

Ratio (weUdry) 6.22 7.78 

Gross Beta 5.86 ± 0.15 < 0.050 4.12 ± 0.12 < 0.037' 0.25 

Be-7 1.07±0.16 1.18 ± 0.13 
K-40 5.15 ±0.35 4.64 ± 0.28 
1-131 0.007 ± 0.005 < 0.025 -0.002 ± 0.004 < 0.023 0.060 
Cs-134 0.000 ± 0.005 < 0.010 0.002 ± 0.005 < 0.009 0.060 
Cs-137 0.001 ± 0.006 < 0.010 o.po1 ± o.oo5 < 0.008 0.080 
Other (Co-60) 0.005 ± 0.006 < 0.010 0.004 ± 0.005 < 0.009 0.060 
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Table 10. Radioactivity in vegetation samples 
Collection: Tri-annual 

Sample Description and Concentration (pCi/g wet) 

MDC MDC MDC 
Location E-01 E-02 E-03 
Collection Date 07-27-17 07-27-17 07-27-17 
Lab Code EG- 3800 EG- 3801 EG- 3802 Req. LLD 

Ratio (wet/dry) 3.43 5.63 2.82 

Gross Beta 6.34 ± 0.19 < 0.062 5.79 ± 0.17 < 0.057 7.29 ± 0.28 < 0.110 0.25 

Be-7 3.34 ± 0.37 1.23 ± 0.21 4.30 ± 0.39 
K-40 6.48 ± 0.56 4.30 ± 0.41 6.99 ± 0.60 
1-131 -0.009 ± 0.011 < 0.039 0.002 ± 0.009 < 0.036 -0.012 ± 0.011 < 0.033 0.060 
Cs-134 -0.002 ± 0.012 < 0.021 0.006 ± 0.007 < 0.015 -0.005 ± 0.011 < 0.019 0.060 
Cs-137 -0.007 ± 0.012 < 0.015 0.006 ± 0.009 < 0.017 0.002 ± 0.013 < 0.021 0.080 
Other (Co-60) -0.002 ± 0.012 < 0.019 0.005 ± 0.009 < 0.010 0.008 ± 0.013 < 0.016 0.060 

Location E-04 E-06 E-08 
Collection Date 07-27-17 07-27-17 07-27-17 
Lab Code EG- 3803 EG- 3804 EG- 3806 Req. LLD 

Ratio (wet/dry) 2.90 2.79 2.95 

Gross Beta 5.30 ± 0.21 < 0.099 4.63 ± 0.18 < 0.078 7.18 ± 0.24 < 0.097 0.25 

Be-7 3.59 ± 0.29 3.47 ± 0.40 . 4.24 ± 0.39 
K-40 4.70 ± 0.43 4.46 ± 0.52 6.96 ± 0.57 
1-131 0.006 ± 0.009 < 0.041 -0.018 ± 0.012 < 0.076 0.006 ± 0.011 < 0.048 0.060 
Cs-134 -0.006 ± 0.010 < 0.017 -0.002 ± 0.011 < 0.020 -0.006 ± 0.011 < 0.020 0.060 
Cs-137 -0.001 ± 0.010 < 0.014 0.015 ± 0.016 < 0.027 0.000 ± 0.012 < 0.019 0.080 
Other (Co-60) -0.005 ± 0.010 < 0.011 0.006 ± 0.011 < 0.013 0.001 ± 0.013 < 0.016 0.060 

Location E-09 E-20 

Collection Date 07-27-17 07-27-17 
Lab Code EG- 3807 EG- 3808 Req.LLD 

Ratio (wet/dry) 3.04 3.93 

Gross Beta 6.23 ± 0.23 < 0.098 7.31 ± 0.22 < 0.078 0.25 

Be-7 4.63 ± 0.32 2.99 ± 0.27 
K-40 6.89 ± 0.50 6.14 ± 0.49 
1-131 0.004 ± 0.010 < 0.035 -0.005 ± 0.009 < 0.037 0.060 
Cs-134 0.001 ± 0.010 < 0.018 -0.009 ± 0.009 < 0.015 0.060 
Cs-137 -0.002 ± 0.011 < 0.021 -0.002 ± 0.010 < 0.019 0.080 
Other (Co-60) 0.004 ± 0.010 < 0.017 0.005 ± O.D11 < 0.018 0.060 
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Table 10. Radioactivity in vegetation samples 
Collection: Tri-annual 

Sample Description and Concentration (pCi/g wet) 

MDC 
Location E-01 
Collection Date 09-27-17 
Lab Code EG- 4979 

Ratio (wet/dry) 2.82 

Gross Beta 7.55 ± 0.25 < 0.091 

Be-7 3.64 ± 0.26 
K-40 5.27 ± 0.39 
1-131 0.006 ± 0.008 < 0.037 
Cs-134 0.006 ± 0.007 < 0.014 
Cs-137 -0.004 ± 0.009 .< 0.013. 
Other (Co-60) -0.002 ± 0.008 < 0.011 . 

Location E-04 
Collection Date 09-27-17 
Lab Code EG- 4982 

Ratio (wet/dry) 3.04 

.Gross Beta 5.96 ± 0.23 < 0.11 

Be-7 3.18 ± 0.30 
K-40 6.13 ±0.45 
1-131 0.002 ± 0.008 < 0.043 
Cs-134 -0.011 ± 0.009 < 0.016 
Cs-137 0.007 ± 0.010 < 0.020 
Other (Co-60) -0.003 ± 0.009 < 0.011 

Location E-09 
Collection Date 09-27-17 
Lab Code EG- 4985 

Ratio (wet/dry) 2.64 

Gross Beta 7.40 ± 0.28 < 0.13 

Be-7 4.18 ± 0.23 
K-40 6.74 ± 0.37 
1-131 0.001 ± 0.006 < 0.026 
Cs-134 0.000 ± 0.006 < 0.012 
Cs-137 -0.002 ± 0.007 < 0.011 
Other (Co-60) 0.003 ± 0.007 < 0.011 

Beta Annual Mean ± s.d, 
Be-7 Annual Mean ± s.d. 
K-40 Annual Mean ± s.d. 
1-131 Annual Mean± s.d. 

6.06 ± 1.42 
2.73 ± 1.40 
5.48 ± 1.37 

0.000 ± 0.008 
-0.002 ± 0.006 
0.003 ± 0.008 
0.005 ± 0.004 

Cs-134 Annual Mean ± s.d. 
Cs-137 Annual Mean ± s.d. 
Co-60 Annual Mean ± s.d. 

MDC 
E-02 

b9-27-17 
EG- 4980 

3.61 

6.58 ± 0.22 < 0.090 

2.91 ± 0.23 
6.13 ± 0.41 

-0.002 ± 0.008 < 0.034 
0.002 ± 0.007 < 0.014 
0.009 ± 0.008 < 0.016 

-0.003 ± 0.009 < 0.013 

E-06 
09-27-17 

EG- 4983 

2.33 

4.53 ±0.19 < 0.088 

3.85 ± 0.34 
3.85 ± 0.45 

-0.006 ± 0.010 < 0.042 
-0.018 ± 0.010 < 0.018 
. 0.029 ± 0.013 < 0.021 
0.004 ± 0.011 < 0.012 

E-20 
09-27-17 

EG- 4986 

3.90 

6.92 ± 0.23 < 0.076 

1.74 ±0.23 
7.11 ± 0.48' 

0.006 ± 0.007 < 0.032 
0.007 ± 0.007 < 0.012 

-0.003 ± 0.010 < 0.019 
0.005 ± 0.008 < 0.013 

10-3 

MDC. 

E-03 
09-27-17 

EG- 4981 Req. LLD 

2.87 

8.28 ± 0.30 < 0.12 0.25 

3.10 ± 0.25 
6.85 ± 0.46 

0.001 ± 0.008 < 0.036 0.060 
-0.010 ± 0.008 < 0.013 0.060 
0.009 ± 0.008 < 0.016 0.080 
0.005 ± 0.009 < 0.015 0.060 

E-08 
09-27-17 

EGc 4984 Req.LLD 

2.18 

7.65 ± 0.28 < 0.12 0.25 

4.86 ± 0.32 
7.79 ± 0.54 

0.017 ± 0.009 < 0.039 0.060 
-0.003 ± 0.009 < 0.017 0.060 
0.010 ± 0.011 < 0.020 0.080 

-0.003 ± 0.008 < 0.009 0.060 

Req.LLD 

0.25 

0.060 
0.060 
0.080 
0.060 



POINT BEACH NUCLEAR PLANT 

Table 11. Aquatic Vegetation, analyses for gross .beta and gamma emitting isotopes. 

Collection: Triannual. 
Units: · pCi/g wet 

Sample De·scription and Concentration 

Collection Date 06-30-17 .·MDC 06-30-17 MDC Req. 
Lab Code NS8 NS8 LLD 
Location E-05 E-12 

Ratio (wet wt./dry wt.) 

Gross Beta 0.25 

Be-7 ·- -
K-40 
Co-58 0.25 
Co-60 0.25. 
Cs-134 0.25 
Cs-137 0.25 

Collection Date 08-02-17 08-02-17 Req. 
Lab Code NS8 ESL- 3956 LLD 

Location E-05 E-12 
Ratio (wet wt./dry wt.) 6.84 

.Gross Beta 1.49 ±0.10 < 0.070 0.25 

Be-7 -. 1.49 ± 0.11 
K-40 1.08 ± 0.10 
Co-58 . 0.001 ± 0.003 < 0.006 0.25 
Co-60 -0.001 ± 0.003 < 0.005 0.25 
Cs-134 0.000 ± 0.003 < o.oo5· 0.25 
Cs-137 0.008 ± 0.003 < 0.007 0.25 

Collection Date 10-05-17 10-05-17 Req. 

Lab Code ESL- S140 ESL- 5141 b LLD Annual 
Location E-05 E-12 . Mean± s.d. 

Ratio (wet.wt./dry wt.) 8.73 1.94 

Gross Beta 2.05 ± 0.13 < 0.070 0.86 ± 0.05 < 0.042 0.25 1.47 ± 0.60 
Be-7 0.18 ± 0.13 < 0.37 . 0.085 ± 0.029 . 0.~9 ± 0.78 
K-40 1.27 ± 1.27 4.83 ± 0.11 2.40 ± 2.11 
Co-58 -0.014 ± 0.016 < 0.031 0.000 ± 0.002 < 0.003 0.25 -0.004 ± 0.008 
Co-60 0.011 ± 0.021 < 0.040 0.003 ± 0.002 < 0.004 0.25 0.005 ± 0.006 
Cs-134 -0.020 ± 0.017 < 0.036 -0.001 ± 0.001 < 0.003 0.25 -0.007 ± 0.011 
Cs-137 0.017± 0.020 < 0.031 0.008 ± 0.003 < o.oo·3 0.25 0.011 ± 0.006 

a "NS" = No sample. See Table 2.0, Listing of Missed Samples. 
b Sample contained sand and shells. After sieving to remove sand and shell particles, gross beta on ashed 
sample low compared to K-40 result on garrfma isotopic scan. Reanalysis= 0.57±0.05 pCi/g wet. 
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Table 12. Ambient Gamma Radiation a 

LLD/7days: < 1 mRITLD 
1st. Quarter, 2017 

Date Annealed: 12-07-16 Days in the field 99 
Date Placed: 12-29-16 Days from Annealing 
Date Removed: 04-07-17 to Readout: 125 
Date Read: 04-11-17 

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

Indicator 

E-1 99 16.9±1.0 12.4 ± 1.1 11.4 ± 1.0 0.88 ± 0.08 
E-2 99 23.3 ± 1.0 18.8 ±1.1 17.2 ± 1.0 1.33 ± 0.07 
E-3 99 23.3 ± 1.7 18.8 ±1.7 17.3 ± 1.6 1.33 ±0.12 
E-4 99 19.7±1.6 15.2 ± 1.6 13.9 ± 1.5 1.07 ±0.11 
E-5 99 20.8 ± 0.8 16.3 ± 0.9 15.0 ± 0.8 1.15 ± 0.06 
E-6 99 18.7±1.0 14.2±1.0 13.0 ± 0.9 1.00 ± 0.07 
E-7 99 18.6±1.0 14.1 ± 1.0 12.9 ± 0.9 1.00 ± 0.07 
E-8 99 19.1 ± 1.0 14.6±1.0 13.4 ± 0.9 1.03 ± 0.07 
E-9 99 21.4 ± 0.9 16.9 ± 0.9 15.6 ± 0.8 1.20 ± 0.06 
E-12 99 16.5 ± 1.1 12.0 ± 1 '1 11.0 ± 1.1 0.85 ± 0.08 
E-14 99 21.5 ± 0.8 17.0 ± 0.8 15.6 ± 0.7 1.20 ± 0.06 
E-15 99 20.8 ± 0.6 16.3 ± 0.7 15.0 ± 0.6 1.15 ± 0.05 
E-168 99 21.3 ± 0.8 16.8 ± 0.9 15.5 ± 0.8 1.19 ± 0.08 
E-17 99 21.3 ± 1.0 16.8 ± 1 '1 15.4 ± 1.0 1.19 ± 0.08 
E-18 99 22.8 ± 0.9 18.3 ± 0.9 16.8 ± 0.8 1.29 ± 0.07 
E-22 99 22.7 ± 1.7 18.3 ± 1.8 16.8 ± 1.6 1.29 ± 0.12 
E-23 99 23.4 ± 0.7 18.9 ± 0.7 17.4 ± 0.7 1.34 ± 0.05 
E-24 99 20.4±1.0 16.0 ± 1.1 14.7 ± 1.0 1.13 ± 0.07 
E-25 99 20.6 ± 0.4 16.1 ±0.5 14.8 ± 0.5 1.14 ± 0.04 
E-268 99 18.8 ± 1.1 14.3 ± 1.2 13.1 ± 1.1 1.01 ± 0.08 
E-27 99 22.0 ± 0.7 17.5 ± 0.8 16.1±0.7 1.24 ± 0.06 
E-28 99 16.0 ± 0.9 11.5 ± 0.9 10.6 ± 0.8 0.81 ± 0.06 
E-29 99 16.0±1.2 11.6 ± 1.3 10.6±1.2 0.82 ± 0.09 
E-30 99 19.3 ± 1.4 14.8 ± 1.4 13.6 ± 1.3 1.04 ± 0.10 
E-31 99 23.1 ± 0.7 18.7 ± 0.8 17.2 ± 0.7 1.32 ± 0.05 
E-32 99 24.2 ± 0.8 19.8 ± 0.8 18.2 ± 0.7 1.40 ± 0.06 
E-38 99 22.9±1.9 18.4 ± 2.0 16.9 ± 1.8 1.30 ± 0.14 
E-39 99 22.8 ± 1.4 18.3 ± 1.4 16.8 ± 1.3 1.29 ± 0.10 
E-41 99 21.2 ± 1.1 16.7 ± 1.1 15.3±1.0 1.18 ± 0.08 
E-42 99 22.1 ± 1.0 17.6 ± 1.1 16.2±1.0 1.25 ± 0.08 
E-43 99 22.4±1.8 18.0 ± 1.9 16.5±1.7 1.27±0.13 

Control 
E-20 99 20.5 ± 1.2 16.0 ± 1.2 14.7 ± 1.1 1.13 ±0.09 

Mean±s.d. 20.8 ± 2.3 16.3 ± 2.3 15.0 ± 2.1 1.15 ± 0.15 

In-Transit Exposure Date Annealed Date Read ITC-1 ITC-2 

12-07-16 01-04-17 4.8 ± 0.3 4.9 ± 0.3 
03-15-17 04-11-17 4.5 ± 0.3 4.8 ± 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. 

/ 
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Table 12. Ambient Gamma Radiation a 

LLD/7days: < 1mRITLD 
2nd Quarter, 2017 

Date Annealed: 03-15-17 Days in the field 90 
Date Placed: 04-07-17 Days from Annealing 
Date Removed: 07-06-17 to Readout: 118 
Date Read: 07-11-17 

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

Indicator 

E-1 90 17.4 ± 0.9 13.1 ± 1.1 13.3±1.1 1.02 ± 0.08 
E-2 90 20.9 ± 1.2 16.6 ± 1.3 16.8 ± 1.3 1.29 ± 0.10 
E-3 90 23.0 ± 1.4 18.8 ± 1.5 19.0 ± 1.5 1.46±0.12 
E-4 90 19.0 ± 0.8 14.8 ± 0.9 14.9 ± 0.9 1.15 ± 0.07 
E-5 90 18.3 ± 0.3 14.1 ± 0.6 14.2 ± 0.6 1.09 ± 0.05 
E-6 90 16.5 ± 0.1 12.3 ± 0.5 12.4 ± 0.5 0.95 ± 0.04 
E-7 90 17.5 ± 0.8 13.2 ± 1.0 13.4 ± 1.0 1.03 ± 0.08 
E-8 90 17.7 ± 0.8 13.5 ± 1.0 13.6±1.0 1.05 ± 0.08 
E-9 90 17.6 ± 0.4 13.3 ± 0.7 13.5 ± 0.7 1.04 ± 0.05 
E-12 90 13.8 ± 0.6 9.5 ± 0.8 9.6 ± 0.8 0.74 ± 0.06 
E-14 90 19.9 ± 0.7 15.7 ± 0.9 15.8 ± 0.9 1.22 ± 0.07 
E-15 90 20.1 ±2.0 15.8 ± 2.1 16.0±2.1 1.23 ±0.16 
E-168 90 18.2 ± 0.6 14.0 ± 0.8 14.1 ± 0.8 1.09 ± 0.06 
E-17 90 21.1 ± 0.3 16.8 ± 0.6 17.0 ± 0.6 1.31 ± 0.05 
E-18 90 20.6 ± 1.0 16.4 ± 1.1 16.6 ± 1.1 1.27 ± 0.09 
E-22 90 19.1 ± 0.9 14.9±1.0 15.1 ± 1.0 1.16 ±0.08 
E-23 90 20.6 ± 0.4 16.4 ± 0.7 16.5 ± 0.7 1.27 ± 0.05 
E-24 90 19.1±0.6 14.9 ± Q.8 15.1 ± 0.8 1.16±0.06 
E-25 90 18.8 ± 0.6 14.6 ± 0.8 14.7 ± 0.8 1.13 ± 0.06 
E-268 90 18.7 ± 0.7 14.5 ± 0.9 14.6 ± 0.9 1.13 ± 0.07 
E-27 90 21.1 ± 0.9 16.9 ± 1.1 17.1 ± 1.1 1.31 ± 0.08 
E-28 90 15.2 ± 0.3 10.9 ± 0.6 11.0 ± 0.6 0.85 ±0.05 
E-29 90 15.2 ± 0.5 11.0 ± 0.7 11.1 ± 0.7 0.85 ± 0.06 
E-30 90 16.9 ± 0.7 12.7 ± 0.9 12.8 ± 0.9 0.99 ± 0.07 
E-31 90 18.9 ± 1.5 14.6±1.6 14.8±1.7 1.14 ± 0.13 
E-32 90 23.2 ± 0.5 19.0 ± 0.7 19.2 ± 0.8 1.48 ± 0.06 
E-38 90 17.5 ± 0.4 13.2 ± 0.7 13.4 ± 0.7 1.03 ± 0.05 
E-39 90 17.9 ± 0.9 13.6 ± 1.1 13.8 ± 1.1 1.06 ± 0.08 
E-41 90 17.4 ± 0.4 13.2 ± 0.6 13.3 ± 0.7 1.03 ± 0.05 
E-42 90 19.7 ± 0.8 15.4 ± 0.9 15.6 ± 0.9 1.20 ± 0.07 
E-43 90 18.9 ± 0.7 14.6 ± 0.9 14.8 ± 0.9 1.14 ±0.07 

Control 
E-20 90 21.9 ± 0.5 17.6 ± 0.7 17.8 ± 0.7 1.37 ± 0.05 

Mean±s.d. 18.8 ± 2.2 14.6 ± 2.2 14.7 ±2.2 1.13 ±0.17 

In-Transit Exgosure Date Annealed Date Read ITC-1 ITC-2 

03-15-17 04-11-17 4.5 ± 0.3 4.8 ± 0.3 
06-12-17 07-11-17 4.0 ± 0.3 3.7 ± 0.1 

a The CaS04:Dy dosimeier 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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Table 12. Ambient Gamma Radiation a 

LLD/7days: < 1 mRITLD 
3rd Quarter, 2017 

Date Annealed: 06-12-17 Days in the field 89 
Date Placed: 07-06-17 Days from Annealing 
Date Removed: 10-03-17 to Readout: 117 
Date Read: 10-07-17 

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

Indicator 

E-1 89 15.8 ± 0.2 11.7 ± 0.6 11.9 ± 0.6 0.92 ± 0.05 
E-2 89 21:4±1.6 17.3 ±1.7 17.6±1.7 1.36 ± 0.13 
E-3 89 21.1 ± 1.4 17.0 ± 1.5 17.4 ± 1.6 1.34 ± 0.12 
E-4 89 16.6±1.2 12.5 ± 1.4 12.7±1.4 0.98 ± 0.11 
E-5 89 17.6 ± 1.0 13.4 ± 1.1 13.7 ± 1.1 1.06 ± 0.09 
E-6 89 15.8 ± 0.9 11.6 ± 1.1 11.9 ± 1.1 0.92 ± 0.09 
E-7 89 16.0 ± 0.7 11.8 ± 0.9 12.1 ± 1.0 0.93 ± 0.07 
E-8 89 16.6 ± 0.8 12.5 ± 1.0 12.7±1.0 0.98 ± 0.08 
E-9 89 18.6 ± 0.9 14.5 ± 1.1 14.8 ± 1.1 1.14 ± 0.09 
E-12 89 14.4 ± 1.0 10.2 ± 1.2 10.4 ± 1.2 0.80 ± 0.09 
E-14 89 18.1±0.7 14.0 ± 0.9 14.3 ± 0.9 1.10 ± 0.07 
E-15 89 18.6 ± 0.4 14.4 ± 0.7 14.8:!; 0.7 1.14 ± 0.06 
E-168 89 18.2 ± 0.6 14.1 ±0.9 14.4 ± 0.9 1.11 ± 0.07 
E-17 89 18.5 ± 1.1 14.3 ± 1.3 14.7 ± 1.3 1.13 ± 0.10 
E-18 89 19.6±1.0 "15.4±1.1 15.8±1.2 1.21 ± 0.09 
E-22 89 20.7 ± 1.5 16.6 ± 1.6 16.9±1.6 1.30 ± 0.12 

( E-23 89 20.8 ± 0.6 16.6 ± 0.9 17.0 ± 0.9 1.31 ± 0.07 
E-24 89 17.9±1.4 13.7±1.5 14.0 ± 1.5 1.08 ±0.12 
E-25 89 18.0 ± 0.5 13.9 ± 0.8 14.2 ± 0.8 1.09 ± 0.06 
E-268 89 17.3 ± 0.7 13.1 ±0.9 13.4 ± 0.9 1.03 ± 0.07 
E-27 89 21.8 ± 0.5 17.7 ± 0.8 18.1 ± 0.8 1.39 ± 0.06 
E-28 89 13.6 ± 0.6 9.5 ± 0.9 9.7 ± 0.9 0.74 ± 0.07 
E-29 89 13.8±1.0 9.7 ± 1.2 9.9 ± 1.2 0.76 ± 0.09 
E-30 89 17.2 ± 0.9 13.0±1.1 13.3 ± 1.1 1.02 ± 0.09 
E-31 89 20.2 ± 0.5 16.0·± 0.8 16.4 ± 0.8 1.26 ± 0.06 
E-32 89 22.3 ± 0.8 18.1 ± 1.0 18.5 ± 1 . .0 1.42 ± 0.08 
E-38 89 . 20.9 ± 0.7. 16.8 ± 0.9 17.1 ± 0.9 1.32 ± 0.07 

· E-39 89 20.1 ± 1.2 15.9 ± 1.3 16.3 ± 1.4 1.25 ± 0.11 
E-41 89 18.8±1.0 14.7 ±1.2 15.0±1.2 1.15±0.09 
E-42 89 19.4 ± 0.8 15.2 ±1.0 15.6±1.1 1.20 ± 0.08 
E-43 89 21.2 ± 1.5 17.1 ± 1.6 17.5 ± 1.6 1.34 ± 0.13 

Control 
E-20 89 17..0±1.2 12.8 ± 1.3 13.1 ± 1.3 1.01±0.10 

Mean±s.d. 18.4 ± 2.3 14.2 ±2.3 14.5 ± 2.4 1.12 ± 0.18 

In-Transit Exposure Date Annealed Date Read ITC-1 ITC-2 

06-12-17 07-11-17 4.0 ± 0.3 3.7 ± 0.1 
09-08-17 10-07-17 4.3 ± 0.3 4.6 ± 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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Table 12. Ambient Gamma Radiation a 

LLD/7days: < 1 mRITLD 
4th Quarter, 2017 

Date Annealed: 09-08-17 Days in the field 94 
Date Placed: 10-03-17 Days from Annealing 
Date Removed: 01-05-18 to Readout: 123 
Date Read: 01-09-18 

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

Indicator 

E-1 94 14.7±1.2 9.9 ± 1.4 9.5±1.4 0.73 ±0.11 
E-2 94 19.8±1.0 14.9 ± 1.3 14.5 ± 1.2 1.11 ± 0.10 
E-3 94 22.4 ± 1.6 17.5±1.8 17.0±1.7 1.30 ±0.13 
E-4 94 18.4 ± 0.7 13.5±1.1 13.1 ± 1.0 1.01 ± 0.08 
E-5 94 17.9 ± 0.3 13.1 ±0.8 12.7 ± 0.8 0.97 ±0.06 
E-6 94 15.8 ± 0.3 10.9 ± 0.8 10.6 ± 0.8 0.82 ± 0.06 
E-7 94 17.0 ± 0.8 12.2 ± 1.1 11.8 ± 1.0 0.91 ± 0.08 
E-8 94 17.3 ± 1.1 12.5 ± 1.4 12.1 ± 1.3 0.93 ± 0.10 
E-9 94 17.2 ± 0.4 12.3 ± 0.9 11.9 ± 0.9 0.92 ± 0.07 
E-12 94 16.9 ± 0.8 12.0±1.1 11.7 ± 1.1 0.90 ±0.08 
E-14 94 20.0 ± 0.8 15.1 ± 1.1 14.6±1.1 1.13±0.08 
E-15 94 20.3 ± 1.8 15.4±1.9 14.9±1.9 1.15 ± 0.15 
E-168 94 19.3 ± 0.7 14.4±1.1 14.0 ± 1.0 1.08 ± 0.08 
E-17 94 21.0 ± 0.3 16.2 ± 0.8 15.7 ± 0.8 1.20 ± 0.06 
E-18 94 20.5 ± 1.0 15.7 ± 1.3 15.2 ± 1.2 1.17±0.09 
E-22 94 19.5±1.0 14.6 ± 1.2 14.2 ± 1.2 1.09 ± 0.09 
E-23 94 21.2 ± 0.5 16.3 ± 0.9 15.8 ± 0.9 1.21 ± 0.07 
E-24 94 19.3±1.0 ·'14.4 ± 1.3 14.0±1.2 1.07 ± 0.09 
E-25 94 19.0 ± 0.3 14.2 ± 0.8 13.7 ± 0.8 1.06 ± 0.06 
E-268 94 17.3 ± 0.4 12.4 ± 0.9 12.0 ± 0.9 0.92 ± 0.07 
E-27 94 21.9 ± 0.4 17.0 ± 0.9 16.5 ± 0.8 1.27 ± 0.06 
E-28 94 14.7 ± 0.2 9.9 ± 0.8 9.6 ± 0.8 0.74 ± 0.06 
E-29 94 15.4 ± 1.6 10.5 ± 1.8 10.2 ± 1.7 0.78 ± 0.13 
E-30 94 17.8±1.1 13.0 ± 1.3 12.6 ± 1.3 0.97 ± 0.10 
E-31 94 20.0 ± 1.5 15.1 ± 1.7 14.7±1.6 1.13 ± 0.12 
E-32 94 24.4 ± 0.6 19.5±1.0 18.9 ± 1.0 1.46 ± 0.07 
E-38 94 19.0 ± 0.4 14.1 ± 0.9 13.7 ± 0.8 1.05 ± 0.06 
E-39 94 20.3 ± 1.6 15.5 ± 1.7 15.0±1.7 1.15 ±0.13 
E-41 94 18.2 ± 0.3 13.4 ± 0.8 13.0 ± 0.8 1.00 ± 0.06 
E-42 94 20.6 ± 0.9 15.8 ± 1.2 15.2 ± 1.1 1.17 ± 0.09 
E-43 94 19.6 ± 0.8 14.7±1.1 14.3 ± 1.1 1.10 ± 0.08 

Control 
E-20 94 22.8 ± 0.7 17.9 ± 1.0 17.4 ± 1.0 1.34 ± 0.08 

Mean±s.d. 20.1 ± 1.5 14.2 ± 2.3 19.7 ± 1.5 1.06 ± 0.17 

In-Transit Exgosure Date Annealed Date Read ITC-1 ITC-2 

09-08-17 10-07-17 4.3 ± 0.3 4.6 ± 0.4 
12-06-17 01-10-18 5.1 ± 0.3 5.4 ± 0.5 

• 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. 19.2 ± 2.4 14.8 ± 2.4 14.4 ± 2.2 1.1 ±0.2 

Annual Control Mean±s.d. 20.5 ±2.5 16.1 ±2.3 15.8 ± 2.2 1.2 ± 0.2 

Annual Indicator/Control Mean±s.d. 19.2 ± 2.4 14.8 ± 2.4 14.5 ± 2.2 1.1 ± 0.2 
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Table 13. Groundwater Tritium Monitoring Program 

(Monthly Collections) 
Units= Ci/L 

·Intermittent Streams 

Sam121e1D GW-01 GW-02 

Collection Collection 
Date Lab Code Tritium MDC Date Lab Code Tritium MDC 

01-26-17 EWW-309 3 ± 89 < 169 01-26-17 EWW-310 225 ± 99 < 169 
03-02-17 EWW-841 179 ± 86 < 146 03-02-17 EWW-842 342 ± 94 < 146 
03-30-17 EWW-1289 130 ± 78 < 150 03-30-17 EWW-1290 284 ± 86 < 150 
04-25-17 EWW-1781 64 ± 77 < 153 04-25-17 EWW-1782 318 ± 90 < 153 
05-03-17 E\fVW-1989 129 ± 94 < 145 05-03-17 EWW-1990 360 ± 104 < 145 
06-29-17 EWW-3154 78 ± 78 < 149 06-29-17 EWW-3155 141 ± 81 < 149 
07-26-17 EWW-3809 142 ± 83 < 158 07-26-17 EWW-3810 115 ± 82 < 158 
08-23-17 EWW-4354 146 ± 78 < 149 08-23-17 NS" 
09-27-17 EWW-4994 79 ± 72 < 144 09-27-17 EWW-4996 156 ± 77 < 144 
10-25-17 EWW-5713 158 ± 118 <. 186 10-25-17 EWW-5714 246 ± 87 < 154 
11-30-17 EWW- 6250 76 ± 77 < 154 11-30-17 EWW-6251 231 ± 85 < 154 
12-28-17 NSb 12-28-17 NSb 

Mean ±s.d. 108 ±52 Mean ±s.d. 242 ± 85 

Sam12leiD GW-03 GW-17 

Collection Collection 
Date Lab Code Tritium MDC Date Lab Code Tritium MDC 

01-26-17 EWW-311 5 ± 89 < 169 01-26-17 EWW-313 278 ± 102 < 169 
03-02-17 EWW-843 79 ± 81 < 146 03-02-17 EWW-845 314 ± 93 < 146 
03-30-17 EWW-1291 111 ± 77 < 150 03-30-17 EWW-1293 ( 461 ± 95 < 150 
04-25-17 EWW-1783 49 ± 76 <. 153 04-25-17 EWW-1785 231 ± 86 < 153 
05-03-17 EWW-1991 88 ± 92 < 145 05-03-17 EWW-1996 306 ± 102 < 145 
06-29-17 EWW-3157 38 ± 76 < 149 06-29-17 EWW-3159 155 ± 82 < 149 
07-26-17 EWW-3811 95 ± 81 < 158 07-26.-1.7 EWW-3813 122 ± 82 < 158 
08-23-17 EWW-4357 41 ± 72 < 149 08-23-17 EWW-4359 317 ± 87 < 149 
09-27-17 EWW-4997 110 ± 74 < 144 09-27-17 NS" 
10-25-17 EWW-5715 80 ± 78 < 154 10-25-17 EWW-5717 273 ± 88 < 154 
11-30-17 EWW-6252 71 ± 76 < 154 11-30-17 EWW-6254 178 ± 82 < 154 
12-28-17 NSb 12-28-17 NSb 

Mean ±s.d. 70 ±33 Mean ±s.d. 264 ± 98 

Wells 

Sam121e ID GW-04 (EIC Well) 

Collection 
Date Lab Code Tritium MDC 

01-26-17 EWW-312 -128 ± 82 < 169 
03-02-17 EWW-844 76 ± 81 < 146 
03-30-17 EWW-1292 68 ± 75 < 150 
04-25-17 EWW-1784. 9 ± 74 < 153 
05-03-17 EWW-1992 32 ± 90 < 145 
06-29-17 EWW-3158 9 ± 74 < 149 
07-26-17 EWW-3812 16 ± 77 < 158 
08-23-17 EWW-4358 77 ± 74 < 149 
09-27-17 EWW-4998 12 ± 68 < 144 
10-25-17 EWW-5716 -13 ± 73 '<. 154 
11-30-17 EWW-6253 -27 ± 71 < 154 
12-28-17 EWW-6604 -61 ± 80 < 158 

Mean±s.d. 6 ±59 

a"NS" = No sample; no water available. 
b "NS" = No sample; creeks frozen. 
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Table 13. Groundwater Tritium Monitoring Program 

(Monthly Collections) 
Units= Ci/L 

Beach Drains 

Sam le ID S-1 S-3 

Collection Collection 
Date Lab Code Tritium MDC Date Lab Code Tritium MDC 

01-10-17 NF" 01-10-17 NF" 
02-16-17 EWW-611 293 ± 90 < 154 02-16-17 NF" 
03-09-17 EWW-1041 350 ± 89 < 145 03-09-17 EWW-1042 201 ± 81 < 145 
04-05-17 EWW-1381 309 ± 88 < 150 04-05-17 NF" 
05-03-17 EWW-1997 339 ± 103 < 145 05-03-17 NF" 
06-08-17 EWW-2781 319 ± 108 < 155 06-08-17 NF" 
07-05-17 EWW- 3253 204 ± 93 < 178 07-05-17. EWW-3254 264 ± 96 < 178 
08-03-17 EWW-3947 175 ± 88 < 159 08-03-17 NF" 
09-07-17 EWW-4531 215 ± 95 < 187 09-07-17 NF" 
10-03-17 EWW- 5142 529 ± 94 < 143 10-03-17 NF" 
10-31-17 EWW-5801 224 ± 94 < 158 11-30-17 NF" 
11-30-17 NF" 12-06-17 EWW-6381 332 ± 89 < 148 
12-06-17 EWW-6380 376 ± 91 < 148 

Mean± s.d. 303 ± 100 Mean ±s.d. 266 ± 65 

Sam le ID S-7 S-8 

Collection Collection 
Date Lab Code Tritium MDC Date Lab Code Tritium MDC 

01-10-17 NF" 01-10-17 NF" 
02-16-17 NF" 02-16-17 NF" 
03-09-17 NF" 03-09-17 NF" 
04-05-17 NF" 04-05-17 NF" 
05-03-17 NF" 05-03-17, NF" 
06-08-17 NF" 06-08-17 NF" 
07-05-17 NF" 07-05-17 NF" 
08-03-17 NF" 08-03-17 NF" 
09-07-17 NF" 09-07-17 NF" 
10-03-17 NF" 10-03-17 NF" 
11-30-17 NF" 11-30-17 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 

01-10-17 NF" 01-10-17 NF" 
02-16-17 NF" 02-16-17 NF" 
03-09-17 NF" 03-09-17 NF" 
04-05-17 NF" 04-05-17 NF" 
05-03-17 NF" 05-03-17 NF" 
06-08-17 NF" 06-08-17 NF" 
07-05-17 NF" 07-05-17 NF" 
08-03-17 NF" 08-03-17 NF" 
09-07-17 NF" 09-07-17 NF" 
10-03-17 NF" 10-03-17 NF" 
11-30-17 NF" 11-30-17 NF" 

Mean ±s.d. Mean ±s.d. 

a "NF" = No flow. 
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Sam le ID 

Collection 
Date 

01-10-17 
02-16-17 
03-09-17 
04-05-17 
05-03-17 
06-08-17 
07-05-17 
08-03-17 
09-07-17 
10-03-17 
11-30-17. 

Mean± s.d. 

Sample ID 

Collection 
Date 

01-31-17 
02-28-17 
03-31-17 
04-30-17 
05-31-17 
06-30-17 
07-31-17 
08-31-17 
09-30-17 
10-31-17 
11,30-17 
12-31-17 

Mean ±s.d. 

a "NF" = No flow. 

Lab Code 

EWW-1998 
EWW-2782 

Lab Code 

EW- 500 
EW- 1038 
EW- 1384 
EW- 2191 
EW- 2903 
EW- 3361 
EW- 3958 
EW- 4999 
EW- 5333 
EW- 6129 
EW- 6513 
EW- 6719 

POINT BEACH NUCLEAR PLANT 

Table 13. Groundwater Tritium Monitoring Program 

(Monthly Collections) 

S-11 

Tritium 

NF• 
NFa 
NFa 
NFa 

Units= Ci/L 

Beach Drains (cont.) 

Collection 
MDC Date 

558 ± 98 < 148 

01-10-17 
02-16-17 
03-09-17 
04-05-17 
05-03-17 
06-08-17 
07-05-17 
08-03-17 
09-07-17 
10-03-17 
11-30-17 

280 ± 106 < 155 
NF• 

NF" 
NFa 

NF" 
NF" 

419 ± 196 Mean±s.d. 

S-12 

Lab Code 

EWW-1383 
EWW-1999 

U2 Fa!;ade Subsurface Drain Sump 

Tritium 

1058 ± 122 
776 ± 107 
765 ± 111 

1635 ± 142 
1503 ± 134 
854 ± 112 
907 ± 115 

1035 ± 115 
737 ± 105 

8772 ± 284 
7478 ± 265 
4165 ± 203 

2474 ± 2815 

MDC 

< 156 
< 146 
< 145 
< 156 
< 153 
< 149 
< 158 
< 145 
< 149 
< 153 
< 157 
< 152 

Collection 
Date 

13-3 

Lab Code 

Tritium 

NFa 
NFa 
NFa 

MDC 

245 ± 84 < 150 
216±81 <148 
NF• 
NFa 

NF• 
NF• 
NFa · 
NFa 

230 ±20 

Tritium MDC 



POINT BEACH NUCLEAR PLANT 

Beach Drains 

Units: = pCi/L Gamma isotopic analysis 

Location S-1 S-3 S-7 S-8 

Collection Date 01-31-17 01-31-17 01-31-17 01-31-17 

Lab Code NF" MDC NF" MDC NF" MDC NF" MDC 

Be-7 

Mn-54 

Fe-59 

Go-58 

Co-60 

Zn-65 

Zr-Nb-95 

Cs-134 

Cs-137 

Ba-La-140 

Location S-9 S-10 S-11 S-12 

Collection Date 01-31-17 01-31-17 01-31-17 01-31-17 

Lab Code NF" NF" NF" NF" 

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 02-16-17 02-16-17 02-16-17 02-16-17 
Lab Code EW- 611 NF" NF" NF" 

Be-7 1 .. 1 ± 16.1 < 29.4 
Mn-54 -0.5 ± 1.5 < 2.5 
Fe-59 -0.6 ± 2.9 < 4.4 
Co-58 0.5 ± 1.7 < 2.5 
Co-60 0.2 ± 1.6 < 2.6 
Zn-65 0.7 ± 3.0 < 4.1 
Zr-Nb-95 0.5 ± 1.5 < 2.6 
Cs-134 0.7 ± 1.6 < 3.5 
Cs-137 -2.3 ± 1.9 < 3.8 
Ba-La-140 0.6 ± 1.7 < 3.2 

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-11 S-12 

Collection Date 02-16-17 02-16-17 02-16-17 02-16-17 

Lab Code NF" MDC NF" MDC NF" NF" 

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 03-09-17 03-09-17 03-09-17 03-09-17 

Lab Code EW- 1041 EW- 1042 NF" NF" 

Be-7 2.9 ± 11.2 < 23.6 3.3 ± 19.0 < 41.1 
Mn-54 -0.6 ± 1.3 < 1.9 1.1 ± 1.6 < 3.1 
Fe-59 -2.8 ± 2.3 < 2.4 0.5 ± 4.1 < 8.2 
Co-58 -0.5 ± 1.3 < 2.4 0.3 ± 1.8 < 3.6 
Co-60 1.5 ± 1.7 < 2.7 0.0 ± 2.4 < 3.1 
Zn-65 -0.7 ± 2.9 < 3.9 -2.8 ± 4.3 < 1.5 
Zr-Nb-95 0.2 ± 1.5 < 2.5 2.1 ± 1.9 < 4.0 
Cs-134 0.7 ± 1.3 < 2.7 -0.6 ± 1.9 < 3.5 
Cs-137 -0.1 ± 1.5 < 2.7 0.3 ± 2.1 < 3.7 
Ba-La-140 -0.3 ± 1.5 < 2.4 -1.4 ± 2.3 < 3.5 

Location S-9 S-10 S-11 S-12 

Collection Date 03-09-17 03-09-17 03-09-17 03-09-17 
Lab Code NF" MDC NF" MDC NF" NF" 

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 04-05-17 04-05-17 04-05-17 04-05-17 
Lab Code EW- 1381 MDC NF" MDC NF" NF" MDC 

Be-7 -1.1 ± 16.1 < 29.2 
Mn-54 -0.8 ± 1.5 < 2.8 
Fe-59 -1.9 ± 3.6 < 5.2 
Co-58 -0.2 ± 1.9 < 3.4 
Co-60 2.1 ± 1.6 < 1.5 
Zn-65 -0.2 ± 3.8 < 5.5 
Zr-Nb-95 0.2 ± 1.7 < 4.6 
Cs-134 1.5 ± 1.9 < 3.2 
Cs-137 1.4 ± 1.9 < 3.2 
Ba-La-140 3.8 ± 1.6 < 6.2 

Location S-9 S-10 S-11 S-12 

Collection Date 04-05-17 04-05-17 04-05-17 04-05-17 

Lab Code NF" NF" NF" EW- 1383 

Be-7 3.9 ± 14.7 < 28.1 
Mn-54 1.5 ± 1.6 < 2.6 
Fe-59 2.6 ± 2.8 < 4.2 
Co-58 1.8 ± 1.6 < 2.8 
Co-60 0.2 ± 2.0 < 2.1 
Zn-65 -4.2 ± 3.6 < 3.1 
Zr-Nb-95 :. 0.3 ± 1.7 < 3.7 
Cs-134 0.7 ± 1.6 < 3.5 
Cs-137 0.1 ± 1.8 < 3.6 
Ba-La-140 -0.4 ± 1.2 < 3.4 

Location S-1 S-3 S-7 S-8 

Collection Date 05-03-17 05-03-17 05-03-17 05-03-17 

Lab Code EW- 1997 NF" NF" NF" 

Be-7 -9.3 ± 9.9 < 23.6 
Mn-54 0.2 ± 1.1 < 2.2 
Fe-59 -3.0 ± 2.0 < 3.1 
Co-58 -0.2 ± 1.2 < 2.4 
Co-60 1.0 ± 1.4 < 2.2 
Zn-65 -1.0 ± 2.4 < 3.5 
Zr-Nb-95 -1.3 ± 1.2 < 2.5 
Cs-134 0.3 ± 1.3 < 2.3 
Cs-137 -0.2 ± 1.4 < 2.4 
Ba-La-140 -2.0 ± 1.7 < 4.0 

a "NF" = No flow. 

( 
/ 
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POINT BEACH NUCLEAR PLANT 

i 
Beach Drains (cont.) 

Units: = pCi\L Gamma isotopic analysis 

Location S-9 S-10 S-11 S-12b 

Collection Date 05-03-17 05-03-17 05-03-17 05-03-17 
Lab Code NF" MDC NF" MDC EW- 1998 MDC EW- 1999 MDC 

Be-7 -2.6 ± 13.1 < 23.1 -71.4±76.1 < 94.2 
Mn-54 0.5 ± 1.7 < 2.4 7.7 ± 9.2 < 19.7 
Fe-59 2.7 ± 2.6 < 6.2 -16.4 ± 17.0 < 38.4 
Co-58 -0.4 ± 1.5 < 2.3 -1.0 ± 9.4 < 17.9 
Co-60 -0.5 ± 1.6 < 2.3 5.5 ± 10.2 < 20.5 
Zn-65 -1.6 ± 2.8 < 3.8 9.6 ± 20.0 < 38.6 
Zr-Nb-95 1.3 ± 1.4 < 4.0 1.8 ± 10.6 < 25.1 
Cs-134 0.7 ± 1.5 < 2.8 -4.7 ± 10.0 < 19.3 
Cs-137 0.1 ± 1.9 < 3.2 5.5 ± 10.9 < 16.5 
Ba-La-140 -6.1 ± 1.7 < 6.0 -7.9 ± 10.1 < 16.1 

Location S-1 S-3 S-7 S-8 

Collection Date 06-08-17 06-08-17 06-08-17 06-08-17 
Lab Code EW- 2781 NF" NF" NF" 

Be-7 4.5 ± 10.4 < 31.8 
Mn-54 0.4 ± 1.3 < 1.3 
Fe-59 -0.1±2.4 < 2.4 
Co-58 -0.2 ± 1.4 < 2.8 
Co-60 -1.4 ± 1.5 < 1.3 
Zn-65 -1.3 ± 2.9 < 4.1 
Zr-Nb-95 -0.3 ± 1.5 < 4.1 
Cs-134 -0.9 ± 1.3 < 3.0 
Cs-137 -1.6 ± 1.5 < 1.5 
Ba-La-140 -0.8 ± 1.7 < 4.7 

Location S-9 S-10 S-11 S-12 

Collection Date 06-08-17 06-08-17 06-08-17 06-08-17 
Lab Code NF" NF" EW- 2782 MDC NF" 

Be-7 6.7 ± 12.4 < 32.9 
Mn-54 -0.7 ± 1.7 < 2.1 
Fe-59 -1.7 ± 2.9 < 3.1 
Co-58 -0.6 ± 1.4 < 2.1 
Co-60 -0.5 ± 1.4 < 1.5 
Zn-65 -1.0 ± 2.9 < 3.4 
Zr-Nb-95 -0.4 ± 1.4 < 3.4 
Cs-134 -0.7 ± 1.4 < 2.8 
Cs-137 0.8 ± 1.6 < 2.9 
Ba-La-140 0.6 ± 1.3 < 4.4 

a "NF" = No flow. 

b LLDs not reached due to small sample size (0.1 L). Sample counted 60,000 seconds. 
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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 07-05-17 07-05-17 07-05-17 07-05-17 

Lab Code EW- 3253 MDC EW- 3254 MDC NF" NF" 

Be-7 1.5 ± 11.3 < 32.3 -6.8 ± 10.6 < 32.8 
Mn-54 -1.8±1.5 < 1.8 1.1 ± 1.2 < 2.1 
Fe-59 5.0 ± 2.4 < 5.3 -1.3±2.6 < 4,8 
Co-58 -0.8 ± 1.3 < 2.3 0.1 ± 1.1 < 1.9 
Co-60 0.1 ± 1.5 < 1.8 -0.1 ± 1.7 < 1.7 
Zn-65 1.9 ± 2.1 < 3.7 -0.6 ± 2.6 < 2.9 
Zr-Nb-95 0.7 ± 1.2 < 3.7 -2.3 ± 1.3 < 3.3 
Cs-134 -1.1 ± 1.4 < 2.8 -0.2 ± 1.4 < 2.8 
Cs-137 1.1 ± 1.3 < 2.1 0.1 ± 1.7 < 1.7 
Ba-La-140 6.6 ± 1.7 < 8.6 -4.5 ± 1.4 < 5.8 

Location S-9 S-10 S-11 S-12 

Collection Date 07-05-17 07-05-17 07-05-17 07-05-17 

Lab Code NF" NF" NF" NF" 

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 08-03-17 08-03-17 08-03-17 08-03-17 

Lab Code EW- 3947 NF" NF" NF" 

Be-7 6.9::!: 9.8 < 31.6 
Mn-54 1.0 ± 1.3 < 2.4 
Fe-59 -3.1 ± 2.3 < 4.1 
Co-58 1.3 ± 1.0 < 2.1 
Co-60 -1.2 ± 1.6 < 2.2 
Zn-65 1.3 ± 2.3 < 2.6 
Zr-Nb-95 -2.7 ± 1.3 < 3.3 
Cs-134 -1.0±1.3 < 2.3 
Cs-137 -0.4 ± 1.4 < 1.5 
Ba-La-140 3.8 ± 1.2 < 9.2 

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-11 S-12 

Collection Date 08-03-17 08-03-17 08-03-17 08-03-17 

Lab Code NF" MDC NF" MDC NF" Moe 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 09-07-17 09-07-17 09-07-17 09-07-17 

Lab Code EW- 4531 NF" NF" NF" 

Be-7 1.6 ± 13.0 <: 30.4 
Mn-54 · 0.8 ± 1.3 < 2.4 

Fe-59 0.3 ± 2.8 < 7.2 
Co-58 -0.6 ± 1.2 < 1.7 

Co-60 0.6 ± 1.7 < 2.8 

Zn-65 -3.4 ± 3.0 < 4.3 

Zr-Nb-95 -1.3 ± 1.3 < 2.5 

Cs-134 -0.8 ± 1.4 < 2.6 

Cs-137 -0.4 ± 1.6 < 2.8 
Ba-La-140 · -3.3 ± 1.5 < 4.2 

Location S-9 S-10 S-11 S-12 

Collection Date 09-07-.17 09-07-17 09-07-17 09-07-17 

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 

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 10-03-17 10-03-17 10-03-17 10-03-17 

Lab Code. EW- 5142 MDC NF" MDC NF" . MDC NF" MDC 

Be-7 13.0 ± 12.1 < 31.2 
Mn-54 -0.5 ± 1.5 < 1.7 
Fe-59 2.4±3.1 < 5.5 
Co-58 -0.3 ± 1.6 < 2.6 
Co-60 1.0 ± 1.9 < 3.0 
Zn-65 -0.4 ± 2.6 < 3.3 
Zr-Nb-95 -2.1 ± 1.9 < 3.8 
Cs-134 -1.3±1.8 < 2.6 
Cs-137 0.3 ± 2.0 < 3.5 
Ba-La-140 1.2 ± 1.1 < 3.1 

Location S-9 S-10 S-11 S-12 

Collection Date 10-03-17 10-03-17 10-03-17 10-03-17 

Lab Code NF" NF" NF" NF" 

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 10-31-17 10-31-17 10-31-17 10-31-17 

Lab Code EW- 5801 NF" NF" NF" 

Be-7 1.3 ± 19.2 < 30.5 
Mn-54 -0.9 ± 1.7 < 1.6 
Fe-59 2.6 ± 3.2 < 6.7 
Co-58 -0.8 ± 1.7 < 2.5 
Co-60 -1.3 ±2.0 < 2.3 
Zn-65 -3.4 ± 3.5 < 2.7 
Zr-Nb-95 0.3 ± 1.9 < 3.5· 
Cs-134 -0.1 ± 2.1 < 4.1 
Cs-137 -0.8 ± 1.9 < 2.1 
Ba-La-140 0,6 ± 2.4 < 8.8 

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-11 . S-12 

Collection Date 10-31-17 10-31-17 10-31-17 10-31-17 

Lab Code · NF" NF" NF" 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 11-30-17 11-30-17. 11-30-17 11-30-17 

Lab Code NF" NF" NF" NF" 

Be-7 
Mn-54 
Fe-59 
Co-58 ,. 
Co-60 
Zn-65 
Zr-Nb-95 
Cs-134 
Cs-137 
Ba-La-140 

Location S-9 S-10 S-11 S-12 

Collection Date 11-30-17 11-30-17 11-30-17 11-30-17 

Lab Code NF" NF" NF" NF" 

Be-7 
Mn-54 
Fe-59 
Co-58 
Co-60 
Zn-65 
Zr-Nb-95 
Cs-134 
Cs-137 
Ba-La-140 
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Units: = pCi\L 

Location S-1 

Collection Date 12-06-17 

Lab Code EW- 6380 

Be-7 8.7 ± 20.1 
Mn-54 ·1.7±1.8 
Fe-59 -3.2 ± 4.8 
Co-58 2.2 ± 2.2 
Co-60 -0.3 ± 2.5 
Zn-65 1.8 ± 5.1 
Zr-Nb-95 -2.4 ± 2.6 
Cs-134 -1.3±2.0 
Cs-137 1.3 ± 2.7 
Ba-La-140 -0.6 ± 2.9 

Location S-9 

Collection Date 12-06-17 

Lab Code NF" 

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

I Co-60 
Zn-65 
Zr-Nb-95 
Cs-134 
Cs-137 
Ba-La-140 

Annual 
All locations Mean ± s.d. 

Be-7 -2.2 ± 18.1 
Mn-54 0.6 ± 2.0 
Fe-59 -1.0 ± 4.5 

POINT BEACH NUCLEAR PLANT 

Beach Drains (cont.) 

S-3 

12-06-17 

EW- 6381 

< 22.9 -3.2 ± 13.1 
< 3.3 -0.1 ± 1.6 
< 6.1 -0.9 ± 2.7 
< 4.0 -0.9 ± 1.5 
< 2.4 -0.8 ± 1.7 
< 4.9 -0.3 ± 3.1 
< 4.6 0.3 ± 1.6 
< 3.9 0.5 ± 1.5 
< 5.1 -0.4 ± 1.8 
< 5.0 0.5 ± 1.5 

S-10 

12-06-17 

NF" 

Mean ± s.d. 
Co-58 0.0 ± 0.9 
Co-60 0.3 ± 1.6 
Zn-65 -0.3 ± 3.0 

< 29.9 
< 3.1 
< 4.2 
< 1.6 
< 2.2 
< 3.3 
< 2.3 
< 2.7 
< 2.7 
< 2.4 

S-7 

12-06-17 

NF" 

S-11 

12-06-17 

NF" 

Mean ± s.d. 
Zr/Nb-95 -0.3 ± 1.4 

Cs-134 -0,4 ± -1.3 
Cs-137 0.3 ± 1.6 

13-12 

Gamma isotopic analysis 

S-8 

12-06-17 

NF" 

S-12 

12-06-17 
NF" 

Mean ± s.d. 
Ba/La-140 -0.5 ± 3.5 

MDC 



POINT BEACH NUCLEAR PLANT 

Table 13. Groundwater Tritium Monitoring Program 
(Quarterly Collections) 

( 
Unit!? = pCi/L 

Quarterly Wells 

Sample ID GW-05 (WH 6 Well) GW-06 (SBCC Well) 

Collection Collection 
Date Lab Code Tritium MDC Date Lab Code ·Tritium MDC 

01-11-17 EWW-134 80 ± 96 < 176 01-11-17 EWW-135 ·-8 ± 92 < 176 
04-13-17 EWW-1544 28 ± 72 < 147 04-13-17 EWW- 1545 4 ± 71 < 147 
07-13-17 · EWW- 3492 -9 ± 71 < 149 07-13-17 EWW- 3494 2 ± 71 < 149 
10-12-17 . EWW- 5307 -48 ± 66 < 149 10-12-17 EWW- 5308 22 ± 70 < 149 

Mean± s.d. 13 ±55 Mean± s.d. 5 ± 13 

Sample ID GW-11 (MW-1)' GW-12 (MW-2) 

Collection Collection 
Date Lab Code Tritium MDC Date 'Lab Code Tritium MDC 

01-24-17 EWW- 314 -45 ± 86 < 169 01-24-17 EWW- 315 -128 ± 82 < 169 
04-24-17 EWW-1829 98 ± 75 < 148 04-24-17 EWW-1!330 -8 ± 68 < 148 
07-18-17 EWW- 3822 113 ± 82 < 158 07-18-17 EWW- 3823 -19 ± 75 < 158 
10-17-17 EWW-5772 39 ± 85 < 159 10-17-17 EWW- 5773 67 ± 87 < 159 

Mean± s.d. 51 ±72 Mean± s.d. -22 ± 81 

Sample ID GW-13 (MW-6) GW"14A (MW-0/?A) 

Collection Collection 
Date Lab Code Tritium · MDC Date Lab Code Tritium MDC 

01-24-17 EWW- 316 -27 ± 87 < 169 01-24-17 EWW- 317 43 ± 91 < 169 
04-24-17 EWW-1831 59± 72 < 148 04-24-17 EWW-1832 126 ± 76 < 148 
07-18-17 EWW-3824 23 ± 77 < 158 07-18-17 EWW- 3826 139 ± 83 < 158 
10-17-17 EWW-5774 30 ± 85 < 159 10-17-17 EWW- 5776 121 ± 90 . < 159 

Mean ±s.d. 21 ±36 Mean± s.d. 107 ±44 

Sample ID GW-15A (MW-4) GW-158 (MW-4) 

Collection Collection 
Date Lab Code Tritium MDC Date Lab Code Tritium MDC 

01-24-17 EWW- 318 19 ± 90 < 169 01-24-17 EWW- 319 41 ± 91 < 169 
04-24-17 EWW-1833 188 ± 80 < 148 04-24-17 EWW-1834 179 ± 79 < 148 
07-18-17 EWW-3827 184 ± 86 < 158 07-18-17 NSa 

10-17-17 EWW- 5777 82 ± 88 < 159 10-17-17 EWW- 5778 125 ± 90 < 159 

Mean ±s.d. 118 ± 82 Mean± s.d. 115 ± 70 

Sample ID GW-16A (MW-3} GW-168 (MW-3) 

Collection Collection 
Date Lab Code Tritium MDC Date Lab Code Tritium MDC 

01-24-17 EWW- 320 91 ± 93 < 169 01-24-17 Nsa 

04-24-17 EWW-1835 199 ± 80 < 148 04-24-17 NSa 
07-18-17 EWW- 3828 164 ± 85 < 158 97-18-17 EWW- 3829 256 ± 89 < 158 
10-17-17 EWW-5779 119 ± 89 < 159 10-17-H NSa 

Mean± s.d. 143 ± 48 

a "NS" = No sample. 

13-13 



/ 

Sample ID 

Collection 
Date 

01-11-17 
04-13-17 
07-13-17 
10-12-17 

Mean± s.d. 

Sample ID 

Collection 
Date 

01-14-17 
05-05-17 
07-27-17 
10-08-17 

Mean± s.d. 

Sample ID 

Collection 
Date 

01-14-17 
05-05-17 
07-27-17 
10-08-17. 

Mean± s.d. 

Sample ID 

Collection 
Date 

05-03-17 

POINT BEACH NUCLEAR PLANT 

Table 13. Groundwater Tritium Monitoring Program 
(Quarterly Collections) 

Units= Ci/L 

Quarterly Wells (cont,) 

GW-18 (WH 7 Well) 

Lab Code Tritium MDC 

EWW-136 -26 ± 92 < 176 
EWW-1546 -19 ± 69 < 147 
EWW- 3495 51 ± 74 < 149 
EWW- 5309 47 ± 72 < 149 

13 ±42 

Facade Wells 

GW-09 1Z-361A GW-09 1Z-361 B 

MDC Collection 
Lab Code Tritium Date Lab Code Tritium 

EWW-1043 252 ± 84 < 147 01-14-17 EWW-1044 177 ± 80 
EWW- 2186 266 ± 91 < 156 05-05-17 EWW- 2187 104 ± 83 
EWW-4096 271 ± 88 < 158 07-27-17 EWW-4097 · 88 ± 98 
EWW-5802 271 ± 86 < 150 10-08-17 EWW- 5803 125 ± 78 

265 ±9 Mean± s.d. 123 ± 39 

GW-10 2Z-361A GW-1 0 2Z-361 B 

MDC Collection 
Lab Code Tritium Date Lab Code Tritium 

NS8 01-14-17 EWW-1046 26 ± 72 
EWW- 2189 -58 ± .74 < 156 05-05-17 EWW- 2190 167 ± 86 
.EWW-4098 -19 ± 94 < 190 07-27-17 EWW-4099 . 229 ± 103 
EWW-5804 83 ± 76 . < 150 10-.08-17 EWW- 5805 21'6 ± 83 

2 ±73 Mean± s.d. 160 ± 93 

(Annual Collections) 
Units= Ci/L 

Bogs 

GW-07 (North Bog) GW-08 EIC Bo~ 

Collection 
Lab Code Tritium MDC Date Lab Code Tritium 

EWW-1993 19 ± 89 < 145 05-03-17 EWW-1994 81 ± 92 

a "NS" - No sample; water frozen. 
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MDC 

< 147 
< 156 
< 190 
< 150. 

MDC 

< 147 
< 156 
< 190 
< 150 

MDC 
< 145 



POINT BEACH NUCLEAR PLANT 

'Table 13. Groundwater Tritium Monitoring Program 

Sample ID 
· Collection 

Date 

09-11-17 

Mean± s.d. 

Sample ID 
Collection 

Date 

09-11-17 

Mean± s.d. 

Sample ID 
Collection 

Date 

09-11-17 

Mean± s.d. 

Sample ID 
Collection 

Date 

09-12-17 

Mean± s.d. 

Sample ID 
Collection 

Date 

09-11-17 

Mean± s.d. 

MH Z-065A 

Lab Code Tritium 

EWW- 4734 184 ± 82 

MH Z-065C 

Lab Code Tritium 

NS8 

MH Z-066A 

Lab Code Tritium 

EW- 4736 192 ± 83 

MH Z-066C 

Lab Code Tritium 

EW- 4739 148 ± 80 

MH Z-067A 

Lab Code Tritium 

EW- 4741 186 ± 82 

a "NS" = No sample; not sent.· 

Units= Ci/L 

Manholes 

MDC 
(pCi/L) 

< 150 

MDC 
(pCi/L) 

MDC 
(pCi/L) 

< 150 

MDC 
(pCi/L) 

< 150 

MDC 
(pCi/L) 

< 150 

Collection 
Date 

09-11-17 

Mean± s.d. 

Collection 
Date 

09-11-17 

Mean± s.d. 

Collection 
Date 

09-12-17 

Mean± s.d. 

Collection 
Date 

09-12-17 

Mean± s.d. 

Collection 
Date 

09-12-17 

Mean± s.d. 

13-15. 

MH Z-0658 

Lab Code Tritium 

EWW- 4735 239 ± 85 

MH Z-065D 

Lab Code Tritium 

NS8 

MH Z-0668 

Lab Code. Tritium 

EW- 4737 141 ± 80 

MH Z-066D 

Lab Code Tritium 

EW- 4740 218 ± 84 

MH Z-0678 

Lab Code Tritium 

EW- 4742 186 ± 82 

MDC 
(pCi/L) 

< 150 

MDC 
(pCi/L) 

MDC 
(pCI/L) 

< 150 

MDC 
(pCi/L) 

< 150 

MDC 
(pCi/L) 

< 150 



POINT BEACH NUCLEAR PLANT 

Manholes (cont.) 

Sample ID MH Z-067C MH Z-067D 
Collection Lab Code Tritium MDC Collection Lab Code Tritium MDC 

Date (pCi/L) Date (pCi/L) 

09-12-17 EW- 4743 99 ± 78 < 150 09-12-17 EW- 4144 230 ± 85 < 150 

Mean± s.d. Mean± s.d: · 

Sample ID MH Z-068 MH-1 
Collection Lab Code Tritium MDC Collection Lab Code Tritium MDC 

Date (pCi/L) Date (pCi/L) 

09-13-17 EW- 4745 232 ± 85 < 150 09-11-17 NS8 

Mean± s.d. Meao ± s.d. 

Sample ID MH-4 MH-6 
Collection Lab Code Tritium · MDC Collection 

Lab Code Tritium MDC 

Date (pCi/L) Date (pCi/L) 

09-11-17 NS8 09-11-17 NS8 

Mean± s.d. Mean± s.d. 

Sample ID MH-7 MH-8 
Collection Lab Code · Tritium MDC Collection Lab Code Tritium MDC 

Date (pCi/L) . Date (pCi/L) 

09-11-17 NS8 09-11-17 N$a 

Mean± s.d. Mean± s.d. 

Sample ID MH-16 MH-2 
Collection Lab Code Tritium MDC Collection Lab Code Tritium MDC 

Date (pCi/L) Date (pCi/L) 

09-11-17 NS8 09-11-17 NS8 

Mean± s.d. Mean± s.d. 

Sample ID MH-5A MH-9 
Collection Lab Code Tritium MDC Collection Lab Code Tritium MDC 

Date (pCi/L) Date (pCi/L) 

09-11-17 NS8 09-11-17 NS8 

Mean± s.d. Mean± s.d. 

a "NS" = No sample; not sent. 
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Table 14. Radioactivity in vegetation samples 

Collection: Annual 

Sample Description and Concentration (pCi/g wet) 

MDC MDC MDC 
Location E-F1A E-F1B E-F2 
Collection Date 09-20-17 09-20-17 09-20-17 
Lab Code EVE- 4839 EVE- 4840 EVE- 4841 Req. LLD 

Type Alfalfa Soybeans Soybeans 

Ratio (wet/dry) 6.72 3.82 3.65 

Gross Beta 7.26 ±0.14 < 0.041 4.83 ± 0.11 < 0.041 4.15 ± 0.10 < 0.038 0.25 

Be-7 0.034 ± 0.052 < 0.094 0.97 ± 0.23 0.64 ±0.13 
K-40 6.53 ± 0.45 4.65 ± 0.48 4.38 ± 0.32 
1-131 -0.004 ± 0.005 < 0.012 0.000 ± 0.010 < 0.055 0.001 ± 0.006 < 0.032 0.060 
Cs-134 0.003 ± 0.006 < 0.013 -0.005 ± 0.009 < 0.017 -0.001 ± 0.005 < 0.011 0.060 
Cs-137 0.006 ± 0.007 < 0.013 -0.009 ± 0.011 < 0.011 -0.005 ± 0.006 < 0.006 0.080 
Other (Co-60) -0.003 ± 0.009 < 0.014 0.003 ± 0.010 < 0.016 0.005 ± 0.006 < 0.011 0.060 

Location E-F3 E-F4 E-F5 
Collection Date 09-21-17 09-21-17 09-21-17 
Lab Code EVE- 4842 EVE- 4843 EVE- 4844 Req. LLD 

Type Corn Corn Corn 

Ratio (wet/dry) 2.50 2.80 4.12 

Gross Beta 4.18 ± 0.10 < 0.036 3.61 ± 0.08 < 0.030 2.24 ± 0.07 < 0.021 0.25 

Be-7 0.34 ± 0.11 0.063 ± 0.051 < 0.091 0.026 ± 0.037 < 0.086. 
K-40 2.03 ± 0.23 2.45 ± 0.23 1.88 ± 0.21 
1-131 0.002 ± 0.005 < 0.022 0.004 ± 0.006 < 0.027 0.000 ± 0.005 < 0.018 0.060 
Cs-134 0.001 ± 0.005 < 0.009 -0.003 ± 0.005 < 0.009 0.000 ± 0.004 < 0.007 0.060 
Cs-137 -0.002 ± 0.006 < 0.009 0.000 ± 0.005 < 0.008 -0.001 ± 0.006 < 0.010 0.080 
Other (Co-60) -0.005 ± 0.006 < 0.006 0.001 ± 0.005 < 0.004 0.000 ± 0.004 < 0.005 0.060 

Location E-F6 E-F7 E-F8 
Collection Date 09-21-17 09-21-17 09-21-17 
Lab Code EVE- 4846 EVE- 4847 EVE- 4848 Req. LLD 

Type Corn Corn Rye grass/clover 

Ratio (wet/dry) 3.13 4.79 7.50 

Gross Beta 2.63 ± 0.07 < 0.075 a 2.77 ± 0.08 < 0.025 5.31 ± 0.17 < 0.060 0.25 

Be-7 0.004 ± 0.050 < 0.11 0.020 ± 0.042 < 0.088 1.31 ± 0.18 
K-40 2.46 ± 0.27 1.91 ± 0.25 5.83 ± 0.45 
1-131 -0.005 ± 0.005 < 0.027 0.003 ± 0.005 < 0.026 0.013 ± 0.008 < 0.031 0.060 
Cs-134 0.002 ± 0.006 < 0.011 -0.005 ± 0.005 < 0.009 0.001 ± 0.008 < 0.016 0.060 
Cs-137 0.005 ± 0.007 < 0.013 -0.003 ± 0.006 < 0.008 -0.001 ± 0.009 < 0.015 0.080 
Other (Co-60) 0.003 ± 0.006 < 0.009 -0.001 ± 0.006 < 0.010 -0.001 ± 0.008 < 0.011 0.060 

a Gross beta reanalyzed. 
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Table 14. Radioactivity in vegetation samples 
Collection: Annual 

Sample Description and Concentration (pCi/g wet) 

MDC 
Location E-F9 
Collection Date 09-21-17 
Lab Code EVE- 4849 

Type Corn 

Ratio (weUdry) 3.84 

Gross Beta 2.52 ± 0.07 < 0.022 

Be-7 0.097 ± 0.051 < 0.12 
K-40 2.11 ± 0.24 
1-131 -0.002 ± 0.005 < 0.026 
Cs-134 -0.003 ± 0.005 < 0.010 
Cs-137 0.001 ± 0.006 < 0.011 
Other (Co-60) 0.002 ± 0.007 < 0.010 

Beta Annual Mean ± s.d. 
Be-7 Annual Mean ± s.d. 
K-40 Annual Mean ± s.d. 
1-131 Annual Mean± s.d. 

3.95 ± 1.56 
0.35 ± 0.47 
3.42 ± 1.77 

0.001 ± 0.005 
-0.001 ± 0.003 Cs-134 Annual Mean± s.d. 

Cs-137 Annual Mean± s.d. 
Co-60 Annual Mean ± s.d. 

-0.001 ± 0.004 
0.000 ± 0.003 

MDC 

14-2 

MDC. 

Req. LLD 

0.25 

0.060 
0.060 
0.080 
0.060 
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APPENDIX A 

INTERLABORATORY COMPARISON PROGRAM RESULTS 
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, 2017 through December, 2017 



Appendix A 

Interlaboratory/ lntralaboratory Comparison Program Results 

Environmental, Inc., Midwest Laboratory has participated in i'nterlaboratory 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 Resources Associates, serving as a replacement for studies conducted 
previously by the U.S. EPA Environmental Monitoring Systems Laboratory, Las Vegas, Nevada. 

Table A-2 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-3 lists results of the analyses on in-house "spiked" samples for the past twelve months. All samples 
are prepared using NIST traceable sources. Data for previous years available upon request. 

Table A-4 lists results of the analyses on in-house "blank" samples for the past twelve months. Data for 
previous years available upon request. 

Table A-5 lists analytical results from the in-house "duplicate" program for the past twelve 
months. Acceptance is based on the difference of the results being less than the sum of the errors. 
Complete analytical data for duplicate analyses is available upon request. 

The results in Table A-6 were obtained through participation in the Mixed Analyte Performance Evaluation 
Program. 

Results in Table A-7 were obtained through participation in the MRAD PT Study Proficiency Testing Program 

administered by Environmental Resources Associates, serving as a replacement for studies conducted 
previously by the Environmental Measurement Laboratory Quality Assessment Program (EML). 

Attachment A lists the laboratory precision at the 1 sigma level for various analyses. The acceptance criteria 
in Table A-3 is set at ± 2 sigma. 

Out-of-limit results are explained directly below the result. 
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Attachment A 

ACCEPTANCE CRITERIA FOR "SPIKED" SAMPLES 

LABORATORY PRECISION: ONE STANDARD DEVIATION VALUES FOR VARIOUS ANALYSES 8 

Analysis 

Gamma Emitters 

Strontium-89b 

Strontium-BOb 

Potassium-40 

Gross alpha 

Gross beta 

Tritium 

Radium-226,-228 

Plutonium 

lodine-131, 
lodine-129b 

Uranium-238, 
Nickel-63b 

Technetium-99b 

lron-55b 

Other Analyses b 

Level 

5 to 1 00 pCi/liter or kg 
> 1 00 pCi/liter or kg 

5 to 50 pCi/liter or kg 
> 50 pCi/liter or kg 

2 to 30 pCi/liter or kg 
> 30 pCi/liter or kg 

;:: 0.1 g/liter or kg 

s 20 pCi/liter 
> 20 pCi/liter 

s 100 pCi/liter 
> 100 pCi/liter 

s 4,000 pCi/liter 

> 4,000 pCi/liter 

;:: 0.1 pCi/liter 

;:: 0.1 pCi/liter, gram, or sample 

s 55 pCi/liter 
> 55 pCi/liter 

s 35 pCi/liter 
> 35 pCi/liter 

50 to 100 pCi/liter 
> 100 pCi/liter 

a From EPA publication, "Environmental Radioactivity Laboratory lntercomparison Studies 

Program", Fiscal Year, 1981-1982, EPA-600/4-81-004. 
b Laboratory limit. 

A2 

One standard deviation 
for single determination 

5.0 pCi/liter 
1 0% of known value 

5.0 pCi/liter 
1 0% of known value 

5.0 pCi/liter 
10% of known value 

1 0% of known value 

5.0 pCi/liter 
25% of known value 

5.0 pCi/liter 
1 0% of known value 

± 1cr = 
169.85 x (known)0

·
0933 

1 0% of known value 

15% of known value 

10% of known value 

6 pCi/liter 
10% of known valu.e 

6 pCi/liter 
15% of known value 

10 pCi/liter 
1 0% of known value 

20% of known value 



TABLE A-1. Interlaboratory Comparison Crosscheck program, Environmental Resource Associates (ERA)a. 

RAD study 

Concentration (pCi/L) 

Lab Code Date Analysis Laboratory ERA Control 

Result Result Limits Acceptance 

ERW-95 1/9/2017 Sr-89 51.9 ±4.6 55.5 44.3-63.2 Pass 
ERW-95 1/9/2017 Sr-90 43.6 ± 2.4 43.1 31.8-49.5 Pass 
ERW-97 1/9/2017 Ba-133 78.2 ± 4.1 85.6 72.0-94.2 Pass 
ERW-97 1/9/2017 Cs-134 53.9 ± 3.8 52.6 42.4-57.9 Pass 
ERW-97 1/9/2017 Cs-137 122 ± 6 112 101 -126 Pass 
ERW-97 1/9/2017 Co-60 117 ± 4 113 102 - 126 Pass 
ERW-97 1/9/2017 Zn-65 208 ± 13 189 170-222 Pass 

ERW-99 1/9/2017 Gr. Alpha 48.9 ± 2.4 52.3 27.3-65.5 Pass 
ERW-99 1/9/2017 Gr. Beta 37.1 ± 1.3 41.6 27.7 -49.0 Pass 
ERW-101 1/9/2017 1-131 22.3 ± 0.6 24.3 20.2-28.8 Pass 
ERW-103 1/9/2017 Ra-226 11.3 ± 0.4 12.7 9.5 -14.7 Pass 
ERW-103 1/9/2017 Ra-228 6.10 ± 0.90 6.20 3.8 -8.1 Pass 
ERW-103 1/9/2017 Uranium 11.8±0.8 12.6 9.9 - 14.4 Pass 
ERW-106 1/9/2017 H-3 12,600 ± 300 12,500 10,900 - 13,800 Pass 

ERW-3344 7/10/2017 Sr-89 29.0 ± 10.0 26.4 18.4-32.9 Pass 
ERW-3344 7/10/2017 Sr-90 33.8 ± 3.3 36.0 26.4 -41.5 Pass 
ERW-3346 7/10/2017 Ba-133 66.4 ± 4.1 66.3 55.2 -72.9 Pass 
ERW-3346 7/10/2017 Cs-134 27.0 ± 4.3 24.4 18.7-27.2 Pass 
ERW-3346 7/10/2017 Cs-137 57.4 ± 4.5 51.6 46.4-59.6 Pass 
ERW-3346 7/10/2017 Co-60 92.6 ± 4.4 88.6 79.7- 99.8 Pass 
ERW-3346 7/10/2017 Zn-65 32.4 ± 6.0 32.7 27.3-41.6 Pass 
ERW-3348 7/10/2017 Gr. Alpha 23.7 ± 1.9 25.7 13.0-34.1 Pass 
ERW-3348 7/10/2017 Gr. Beta 54.6 ± 1.6 63.0 43.5-69.6 Pass 
ERW-3350 7/10/2017 1-131 25.4 ± 1.3 25.5 21.2-30.1 Pass 
ERW-3352 7/10/2017 Ra-226 1.38 ± 0.15 1.29 1.07 -1.95 Pass 

ERW-3352 7/10/2017 Ra-228 6.70 ± 0.93 5.66 3.45-7.47 Pass 

ERW-3352 7/10/2017 Uranium 58.4 ± 0.9 66.7 54.3 -73.9 Pass 

ERW-3354 7/10/2017 H-3 5,254 ± 224 5,060 4,340 - 5,570 Pass 

a Results obtained by Environmental, Inc., Midwest Laboratory as a participant in the crosscheck program for proficiency 

testing in drinking water conducted by Environmental Resources Associates (ERA). 
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TABLE A-2. Thermoluminescent Dosimetry, (TLD, CaS04: Dy Cards). a 

mrem 

Lab Code Irradiation Delivered Reported b Performance c 

Date Description Dose Dose Quotient (P~ 

Environmental. Inc. Group 1 

2017-1 10/16/2017 Spike 1 59.0 49.3 -0.16 

2017-1 10/16/2017 Spike 2 59.0 53.2 -0.10 

2017-1 10/16/2017 Spike 3 59.0 52.7 -0.11 

2017-1 10/16/2017 Spike 4 59.0 53.4 -0.09 

2017-1 10/16/2017 Spike 5 59.0 51.8 -0.12 

2017-1 10/16/2017 Spike 6 59.0 54.0 -0.08 

2017-1 10/16/2017 Spike 7 59.0 52.0 -0.12 

2017-1 10/16/2017 Spike 8 59.0 52.6 -0.11 

2017-1 10/16/2017 Spike 9 59.0 54.6 -0.07 

2017-1 10/16/2017 Spike 10 59.0 50.4 -0.15 

2017-1 10/16/2017 Spike 11 59.0 53.9 -0.09 

2017-1 10/16/2017 Spike 12 59.0 55.7 -0.06 

2017-1 10/16/2017 Spike 13 59.0 50.2 -0.15 

2017-1 10/16/2017 Spike 14 59.0 52.4 -0.11 

2017-1 10/16/2017 Spike 15 59.0 . 54.3 -0.08 

2017-1 10/16/2017 Spike 16 59.0 53.2 -0.10 

2017-1 10/16/2017 Spike 17 59.0 50.1 -0.15 

2017-1 10/16/2017 Spike 18 59.0 52.3 -0.11 

2017-1 10/16/2017 Spike 19 59.0 50.3 -0.15 

2017-1 10/16/2017 Spike20 59.0 50.7 -0.14 

2017-1 10/16/2017 Spike 21 59.0 53.1 -0.10 

2017-1 10/16/2017 Spike 22 59.0 51.5 -0.13 

2017-1 10/16/2017 Spike 23 59.0 54.4 -0.08 

2017-1 10/16/2017 Spike24 59.0 53.3 -0.10 

2017-1 10/16/2017 Spike25 59.0 53.7 -0.09 

2017-1 10/16/2017 Spike 26 59.0 51.6 -0.13 

2017-1 10/16/2017 Spike27 59.0 51.5 -0.13 

2017-1 10/16/2017 Spike 28 59.0 51.6 -0.13 

2017-1 10/16/2017 Spike29 59.0 49.9 -0.15 

2017-1 10/16/2017 Spike 30 59.0 55.3 -0.06 

Mean (Spike 1-30) 52.4 -0.11 Passd 

Standard Deviation (Spike 1-30) 1.7 0.03 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)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 mean of the P values, nor the standard deviation of the P values 

exceed 0.15. 
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TABLE A-2. Thermoluminescent Dosimetry, (TLD, CaS04: Dy Cards). a 

mrem 

Lab Code Irradiation Delivered Reported b Performance c 

Date Description Dose Dose Quotient !P~ 

Environmental. Inc. Group2 

2017-2 10/16/2017 Spike 31 186.0 164.7 -0.11 

2017-2 10/16/2017 Spike 32 186.0 172.0 -0.08 

2017-2 10/16/2017 Spike 33 186.0 167.3 -0.10 

2017-2 10/16/2017 Spike 34 186.0 160.6 -0.14 

2017-2 10/16/2017 Spike 35 186.0 171.7 -0.08 

2017-2 10/16/2017 Spike 36 186.0 177.0 -0.05 

2017-2 10/16/2017 Spike 37 186.0 176.7 -0.05 

2017-2 10/16/2017 Spike 38 186.0 165.5 -0.11 

2017-2 10/16/2017 Spike 39 186.0 174.6 -0.06 

2017-2 10/16/2017 Spike 40 186.0 172.7 -0.07 

2017-2 10/16/2017 Spike 41 186.0 167.8 -0.10 

2017-2 10/16/2017 Spike 42 186.0 161.0 -0.13 

2017-2 10/16/2017 Spike 43 186.0 166.3 -0.11 

2017-2 10/16/2017 Spike 44 186.0 172.4 -0.07 

2017-2 10/16/2017 Spike 45 186.0 173.0 -0.07 

2017-2 10/16/2017 Spike 46 186.0 169.5 -0.09 

2017-2 10/16/2017 Spike 47 186.0 169.0 -0.09 

2017-2 10/16/2017 Spike 48 186.0 166.9 -0.10 

2017-2 10/16/2017 Spike 49 186.0 165.9 -0.11 

2017-2 10/16/2017 Spike 50 186.0 166.7 -0.10 

2017-2 10/16/2017 Spike 51 186.0 161.1 -0.13 

2017-2 10/16/2017 Spike 52 186.0 173.4 -0.07 

2017-2 10/16/2017 Spike 53 186.0 173.1 -0.07 

2017-2 10/16/2017 Spike 54 186.0 160.0 -0.14 

2017-2 10/16/2017 Spike 55 186.0 166.1 -0.11 

2017-2 10/16/2017 Spike 56 186.0 164.5 -0.12 

2017-2 10/16/2017 Spike 57 186.0 163.8 -0.12 

2017-2 10/16/2017 Spike 58 186.0 159.9 -0.14 

2017-2 10/16/2017 Spike 59 186.0 165.6 -0.11 

2017-2 10/16/2017 Spike 60 186.0 165.0 -0.11 

Mean (Spike 31-60) 167.8 -0.10 Passd 

Standard Deviation (Spike 31-60) 5.0 0.03 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*(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 mean of the P values, nor the standard deviation of the P values 

exceed 0.15. 
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TABLE A-3. In-House "Spiked" Samples 

Concentration a 

Lab Code b Date Analysis Laboratory results Known Control 
2s,n=1° Activity Limits d Acceptance 

W-010417 4/29/2016 Cs-134 38.2 ± 8.1 36.2 29.0-43.4 Pass 
W-010417 4/29/2016 Cs-137 78.0 ± 8.8 71.9 57.5-86.3 Pass 

SPW-306 1/4/2017 Ra-226 18.1 ± 0.4 16.7 13.4-20.1 Pass 
SPW-32 1/6/2017 H-3 17,849 ± 393 17,243 10,346-24,140 Pass 

SPW-46 1/9/2017 Gr. Alpha 20.0 ± 0.4 20.1 16.1 -24.1 Pass 

SPW-46 1/9/2017 Gr. Beta 29.0 ± 0.3 28.9 23.1 -34.6 Pass 
SPW-92 1/11/2017 H-3 18,095 ± 397 17,243 10,346-24,140 Pass 

SPW-142 1/12/2017 Sr-90 39.4 ± 2.3 36.6 29.3-43.9 Pass 
SPW-155 1/19/2017 H-3 17,974 ±400 17,243 10,346-24,140 Pass 
SPW-186 1/23/2017 H-3 17,383 ± 366 17,243 10,346-24,140 Pass 

SPW-232 1/19/2017 H-3 17,542 ±368 17,243 10,346-24,140 Pass 
SPW-304 1/26/2017 H-3 17,782 ±400 17,243 10,346-24,140 Pass 

SPW-333 1/30/2017 H-3 17,910 ±406 17,243 10,346-24,140 Pass 

SPW-353 2/2/2017 U-234 47.8 ± 2.3 41.7 33.4-50.0 Pass 
SPW-353 2/2/2017 U-238 50.4 ± 2.4 41.7 33.4-50.0 Pass 
W-020217 4/29/2016 Cs-134 33.7 ± 6.1 36.2 29.0-43.4 Pass 
W-020217 4/29/2016 Cs-137 78.4 ± 7.3 71.9 57.5-86.3 Pass 
SPW-412 2/6/2017 Sr-90 36.2 ± 2.4 36.6 29.3-43.9 Pass 
SPW-465 2/8/2017 H-3 17,573 ± 396 17,243 10,346-24,140 Pass 
SPW-561 2/15/2017 H-3 17,358 ± 395 17,243 10,346-24,140 Pass 

SPW-605 2/16/2017 H-3 17,820 ± 401 17,243 10,346-24,140 Pass 
SPW-657 2/17/2017 H-3 17,614 ± 376 17,243 10,346 - 24,140 Pass 

SPW-714 2/23/2017 H-3 17,662 ± 400 17,243 10,346-24,140 Pass 
SPW-737 2/28/2017 H-3 17,196 ± 395 17,243 10,346-24,140 Pass 

SPAP-740 2/28/2017 Gr. Beta 38.9 ± 0.1 41.5 33.2-49.8 Pass 
SPAP-742 2/24/2017 Cs-134 1.05 ± 0.60 0.98 0.78 -1.18 Pass 
SPAP-742 2/24/2017 Cs-137 90.4 ± 2.5 92.9 74.3-111.5 Pass 
SPW-746 2/28/2017 Sr-90 42.8 ±2.5 36.6 29.3-43.9 Pass 
SPW-748 2/28/2017 C-14 4270 ± 17 4735 3788-5682 Pass 
SPW-750 2/28/2017 Ni-63 463 ±4 400 240-560 Pass 

SPF-752 2/28/2017 Cs-134 1033 ± 38 1090 870 -1300 Pass 
SPF-752 2/28/2017 Cs-137 3071 ± 61 2820 2250-3380 Pass 

SPW-781 3/1/2017 Ra-226 18.1 ± 0.4 16.7 13.4-20.1 Pass 
SPW-783 3/1/2017 H-3 17,653 ±400 17,243 13,794 -20,692 Pass 
W-030517 4/29/2016 Cs-134 38.0 ± 9.0 36.2 29.0-43.4 Pass 

W-030517 4/29/2016 Cs-137 80.9 ± 9.2 71.9 57.5-86.3 Pass 
SPW-1010 3/14/2017 H-3 17,312 ± 395 17,243 13,794 -20,692 Pass 
SPW-1026 3/16/2017 Gr. Alpha 22.4 ± 0.5 20.1 12.0 -28.1 Pass 
SPW-1026 3/16/2017 Gr. Beta 29.2 ± 0.3 28.9 17.3 -40.4 Pass 
SPW-1092 3/21/2017 H-3 17,252 ± 390 17,243 13,794 -20,692 Pass 
SPW-1151 3/24/2017 H-3 17,009 ± 388 17,243 13,794-20,692 Pass 
SPW-1163 3/28/2017 Sr-90 39.0 ± 2.3 36.3 29.0-43.5 Pass 
SPW-1178 3/29/2017 Ra-228 15.1 ± 1.9 16.0 9.6-22.4 Pass 
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TABLE A-3. In-House "Spiked" Samples 
( 
1 

Concentration a 

Lab Code b Date Analysis Laboratory results Known Control 
2s,n=1° Activity Limits d Acceptance 

SPW-1232 3/30/2017 H-3 17,150 ± 390 17,243 13,794-20,692 Pass 
SPW-1246 3/31/2017 I-131(G) 33.0 ± 7.3 36.6 29.3-43.9 Pass 
SPW-1246 3/31/2017 Cs-134 28.9 ±4.6 26.6 21.3-31.9 Pass 
SPW-1246 3/31/2017 Cs-137 80.6 ± 8.2 70.4 56.3-84.5 Pass 
SPMI-1248 3/31/2017 1-131(G) 39.8 ± 7.0 36.6 29.3 -43.9 Pass 
SPMI-1248 3/31/2017 Cs-134 26.9 ± 5.9 26.6 21.3-31.9 Pass 
SPMI-1248 3/31/2017 Cs-137 70.4 ± 6.9 70.4 56.3-84.5 Pass 
SPMI-1248 3/31/2017 1-131 36.2 ± 0.6 36.6 29.3-43.9 Pass 
SPW-1295 3/31/2017 Ra-226 17.9 ± 0.4 16.7 13.4-20.1 Pass 

SPW-1304 4/4/2017 H-3 )7,741 ± 398 17,243 13,794 - 20,692 Pass 
SPW-1359 4/5/2017 1-131 44.3 ± 0.5 47.6 38.1 -57.1 Pass 
SPW-1378 4/7/2017 . H-3 17,528 ± 395 17,243 13,794 -20,692 Pass 
SPW-1391 4/7/2017 Gr. Alpha 21.1 ± 0.4 20.1 12.0 - 28.1 Pass 
SPW-1391 4/7/2017 Gr. Beta 27.8 ± 0.3 28.2 17.3-40.4 Pass 
SPW-1480 4/12/2017 H-3 17,399 ± 392 17,243 13,794 - 20,692 Pass 
W-041317 4/29/2016 Cs-134 34.6 ± 5.6 36.2 29.0-43.4 Pass 
W-041317 4/29/2016 Cs-137 81.9 ±8.0 71.9 57.5-86.3 Pass 
SPW-1480 4/12/2017 H-3 17,399 ± 392 17,243 13,794-20,692 Pass 
SPW-1575 4/18/2017 H-3 17,419 ± 393 17,243 13,794 - 20,692 Pass 

f SPW-1626 4/20/2017 Sr-90 37.2 ± 2.4 36.3 29.0-43.5 Pass 
\~ SPW-1658 4/21/2017 H-3 17,194 ±391 17,243 13,794 -20,692 Pass 

SPW-1776 4/26/2017 H-3 16,609 ± 386 17,243 13,794-20,692 Pass 
SPW-1806 4/27/2017 H-3 17,203 ± 390 17,243 13,794-20,692 Pass 

SPW-1937 5/3/2017 H-3 16,690 ± 385 17,243 13,794 -20,692 Pass 
SPW-1971 5/5/2017 Sr-90 41.5 ± 2.2 36.3 29.0 -43.5 Pass 
SPW-2033 5/8/2017 H-3 16,780 ± 386 17,243 13,794 -20,692 Pass 
SPW-2420 5/9/2017 Ra-226 16.3 ± 0.5 16.7 13.4-20.1 Pass 
W-051517 4/29/2016 Cs-134 36.3 ± 5.0 36.2 29.0-43.4 Pass 
W-051517 4/29/2016 Cs-137 68.9 ± 6.6 71.9 57.5-86.3 Pass 
SPW-2284 5/22/2017 H-3 16,935 ± 389 16,703 13,362 - 20,043 Pass 
SPW-2354 5/23/2017 H-3 17,006 ± 390 16,700 13,360 -20,040 Pass 
SPW-2891 5/23/2017 Ra-226 17.5 ± 0.4 16.7 13.4-20.1 Pass 
SPW-2418 5/23/2017 Ra-228 14.0 ± 1.8 16.0 11.2-20.8 Pass 
SPW-2439 5/25/2017 Ra-228 13.0±1.8 16.0 11.2-20.8 Pass 
SPMI-2378 5/24/2017 Sr-89 83.7 ±4.9 98.4 78.7 -118.1 Pass 
SPMI-2378 5/24/2017 Sr-90 39.5 ± 1.5 36.1 28.9-43.4 Pass 
SPW-2468 5/26/2017 H-3 17,065 ± 391 16,692 13,354-20,031 Pass 
SPW-2848 5/26/2017 1-131 56.4 ± 0.6 58.3 46.6 -70.0 Pass 

SPW-2502 6/1/2017 H-3 17,596 ±396 16,677 13,342 -20,012 Pass 
SPW-2659 6/5/2017 H-3 17,027 ± 390 16,677 13,342 -20,012 Pass 
SPW-2790 6/9/2017 H-3 17,101 ± 392 17,101 13,325 -19,988 Pass 

( 

;, 
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TABLE A-3. In-House "Spiked" Samples 

Concentration a 

Lab Code b Date Analysis Laboratory results Known Control 
2s, n=1 c Activity Limits d Acceptance 

SPW-2798 6/12/2017 H-3 16,683 ± 364 16,649 13,319 - 19,978 Pass 
SPW-2943 6/19/2017 Sr-90 39.2 ±2.3 36.1 28.9-43.4 Pass 
SPW-3509 6/15/2017 Ra-226 17.6 ± 0.5 16.7 13.4-20.1 Pass 
W-061317 4/29/2016 Cs-134 35.0 ± 6.2 36.2 29.0-43.4 Pass 
W-061317 4/29/2016 Cs-137 77.4 ± 7.8 71.9 57.5-86.3 Pass 
SPW-3041 6/23/2017 H-3 16,419 ± 378 16,620 13,296 - 19,945 Pass 
SPW-3511 6/23/2017 Ra-226 15.5 ± 0.6 16.7 13.4-20.1 Pass 
SPW-3103 6/28/2017 H-3 16,507 ± 380 16,507 13,286 - 19,929 Pass 
SPW-3117 6/29/2017 Tc-99 112.7 ± 1.9 107.8 86.2 -129.4 Pass 
SPW-3513 6/29/2017 Ra-226 17.8 ± 0.5 16.7 13.4-20.1 Pass 

SPW-3188 7/3/2017 Sr-90 38.1 ±2.2 36.1 28.9-43.4 Pass 
SPW-3283 7/11/2017 H-3 16,057 ± 347 16,649 13,319 -19,978 Pass 
SPW-4054 7/11/2017 Ra-226 17.7 ± 0.4 16.0 11.2-20.8 Pass 
SPW-3467 7/14/2017 Gr. Alpha 22.3 ± 0.5 20.1 12.0-28.1 Pass 
SPW-3467 7/14/2017 Gr. Beta 29.1 ± 0.3 28.2 17.3 -40.4 Pass 
SPW-3449 7/15/2017 H-3 17,196 ± 393 16,507 13,286 - 19,929 Pass 
SPW-3548 7/19/2017 H-3 16,764 ± 386 16,507 13,286 - 19,929 Pass 
SPW-3728 7/24/2017 H-3 16,117 ±354 16,507 13,286 - 19,929 Pass 
SPW-3794 7/28/2017 H-3 16,645 ± 384 16,507 13,286 - 19,929 Pass 
W-072817 4/29/2016 Cs-134 38.6 ± 5.6 36.2 29.0-43.4 Pass 
W-072817 4/29/2016 Cs-137 76.5 ± 7.6 71.9 57.5-86.3 Pass 

SPW-3905 8/3/2017 Gr. Alpha 22.3 ± 0.5 20.1 12.0 -28.1 Pass 
SPW-3905 8/3/2017 Gr. Beta 27.6 ± 0.3 28.2 17.3-40.4 Pass 
SPW-4030 8/9/2017 H-3 17,636 ±403 16,507 13,286 - 19,929 Pass 
SPW-4086 8/14/2017 H-3 17,472 ± 401 16,507 13,286 -19,929 Pass 
SPW-4207 8/17/2017 H-3 17,013 ± 393 16,507 13,286 -19,929 Pass 
W-083017 4/29/2016 Cs-134 34.7 ± 6.4 36.2 29.0-43.4 Pass 
W-083017 4/29/2016 Cs-137 78.2 ± 6.7 71.9 57.5 -86.3 Pass 
SPW-4241 8/19/2017 H-3 17,222 ± 371 16,507 13,286 -19,929 Pass 

SPW-4458 9/1/2017 Ra-226 14.1 ± 1.8 16.7 13.4-20.1 Pass 
SPW-4466 9/6/2017 Sr-89 22.8 ± 8.5 26.4 21.1 -31.7 Pass 
SPW-4466 9/6/2017 Sr-90 32.5 ± 2.1 33.8 27.0-40.6 Pass 
SPW-4512 9/8/2017 Gr. Alpha 19.2 ± 0.4 20.1 10.1 - 30.2 Pass 
SPW-4512 9/8/2017 Gr. Beta 27.8 ± 0.3 27.9 22.3-33.5 Pass 
SPW-4586 9/9/2017 H-3 16,586 ± 362 16,507 13,286 - 19,929 Pass 
SPW-4720 9/16/2017 H-3 16,439 ± 362 16,507 13,286 - 19,929 Pass 
SPW-4834 9/22/2017 H-3 16,238 ± 378 16,507 13,286 -19,929 Pass 
SPW-4935 9/27/2017 H-3 16,595 ± 381 16,507 13,286 - 19,929 Pass 
SPW-4937 9/27/2017 Ra-228 5.7 ± 0.9 5.8 4.1 -7.5 Pass 
W-092717 4/29/2016 Cs-134 36.0 ± 5.9 36.2 29.0-43.4 Pass 
W-092717 4/29/2016 Cs-137 82.6 ± 8.5 71.9 57.5-86.3 Pass 
SPW-5001 9/29/2017 H-3 16,446 ± 358 16,507 13,286 - 19,929 Pass 
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TABLE A-3. In-House "Spiked" Se~mples 
( 
j 

' Concentration a 

Lab Code b Date Analysis Laboratory results Known Control 

2s, n=1 ° Activity Limits d Acceptance 

SPW-5134 10/6/2017 H-3 16,128 ± 373 16,507 13,286 - 19,929 Pass 
SPW-5274 10/12/2017 H-3 16,108 ± 374 16,507 13,286 - 19,929 Pass 
W-1012178 10/12/2017 Fe-55 1,491 ± 77 1,482 1,186-01,778 Pass 
SPW-5408 10/18/2017 Ni-63 203 ± 3 199 159 -238 Pass 
SPW-5430 10/19/2017 H-3 16,453 ± 380 16,507 13,286 - 19,929 Pass 
W-102017 4/29/2016 Cs-134 31.3 ± 4.9 36.2 29.0-43.4 Pass 
W-102017 4/29/2016 Cs-137 80.4 ± 6.9 71.9 57.5-86.3 Pass 
SPW-5674 10/25/2017 H-3 16,313 ± 380 16,507 13,286 - 19,929 Pass 
SPW-5719 10/27/2017 H-3 16,113 ±350 16,507 13,286 - 19,929 Pass 
SPW-5730 10/31/2017 H-3 16,776 ± 387 16,507 13,286 - 19,929 Pass 
SPW-5944 10/27/2017 Ra-226 16.4 ± 0.5 16.7 13.4-20.1 Pass 

SPW-5915 11/9/2017 H-3 16,930 ± 390 16,507 13,286 - 19,929 Pass 
SPW-5989 11/11/2017 H-3 16,084 ± 352 16,507 13,286 - 19,929 Pass 
W-111417 4/29/2016 Cs-134 38.1 ± 6.2 36.2 29.0-43.4 Pass 
W-111417 4/29/2016 Cs-137 74.0 ± 7.5 71.9 57.5-86.3 Pass 
SPW-6121 11/16/2017 H-3 16,276 ± 378 16,507 13,286 - 19,929 Pass 
SPW-6132 11/20/2017 H-3 15;897 ± 374 16,507 13,286 - 19,929 Pass 
SPW-6249 11/30/2017 Ra-226 12.2 ± 0.4 12.3 9.8 -14.8 Pass 

SPW-6226 12/1/2017 H-3 16,164 ± 378 16,507 13,286 - 19,929 Pass 
SPW-6318 12/7/2017 H-3 15,779 ± 372 16,507 13,286 - 19,929 Pass 
W-120817 4/29/2016 Cs-134 29.5 ± 5.6 36.2 29.0-43.4 Pass 
W-120817 4/29/2016 Cs-137 78.8 ± 9.6 71.9 57.5-86.3 Pass 
SPW-65 12/11/2017 Ra-226 12.5 ± 0.4 12.3 9.8 -14.8 Pass 
SPW-6437 12/13/2017 Gr. Alpha 19.6 ± 0.4 20.1 10.1-30.2 Pass 
SPW-6437 12/13/2017 Gr. Beta 28.2 ± 0.3 27.9 22.3-33.5 Pass 
SPW-6463 12/15/2017 H-3 15,560 ± 372 16,507 13,286 - 19,929 Pass 

• 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 (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 Control limits are established from the precision values listed in Attachment A of this report, adjusted to ± 2s. 

NOTE: For fish, gelatin is used for the spike matrix. For vegetation, cabbage is used for the spike matrix. 
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TABLE A-4. In-House "Blank" Samples 

Concentration a 

Lab Code Sample Date Analysisb Laboratory results (4.66cr) Acceptance 

Type LLD Activity0 Criteria (4.66 cr) 

SPW-31 Water 1/6/2017 H-3 143 71 ± 75 200 
SPW-45 Water 1/9/2017 Gr. Alpha 0.41 0.09 ± 0.30 2 
SPW-45 Water 1/9/2017 Gr. Beta 0.74 -0.56 ± 0.50 4 
SPW-91 Water 1/11/2017 H-3 151 -23 ± 71 200, 
SPW-141 Water 1/12/2017 Sr-89 0.55 0.29 ± 0.47 5 
SPW-141 Water 1/12/2017 Sr-90 0.67 -0.02 ± 0.31 1 
SPW-154 Water 1/19/2017 H-3 155 -17 ± 73 200 
SPW-185 Water 1/23/2017 H-3 176 44 ±94 200 
SPW-231 Water 1/19/2017 H-3 179 26 ±87 200 
SPW-303 Water 1/26/2017 H-3 160 8 ± 77 200 
SPW-305 Water 1/4/2017 Ra-226 0.02 0.02 ± 0.01 2 
SPW-307 Water 1/27/2017 1-131 0.21 0.01 ± 0.11 1.00 
SPW-332 Water 1/30/2017 H-3 169 -52 ± 86 200 

SPW-352 Water 2/2/2017 U-234 0.14 0.00 ± 0.08 
SPW-352 Water 2/2/2017 U-238 0.14 0.12 ±0.15 
SPW-411 Water 2/6/2017 Sr-89 0.49 0.30 ± 0.35 5 
SPW-411 Water 2/6/2017 Sr-90 0.52 -0.22 ± 0.21 1 
SPW-464 Water 2/8/2017 H-3 155 2 ±74 200 
SPW-560 Water 2/15/2017 H-3 156 38 ±77 200 
SPW-604 Water 2/16/2017 H-3 154 59 ±77 200 
SPW-656 Water 2/17/2017 H-3 187 28 ±94 200 

' SPW-713 Water 2/23/2017 H-3 161 20 ± 81 200 
SPW-736 Water 2/28/2017 H-3 161 -75 ± 76 200 
SPAP-739 AP 2/28/2017 Gr. Beta 0.002 0.004 ± 0.001 0.01 
SPAP-741 AP 2/24/2017 Cs-134 2.27 -0.95 ± 1.29 100 
SPAP-741 AP 2/24/2017 Cs-137 2.65 0.17 ± 1.67 100 
SPW-747 Water 2/28/2017 C-14 161 -28 ± 97 200 
SPW-749 Water 2/28/2017 Ni-63 17 -3 ± 10 200 
SPF-751 Fish 2/28/2017 Cs-134 0.008 0.002 ± 0.004 100 
SPF-751 Fish 2/28/2017 Cs-137 0.008 0.000 ± 0.005 100 

SPW-780 Water 3/1/2017 Ra-226 0.02 0.02 ± 0.01 2 
SPW-782 Water 3/1/2017 H-3 154 35 ± 78 200 
SPW-3506 Water 311/2017 Ra-226 0.03 0.02 ± 0.02 2 
SPW-836 Water 3/3/2017 1-131 0.38 0.04 ± 0.18 1 
SPW-1009 Water 3/14/2017 H-3 154 -31 ± 72 200 
SPW-1025 Water 3/16/2017 Gr. Alpha 0.43 -0.16 ± 0.28 2 
SPW-1025 Water 3/16/2017 Gr. Beta 0.75 -0.24 ± 0.52 4 
SPW-1091 Water 3/21/2017 H-3 145 60 ± 73 200 
SPW-1150 Water 3/24/2017 H-3 152 -31 ± 71 200 
SPW-1162 Water 3/28/2017 Sr-89 0.61 -0.39 ± 0.45 5 
SPW-1162 Water 3/28/2017 Sr-90 0.52 0.18 ±0.27 

a Liquid sample results are reported in pCi/Liter, air filters ( pCilm\ charcoal (pCi/charcoal canister), and solid samples (pCi/g). 
b 1-131 (G); iodine-131 as analyzed by gamma spectroscopy. 

[ c Activity reported is a net activity result. 
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TABLE A-4. In-House "Blank" Samples 

Concentration a 

Lab Code Sample Date Analysisb Laboratory results (4.66cr) Acceptance 

Type LLD Activity0 Criteria (4.66 cr) 

SPW-1177 Water 3/29/2017 Ra-228 0.83 -0.14 ± 0.36 2 

SPW-1231 Water 3/30/2017 H-3 150 24 ±73 200 
SPW-1245 Water 3/31/2017 Cs-134 3.73 0.43 ±2.18 100 

SPW-1245 Water 3/31/2017 Cs-137 3.01 -1.23 ±2.12 100 

SPW-1245 Water 3/31/2011 I-131(G) 5.39 0.92 ± 2.15 100 

SPW-1245 Water 3/31/2017 i-131 0.32 0.03 ±0.18 1 

SPMI-1247 Milk 3/31/2017 Cs-134 3.70 1.23 ± 1.96 100 

SPMI-1247 Milk 3/31/2017 Cs-137 3.62 -0.84 ± 2.15 100 

SPMI-1247 Milk 3/31/2017 1-131 (G) 4.42 0.39 ± 2.14 100 

SPW-1294 Water 3/31/2017 Ra-226 0.02 0.18 ±0.02 2 

SPW-1303 Water 4/4/2017 H-3 151 8 ± 75 200 

SPW-1377 Water 4/7/2017 H-3 150 29 ±72 200 

SPW-1390 Water 4/7/2017 Gr. Alpha 0.42 0.15 ± 0.31 2 
SPW-1390 Water 4/7/2017 Gr. Beta 0.73 -0.17 ± 0.51 4 

SPW-1479 Water 4/12/2017 H-3 151 89 ± 77 200 
SPW-1574 Water 4/18/2017 H-3 144 55± 79 200 

SPW-1625 Water 4/20/2017 Sr-89 0.59 -0.01 ± 0.50 5 
SPW-1625 Water 4/20/2017 Sr-90 0.71 0.16 ± 0.35 

SPW-1657 Water 4/21/2017 H-3 147 34 ± 73 200 

SPW-1775 Water 4/26/2017 H-3 155 67 ± 80 200 
SPW-1805 Water 4/27/2017 H-3 153 15 ± 74 200 

SPW-1936 Water 5/3/2017 H-3 148 33 ± 71 200 

SPW-1970 Water 5/5/2017 Sr-89 0.66 0.34 ± 0.54 5 
SPW-1970 Water 5/5/2017 Sr-90 0.62 -0.08 ± 0.28 1 
SPW-2032 Water 5/8/2017 H-3 147 66 ±73 200 
SPW-2419 Water 5/9/2017 Ra-226 0.03 0.01 ± 0.03 2 

SPW-2283 Water 5/22/2017 H-3 155 24 ±78 200 
SPW-2353 Water 5/23/2017 H-3 151 56± 76 200 

SPW-2890 Water 5/23/2017 Ra-226 0.03 -0.01 ± 0.02 2 
SPMI-2377 Milk 5/24/2017 Sr-89 0.78 0.86 ± 0.93 5 

SPMI-2377 Milk 5/24/2017 Sr-90 0.49 0.95 ± 0.33 1 
SPW-2438 Water 5/25/2017 Ra-228 0.90 -0.28 ± 0.38 2 

SPW-2467 Water 5/26/2017 H-3 152 27 ±77 200 

SPW-2417 Water 5/26/2017 Ra-228 0.80 1.58 ± 0.54 2 
SPW-2447 Water 5/26/2017 1-131 0.21 -0.05 ± 0.12 1 

SPW-2501 Water 6/1/2017 H-3 151 -23 ± 70 200 
SPW-2658 Water 6/5/2017 H-3 152 107 ± 78 200 

SPW-2789 Water 6/9/2017 H-3 150 52± 77 200 
SPW-2797 Water 6/12/2017 H-3 177 7 ± 93 200 

SPW-2847 Water 6/14/2017 1-131 0.18 0.03 ± 0.10 1 

a Liquid sample results are reported in pCi/Liter, air filters ( pCi/m3
), charcoal (pCi/charcoal canister), and solid samples (pCi/g). 

b I-131(G); iodine-131 as analyzed by gamma spectroscopy. 

c Activity reported is a net activity result. 
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TABLE A-4. In-House "Blank" Samples 

Concentration a 

Lab Code Sample Date Analysisb Laboratory results (4.66cr) Acceptance 

Type LLD Activity0 Criteria (4.66 cr) 

SPW-3508 Water 6/15/2017 Ra-226 0.03 0.00 ± 0.02 2 

SPW-2942 Water 6/19/2017 Sr-89 0.58 0.80 ± 0.53 5 

SPW-2942 Water 6/19/2017 Sr-90 0.50 0.15 ± 0.25 1 

SPW-3042 Water 6/23/2017 H-3 146 25 ± 74 200 

SPW-3510 Water 6/23/2017 Ra-226 0.02 0.03 ± 0.02 2 

SPW-3102 Water 6/28/2017 H-3 148 -7 ± 73 200 

SPW-3116 Water 6/29/2017 Tc-99 5.91 -0.39 ± 3.58 10 

SPW-3512 Water 6/29/2017 Ra-226 0.02 -0.01 ± 0.02 2 

SPW-3187 Water 7/3/2017 Sr-89 0.62 0.00 ± 0.48 5 

SPW-3187 Water 7/3/2017 Sr-90 0.48 0.07 ± 0.23 1 
SPW-3282 Water 7/11/2017 H-3 178 -37 ± 84 200 

SPW-4053 Water 7/11/2017 Ra-226 0.03 0.02 ± 0.02 2 

SPW-3466 Water 7/14/2017 Gr. Alpha 0.42 -0.09 ± 0.28 2 
SPW-3466 Water 7/14/2017 Gr. Beta 0.76 -0.18 ± 0.53 4 

SPW-3448 Water 7/15/2017 H-3 150 54± 77 200 
SPW-3727 Water 7/27/2017 Ni-63 90 18 ±55 200 

SPW-3793 Water 7/28/2017 H-3 151 47 ± 82 200 

SPW-3904 Water 8/3/2017 Gr. Alpha 0.47 -0.02 ± 0.33 2 
SPW-3904 Water 8/3/2017 Gr. Beta 0.75 -0.11 ± 0.52 4 

SPW-4029 Water 8/9/2017 H-3 159 11 ± 79 200 

SPW-4206 Water 8/17/2017 H-3 157 55± 76 200 

SPW-4241 Water 8/19/2017 H-3 190 61 ± 96 200 

SPW-4085 Water 8/14/2017 H-3 159 -28 ± 77 200 

SPW-4206 Water 8/17/2017 H-3 157 55± 76 200 

SPW-4241 Water 8/19/2017 H-3 190 61 ± 96 200 

SPW-4457 Water 9/1/2017 Ra-228 0.78 -0.02 ± 0.36 2 
SPW-4465 Water 9/6/2017 Sr-89 0.51 0.30 ± 0.37 5 

SPW-4465 Water. 9/6/2017 Sr-90 0.46 -0.09 ± 0.20 1 

SPW-4585 Water 9/9/2017 H-3 187 -86 ± 83 200 

SPW-5720 Water 9/13/2017 Ra-226 0.02 0.13 ± 0.02 2 
SPW-4703 Water 9/15/2017 1-131 0.17 0.10 ± 0.10 1 

SPW-4719 Water 9/16/2017 H-3 184 -86 ± 93 200 
SPW-4833 Water 9/22/2017 H-3 150 5 ± 72 200 

SPW-4934 Water 9/27/2017 H-3 148 5 ±70 200 
SPW-4936 Water 9/27/2017 Ra-228 0.80 0.55 ± 0.44 2 
SPW-5000 Water 9/29/2017 H-3 183 -13 ± 90 200 

SPW-5133 Water 10/6/2017 H-3 144 64 ± 71 200 
SPW-5273 Water 10/12/2017 H-3 142 106 ± 72 200 

• Liquid sample results are reported in pCi/Liter, air filters ( pCi/m3
), charcoal (pCi/charcoal canister), and solid samples (pCi/g). 

b J-131(G); iodine-131 as analyzed by gamma spectroscopy. 

c Activity reported is a net activity result. 
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TABLE A-4. In-House "Blank" Samples 

Concentration a 

Lab Code Sample Date Analysisb Laboratory results (4.66cr) Acceptance 

Type LLD Activitl Criteria (4.66 cr) 

SPW-5407 Water 10/18/2017 Ni-63 69 43 ±43 200 

SPW-5429 Water 10/19/2017 H-3 148 54 ±72 200 
SPW-5603 Water 10/23/2017 Sr-89 0.57 0.16 ±0.47 5 
SPW-5603 Water 10/23/2017 Sr-90 0.70 -0.12 ± 0.31 

SPW-5673 Water 10/25/2017 H-3 156 -36 ± 71 200 
SPW-5718 Water 10/27/2017 H-3 182 45 ± 92 200 
SPW-5943 Water 10/27/2017 Ra-226 0.02 0.08 ± 0.02 2 
SPW-5723 Water 10/30/2017 1-131 0.10 0.03 ± 0.07 1 

SPW-5914 Water 11/09/17 H-3 149 -39 ± 68 200 
SPW-5988 Water 11/11/2017 H-3 183 -8 ± 88 200 

SPW-6120 Water 11/16/2017 H-3 146 83 ± 75 200 

SPW-6131 Water 11/20/2017 H-3 151 16 ± 72 200 
SPW-6197 Water 11/29/2017 1-131 0.38 0.01 ± 0.18 1 
SPW-6248 Water 11/30/2017 Ra-226 0.03 0.15 ±0.03 2 

SPW-6225 Water 12/1/2017 H-3 154 -10 ± 72 200 

SPW-6317 Water 12/7/2017 H-3 148 44 ±74 200 
SPW-64 Water 12/11/2017 Ra-226 0.03 0.18 ±0.03 2 
SPW-6436 Water 12/13/2017 Gr. Alpha 0.54 -0.17 ±0.37 2 
SPW-6436 Water 12/13/2017 Gr. Beta 0.74 0.12 ± 0.52 4 
SPW-6464 Water 12115/2017 H-3 148 31 ± 75 200 

• Liquid sample results are reported in pCi/Liter, air filters ( pCi/m3
), charcoal (pCi/charcoal canister), and solid samples (pCi/g). 

b I-131(G); iodine-131 as analyzed by gamma spectroscopy. 

c Activity reported is a net activity result. 
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TABLE A-5. In-House "Duplicate" Samples 

Concentration a 

Averaged 

Lab Code Date Analysis First Result Second Result Result Acceptance 

AP-7178,7179 1/3/2017 Be-7 0.047 ± 0.015 0.062 ± 0.017 0.054 ± 0.012 Pass 

SW-6986,6987 1/3/2017 Gr. Beta 1.39 ±0.41 0.77 ±0.41 1.08 ± 0.29 Pass 

E-66,67 1/3/2017 Gr. Beta 1.62 ± 0.05 1.45 ± 0.04 1.54 ± 0.11 Pass 

E-66,67 1/3/2017 K-40 1.26 ± 0.14 1.39 ± 0.16 1.32 ± 0.11 Pass. 

CF-87,88 1/3/2017 Be-7 0.25 ± 0.11 0.30 ± 0.12 0.28 ± 0.08 Pass 

CF-87,88 1/3/2017 K-40 7.77 ± 0.39 6.84 ± 0.37 7.31 ± 0.27 Pass 

AP-011217 1/12/2017 Be-7 0.137 ± 0.078 0.139 ± 0.082 0.138 ± 0.056 Pass 

Ml-212,213 1/16/2017 K-40 1,515 ±98 1,347 ± 107 1,431 ± 73 Pass 

WW-321,322 1/19/2017 H-3 675±118 506 ± 133 590 ± 89 Pass 

WW-674,675 1/20/2017 H-3 7,326 ± 254 7,717 ± 259 7,522 ± 181 Pass 

AP-012317 1/23/2017 Gr. Beta 0.034 ± 0.005 0.038 ± 0.005 0.036 ± 0.004 Pass 

WW-298,299 1/24/2017 H-3 5,916 ± 239 5764 ± 237 5840 ± 168 Pas!l 

AP-013117 1/30/2017 Gr. Beta 0.027 ± 0.004 0.028 ± 0.004 0.028 ± 0.003 Pass 

WW-500,501 1/31/2017 H-3 1,058 ± 122 1,054±121 1,056 ± 86 Pass 

SW-391,392 1/31/2017 Gr. Beta 1.40 ± 0.56 1.62 ± 0.61 1.51 ± 0.41 Pass 

SPS-370,371 2/1/2017 K-40 23.47 ± 0.66 23.11 ±0.72 23.29 ± 0.49 Pass 

AP-456,457 2/2/2017 Be-7 0.129 ± 0.076 0.167 ±0.092 0.148 ± 0.060 Pass 

AP-020217 2/2/2017 Gr. Beta 0.021 ± 0.004 0.027 ± 0.004 0.024 ± 0.003 Pass 

SPS-414,415 2/3/2017 K-40 19.45 ± 1.85 21.58 ± 1.99 20.52 ± 1.36 Pass 

AP-020617 2/6/2017 Gr. Beta 0.023 ± 0.004 0.023 ± 0.004 0.023 ± 0.003 Pass 

AP-021417A 2/14/2017 Gr. Beta 0.031 ± 0.004 0.030 ± 0.004 0.030 ± 0.003 Pass 

SPW-543 2/14/2017 Gr. Beta 7.99 ± 0.82 9.45 ± 0.88 8.72 ± 0.60 Pass 

AP-021417B 2/14/2017 Gr. Beta 0.024 ± 0.004 0.028 ± 0.004 0.026 ± 0.003 Pass 

WW-718,719 2/14/2017 H-3 737 ± 113 643 ± 110 690 ± 79 Pass 

AP-022017 2/20/2017 Gr. Beta 0.018 ± 0.005 0.021 ± 0.005 0.020 ± 0.004 Pass 

WW-755,756 2/22/2017 H-3 3,709 ± 196 3,823 ± 198 3,766 ± 139 Pass 

AP-022717 2/27/2017 Gr. Beta 0.021 ± 0.004 0.019 ± 0.004 0.020 ± 0.003 Pass 

SPDW-80011 ,2 3/2/2017 Ra-226 7.29 ± 0.32 6.76 ± 0.30 7.03 ± 0.22 Pass 

SPDW-80011 ,2 3/2/2017 Ra-228 4.68 ± 0.82 6.29 ± 1.03 5.49 ± 0.66 Pass 

SPDW-80013,4 3/2/2017 Gr. Alpha 13.57 ± 1.43 12.44 ± 1.37 13.01 ± 0.99 Pass 

WW-845,846 3/2/2017 H-3 314 ± 93 249 ± 90 281 ± 65 Pass 

AP-030617 3/6/2017 Gr. Beta 0.022 ± 0.004 0.019 ± 0.004 0.020 ± 0.003 Pass 

WW-1050,1051 3/8/2017 H-3 14,994 ± 364 14,745 ± 3'62 14,870 ±257 Pass 

SPS-920,921 3/9/2017 K-40 23.30 ± 1.76 23.13 ± 1.64 23.21 ± 1.20 Pass 

WW-1004,1005 3/13/2017 H-3 182 ± 80 158 ± 79 170 ±56 Pass 

SPS-1 029,1030 3/15/2017 K-40 11.82 ± 0.68 12.01 ± 0.68 11.92 ± 0.48 Pass 

AP-031517 3/15/2017 Gr. Beta 0.020 ± 0.003 0.020 ± 0.003 0.020 ± 0.002 Pass 

SPDW-80037,8 3/20/2017 Gr. Alpha 4.54 ± 0.82 5.29 ± 0.91 4.91 ± 0.61 Pass 

AP-032017 3/20/2017 Gr. Beta 0.021 ± 0.006 0.021 ± 0.006 0.021 ± 0.005 Pass 

WW-1094,1095 3/20/2017 H-3 1,571 ±137 1,595 ± 138 1,583±175 Pass 
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TABLE A-5. In-House "Duplicate" Samples 

Concentration a 

Averaged 

Lab Code Date Analysis First Result Second Result Result Acceptance 

WW-1175, 1176 3/20/2017 H-3 218 ± 84 211 ± 84 214 ±59 Pass 
WW-1129, 1130 3/21/2017 Gr. Beta 3.51 ± 1.24 2.99 ± 1.17 3.25 ± 0.85 Pass 
WW-1219, 1220 3/22/2017 H-3 11,467 ± 322 11,516 ± 323 11,492 ± 200 Pass 
SPS-1152, 1153 3/27/2017 Ac-228 20.39 ± 0.75 20.43 ± 0.88 20.41 ± 0.58 Pass 
SPS-1152, 1153 3/27/2017 Pb-214 17.22 ± 0.50 16.44 ± 0.52 16.83 ± 0.36 Pass 
SPDW-80047,8 3/28/2017 Ra-226 2.06 ± 0.23 1.60 ± 0.32 1.83 ± 0.20 Pass 

SPDW-80047,8 3/28/2017 Ra-228 0.53 ± 0.48 0.78 ± 0.49 0.66 ± 0.34 Pass 
SWU-1242, 1243 3/28/2017 Gr. Beta 2.04 ± 0.81 2.47 ± 0.69 2.26 ± 0.53 Pass 
SPS-1198, 1199 3/29/2017 K-40 16.95 ± 1.85 18.33 ± 1.71 17.64 ± 1.26 Pass 
SPDW-80050, 1 3/29/2017 Gr. Alpha 3.19 ±0.80 3.39 ± 0.78 3.29 ± 0.56 Pass 
SPDW-80050, 1 3/29/2017 Gr. Beta 1.58 ± 0.60 2.08 ± 0.63 1.83 ± 0.44 Pass 
AP-1706,1707 3/30/2017 Be-7 0.068 ± 0.018 0.072 ± 0.017 0.070 ± 0.012 Pass 

SW-1381, 1382 4/5/2017 H-3 402 ± 92 309 ± 88 356 ± 64 Pass 
WW-1446,1447 4/6/2017 H-3 305 ± 89 358 ± 91 332 ± 64 Pass 
WW-1532,1533 4/10/2017 H-3 19,124 ± 412 18,991 ± 410 19,058 ± 291 Pass 
WW-1618,1619 4/12/2017 H-3 4,187 ±203 4,305 ± 205 4,246 ± 144 Pass 
SS-1553, 1554 4/13/2017 Gr. Beta 7.16 ±0.99 6.09 ± 0.91 6.63 ± 0.67 Pass 
SS-1553, 1554 4/13/2017 K-40 4.60 ± 0.32 4.84 ± 0.34 4.72 ± 0.23 Pass 
SS-1553, 1554 4/13/2017 Tl-208 0.038 ± 0.016 0.032 ± 0.011 0.035 ± 0.010 Pass 

SS-1553, 1554 4/13/2017 Pb-212 0.101 ±0.015 0.096 ± 0.015 0.098 ± 0.010 Pass 
SS-1553, 1554 4/13/2017 Bi-214 0.094 ± 0.032 0.109 ± 0.022 0.101 ± 0.019 Pass 
SS-1553, 1554 4/13/2017 Ac-228 0.089 ± 0.042 0.111 ± 0.046 0.100 ±0.031 Pass 

P-2015,2016 5/4/2017 H-3 189 ± 80 212 ± 81 200 ±57 Pass 

WW-2336,2337 5/8/2017 H-3 422 ± 97 298 ± 91 360 ± 66 Pass 
AP-051117 5/11/2017 Gr. Beta 0.018 ± 0.003 0.025 ± 0.004 0.021 ± 0.002 Pass 
WW-2497,2498 5/23/2017 H-3 1,268 ± 127 1,247 ± 126 1,257 ± 89 Pass 
WW-2583,2584 5/23/2017 H-3 5,159 ±224 5,223 ± 126 5,191 ± 129 Pass 
WW-2732,2733 5/23/2017 H-3 8,559 ± 282 8,570 ± 283 8,564 ± 200 Pass 

XW-1218,1219 5/23/2017 H-3 11,467 ± 282 11,516 ±283 11,492 ± 200 Pass 
Ml-2428,2429 5/24/2017 K-40 1,752 ± 137 1,805 ± 132 1,778 ± 95 Pass 
S0-2562,2563 5/24/2017 K-40 7.87 ± 0.50 8.64 ± 0.49 8.25 ± 0.35 Pass 
WW-3023,3024 5/24/2017 H-3 27,398 ±486 27,733 ±489 27,565 ± 344 Pass 
S0-2453,2454 5/25/2017 Gr. Beta 14.38 ± 0.93 15.70 ± 1.06 15.04 ± 0.70 Pass 
S0-2453,2454 5/25/2017 Cs-137 0.17 ±0.03 0.18 ± 0.03 0.17 ±0.02 Pass 
S0-2453,2454 5/25/2017 K-40 9.80 ± 0.50 9.19 ±0.57 9.50 ± 0.38 Pass 
S0-2453,2454 5/25/2017 Tl-208 0.09 ± 0.02 0.10 ± 0.03 0.09 ± 0.02 Pass 
S0-2453,2454 5/25/2017 Pb-212 0.29 ± 0.03 0.30 ± 0.03 0.29 ± 0.02 Pass 
S0-2453,2454 5/25/2017 Bi-214 0.24 ± 0.03 0.18 ± 0.04 0.21 ± 0.03 Pass 
S0-2453,2454 5/25/2017 Ra-226 0.82 ± 0.22 0.62 ± 0.27 0.72 ±0.17 Pass 
S0-2453,2454 5/25/2017 Ac-228 0.32 ± 0.07 0.28 ± 0.08 0.30 ± 0.05 Pass 
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TABLE A-5. In-House "Duplicate" Samples 

Concentration a 

Averaged 

Lab Code Date Analysis First Result Second Result Result Acceptance 

SWT-2625,2626 5/30/2017 Gr. Beta 0.64 ± 0.53 1.08 ± 0.55 0.86 ± 0.38 Pass 

AP-053117 5/31/2017 Gr. Beta 0.013 ± 0.003 0.011 ± 0.003 0.012 ± 0.002 Pass 

G-2646,2647 6/1/2017 Be-7 1.02 ±0.17 1.06 ± 0.26 1.04 ±0.15 Pass 

G-2646,2647 6/1/2017 K-40 7.51 ± 0.49 6.55 ± 0.51 7.03 ± 0.36 Pass 

SL-2669,70 6/1/2017 Be-7 0.34 ± 0.06 0.30 ± 0.06 0.32 ± 0.04 Pass 

SL-2669,70 6/1/2017 K-40 4.35 ± 0.14 4.39 ±0.15 4.37 ±0.10 Pass 

F-2711,2712 6/2/2017 K-40 2.56 ± 0.32 2.77 ± 0.44 2.66 ± 0.27 Pass 

AP-060617 6/6/2017 Gr. Beta 0.026 ± 0.005 0.027 ± 0.005 0.027 ± 0.004 Pass 

SW-2849,50 6/8/2017 H-3 8,178 ± 273 8,563 ± 279 8,371 ± 195 Pass 

AP-061217 6/12/2017 Gr. Beta 0.027 ± 0.005 0.027 ± 0.005 0.027 ± 0.004 Pass 

BS-3446,3447 6/12/2017 K-40 8.30 ± 0.47 8.57 ± 0.47 8.44 ± 0.33 Pass 

VE-2870,2871 6/13/2017 K-40 3.65 ± 0.25 3.90 ± 0.26 3.77 ±0.18 Pass 

AP-2914,5 6/15/2017 Be-7 0.269 ± 0.146 0.212 ± 0.123 0.240 ± 0.095 Pass 

AP-3067,8 6/15/2017 Be-7 0.204 ±0.113 0.328 ± 0.126 0.266 ± 0.085 Pass 

AP-061917 6/19/2017 Gr. Beta 0.020 ± 0.004 0.019 ± 0.004 0.020 ± 0.003 Pass 

AP-3610, 1 6/26/2017 Be-7 0.107 ± 0.015 0.116 ± 0.021 0.111 ±0.013 Pass 

AP-062617 6/26/2017 Gr. Beta 0.017 ± 0.004 0.021 ± 0.004 0.019 ± 0.003 Pass 

AP-3673,367 4 7/3/2017 Be-7 0.087 ± 0.008 0.078 ± 0.008 0.083 ± 0.006 Pass 

AP-3287,3288 7/6/2017 Be-7 0.207 ± 0.112 0.244 ± 0.096 0.226 ± 0.074 Pass 

WW-3308,3309 7/7/2017 H-3 · 549 ± 108 501 ± 107 525 ± 76 Pass 

VE-3362,3363 7/12/2017 K-40 2.32 ± 0.17 2.40 ±0.16 2.36 ±0.12 Pass 

VE-3589,3590 7/18/2017 K-40 5.25 ± 0.33 4.64 ± 0.33 4.94 ± 0.23 Pass 

SG-3631,3632 7/18/2017 Pb-214 3.03 ± 0.11 2.97 ± 0.11 3.00 ± 0.08 Pass 

SG-3631 ,3632 7/18/2017 Ac-228 2.47 ± 0.22 2.56 ± 0.23 2.52 ±0.16 Pass 

WW-3846,3847 7/25/2017 H-3 505 ± 101 446 ± 98 475 ± 70 Pass 

F-4509,451 0 7/26/2017 K-40 0.85 ± 0.25 1.00 ± 0.25 0.93 ± 0.18 Pass 

F-4509,4510 7/26/2017 Gr. Beta 1.19 ±0.03 1.18 ± 0.03 1.18 ±0.02 Pass 

G-3804,3805 7/27/2017 Be-7 3.72 ± 0.39 3.47 ± 0.40 3.59 ± 0.28 Pass 

G-3804,3805 7/27/2017 K-40 4.21 ± 0.52 4.46 ± 0.52 4.34 ± 0.33 Pass 

SL-3888,3889 8/1/2017 Be-7 0.77 ± 0.04 0.73 ± 0.07 0.75 ± 0.04 Pass 

SL-3888,3889 8/1/2017 K-40 0.94 ± 0.04 0.87 ± 0.08 0.90 ± 0.23 Pass 

WW-4158,4159 8/8/2017 H-3 321 ± 90 270 ± 88 295 ± 63 Pass 

VE-4179,4180 8/14/2017 K-40 1.84 ± 0.18 1.90 ± 0.21 1.87 ± 0.14 Pass 

AP-4289,4290 8/17/2017 Be-7 0.212 ± 0.095 0.162 ±0.080 0.187 ± 0.062 Pass 

F-4333,4334 8/18/2017 K-40 3.22 ±0.41 3.62 ± 0.42 3.42 ± 0.29 Pass 

CF-4310,4311 8/21/2017 K-40 10.94 ± 0.74 11.48±0.50 11.21 ± 0.45 Pass 

DW-80161,80162 8/22/2017 Ra-226 1.22 ± 0.15 1.19 ± 0.17 1.21 ± 0.11 Pass 

DW-80161,80162 8/22/2017 Ra-228 1.99 ± 0.63 0.70 ± 0.49 1.35 ± 0.40 Pass 

VE-4398,4399 8/28/2017 Be-7 0.13 ±0.07 0.13 ± 0.08 0.13 ±0.05 Pass 
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TABLE A-5. In-House "Duplicate" Samples 

Concentration a 

Averaged 

Lab Code Date Analysis First Result Second Result Result Acceptance 

VE-4398,4399 8/28/2017 K-40 3.32 ± 0.22 3.48 ± 0.25 3.40 ± 0.17 Pass 

sw~4463,4464 8/29/2017 H-3 495 ± 106 491 ± 106 493 ± 75 Pass 

LW-4486,4487 8/31/2017 Gr. Beta 0.425 ± 0.471 1.358 ± 0.571 0.892 ± 0.370 Pass 

VE-4561 ,4562 9/6/2017 Be-7 5.89 ± 0.29 5.76 ± 0.25 5.83 ± 0.19 Pass 

VE-4561 ,4562 9/6/2017 K-40 3.73 ± 0.34 3.77 ± 0.29 3.75 ± 0.22 Pass 

B0-5122,5123 9/8/2017 K-40 4.50 ± 0.36 4.50 ± 0.36 4.50 ± 0.25 Pass 

VE-4692,4693 9/12/2017 K-40 5.16 ± 0.13 5.31 ± 0.36 5.24 ± 0.19 Pass 

SS-4650,4651 9/12/2017 K-40 10.55 ± 0.51 10.41 ± 0.54 10.48 ± 0.37 Pass 

Ml-4671 ,4672 9/13/2017 K-40 1,347 ± 115 1,283 ± 118 1,315 ±82 Pass 

Ml-4671 ,4672 9/13/2017 Sr-90 0.7 ± 0.3 0.5 ± 0.3 0.6 ± 0.2 Pass 

VE-4973,4974 9/17/2017 K-40 1.11 ± 0.15 1.17 ±0.13 1.14±0.10 Pass 

F-4928,4929 9/19/2017 K-40 1.84 ± 0.31 1.68 ± 0.34 1.76 ± 0.23 Pass 

S-4865,4866 9/20/2017 K-40 21.07 ± 2.39 19.09 ± 2.51 20.08 ± 1.73 Pass 

VE-4907,4908 9/20/2017 K-40 3.83 ± 0.44 4.28 ± 0.31 4.05 ± 0.27 Pass 

VE-4844,4845 9/21/2017 K-40 1.81 ± 0.22 1.88 ± 0.21 1.84 ±0.15 Pass 

AP-5572,5573 9/27/2017 Be-7 0.082 ± 0.015 0.075 ± 0.014 0.078 ± 0.010 Pass 

LW-5145,5146 9/28/2017 Gr. Beta 0.84 ± 0.49 1.47 ± 0.57 1.16 ± 0.38 Pass 

AP-092917 9/29/2017 Gr. Beta 0.038 ± 0.004 0.031 ± 0.004 0.035 ± 0.003 Pass 

WW-5080,5081 10/2/2017 H-3 208 ± 79 223 ± 80 215 ±56 Pass 

AP-100217 10/2/2017 Gr. Beta 0.025 ± 0.005 0:028 ± 0.005 0.026 ± 0.003 Pass 

AP-100317 10/3/2017 Gr. Beta 0.037 ± 0.004 0.033 ± 0.004 0.035 ± 0.003 Pass 

S-5165,5166 10/4/2017 K-40 15.93 ± 2.30 20.34 ± 3.15 18.14 ± 1.95 Pass 

VE-5228,5229 10/5/2017 K-40 3.25 ± 0.25 2.82 ± 0.24 3.04 ± 0.17 Pass 

AP-100917 10/9/2017 Gr. Beta 0.021 ± 0.004 0.025 ± 0.004 0.023 ± 0.003 Pass 

VE-5293,5294 10/10/2017 K-40 3.89 ± 0.30 4.08 ± 0.34 3.99 ± 0.22 Pass 

ow -80184,80185 10/11/2017 Gr. Alpha 2.17 ±0.81 2.50 ± 0.81 2.34 ± 0.57 Pass 

DW-80184,80185 10/11/2017 Gr. Beta 9.45 ± 0.79 10.20 ± 0.83 9.83 ± 0.57 Pass 

S-5421 ,5422 10/12/2017 K-40 8.82 ± 1.94 7.97 ± 0.72 8.40 ± 1.03 Pass 

AP-101617 10/16/2017 Gr. Beta 0.025 ± 0.005 0.022 ± 0.004 0.024 ± 0.003 Pass 

F-5658,5659 10/19/2017 K-40 2.44 ± 0.41 2.57 ± 0.39 2.51 ± 0.28 Pass 

S0-5704,5705 10/25/2017 Cs-137 0.05 ±0.02 0.04 ± 0.02 0.04 ± 0.01 Pass 

S0-5704,5705 10/25/2017 K-40 10.08 ± 0.51 9.57 ± 0.56 9.83 ± 0.38 Pass 

S0-5704,5705 10/25/2017 Tl-208 0.10 ±0.02 0.09 ± 0.02 0.10 ±0.01 Pass 

S0-5704,5705 10/25/2017 Bi-214 0.34 ± 0.04 0.27 ± 0.04 0.30 ± 0.03 Pass 

S0-5704,5705 10/25/2017 Pb-212 0.28 ± 0.03 0.27 ± 0.03 0.27 ± 0.02 Pass 

S0-5704,5705 10/25/2017 Ra-226 1.15 ±0.52 0.59 ± 0.22 0.87 ± 0.28 Pass 

S0-5704,5705 10/25/2017 Ac-228 0.33 ± 0.05 0.31 ± 0.07 0.32 ± 0.04 Pass 

S0-5704,5705 10/25/2017 Gr. Beta 18.34 ± 1.80 16.50 ± 1.03 17.42 ± 1.04 Pass 

AP-5732,5733 10/26/2017 Be-7 0.139 ± 0.064 0.175 ± 0.075 0.157 ± 0.049 Pass 
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TABLE A-5. In-House "Duplicate" Samples 

Concentration a 

Averaged 
Lab Code Date Analysis First Result Second Result Result Acceptance 

SW-5753,5754 10/31/2017 H-3 220 ± 83 279 ± 86 249 ± 60 Pass 

SWU-5816,5817 10/31/2017 Gr. Beta 1.51 ± 1.00 2.02 ± 1.02 1.76 ±0.71 Pass 

AP-103117 10/31/2017 Gr. Beta 0.015 ± 0.004 0.014 ± 0.004 0.015 ± 0.003 Pass 

S0-5923,5924 11/1/2017 Cs-137 0.30 ± 0.04 0.31 ± 0.04 0.31 ± 0.03 Pass 

S0-5923,5924 11/1/2017 K-40 10.52 ± 0.61 10.56 ± 0.67 10.54 ± 0.45 Pass 

AP-5858,5859 11/2/2017 Be-7 0.145 ± 0.075 0.146 ± 0.084 0.145 ± 0.056 Pass 

AP-110717 11/7/2017 Be-7 0.026 ± 0.004 0.030 ± 0.004 0.028 ± 0.003 Pass 

WW-6032,6033 11/7/2017 H-3 204 ± 86 298 ± 80 251 ±59 Pass 

WW-6074,6075 11/8/2017 H-3 72,247 ± 786 73,062 ± 791 72,655 ± 558 Pass 

BS-6053,6054 11/13/2017 K-40 7.99 ± 0.62 9.20 ± 0.68 8.60 ± 0.46 Pass 

BS-6053,6054 11/13/2017 Cs-137 0.07 ± 0.03 0.08 ± 0.03 0.07 ± 0.02 Pass 

DW-80211,80212 11/14/2017 Gr. Alpha 2.30 ± 0.80 3.60 ± 1.00 2.95 ± 0.64 Pass 

DW-80211 ,80212 11/14/2017 Gr. Beta 9.32 ± 0.81 8.99 ± 0.81 9.16 ±0.57 Pass 

DW-80214,80215 11/14/2017 Ra-226 1.36 ± 0.22 1.35 ±0.15 1.355 ±0.13 Pass 

DW-80214,80215 11/14/2017 Ra-228 1.41 ± 0.51 0.90 ± 0.45 1.16 ±0.34 Pass 

WW-6152,6153 11/15/2017 H-3 416 ± 94 328 ± 90 372 ± 65 Pass 

SWU-6219,6220 11/28/2017 Gr. Beta 1.04 ± 0.54 1.75 ± 0.58 1.39 ± 0.39 Pass 

SS-6242,6243 11/29/2017 K-40 24.17 ± 1.05 22.31 ± 1.03 23.24 ± 0.74 Pass 

SS-6242,6243 11/29/2017 Cs-137 0.11 ± 0.03 0.08 ± 0.03 0.10 ±0.02 Pass 

SG-6938,6939 11/28/2017 Pb-214 15.28 ± 0.34 14.96 ± 0.43 15.12 ±0.27 Pass 

SG-6938,6939 11/28/2017 Ac-228 18.99 ± 0.59 19.92 ± 0.79 19.46 ± 0.49 Pass 

AP-112817 11/28/2017 Gr. Beta 0.026 ± 0.004 0.030 ± 0.004 0.028 ± 0.003 Pass 

SQ-6286,6287 12/1/2017 Gr. Alpha 70.6 ± 6.2 60.9 ± 6.0 65.8 ±4.3 Pass 

SQ-6286,6287 12/1/2017 Gr. Beta 48.9 ± 2.7 53.7 ± 2.8 51.3 ± 1.9 Pass 

SQ-6286,6287 12/1/2017 Ra-226 11.3 ± 0.4 10.7 ± 0.5 11.0 ± 0.3 Pass 

SQ-6286,6287 12/1/2017 Ra-228 13.5 ± 0.9 13.2±1.0 13.4 ± 0.7 Pass 

SG-6286,6287 12/1/2017 K-40 5.10 ± 1.82 6.65 ± 1.53 5.88 ± 1.19 Pass 

AP-120417 12/4/2017 Gr. Beta 0.037 ± 0.006 0.035 ± 0.005 0.036 ± 0.004 Pass 

WW-6548,6549 12/19/2017 H-3 8,428 ± 280 8,604 ± 282 8,516 ± 199 Pass 

AP-122717 12/27/2017 Gr. Beta 0.047 ± 0.004 0.043 ± 0.004 0.045 ± 0.003 Pass 

XAP-6762,6763 12/31/2017 Co-60 2.43 ± 1.30 2.24 ± 0.82 2.34 ± 0.77 Pass 

XAP-6762,6763 12/31/2017 Cs-137 4.21 ±1.11 4.05 ± 0.96 4.14 ±0.73 Pass 

Note: Duplicate analyses are performed on every twentieth sample received in-house. Results are not listed for those 

analyses with activities that measure below the LLD. 
a 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). 
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TABLE A-6. Department of Energy's Mixed Analyte Performance Evaluation Program (MAPEP). 

Concentration a 

Reference Known Control 

Lab Code b Date Analysis Laboratory result Activity Limits G Acceptance 

MAS0-903 2/1/2017 Am-241 60.9 ± 6.9 67.0 46.9-87.1 Pass 

MAS0-903 2/1/2017 Cs-134 1360 ± 14 1550 1085 -2015 Pass 

MAS0-903 2/1/2017 Cs-137 678 ± 13 611 428 -794 Pass 

MAS0-903 2/1/2017 Co-57 1.63 ± 1.69 0.00 NAG \ Pass 

MAS0-903 2/1/2017 Co-60 909 ± 12 891 624 -1158 Pass 

MAS0-903 2/1/2017 Mn-54 1052 ± 17 967 677 -1257 Pass 
MAS0-903 2/1/2017 K-40 657 ± 68 607 425 -789 Pass 

MAS0-903 2/1/2017 Zn-65 -0.52 ± 7.40 0.00 NA c Pass 

MAS0-903 2/1/2017 Ni-63 3.25 ± 7.17 0.00 NAG Pass 

MAS0-903 2/1/2017 Pu-238 0.46 ± 0.69 0.41 NA e Pass 

MAS0-903 2/1/2017 Pu-239/240 56.8 ± 5.9 59.8 41.9-77.7 Pass 

MAS0-903 2/1/2017 Sr-90 501 ± 17 624 437-811 Pass 

MAS0-903 2/1/2017 Tc-99 748 ± 16 656 459-853 Pass 

MAW-849 2/1/2017 1-129 -0.05 ± 0.12 0.00 NAG Pass 

MAVE-905 2/1/2017 Cs-134 6.61 ± 0.16 6.95 4.87-9.04 Pass 

MAVE-905 2/1/2017 Cs-137 4.97 ± 0.18 4.60 3.22-5.98 Pass 

MAVE-905 2/1/2017 Co-57 -0.01 ± 0.03 0.00 NAG Pass 

MAVE-905 2/1/2017 Co-60 9.51 ± 0.17 8.75 6.13-11.38 Pass 

MAVE-905 2/1/2017 Mn-54 3.67 ± 0.17 3.28 2.30-4.26 Pass 

MAVE-905 2/1/2017 Zn-65 6.12 ±0.44 5.39 3.77 - 7.01 Pass 

MAW-847 2/1/2017 Am-241 0.679 ± 0.079 0.846 0.592 -1.100 Pass 

MAW-847 2/1/2017 Cs-134 0.03 ± 0.10 0.00 NAG Pass 

MAW-847 2/1/2017 Cs-137 12.7 ± 0.4 11.1 7.8 - 14.4 Pass 
MAW-847d 2/1/2017 Co-57 2.7 ± 0.3 28.5 20.0-37.1 Fail 

MAW-847 2/1/2017 Co-60 13.5 ± 0.3 12.3 8.6 - 16.0 Pass 

MAW-847 2/1/2017 Mn-54 16.5 ± 0.4 14.9 10.4 - 19.4 Pass 

MAW-847 2/1/2017 K-40 287 ±6 254 178-330 Pass 

MAW-847 2/1/2017 Zn-65 -0.15 ± 0.23 0.00 NAG Pass 

MAW-847 2/1/2017 H-3 275 ± 10 249 174 - 324 Pass 

MAW-847 2/1/2017 Fe-55 2.4 ± 13.6 1.7 NA e Pass 

MAW-847 2/1/2017 Ni-63 10.1±2.8 12.2 8.5 - 15.9 Pass 

MAW-847 2/1/2017 Pu-238 0.729 ± 0.097 0.703 0.492 - 0.914 Pass 

MAW-847 2/1/2017 Pu-239/240 0.866 ± 0.102 0.934 0.654 - 1.214 Pass 

MAW-847 2/1/2017 Ra-226 0.506 ± 0.053 0.504 0.353 - 0.655 Pass 

MAW-847 2/1/2017 Sr-90 10.0 ± 0.8 10.1 7.1 -13.1 Pass 
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TABLE A-6. 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 

MAW-847 2/1/2017 Tc-99 4.77 ± 0.62 6.25 4.38 - 8.13 Pass 

MAW-847 2/1/2017 U-234/233 1.19 ± 0.10 1.16 0.81 - 1.51 Pass 

MAW-847 2/1/2017 U-238 1.15 ± 0.10 1.20 0.84 -1.56 Pass 

MAAP-90i 2/1/2017 Am-241 0.0540 ± 0.0140 0.0376 0.0263 - 0.0489 Fail 

MAAP-907 2/1/2017 Cs-134 1.31 ± 0.06 1.42 0.99 -1.85 Pass 

MAAP-907 2/1/2017 Cs-137 0.797 ± 0.080 0.685 0.480 - 0.891 Pass 

MAAP-907 2/1/2017 Co-57 1.86 ± 0.06 1.70 1.19-2.21 Pass 

MAAP-907 2/1/2017 Co-60 0.86 ± 0.05 0.78 0.55 - 1.01 Pass 

MAAP-907 2/1/2017 Mn-54 0.01 ± 0.03 0.00 NA c Pass 

MAAP-907 2/1/2017 Zn-65 1.62 ± 0.13 1.29 0.90 -1.68 Pass 
MAAP-907 2/1/2017 Pu-238 0.0530 ± 0.0190 0.0598 0.0419 - 0.0777 Pass 

MAAP-907 2/1/2017 Pu-239/240 0.0490 ± 0.0160 0.0460 0.0322 - 0.0598 Pass 
MAAP-907 2/1/2017 Sr-90 0.648 ±0.120 0.651 0.456 - 0.846 Pass 

MAAP-907 2/1/2017 U-234/233 0.086 ± 0.024 0.104 0.073-0.135 Pass 

MAAP-907 2/1/2017 U-238 0.097 ± 0.024 0.107 0.075 - 0.139 Pass 

MAS0-4515 8/1/2017 Am-241 45.9 ± 7.0 58.8 41.2 -76.4 Pass9 

MAS0-4515 8/1/2017 Cs-134 409 ± 7 448 314-582 Pass9 

MAS0-4515 8/1/2017 Cs-137 798 ± 12 722 505-939 Pass9 

MAS0-4515 8/1/2017 Co-57 1572 ± 10 1458 1021 - 1895 Pass9 

MAS0-4515 8/1/2017 Co-60 0.2 ± 1.4 0.00 NA c Pass9 

MAS0-4515 8/1/2017 Mn-54 934 ± 13 825 578 - 1073 Pass9 

MAS0-4515 8/1/2017 K-40 704 ±53 592 414 - 770 Pass9 

MAS0-4515 8/1/2017 Zn-65 667 ± 17 559 391 -727 Pass9 

MAS0-4515 8/1/2017 Pu-238 101 ± 9 92 64 -120 Pass9 

MAS0-4515 8/1/2017 Pu-239/240 74.8 ± 7.7 68.8 48.2-89.4 Pass9 

MAS0-4515 8/1/2017 Sr-90 .252 ± 7 289 202-376 Pass9 

MAW-4494 8/1/2017 1-129 2.31 ± 0.10 2.31 1.62-3.00 Pass 

MAVE-4517 8/1/2017 Cs-134 2.40 ± 0.10 2.32 1.62-3.02 Pass 
MAVE-4517 8/1/2017 Cs-137 -0.002 ± 0.048 0.000 NA 0 Pass 

MAVE-4517 8/1/2017 Co-57 3.3 ± 0.1 2.8 2.0-3.6 Pass 
MAVE-4517 8/1/2017 Co-60 2.10 ± 0.10 2.07 1.45-2.69 Pass 

MAVE-4517 8/1/2017 Mn-54 3.00 ± 0.20 2.62 1.83 -3.41 Pass 
MAVE-4517 8/1/2017 Zn-65 5.90 ± 0.30 5.37 3.76-6.98 Pass 
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TABLEA-6. Department of Energy's Mixed Analyte Performance Evaluation Program (MAPEP). 

Concentration " 

Reference Known Control 

Lab Code b Date Analysis .Laboratory result Activity Limits c Acceptance 

MAW-4513 8/1/2017 Am-241 0.820 ± 0.220 0.892 0.624 -1.160 Pass 

MAW-4513 8/1/2017 Cs-134 10.3 ± 0.3 11.5 8.1 -15.0 Pass 

MAW-4513 8/1/2017 Cs-137 17.2 ± 0.5 16.3 11.4-21.2 Pass 

MAW-4513 8/1/2017 Co-57 12.7 ± 0.4 12.1 8.5 - 15.7 Pass 

MAW-4513 8/1/2017 Co-60 10.6 ± 0.3 10.7 7.5 - 13.9 Pass 

MAW-4513 8/1/2017 Mn-54 15.6 ± 0.4 14.9 10.4 - 19.4 Pass 
MAW-4513. 8/1/2017 Zn-65 15.9 ± 0.7 15.5 10.9 -20.2 Pass 

MAW-4513 8/1/2017 H-3 255 ± 9 258 181 -335 Pass 

MAW-4513 8/1/2017 Fe-55 21.6 ± 6.6 19.4 13.6-25.2 Pass 

MAW-4513 8/1/2017 Ni-63 -0.1 ± 2.0 0.0 NA 0 
Pass 

MAW-4513 8/1/2017 Pu-238 0.590 ± 0.080 0.603 0.422 -0.784 Pass 

MAW-4513 8/1/2017 Pu-239/240 0.740 ± 0.090 0.781 0.547 - 1.015 Pass 

MAW-4513 8/1/2017 Ra-226 1.000 ± 0.100 0.858 0.601 -1.115 Pass 

MAW-4513 8/1/2017 Sr-90 7.80 ± 0.60 7.77 5.44 -10.10 Pass 

MAW-4513 8/1/2017 Tc-99 6.70 ± 0.40 6.73 4.71 -8.75 Pass 

MAW-4513 8/1/2017 U-2344/233 0.94 ± 0.06 1.01 0.71 - 1.31 Pass 

MAW-4513 8/1/2017 U-238 0.97 ± 0.07 1.04 0.73 -1.35 Pass 

MAAP-4519h 8/1/2017 Am-241 0.0400 ± 0.0100 0.0612 0.0428 - 0.0796 Fail 

MAAP-4519 8/1/2017 Cs-134 0.90±0.10 1.00 0.70 - 1.30 Pass 

MAAP-4519 8/1/2017 Cs-137 0.90 ±0.10 0.82 0.57 -1.07 Pass 

MAAP-4519 8/1/2017 Co-57 0.01 ± 0.01 0.00 NA c Pass 

MAAP-4519 8/1/2017 Co-60 0.70 ± 0.10 0.68 0.48-0.88 Pass 

MAAP-4519 8/1/2017 Mn-54 1.50 ± 0.10 1.30 0.91 -1.69 Pass 

MAAP-4519 8/1/2017 Zn-65 1.30 ± 0.10 1.08 0.76 -1.40 Pass 

MAAP-4519 8/1/2017 Pu-238 0.0300 ± 0.0100 0.0298 0.0209 - 0.0387 Pass 

MAAP-4519 8/1/2017 Pu-239/240 0.0400 ± 0.0200 0.0468 0.0328 - 0.0608 Pass 

MAAP-4519 8/1/2017 Sr-90 0.800 ± 0.100 0.801 0.561 - 1.041 Pass 

MAAP-4519 8/1/2017 U-234/233 0.070 ± 0.010 0.084 0.059-0.109 Pass 

MAAP-4519 8/1/2017 U-238 0.090 ± 0.010 0.087 0.061-0.113 Pass 

• 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), MAAP (air filter), MASO (soil), 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. 

d Decimal point was misplaced while performing a unit conversion. The result is within control limits when the proper unit 

conversion is performed. 

• Provided in the series for "sensitivity evaluation". MAPEP does not provide control limits. 
1 Sample was reanalyzed in duplicate with acceptable results. Original plating was inferior to platings obtained during reanalysis. 

It is believed that isotopic tracer was not accurately quantified due to poor resolution of its peak. 

/ 
9 Data were erroneously submitted in units of Bq/g. All results pass MAPEP criteria when evaluated in units of Bq/Kg. 

h Laboratory is not currently offering analysis for Am-241 in Air Particulate samples. 
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TABLEA-7. Interlaboratory Comparison Crosscheck Program, Environmental Resource Associates (ERA) 8
• 

MRAD Study 

Concentration a 

Lab Code b Date Analysis Laboratory ERA Control 
Result Result Limits c Acceptance 

ERAP-1112 3/20/2017 Am-241 55.3 ± 2.8 76.4 47.1-103.0 Pass 

ERAP-1112 3/20/2017 Co-60 1,230 ± 8 1030 797 - 1290 Pass 

ERAP-1112 3/20/2017 Cs-134 1,110 ± 9 1100 700- 1360 Pass 

ERAP-1112 3/20/2017 Cs-137 1,810±12 1,390 1 ,040 - 1,830 Pass 
ERAP-1112 d 3/20/2017 Fe-55 590 ± 385 256 79.4-500 Fail 

ERAP-1112 3/20/2017 Mn-54 < 5.14 < 50.0 0.00-50.0 Pass 

ERAP-1112 3/20/2017 Pu-238 54.6 ± 2.8 54.3 37.2 - 71.4 Pass 

ERAP-1112 3/20/2017 Pu-239/240 63.6 ± 3.0 62.0 44.9-81.0 Pass 

ERAP-1112 3/20/2017 Sr-90 55.3 ± 8.3 52.4 25.6 -78.5 Pass 

ERAP-1112 3/20/2017 U-233/234 65.7 ± 3.0 73.1 45.3 -110 Pass 
ERAP-1112 3/20/2017 U-238 67.3 ± 3.0 72.4 46.8 - 100 Pass 

ERAP-1112 3/20/2017 Zn-65 1,355 ± 16 984 705 -1,360 Pass 

ERAP-1114 3/20/2017 Gr. Alpha 106 ± 5 85.5 28.6 - 133 Pass 
ERAP-1114 e 3/20/2017 Gr. Beta 67.6 ± 3.0 45.2 28.6-65.9 Fail 

ERS0-1116 3/20/2017 Am-241 418 ± 98 448 262-582 Pass 

ERS0-1116 3/20/2017 Ac-228 1,540 :i: 260 1,240 795 -1,720 Pass 

ERS0-1116 3/20/2017 Bi-212 1,550 ± 90 1,240 330 -1,820 Pass 

r ERS0-1116 3/20/2017 Bi-214 2,560 ± 20 2,750 1 ,660 - 3,960 Pass 

ERS0-1116 3/20/2017 Co-60 4,620 ± 100 4,430 3,000 - 6,100 Pass 

ERS0-1116 3/20/2017 Cs-134 8,340 ± 100 8,860 5,790 - 10,600 Pass 

ERS0-1116 3/20/2017 Cs-137 8,420 ± 100 7,500 5,750 - 9,650 Pass 

ERS0-1116 3/20/2017 K-40 13,600 ± 900 10,600 7,740- 14,200 Pass 
ERS0-1116 3/20/2017 Mn-54 < 68.1 < 1000 0.00 -1,000 Pass 
ERS0-1116 3/20/2017 Pb-212 1,060 ± 70 1,240 812 -1,730 Pass 
ERS0-1116 3/20/2017 Pb-214 2,620 ± 160 2,890 1,690-4,310 Pass 
ERS0-1116 3/20/2017 Pu-238 424 ± 154 648 390-894 Pass 
ERS0-1116r 3/20/2017 Pu-239/240 252 ± 112 484 316-669 Fail 
ERS0-1116 9 3/20/2017 Pu-239/240 436 ± 106 484 316-669 Pass 
ERS0-1116 3/20/2017 Sr-90 7,930 ± 250 9,150 3,490 - 14,500 . Pass 

ERS0-1116 3/20/2017 Th-234 1,820 ± 200 1,940 614-3,650 Pass 
ERS0-1116 h 3/20/2017 U-233/234 1,030 ± 130 1,950 1 '190 - 2,500 Fail 
ERS0-1116 1 3/20/2017 U-233/234 1,820 ± 200 1,950 1 '190 - 2,500 Pass 

ERS0-1116 3/20/2017 U-238 1,240 ± 140 1,940 1 ,200 - 2,460 Pass 
ERS0-1116 1 3/20/2017 U-238 1,930 ± 200 1,940 1,200 - 2,460 Pass 

ERS0-1116 3/20/2017 Zn-65 7,190 ± 240 6,090 4,850 - 8,090 'Pass 

ERW-1122 3/20/2017 Gr. Alpha 65.3 ± 2.4 89.5 31.8-139 Pass 
ERW-1122 3/20/2017 Gr. Beta 54.8 ± 1.5 61.0 34.9-90.4 Pass 

ERW-1124 3/20/2017 H-3 19,000 ±410 19,400 13,000-27,700 Pass 
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TABLE A-7. Interlaboratory Comparison Crosscheck Program, Environmental Resource Associates (ERA) 8
• 

MRAD Study 

Concentration a 

Lab Code b Date Analysis Labor~tory ERA Control 

.Result Result Limits c Acceptance 

ERVE-1118 3/20/2017 Am-241 1,560 ± 140 1,860 1,140-2,470 Pass 

ERVE-1118 3/20/2017 Cm-244 530 ± 80 734 360 -1,140 Pass 

ERVE-1118 3/20/2017 Co-60 1,400 ± 350 1,390 959 -1,940 Pass 

ERVE-1118 3/20/2017 Cs-134 1,650 ± 460 1,830 1 '180 - 2,380 Pass 

ERVE-1118 3/20/2017 Cs-137 2,580 ± 540 2,500 1,810 - 3,480 Pass 

ERVE-1118 3/20/2017 K-40 32,100 ± 700 30,900 22,300 - 43,400 Pass 

ERVE-1118 3/20/2017 Mn-54 < 27.3 < 300 0.00-300 Pass 

ERVE-1118 3/20/2017 Zn-65 889 ± 64 853 615 -1,200 Pass 

ERVE-1118 3/20/2017 Pu-238 3,250 ± 210 3,250 1 ,940 - 4,450 Pass 

ERVE-1118 3/20/2017 Pu-239/240 2,180±170 2,150 1,320 - 2,960 Pass 

ERVE-1118 3/20/2017 Sr-90 665 ± 135 726 414 - 963 Pass 

ERVE-1118 3/20/2017 U-233/234 2,840 ± 200 3,090 2,030 - 3,970 Pass 
ERVE-1118 3/20/2017 U-238 2,990 ± 200 3,060 2,040 - 3,890 Pass 

ERW-1120 3/20/2017 Am-241 108 ± 7 140 94.3- 181:! Pass 

ERW-1120 3/20/2017 Co-60 2,600 ± 198 2,540 2,210 - 2,970 Pass 

ERW-1120 3/20/2017 Cs-134 2,380 ± 250 2,510 1,840-2880 Pass 

ERW-1120 3/20/2017 Cs-137 1,470 ± 243 1,400 1,190 -1,680 Pass 

ERW-1120 3/20/2017 Mn-54 < 12.3 < 100 0.00 - 100 Pass 

ERW-1120 3/20/2017 Pu-238 117 ±4 128 94.7- 159 Pass 

ERW-1120 3/20/2017 Pu-239/240 74.8 ± 3.3 85.8 66.6 - 108 Pass 

ERW-1120 3/20/2017 U-233/234 75.3 ± 3.2 90.3 67.8-116 Pass 

.ERW-1120 3/20/2017 U-238 76.4 ± 3.2 89.5 68.2 - 110 Pass 

ERW-1120 3/20/2017 Zn-65 2,130 ± 378 1,960 1630- 2,470 Pass 

ERW-1120 1 3/20/2017 Fe-55 1,400 ± 403 984 587- 1,340 Fail 
ERW-1120 k 3/20/2017 Fe-55 1,081 ± 383 984 587 -1,340 Pass 
ERW-1120 3/20/2017 Sr-90 652 ± 12 714 465-944 Pass 

• Results obtained by Environmental, Inc., Midwest Laboratory as a participant in the crosscheck proQram for proficiency 
testing administered by Environmental Resources Associates, serving as a replacement for studies conducted 
previously by the Environmental Measurements Laboratory Quality Assessment Program (EML). 

b Laboratory codes as follows: ERW .(water), ERAP (air filter), ERSO (soil), ERVE (veQetation ). Results are reported in units 
of pCi/L, except for air filters (pCi/Filter), vegetation and soil (pCi/kg). 

c Results are presented as the known values, expected laboratory precision (2 siQma, 1 determination) and control limits 
as provided by ERA. 

d Fe-55 analysis result was outside the acceptable ranQe. RecountinQ the sample disk for 1000 minutes 
resulted in 254 ± 364 with an LLD calculation of< 342. Insufficient sample was available after performing other 
required analyses on the sample to quantify the activity with an uncertainty less than the activity. 

• ERA appears to have applied the standard material to the filter in a pattern closer to the center of the filter compared to previous 
studies and different from the filter efficiency utilized by the laboratory. This likely caused the efficency used the calculation to be 
understated and the result obtained by the laboratory to be overstated. For comparison the in-house spike for gross beta 
in·AP (table A-3 SPAP-740 2/28/17) was acceptable with a ratio of 0.94 of lab result to known. 

1 Analysis result for Plutonium-239/240-was below the lower limit of acceptance. 
9 Samples were reanalyzed in duplicate with acceptable results for each. OriQinal analysis had poor resolution possibly 

due to a poor elctroplating and is suspected in contributing to poor results. 

h Analysis result for U-233/234 was below the lower limit of acceptance. 
1 The reanalysis result for U-233/234 was within the acceptance limits and U-238 reanalysis result was closer to the known value. 

Original analysis had poor resolution possibly due to a poor electroplating and is suspected in contributing to poor results. 
1 Fe-55 analysis result was outside acceptable range. 
k Result of recountinQ was acceptable. UsinQ available aliquot after dividinQ sample for other analyses leaves insufficient 

sample to reliably determine the activity present in sample. 
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Data ReportinQ. Conv~ntlons 

1.0. All activitl~s. except gross alpha and grpss beta, are decay corrected to collection time or the end of the collection 
period. 

2.0. Single Me~surements 

Each sing!~ meas!Jrement is reported as follows: x ± s 
where.i: x ;;; value of th~ me<;lsuremE,lnt; 

s :;:;: Zo- counting unc~rt9inty (Gorre:t~pon{flng t~ th~ fJ()% C::@nfidenee lev~l). 

In cases where th~ activity is less than the lower limit of detection L, it I~ reported ~s: .:: L,, 
where L. ""the lower limit of dete.c.tion based on 4.66cr uncertainty for a backgro~nd sample. 

3.0. DuplicatS! anal¥ses 

If doplicate ~nalyses lilre r~;:ported, the convention is a~ follows. : 

3.1 lnqlvidual re,sul!s: For two analysis re!:)ult$; x1 ;t s1 and x.2 ;1:. s? 

Beport~g result ~ ;t s; wher~ · x = (1/2) (x1 + x-;,) and s :;: {1/2) ~ s; + si 
3.2. Individual results: < !-1 , < L2 ReRorted result < 1,., where l. = lower o.f Lj and 1.,<! 

3,3. Individual results: x ¢ ~. < L R.l:lP_orted result >.< ::1: s if x ~ L: < l. otherwise. 

4.0. Computation of Av~rages and §tandarq Deviatiqns 

4.1 Average$ and staf')d~rd deviations listed in the tabiE7s are computed from all of the individual mea$Ur!'lments 
over the period av~raged; for eX,ample, i1n annual stand~rd (jevia~ion would .not be the !ilver~ge of qul;lrterly 
standar-d deviations. Th~ ii!Ver~ge ; and $t;;tndarq d~viilti9n "l:i" of~ $~t of n numb~rs x4, x

2 
••• xn are defined 

a.~ follows: 

1 
x =n rx 

4.2 Values below the highest lower limit of detection are not includ!ild in the average. 

4.3 If all values in thfil averaging group a.r~ less t.han th~ highest LI,D, the high~st LLO is reported. 

4.4 If a!l but one of the values !'lfe less than the highest LLD, the single valve~ and assoQiated two sigma error Is 
reported. 

4.5 In rouneing off, the f!)flcpwing rules are followed: 

4.5.1. If the number following tho.se to be ret~;~ined is le$S thai! 5, tM number Is qropped, ~nd the retained 
numbers ~re kept un(;h~ng~d.. A$ !.'In exarnple, 11.443 i~ rQ!.md~d off to 11.44. 

4.!5.2. If the number follovying thosl? to be retaln~d is equal to or 9.r13a.tt?r than 5, th~ number ia dropped and the 
last retained numb~r is raised by 1. As an example, 11 ,44§ Is rQunded off to 11 .45. 
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POINT BEACH NUCLEAR PLANT 

Locations Collection Type Analysis 

Sample Type No. ·Codes (and Type)a (and Frequency)b (and Frequency)b 

Airborne Filter~ 6 E-1-4! 8, 20 Weekly GB, G$, on QC 
for each location 

Airb.orne Iodine 6 E-1-4, &, 20 Weekly 1-131 

Ambient Racjiatlon 22 fH-9, 12, 14-18, 20, Qu;arterly Ambient Gamrna 
(TLD's) 22-32, 34-36, 38.~9 

Lak(:l 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, 9, 20 3xl year GB,GS 
as !'!Vailable 

Shoreline Silt 5 E-1,5,6, 12,33 2x I year GB,GS 

Soil 8 E-1-4, 6, 8, 9, 20 2x I year GB,GS 

Milk 3 E-11,40,21 Monthly GS, 1-131, Sr-89-90 

Algae 2 E-5, 12 3xly~ar GB,GS 
as available 

Fish E-13 2xly~ar GB, GS (in edible portions) 
as avf.lil~ble 

• Locations codes are defined in Table 2. Control Stations are indicated by (C). All other sta(ions are inoicators. 

b Analysis type is coded as follows: GB. =gross beta, GA =gross alpha, GS =gamma spectroscopy, 1-!-3 ::c 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. 

C-2 



POINT BEACH NUCLEAR PLANT 

APPENDIX D 

Graphs of Data Trends 

/ 

,/ ,, 

D-1 



POINT BEACH 

· AirParticulqtes -.Gross Beta 

Location E--1, monthly averages 2013-2017 
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POINT BEACH 

AirParticulates- Gross Beta 

Location E-3, monthly averages 2013-2017 
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POINT BEACH 

Air Particulates - Gross Beta 

Location E-8, monthly averages 2013-2017 
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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 01-14-17 01-14-17 01-14-17 01-14-17 

Lab Code EWW- 1043 MDC EWW- 1044 MDC NSb MDC EWW- 1046 MDC 

Be-7 27.0 ± 12.5 < 31.3 14.4 ± 12.5 < 32.2 6.5 ± 9.9 < 40.9 
Mn-54 0.4±1.6 < 2.1 3.0 ± 1.5 < 2.3 0.3 ± 1.2 < 2.8 
Fe-59 -2.2 ± 2.8 <.9.2 -4.1 ± 3.1 < 10.0 -1.4 ± 2.3 < 11.1 
Co-58 -1.2'±1.5 < 3.2 0.7 ± 1.3 .< 2.8 -0.4 ± 1.2 < 4.4 
Co-60 -0.3 ± 1.6 <·2.3 0.5 ± 1.5 < 2.0 0.2 ± 1.4 < 2.8 
Zn-65 · -0.6 ± 3.3 < 4.3 1.9 ± 3.3 < 4.7 -1.7 ± 2.4 < 4.7 
Zr-Nb-95 -2.8 ± 1.5 < 6.5 -4.1 ± 1.5 < 6.6 -6.3 ± 1.4 < 7.9 
Cs-134 1.1 ± 1.4 < 2.1 1.3 ± 1.4 < 3.0 -1.1 ± 1.3 < 2.4 
Cs-137 1.3 ± 1.7 < 2.0 1.6 ± 1.7 < 2.1 0.8 ± 1.5 < 2.2 
Ba-La-140 -65.7 ± 1.8 < 53.8 a 22.3 ± 1.6 < 65.1 a -7.7 ± 1.3 < 68.6 a 

Location GW-09 1Z-361A GW-091Z-361B GW-10 2Z-361A GW-10 2Z-361B 

Collection Date 05-05-17 05-05-17 05-05-17 05-05-17 

Lab Code EWW- 2186 EWW- 2187 EWW- 2189 EWW- 2190 

Be-7 -10.3 ± 13.6 < 24.8 -1.0 ± 9.9 < 26.0 -7.0 ± 10.4 < 23.7 -3.1 ± 9.8 < 22.0 
Mn-54 0.1 ± 1:3 < 2.3 -1.4 ± 1.2 < 1.7 0.0 ±'1.3 < 2.5 0.8 ± 1.3 < 2.6 
Fe-59 -1.1 ± 2.8 < 3.3 1.0 ± 2.2 < 4.7 -0.8 ± 2:4 < 6.3 -1.6 ± 2.1 < 3.5 
Co-58 0.2 ± 1.3 < 2.7 -1.9 ± 1.2 < 1.9 -0.3 ± 1.2 < 2.4 -0.3 ± 1.2 < 2.7 
Co-60 -0.1 ± 1.5 < 2.8 0.1 ± 1.4 < 2.5 -0.2 ± 1.4 < 1.8 0.4 ± 1.2 < 1.7 
Zn-65 -0.1 ± 3.0 < 4.8 0.5 ± 2.3 < 3.2 0.5 ± 2.6 < 5.2 -0.2 ± 2.4 < 4.3 
Zr-Nb-95 1.8 ± 1.3 < 3.2 0.6 ± 1.2 < 3.3 -0.3 ± 1.4 < 2.4 -0.6 ± 1.3 < 3.3 
Cs-134 -0.6±1.4 < 2.8 -0.5 ± 1.3 < 2.5 -0.9 ± 1.3 < 2.5 -0.5 ± 1.3 < 2.4 
Cs-137 0.7 ± 1.6 < 2.8 1.6 ± 1.5 < 2.8 -1.1 ± 1.5 < 2.1 0.7±1.4 < 2.6 
Ba-La-140 -2.2 ± 1.5 < 4.7 -1.0 ± 1.5 < 4.6 -3.2 ± 1.4 < 4.1 -2.4 ± 1.5 < 5.8 

Location GW-09 1Z-361A GW-09 1Z-3618 GW-10 2Z-361A GW-10 2Z-361B 

Collection Date 07-27-17 07-27-17 07-27-17 07-27-17 
Lab Code EWW- 4096 Eww- 4o97 EWW- 4098 EWW- 4099 

Be-7 -2.4 ± 9.7 < 20.9 5.6 ± 10.6 < 31.8 -0.9 ± 9.6 < 26.2 7.4 ± 13.6 < 39.4 
Mn-54 -0.2 ± 1.2 < 2.2 1.6 ± 1.2 < 2.4 -0.9 ± 1.3 < 2.3 0.2 ± 1.4 < 2.8 
Fe-59 -1.5±2.4 < 5.2 0.3· ± 2.4 < 7.2 1.8 ± 2.3 < 6.3 -2.3 ± 2.9 < 6.5 
Co-58 0.4 ± 1.2 < 1.5 0.4 ± 1.3 < 2.1 -1.4 ± 1.2 < 2.5 0.9 ± 1.3 < 3.1 
Co-60 -0.7 ± 1.3 < 2.2 0.7 ± 1.4 < 2.0 -0.2 ± 1.3 < 2.4 0.3 ± 1.5 < 2.7 
Zn-65 -1.5 ± 2.4 < 4.3 -1.3 ± 2.4 < 5.1 -1.4 ± 2.5 < 3.9 -2.5 ± 3.1 < 4.8 
Zr-Nb-95 -0.5 ± 1.3 < 3.6 -0.8 ± 1.3 < 3.1 -1.7 ± 1.4 < 3.4 -0.5 ± 1.4 < 4.4 
Cs-134 1.4 ± 1.2 < 2.4 -1.4 ± 1.3 < 2.5 -1.1 ± 1.3 < 2.4 -0.5 ± 1.5 < 2.8 
Cs-137 0.8 ± 1.5 < 2.4· -0.3 ± 1.5 < 3.0 0.8 ± 1.5 < 2.4 -0.7 ± 1.5 < 2.3 
Ba-La-140 -4.0 ± 1.5 < 5.7 -8.2 ± 1.5 ·< 7.2 -2.7 ± 1.5 < 7.5 0.1 ± 1.6 < 10.6 

• LLD for La-140 not reached due to age of sample a~d/or smaller sample size; samples counted for 60,000 seconds. 

""NS" = No sample; water frozen. 
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Units: = pCi\L 

Location 

Collection Date 
Lab Code 

Be-7 
Mn-54 
Fe-59 
Co-58 
Co-60 
Zn-65 
Zr"Nb-95 
Cs-134 
Cs-137 
Ba-La-140 

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

GW-09 1Z-361A 

10-08-17 
EWW- 5802 

-2.1 ± 10.3 
-0.5 ± 1.3 
3.7 ± 2.2 

-0.6 ± 1.2 
. -0.1 ± 1.4 

1.4 ± 2.4 
-0.9 ± 1.4 
-1.6 ± 1.3 
0.1 ± 1.5 
1.2 ± 1.4 

Annual Average 
All Locations 

1.3 ± 9.7 
0.3 ± 1.0 

-0.7 ± 1.9 
-0.3 ± 0.8 
0.0 ± 0.4 

-0.4 ± 1.2 
-0.9 ± 2.0 
-0.4 ± 1.0 
0.4 ± 0.8 

-4.59 ± 17.76 

MDC 

< 26.9 
< 2.6 
< 6.0 
< 2.5 
< 1.9 
< 4.4 
< 4.5 
< 2.4 
< 1.8 
< 4.7 

POINT BEACH NUCLEAR PLANT 

Facade Wells 

Gamma isotopic analysis 

GW-09 1Z-361B GW-10 2Z-361A GW-102Z-361B 

10-08-17 10-08-17 10-08-17 
EWW- 5803 MDC EWW- 5804 MDC EWW- 5805 MDC 

-13.4 ± 12.1 < 27.7 -3.3 ± 9.7 < 21.4 3.9 ± 13.2 < 29.9 
1.2 ± 1.4 < 2.5 -0.2 ± 1.2 < 2.0 0.0 ± 1.3 < 2.8 

-0.1 ± 2.7 < 4.3 -2.2 ± 2.1 < 3.3 -0.3 ± 2.7 < 5.2 
0.0 ± 1.4 < 2.4 -0.5 ± 1.2 < 1.7 -0.8 ± 1.3 < 2.2 

-0.8 ± 1.3 <. 2.3. -0.3 ± 1.3 < 2.1 0.5 ± 1.4 < 3.1 
1.0 ± 2.7 < 4.5 -0.9 ± 2.6 < 4.7 ,-1.1 ± 2.9 < 2.6 
1.7 ± 1.4 < 4'.5 -0.3±1.3 < 2.9 0.1 ± 1.5 < 4.3 

-1.2 ± 1.3 < 2.8 0.4 ± 1.2 < 2.6 -0.6 ± 1.4 < 2.7 
-0.5 ± 1.4 < 2.7 0.8 ± 1.5 < 2.5 -0.2 ± 1.6 < 2.7 
7.3 ± 1.6 < 8.7 -5.6 ± 1.5 . < 9.8 -1.8 ± 1.5 < 7.1 
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POINT BEACH NUCLEAR PLANT 

Supplemental Analyses 

Units: = pCi\L Gamma isotopic analysis 

Location U2FSSDS U2FSSDS U2FSSDS 

. Collection Date 01-31-17 . 02-28-17 03-31-17 

Lab Code EW- 900 MDC EW- 1038 MDC EW-'1384 MDC 

Be-7 -3.3 ± 10.1 < 22.6 -19.3 ± 17.1 < 40.3 5.6 ± 9.8 < 23.8 
Mn-54 0.2 ± 1.3 < 2.2 -0.5 ± 1.7 < 3.6 1.3 ± 1.2 < 2.7 
Fe-59 -0.6 ± 2.3 < 3.2 1.5 ± 3.2 < 4.6· -0.9 ± 2.2 < 4.9 
Co-58 0.8 ± 1.2 < 2.5 1.7 ± 1.5 < 4.3 -0.7 ± 1.2 < 1.5 
Co-60 0.1 ± 1.3 < 1.9 1.1 ± 1.7 < 3.4 0.3 ± 1.3 < 2.6 
Zn-65 -1.4±2.5 < 3.2 -4.4 ± 3.9 < 4.0 1.4 ± 2.4 < 3.9 
Zr-Nb-95 -0.5 ± 1.3 < 2.8 -1.2 ± 1.7 < 3.8 0.2 ± 1.2 < 2.9 
Cs-134 -0.6 ± 1.2 < 2.5 -0.9 ± 1.7 < 3.4 -0.9 ± 1.3 < 2.4 
Cs-137 1.2 ± 1.4 < 2.8 0.3 ± 2.0 < 3.7 1.4 ± 1.4 < 2.6 
Ba-La-140 -0.9 ± 1.4 < 3.2 -2.8 ± 2.0 < 7.5 -0.4 ± .1.4 < 3.3 

Location U2FSSDS U2FSSDS E-04 

Collection Date 04-30-17 05-31-17 04-25-17 
Lab Code EW- 2191 EW- 2903 EW- 1784 

Sr-89 -1.0±3.8 < 4.5 
Sr-90 0.6 ± 1.2 < 2.5 
Tc-99 0.2 ± 3.6 < 5.9 
Fe-55 -274 ± 491 . < 833 
Ni-63 -2.3 ± 11.5 < 18.9 

Be-7 -4.6 ± 10.5 < 19.8. -13.3 ± 13.5 < 18.0 6.6 ± 4.8 < 18.5 
Mn-54 0.2 ± 1.3 < 2.5 0.2 ± 1.6 < 1.9 0.1 ± 0.6 < 1.1 
Fe-59 -1.6 ±2.4 < 6.2 -1.8 ±3.9 < 4.4 -0.8 ± 1.0 < 3.5 
Co-58 0.0 ± 1.2 < 2.5 -1.8 ± 1.5 < 2.5 0.2 ± 0.6 < 1.5 
Co-60 -1.2 ± 1.3 < 1.7 1.0 ± 1.8 < 2.7 -0.7 ± 0.6 < 1.1 
Zn-65 -0.3 ± 2.6 < 5.6 -2.1 ± 3.3 < 3.4 0.3 ± 1.2 < 1.9 
Zr-Nb-95 -0.5 ± 1.3 < 3.5 -1.1 ± 1.6 < 3.3 -0.1 ± 0.6 < 2.4 
Cs-134 0.2 ± 1.3 < 2.6 0.3 ± 1.5 < 3.0 -0.1 ± 0.6 < 1.1 
Cs-137 0.4 ± 1.5 < 2.7 0.7 ± 1.7 < 2.0 -0.2 ± 0.7 < 1.3 
Ba-La-140 -1.9:i;1.5 < 5.2 -1.5 ± 1.8 < 5.4 -0.9 ± 0.7 < 4.5 

Location GW-15A,B U2FSSDS. E-04 

Collection Date 04-24-17 06-30-17 06-29-17 
Lab Code EW- 2500 EW- 3361 EWW- 3158 

Be-7 5.9 ± 11.0 < 41.2 10.3 ± 12.8 < 18.4 -2.2 ± 11.6 < 27.3 
Mn-54 2.0 ± 1.3 < 3.0 -0.7 ± 1.6 < 2.4 0.0 ± 1.3 < 2.1 
Fe-59 0.7 ± 2.4 < 9.8 3.8 ± 2.8 < 4.7 -2.6 ± 2.4 < 2.7 
Co-58 -1.9 ± 1.3 < 2.2 -0.7 ± 1.6 < 2.2 -0.7 ± 1.4 < 1.7 
Co-60 -2.0 ± 1.4 < 1.5 -0.3 ± 1.7 < 2.1 -0.4 ± 1.4 < 1.7 
Zn-65 -0.9 ± 2.6 < 4.1 1.4 ± 3.1 < 3.9 -3.1 ± 2.6 < 1.7 

· Zr-Nb-95 -2.5 ± 1.4 < 4.1 0.1 ± 1.4 < 2.4 -1.3 ± 1.3 < 1.9 
Cs-134 -0.3 ± 1.4 < 2.8 -0.8 ± 1.5 < 2.9 0.6 ± 1.4 < 2.7 
Cs-137 1.7 ± 1.6 < 3.4 1.4 ± 1.7 < ;2.0 1.5 ± 1.5 < 2.5 
Ba-La-140 -5.2 ± 1.5 < 22.1 -3.0 ± 1.9 < 4.5 1.3 ± 1.6 < 1.7 
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POINT BEACH NUCLEAR PLANT 

Supplemental Analyses 

Units: = pCi\L Gamma isotopic analysis 

Location U2FSSDS GW-16A,B E-04 

Collection Date 07-31-17 07-18-17 08-23-17 
Lab Code EW- 3958 MDC EW- 3831 MDC EW- 4358 MDC 

Be-7 3.1 ± 10.1 < 26.6 -6.8 ± 12.6 < 38.4 4.5 ± 7.6 < 18.7 
Mn-54 0.4 ± 1.3 < 2.3 1.0 ± 1.5 < 3.4 -0.4 ± 1.0 < 1.6 
Fe-59 -1.5 ± 2.3 <: 6.2 0.7 ± 2.7 < 6.9 0.9 ± 1.9 < 4.4 
Co-58 -0.9 ± 1.3 < 1.7 -1.3 ± 1.'4 < 2.3 0.6 ± 0.8 < 1.7 
Co-60 -1.5±1:4 < 2.0 -1.0±1.6 < 2.4 -0.3 ± 1.0 . <'1.2 
Zn-65 -0.6 ± 2.4 < 4.9 -1.2 ± 2.9 < 6.3 -0.9 ± 1.6 < 2.1 
Zr-Nb-95 -1.7±1.4 < 4.0. -0.9 ± 1.6 < 4.3 1.0 ± 0.9 < 2.2 
Cs-134 -0.6 ± 1.2 < 2.5 -1.2 ± 1.5 < 3.0 0.8 ± 1.0 < 2.0 
Cs-137 -0.8 ± 1.5 < 2.3 1.1.± 1.7 < 3.0 0.7 ± 1.1 < 1.8 
Ba-La-140 -3.1 ± 1.4 < 5.2 -3.6 ± 1.7 < 11.9 -2.2 ± 1.1 < 2.8 

Location U2FSSDS U2FSSDS E-04 

Collection Date 08-31-17 09-30-17 09-27-17 
Lab Code. EW- 4999 EW- 5333 EW- 4998 

Be-7 -11.2 ± 13.0 < 22.3 10.8 ± 12.4 < 31.3 8.2 ± 17.8 < 40.8 
Mn-54 0.5 ± 1.3 < 2.2 1.6 ± 1.4 < 3:1 0.3 ± 1.7 < 2.7 
Fe-59 -1.6 ± 2.7 < 5.2 0.4 ± 2.8 < 5.8 0.4 ± 2.6 < 4.2 
Co-58 0.1 ± 1.3 < 3.5 0.6 ± 1.5 < 2.6 -0.4±1.7 < 2.5 
Co-60 -0.1 ± 1.4 < 2.1 -0.6 ± 1.5 < 2.6 -0.5 ± 1.5 < 1.6 
Zn-65 -1.8 ±3.1 < 5.9 2.4 ± 2.6 < 5.2 0.6 ± 3.5 < 5.7 
Zr-Nb-95 -0.6 ± 1.4 < 5.1 0.1 ± 1.6 < 3.5 -0.7 ± 1.9 < 3.6 
Cs-134 1.6 ± 1.3 < 2.8 0.9 ± 1.4 < 3.0 0.4 ± 1.8 < 3.4 
Cs-137 0.4 ± 1.6 < 3.1 1.0 ± 1.5 < 3.0 0.3 ± 2.1 < 3.0 
Ba-La-140 1.9 ± 1.3 < 9.7 -2.1 ± 1.6 < 6.2 -1.3 ± 2.4 < 8.1 

Location GW-15A,B U2FSSDS U2FSSDS 

Collection Date 10-17-17 10-31-17 11-30-17 
Lab Code EW- 5780 EW- 6129 EW- 6513 

Sr-90 -0.2 ± 0.4 < 0.9 -0.1 ± 1.3 < 2.9 
Fe-55 24 ± 216 < 354 -150 ± 448 < 752 
Ni-63 49 ± 42 < 67 
Tc-99 1.0 ± 3.9 < 6.3 

Be-7 -2.7 ± 10.6 < 26.4 4.8 ± 10.1 < 31.6 -5.7 ± 10.3 < 22.4 
Mn-54 1.1 ± 1.4 < 2.4 -1.1 ± 1.3 < 1.8 1.0 ± 1.3 < 3.0 
Fe-59 3.1 ± 2.3 < 5.8 -2.2 ± 2.3 < 4.2 -2.4 ± 2.3 < 5.4 
Co-58 -0.4 ± 1.3 < 3.0 0.2 ± 1.3 < 2.9 -0.9 ± 1.3 < 1.9 
Co-60 0.8 ± 1.4 < 2.2 -0.5 ± 1.4 < 1.8 0.4 ± 1.5 < 3.0 
Zn-65 0.7 ± 2.7 < 4.2 0.1 ± 2.6 < 5.4 2.7 ±2.4 < 4.8 
Zr-Nb-95 -1.6±1.4 < 2.8 -1.1 ± 1.3 < 3.7 0.1 ± 1.4 < 3.6 
Cs-134 1.5 ± 1.3 < 2.9 0.2 ± 1.4 < 2.6 0.0 ± 1.3 < 2.4 
Cs-137 1.3 ± 1.6 < 3.5 0.3 ± 1.5 < 2.7 0.2 ± 1.4 < 2.8 
Ba-La-140 -1.4±1.6 < 8.5 -0.6 ± 1.4 < 5.5 -0.4 ± 1.6 < 8.4 
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Supplemental Analyses 

Units: = pCi\L 

Location U2FSSDS 

Collection Date 12-31-17 
Lab Code EW- 6719 

Be-7 7.0 ± 10.0 
Mn-54 0.5 ± 1.2 
Fe-59 1.6 ± 2.2 
Co-58 0.6 ± 1.2 
Co-60 0.7 ± 1.3 
Zn-65 -0.6 ± i4 
Zr-Nb-95 -0.8 ± 1.2 
Cs-134 -0.9 ± 1.2 
Cs-137 1.3 ± 1.4 
Ba-La-140 -0.4 ± 1.5 

Annual Mean ± s.d. 

Be-7 0.0 ± 8.3 
Mn-54 0.4 ± 0.8 
Fe-59 -0.2 ± 1.8 
Co-58 -0.2 ± 0.9 
Co-60 -0.2 ± 0.8 
Zn-65 -0.2 ± 1.6 
Zr-Nb-95 -0.7 ± 0.8 
Cs-134 0.0 ± 1.0 
Cs-137 0.0 ± 1.7 
Ba-La-140 -1.3 ± 1.5 

POINT BEACH NUCLEAR PLANT 

MDC 

< 26.9 
< 2.5 
< 5.6 
< 2.8 
< 2.6 
< 3.6 
< 2.6 
< 2.5 
< 2.2 
< 4.4 

'GW-04 

12-28-17 
EW- 6604 

1.9 ± 11.1 
-0.5 ± 1.4 
-1.4 ± 2.4 
0.9 ± 1.4 
0.6 ± 1.4 
1.1±2.7 

-0.3 ± 1,4 
-1.9 ± 1.5 
0.5 ± 1.5 

-1.9 ± 1.9 

E-6 

MDC 

< 27.7 
< 2.2 
< 2.6 
< 1.8 
< ~.3· 
< 4.5 
< 2.6 
< 2.9 
< 3.0 
< 2.8 

Gamma isotopic analysis 
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IEt11Vironme.ntal., Inc. 
Midwest laboratory 

700 Landwehr Road • NorthbrODk, /L 60062-2310 
phone ((}47) 5/i4-0.7QO • {ax (847) 584-4517 

Dr. Kjell Johansen 
NextEra Energy 
Point Beach Nuclear Plant 
6610 Nuclear Road 
Two Rivers, Wisconsin 54241 

LABORATORY REPORT NO.: 
DATE: 
SAMPLES RECEIVED: 
PURCHASE ORDER NO.: 

Below is the result of the analysis for tritium in one groundwater sample. 

Sample 
Location 

Z-493F 

Collection 
Date 

03-20-17 

Lab 
Code 

EWW-1175 

Concentration I MDC (pCi/L) 
H-3 

218±84/<150 

8006-1 00-1233 
04-19-2017 
03-26-2017 

The error given is the probable counting error at the 95% confidef!ce level. The less than (<)value, is based on 4.66 sigma 
counting error for the background sample. 

E-mail: Kjeii.Johansen@NextEraEnergy.com 
E-mail: Sophia.Bartels@NextEraEnergy.com 
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A."'T"' E!r!i"mfl"'l''ent:aJ!, Inc. 
~~ I Mudwest Lab.oratcwy 
7/)0 LencfwWlr Roed • Northbrook. IL 8/)0{;2-2310 
phone (847} 156<1-0700 • fBX (847} 564-4517 

Mr. Richard Welty 
Radiation Protection Mgr. 
Point Beach Nuclear Plant 
NextEraEnergy 
661 0 Nuclear Road 
Two Rivers, WI 54241 

LABORATORY REPORT NO.: 
DATE: 

SAMPLES RECEIVED: 
PURCHASE ORDER NO.: 

8006-1 00-1239 
05-10-17 
04-10-17 

Below are the corrected results of the readout of supplemental TLDs deployed during the first quarter, 2017. 

Period: 
Date Annealed: 
Date Placed: 
Date Removed: 
Date Read: 
Days in the Field: 
Days from Annealing to Readout: 
In-transit e':'posure: 

Location 

SGSF-North 
SGSF-East 
SGSF-South 
SGSF-West 

ISFSI-North 
ISFSI-East 
ISFSI-South 
ISFSI-West 

Control 

,8~11£ 

Z.Showlll 
Quality Assurance 

Total mR 

20.0 ± 1.6 
18.5 ± 0.6 
20.3 ± 0.4 
19.2 ± 0.7 

41.7 ±0.9 
59.4±1.8 
23.7 ± 1.3 
66.7 ± 3.4 

25.1 ± 1.0 

1st Quarter, 2017 
12/07/16 
12/29/16 
04/07/17 
04/11/17 

99 
125 

4.05 ± 0.26 

NetmR NetmR 
NetmR Std Qtr per? days 

16.0 ± 1.7 14.7 ± 1.5 1.13 ± 0.12 
14.5 ± 0.7 13.3 ± 0.6 1.02 ± 0.05 
16.2 ± 0.5 14.9 ± 0.4 1.15 ± 0.03 
15.2 ± 0.8 13.9 ± 0.7 1.07 ± 0.06 

37.7 ± 1.0 34.6 ± 0.9 2.66 ± 0.07 
55.3 ± 1.8 50.9 ± 1.6 3.91 ± 0.13 
19.7±1.4 18.1 ± 1.2 1.39 ± 0.10 
62.7 ± 3.4 57.6 ± 3.2 4.43 ± 0.24 

21.0 ± 1.0 19.3 ± 0.9 1.49 ± 0.07 

APPROVED 
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J\"'T111Cmr.ironunentai, Inc. 

I""'\ I I Midwest LaboratOry 
7(/0 LendWehr ll<>Bd • Northbrook, /L 60062-2310 
phone (847) 1564-D700 • fax (847) 664-4!517 

Mr. Richard Welty 
Radiation Protection Mgr. 
Point Beach Nuclear Plant 
NextEraEnergy 
6610 Nuclear Road 
Two Rivers, WI 54241 

LABORATORY REPORT NO.: 
DATE: 

SAMPLES RECEIVED: 
PURCHASE ORDER NO.: 

8006-100-1247 
08-01-17 
07-07-17 

Below are the results of the readout of supplemental TLDs deployed during the second quarter, 2017. 

Period: 
Date Annealed: 
Date Placed: 
Date Removed: 
Date Read: 
Days in the Field: 
Days from Annealing to Readout: 
In-transit exposure: 

Location 

SGSF-North 
SGSF-East 
SGSF-South 
SGSF-West 

ISFSI-North 
ISFSI-East 
ISFSI-South 
ISFSI-West 

Control 

Quality Assurance 

Total mR 

16.4 ± 0.7 
16.3 ± 0.3 
16.1 ± 0.6 
17.6 ± 1.2 

28.6 ± 1.3 
53.5 ± 0.7 
21.7 ± 1.2 
59.4 ± 2.0 

19.5 ± 0.5 

NetmR 

12.0 ± 0.8 
11.9 ± 0.4 
11.7±0.7 
13.2 ± 1.2 

24.2 ± 1.4 
49.1 ±0.8 
17.3±1.3 
55.0 ± 2.0 

15.1 ± 0.6 

2nd Quarter, 2017 
03/15/17 
04/07/17. 
07/06/17 
07/11/17 

90 
118 

4.41 ± 0.29 

NetmR NetmR 
Std Qtr per 7 days 

12.1 ± 0.8 0.93 ± 0.06 
12.0 ± 0.4 0.93 ± 0.03 
11.9 ± 0.7 0.91 ± 0.05 
13.4 ± 1.2 1.03 ± 0.0~ 

. 24.5 ± 1.4 1.88 ± 0.11 
49.6 ± 0.8 3.82 ± 0.06 
17.4±1.3 1.34 ± 0.10 
55.6 ± 2.1 4.28 ±0.16 

15.3 ± 0.6 1.18 ± 0.05 

APPROVED 
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A"T'I Environmental, Bnc:. 
1""'\1 Midwest Laboratory 
700 Landwehr Road • Northbrook, IL 60062-2310 
phone (847) 584-0700 • fo>< (847) 584-4517 

Mr. Richard Welty 

Radiation Protection Mgr. 

Point Beach Nuclear Plant 

NextEraEnergy 

6610 Nuclear Road 

Two Rivers, WI 54241 

LABORATORY REPORT NO.: 8006-100-1261 

DATE: 11-09-17 

SAMPLES RECEIVED: 10-06-17 

PURCHASE ORDER NO.: 

Below are the results of the readout of supplemental TLDs deployed during the third quarter, 2017. 

Period: 3rd Quarter, 2017 

Date Annealed: 06/12/17 

Date Placed: 07/06/17 

Date Removed: 10/03/17 

Date Read: 10/06/17 

Days in the Field: 89 

Days from Annealing to Readout: 116 

In-transit exposure: 3.98 ± 0.38 

NetmR NetmR 

- Location Total mR NetmR Std Qtr per 7 days 

SGSF-North 16.2 ±0.8 12.2 ± 0.9 12.4 ± 0.9 0.96 ± 0.07 

SGSF-East 17.0 ± 0.7 13.0 ±0.8 13.3 ± 0.8 1.02 ± 0.06 

SGSF-South 17.1 ±OA 13.2 ± 0.5 13.5 ± 0.6 1.03 ±0.04 

SGSF-West 16.3 ± 0.9 12.3 ± 1.0 12.6 ± 1.0 0.97 ±0.08 

ISFSI-North 34.2 ± 1.1 30.3 ± 1.2 30.9 ± 1.2 2.38 ± 0.10 

ISFSI-East 51.4 ± 1.1 47.5 ± 1.2 48.5 ± 1.2 3.73 ± 0.09 

ISFSI-South 19.5 ±0.8 15.5 ± 0.9 15.9 ± 1.0 1.22 ± 0.07 

ISFSI-West 55.4 ±2.8 51.4 ±2.8 52.6 ±2.9 4.05 ± 0.22 

Control 22.0 ± 0.7 18.1 ± 0.8 18.5 ±0.9 1.42 ±0.07 

?-~k 
Quality Assurance 

APPROVED 



* 
A"'T"I Environrnental, Inc. 

:.r-'\.1 Midwest Laboratory 
700 Lsndwel7r Road • NorthbrO<>k, IL 60062-2310 
phone (847) 564-0700 • feJ< (IJ47) 5/J'i-4617 

Jerri Walters 

Radiation Protection Mgr. 

Point Beach Nuclear Plant 

NextEraEnergy 

6610 Nuclear Road 

Two Rivers, WI 54241 

LABORATORY REPORT NO.: 8006-100-1273 

DATE: 02-16-18 

SAMPLES RECEIVED: 01-08-18 

PURCHASE ORDER NO.: 

Below are the results of the readout of supplemental TLDs deployed during the fourth quarter, 2017. 

Period: 

Date Annealed: 

Date Placed: 

Date Removed: 

Date Read: 

Days in the Field: 

Days from Annealing to Readout: 

In-transit exposure: 

Location 

SGSF-North 

SGSF-East 

SGSF-South 

SGSF-West 

ISFSI-North 

ISFSI-East 

ISFSI-South 

ISFSI-West 

Control 

Quality Ass.urance 

TotalmR 

16.0 ±0.7 

17.6 ± 0.4 

17.2 ±0.8 

17.5 ± 1.4 

30.1 ± 1.9 

56.8 ± 1.4 

21.5 ±0.7 
61.1 ±2.0 

19.5 ±0.9 

NetmR 

11.5 ± 0.9 

13.1 ± 0.6 

12.7 ±0.9 

13.0 ± 1.5 

25.6 ±2.0 

52.3 ± 1.5 

17.0 ± 0.9 

56.6 ±2.1 

15.0 ± 1.0 

4th Quarter, 2017 

09/08/17 

10/03/17 

01/05/18 

01/10/18 

NetmR 
Std Qtr 

11.2 ±0.9 

12.7 ±0.6 

t2.3 ± 0.9 

12.6±1.4 

24.8 ± 1.9 

50.7 ± 1.5 

16.4 ± 0.9 
54.8 ±2.0 

14.6 ± 1.0 

94 

124 

4.50 ±0.52 

NetmR 
per7 days 

0.86 ±0.07 

0.98 ±0.05 

0.95 ±0.07 

0.97 ±0.11 

1.90±0.15 

3.90 ±0.11 

1.26 ± 0.07 

4.22 ± 0.15 

1.12 ± 0.07 



Dr. Kjell Johansen 
Point Beach Nuclear Plant 
6610 Nuclear Road 
Two Rivers, Wisconsin 54241 

LABORATORY REPORT NO.: 8006-100 -1275 
DATE: 03-09-18 

SAMPLES RECEIVED: ___ .;;....;;_.;;....:_.;;....:__ 

Analyses for gamma emitting isotopes on the suspended solids. The aliquot of 200 ml was filtered 
through 47 mm Millipore filter 0.8 Jlm and the filter was analyzed on September 5, 2017. 

Lab Code ELW-2899 

Date Collected 06-14-17 
Location E-01 

Isotope MDC I Concentration (pCi/L) 

K-40 < 108.7 469.9 ± 47 
Mn-54 < 4.0 1.0 ± 2.1 
Co-58 < 7.6 2.0 ± 1.9 
Co-60 < 4.2 3.3 ± 2.2 
Fe-59 < 20.9 14.1 ± 4.0 
Zn-65 < 11.7 2.7 ± 4.4 
Zr-Nb-95 < 23.1 -9.1 ± 2.2 
Ru-103 < 12.9 -0.7 ± 2.0 
Cs-134 < 5.0 0.4 ± 2.4 
Cs-137 < 4.1 1.0 ± 2.3 
Ba-La-140 < 217.9 -264.5 ± 2.6 
Ce-141 < 29.4 -21.1 ± 2.5 
Ce-144 < 25.3 6.8 ± 10.8 
Tl-208 < 5.9 6.1 ± 2.5 
Bi-212 < 57.9 6.4 ± 28.7 
Bi-214 19.1 ± 6.9 
Pb-212 < 7.7 15.4 ± 3.4 
Pb-214 23.7 ± 7.2 
Ra-226 < 94.3 153 ± 40 
Ac-228 < 19.5 14.2 ± 8.6 
U-235 < 3.9 -7.8 ± 2.5 

Less than(<), value is based on a 4.66 sigma counting error for the background sample and it's the MDC value 
for this measurement. The error given is the probable counting error at 95% confidence level. 

E-mail: Kjeii.Johansen@nee.com 
E-mail: Sophia.B 

Approved: 
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1.0 RECORD OF REVISIONS 
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Revision 19 
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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 clianges(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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2.0 INTRODUCTION 

2.1 Purpose 

ODCM 
Revision 19 
TOTAL REWRITE 

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 mrern/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, Colm;nn 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, April1977. , 

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", 
April1991. 

2.3 General Responsibilities 

The primary responsibility for the implementation of the PBNP offsite dose calculation 
program and for any actions required by the program resides with Ch~mistry. Chemistry 
will provide the technical, regulatory, licensing, and administrative support necessary to 
fulfill the requirements of this manual. The calculation of offsite 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 
schedJled, 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 a'ccuracy 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 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-11A/B), 

• Air ejector decay duct filter assembly (F-30), 

• Auxiliary building ventilation filter assembly (F-25, nominal11,214 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, nominal34,150 CFM 
exhaust pathway). 

LIQUID RADWASTE TREATMENT SYSTEM 

The LIQUID RADWASTE TREATMENT SYSTEM consists ofthose components or 
devices used to reduce radioactive material in liquid effluent. The system consists of the 
following: 

• Blowdown evaporator or 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 defmed by 10 CFR 20.1003: Means any individual except 
when that individual is receiving an occupational dose. (TRM 4.1) 

MEMBER OF THE PUBLIC (40 CFR 190) 

MEMBER OF THE PUBLIC as defmed 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. 
(TRM4.1) 
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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 [unctions(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 sse 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 defmed 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 confmement to 
maintain temperature, pressure, humidity, concentration, or other operating condition, in 
such a manner tha~ 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 and 5.6.3, 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 April30 of each calendar year to the · 
administrator of the appropriate Regional NRC office or designee and shall include: 

a. A summary ofthe 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 otherthan tritium). 

• Total volume (iri gallons) ofliquid waste released into circulating water 
discharge. 
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• 'Total volume (in gallons) of dilution water used. 

• The maxiinum 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 
effluent~ 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 :riJ.ade. 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 ofthe 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 of nuclides 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 
RADIOACTNE 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 

GMTube 

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-21S 
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-22S 
Combined Air Ejector 

None 
Low-Range Noble Gas Monitor 

Unit 1 and 2 Purge Exhaust 

1 (2) RE-30S 
Noble Gas Monitors (ChannelS Containment ventilation 
on SPING Units No. 21 and isolation 
No. 22) 

Auxiliary Building Exhaust 

RE-31S 
Ventilation Noble Gas Monitor 

None 
(Channel S on SPING Unit No. 
23) 

Drumming Area Ventilation 
RE-32S Noble Gas Monitor (ChannelS None 

on SPING Unit No. 24) 

Scintillation 

Scintillation 

Scintillation 

Scintillation 

Scintillation 

Scintillation 

Scintillation 

Scintillation 

Scintillation 
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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 Reguirements 

Surveillance Requirements shall be met during the condition~ specified for individual 
specifications unless otherwise stated in an individual surveillance requirement. The 
provisions ofSR 3.0.2 and 3.0.3 are applicable to the surveillance frequency ofthe 
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 Appen.dix B, Table 2, Column 2 to 10 CFR 20. For 
dissolved and entrained noble gases, the concentration shall be limited to 2.0 
E-04 )lCi/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 evaluatimi 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 undertaken 
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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NOTEl: 

NOTE2: 

NOTE3: 

NOTE4: 

NOTES: 

NOTE6: 

TABLE 6-1 
RADIOACTIVE LIQUID WASTE SAMPLING AND ANALYSIS PROGRAM 

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. 

Identified entrained noble gases shall be reported as gaseous effluents. 

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, 
ill.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 liLA 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 ofthe 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 ofthe 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 1o 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 fustrumentation 

6.4.1 Specifications 

a. fu 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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Du.ritig 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 ofthe 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 CFR Part 50 and Point Beach General Design Criteria 17 
and.70. 

Page 30 of 279 REFERENCE USE 



POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

TABLE 6-2 

ODCM 
Revision 19 
TOTAL REWRITE 

RADIOACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION 

I 

It I 

1. Liquid Radwaste System 

a. RE-223, Waste Distillate Tank Discharge 1 Note 1 

b. RE-218, Waste Condensate Tank Discharge 1 N.ote 1 

c. Waste Condensate Tank Discharge Flow Meter 1 Note2 

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 N/A 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 p.Ci/cc 
dose equivalent I-131 or once every 12 hours when the activity is greater than 0.01 p.Ci/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 N/A N/A 

Meter 

d. Waste Distillate Tank Flow Rate Recorder PID R N/A N/A 
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 N/A N/A 

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 N/A N/A N/A 
c. Waste Water Effluent Flow Meter w R N/A N/A 

Legend: D Daily 

Weeldy 

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 mrern/yr to the whole body and a dose 
rate,:::: 3000 mrern/yr to the skin, and 

b. For iodine-131, iodine-13 3, tritium, and all radionuclides in particulate 
form with half-lives greater than eight days: a dose rate::; 1500 mrern/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 ofthis 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. 

Page 33 of 279 REFERENCE USE 



POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFF SITE DOSE CALCULATION MANUAL 

7.1.5 Basis 

ODCM 
Revision 19 
TOTAL REWRITE 

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 ofth~ 
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 RET~S 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 

Gas Decay Tank Prior to release Prior to release Gamma emitters 1E-04 

ContainmentPurge or Prior to Prior to purge or Gamma emitters 1E-04 
Continuous Vent or vent vent Tritium 1E-06 

Continuous Releases W eeldy analysis of Gamma emitters lE-11 

Unit 1 Containment charcoal and I-131 1E-12 
Purge and Vent particulate samples 

Unit 2 Containment Monthly Gross alpha 1E-11 
Purge and Vent composite of 

Drumming Area vent particulate sample 

Gas Stripper Building Quarterly Sr-89/90 1E-11 

Vent composite of Fe-55, Ni-63, Per industry 
Auxiliary Building particulate sample Tc-99 standards5 

Vent 
Noble gas monitor Noble gases - 1E-06 

gross beta or 
gamma 

(grab) Monthly Gamma emitters 1E-04 

Tritium 1E-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 ca:lendar 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 

This specification is provided to implement the requirements of Section II.B, 
III.A and N.A of Appendix I, 10 CFR 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 N.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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If the calculated dose from the release ofiodine-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. · 
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This specification is provided to implement the requirements of Section li.C, 
liLA and IV.A of Appendix I, 10 CFR 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 liLA 
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 ofthe 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 RADW ASTE 
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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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 ofPBNP 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 
1o 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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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 
theODCM. 

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 

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 

~tl.~i7!~~~~l~j~~;~~~~"'-~~~~"'t~_:~~li~\~~~~· ·o:~"~-~ 
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 SPIN G) 

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 SPIN G) 
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 Note 3 

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 SPIN G) 

b. Flow Rate Monitor- Air Ejectors 1 NoteS 

4. Containment Purge and Vent System 

5. 

6. 

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 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 Note 3 

SPING 
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 7.5.1 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 

c. Isokinetic Iodine and Particulate Continuous AIT 
Sampling System 

3. Condenser Air Ejector System 

6. 

a. RE-225, Noble Gas (Combined Air Ejector 
Discharge) 

c. Isokinetic Iodine and Particulate Continuous AIT 
Sampling System 

D 

D 

w 

D 

w 

Legend: R = Once per 18 months, typically during refueling 

R Q M 

R M 

R N/A N/A 

R M 

N/A N/A N/A 

N/A 

D =Daily 

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 N/ A= Not applicable 

NOTEl: SOURCE CHECK required prior to containment purge 
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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 7 5 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.?-, 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 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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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 alarin 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 :::;70% of the fail high level (MSSM No. 93-01). These monitors are indicated by 
an asterisk(*) in Table 9-1. The appropriate detailedcresponse 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) 
c ~ f [9-1] 

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 (ftCi/mL) 

C 1 Ox the effluent concentration limit from 10 CFR 20, 
Appendix B, Table 2 Column 2 (see section 6.1.1) (ftCi/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 :::; C. Also ifF is large compared to f, 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 ofradionuclides, the setpoint is calculated so that the summation of 
fractions (SOF) will not exceed unity, i.e. 

I c. 
SOF=. -l-<1 

MECi-

C; = The concentration of radionuclide i in the liquid effluent 
(flCi/mL) 

MEC; = 10 times the Maximum Effluent Concentration value 
corresponding to radionuclide "i "from 10 CFR Part 20, 
Appendix B, Column 2 (flCi/mL), 

[9-2] 

The SOF meeting the :::;1 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.. l c. 
LMEC. 

l 

[9-3] 

The setpoints for liquid effluent monitors are determined by the following equation: 

[9-4] 
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Where: SP = 

EMEC X CW 
SP ~ RR {Jcf 

Setpoint of the radiation monitor (cpm or J1Ci/mL, depending upon 
the specific monitor), 

[9-5] 

EMEC = 
The effective MEC value for the mixture of radionuclides in the 
effluent stream (J1Ci/mL) 

cw = 

= 

RR = 

{Jcf = 

the circulating water flow rate (dilution water flow) at the time of the 
release (gpm) 

The concentration of radionuclide i in the liquid effluent (J1Ci/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 AppendixAfor 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 

.E(pCilccJ 

. . . Monitor Response 
Sensttwtty = "' ( c·; ) 

L.. f.1. L cci 
= the counts per minute registered by the monitor exposed to 

a calibration source 
= total concentration of radionuclides 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: 

C; = 

RR = 
cw = 

"' [ C. RR] L M~Ci xcw ~ 1 

the concentration of radionuclide "i" in the liquid effluent 
(J1Ci/mL), 
the liquid effluent release rate (gpm) 
the circulating water flow rate (dilution water flow) at the 
time of the release (gpm), 

[9-7] 
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A default alairn 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 of243,000 gpm and the physical maximum flow rate oft4e 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 sectio:u cannot be implemented for RE-230, Waste 
Water Effluent Monitor. 

Therefore, instead ofutilizing 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 J!Cilcc 
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 Kgallmin to the old minimum circulating water flow rate. The flow augmentation 
factor is 1.18E+OO (243/206 = 1.18E+OO). The application ofthis flow factor results in 
an RE-230 setpoint of 1.22E-03 J!Cilcc. 
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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 
& Max Flow Rate 
1 

200 

Waste Water 
Max Flow Rate (both 

Effluent2 RE-230 filter skids running in 700 

Spent Fuel Pool RE-220* Max Flow Rate 700 

Waste Distillate & 
RE-218* & 

Condensate Storage 
RE-223* 

Max Flow Rate 
Tank Discharge 

100 

Containment Fan 
1(2)RE-216* 

Max Flow Rate (per 
Cooler Return Containment) 

4000 

N/A 

1.26E-Ol 

1.22E-03 

3.61E-02 

2.53E-Ol 

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 
*LCci*Aio) D = 0 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 
{JiCi/mL), 

A;o = ingestion dose factor to the total body or any organ "o" 
for radionuclide "i" (mremlhr per JiCilmL) 

1.67E-02 = Conversion factor (hr/min) 

The default PBNP site-specific liquid dose commitment factors (A;0 ), 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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LIQUID EFFLUENT SUB-PATHWAYS 

Yes 
Fish assumed to be caught at 

PBNP discharge 
PBNP 

No 
No invertebrates are consumed 

N/A 
from Lake 
In the area of PBNP, only well 

Irrigated Foods (meat 
No 

water is used to irrigate crops or 
N/A 

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 
N/A 

from watered cattle) water animals. Lake Michigan 
water is not used. 
Assumed drinking water obtained 

Potable Water Yes from Two Rivers facility, 11 Two Rivers 
miles south of PBNP. 
Although shoreline deposits could 
be considered, NUREG-0133 

Shoreline Deposits No provides guidance that the dose N/A 
consequence of this pathway is 
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PBNP SITE-SPECIFIC LIQUID DOSE COMMITMENT FACTORS, A;o 
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PBNP SITE-SPECIFIC LIQUID DOSE COMMITMENT FACTORS, Aio 
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TABLE9-3 
PBNP SITE-SPECIFIC LIQUID DOSE COMMITMENT FACTORS, Aio 

NOTE: 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. 

9.3 Dose Projections 

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 6.3.1, when the projected doses in aperiod of31 
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) [9-10] 

D,bp = total body dose projection for the current calendar month 
(mrem) 

D,b = 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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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 ill!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, 1RE-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 
~ < *M 

rs- 472 * x/QNc * VF * ICCi * Ki) 

L Ci * 3000 
SPs < *AF 

- 472 * x/QNG * VF * }:[Ci * (Li + 1.1MaJ 
[ 10-1] 

Where: SPTB = monitor setpoint corresponding to the release rate limit for 
the total body dose rate of 500 mrem/yr (JLCilcc) 

SPs = monitor setpoint corresponding to the release rate limit for 
the skin dose rate of 3000 mrem/yr (JLCi/cc) 

500 = total body dose rate limit (mrem/yr) 
3000 = skin dose rate limit (mrem/yr) 

x/QNG = 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 (JLCi/cc) 

K; = total body dose conversion factor for noble gas radionuclide 
"i" (mrem/yr per JLCi/m3

, see 
Table 10-3) 

L; = beta skin dose conversion factor for noble gas radionuclide 
"i" (mrem/yr per JLCilm3

, see 
Table 10-3) 

M; = gamma air dose conversion factor for noble gas 
radionuclide "i" (mrad/yr per JLCi/m3

, see 
Table 10-3) 

1.1 = mrem skin dose per mrad gamma air dose (mrem/mrad), 
472 = 28317 (cclft3

) x 1/60 (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 SPTB 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. Ifthe 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 ofEquations 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* & SPING 23 
66,400 

(15001
) 

6.75E-04 

Combined Air Ejector RE-225* 20 2.24E+OO 

Unit Air Ejector 1(2) RE-215* 10 1.79E+Ol 

Containment PurgeN ent 

Unit 1 1RE-212* & SPING 21 25,0002 
7.17E-03 

Unit2 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 

(2501
) 

3.45E-03 

Drumming Area Vent RE-221 * & SPING 24 
43,100 

(5001
) 

1.04E-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 nominal35 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 

7.2.1 Site boundary SSE, 1220 meters 
Gamma-air 

1.09E-06 N/A 
Beta-air 
Inhalation, milk, 

SSW, 1290 
meat, produce, 

Residence/ dairy 
meters3 leafy vegetables 7.15E-07 5.90E-9 

and ground 
7.3.1 

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 bou~dary. 
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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 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 1 0211 06 
"Estimation of Carbon-14 in Nuclear Power Plant Gaseous Effluents" (EPRI, 
201 0). 14C is primarily generated in a nuclear power plant by one of 2 
reactions: 

170(n,a)14C or 

I4N(n,p )I4c 

The 14C production rate is determined by the following equation: 

N X (ath X CfJth + ai+f X CfJi+f) X 1.0£-24 X A 
Prod. Rate = 

3
_
7

£ _ 
04 

[10-2] 

Where: Prod. = Production rate of C-14 production (J1Ci/s-kgfrom 17 0 
Rate and J1Ci/s-kg-ppm N from 14N) 

N = Atoms 
17 0 = 1.27E+22 atoms 17 0/kg H20 
14N= 4.284E+19 atoms 14N/kg-ppmN 

a,h = "effective" thermal cross-section (b) 
170 = 0.121 
14N = 0.951 (from EPRI TR-1021106) 

(/Jth = Thermal neutron flux (n/cm2-s) 
=3.55E13 n/cm2-s at BOC (from EPRI TR-1021106) 

ai+f = "effective" intermediate +fast cross-section (b) 
170 = 0.0479 
14N= 0.0392 (from EPRI TR-1021106) 

(/Ji+f = Intermediate+ fast neutron flux (nlcm2-s) 
=3.51E17 n/cm2-s at BOC (from EPRI TR-1021106) 

1.0E-24 = (cm2/b) 
A. = 14C decay constant, 3.833E-12 s-1 

3. 7E-04 = dls-pCi 
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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 1-1Ci/s from the 170 reaction and 
2.96E-3 f.LCi/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: 

C%_14 (r, 13) = 3.17£ + 07 x p x Qc_14 [X/ Q] (r, 13) 
0

'
1

6

1 
[1 0-3] 

v 0.1 
C c-I4(r,l3) = the concentration of carbon-14 in vegetation grown 

at location (r, 8) in pCilkg 
3.17E+07 = conversion factor equivalent to (IE+ 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 S.l.O. 

0.11/0.16 = 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 of14C (Ci/year) 
x!Q (r,l3) = 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: 

• :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 * LCKi * Qi) [10-4] 
i 

bs = x/Q * L[CLi + 1.1Ma * Qi] [10-5] 
i 

btb = the total body dose rate (mrem/yr), 

Ds = the skin dose rate (mrem/yr), 
xiQ = the atmospheric dispersion to the controlling SITE 

BOUNDARY location (seclm3
, see Table 1 0-2) 

Qi = the average release rate of radionuclide "i" over the release 
period under evaluation, not to exceed one hour (J1Ci/sec) 

K; = total body dose conversion factor for noble gas radionuclide 
"i" (mrem/yr per j1Ci/m3 see 
Table 10-3) 

L; = beta skin dose conversion factor for noble gas radionuclide 
"i" (mrem/yr per J1Ci/m3 see 
Table 10-3) 

M; = gamma air dose eonversion factor for noble gas 
radionuclide "i" (mrad/yr per j1Ci/m3 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 

10.4 Dose Rate Calculations- Radioiodine, Tritium, Particulates 

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: 

Where: v· 
0 

x!Q 

Do= x/Q * L(Rio * oa 
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 1 0-2) 
the dose parameter for radionuclide "i ",for the child 
inhalation pathway (mrem/yr per j.1Ci/m3 see Table 1 0-6) 
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 (f.lCi/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: 

Dp 

xiQ 

M; 

N; 

3.17E-08 

Dr= 3.17£-08 * x/Q * L(Mi * Qi) 
i 

Dp = 3.17£-08 * x/Q *I (Ni * 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 ( J1Ci) 
air dose factor due to gamma emissions form noble 
gas radionuclide "i" (mradlyr per J1Ci 1m3

, see 
Table 10-3) 
air dose factor due to beta emissions form noble gas 
radionuclide "i" (mradlyr perpCi 1m3

, see 
Table 10-3) 
yrlsec 

[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 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 

D aop = 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). 

Rio = dose factor for radionuclide "i" to organ "o "for 
each age group "a" and the applicable pathway "p" 
(mrem/yr per f-lCi 1m3 or m2 -mrem/yr per f-lCi/sec, see 
Table 10-4 through Table 10-21) 

Qi = cumulative release for radionuclide "i" (f-lCi), 
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 of31 
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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Ria, lNHALATION PATHWAY DOSE FACTORS- ADULT 

. O.OOE+OO 
4.62E+05 O.OOE+OO 
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R;0 , INHALATION PATHWAY DOSE FACTORS- ADULT 

2.68E+03 6.98E+03 4.48E+05 
3.73E+05 8.48E+05 O.OOE+OO 
1.27E+02 2.56E+02 O.OOE+OO 
3.90E+04 1.46E+05 O.OOE+OO 
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Rio, INHALATION PATHWAY DOSE FACTORS- ADULT 

4.86E+06 
7.66E+07 O.OOE+OO 4.54E+06 O.OOE+OO 
2.30E+02 2.26E+Ol 1.24E+Ol O.OOE+OO 
8.08E+09 2.87E+09 5.37E+08 O.OOE+OO 
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Rio, INHALATION PATHWAY DOSE FACTORS -CHILD 

1.07E+03 

3.16E+03 

2.26E+04 

2.80E+04 

1.64E-Ol 

1.07E+OO 

7.03E+04 

1.11E+02 O.OOE+OO 

Y-91m O.OOE+OO 1.84E-02 O.OOE+OO 

Y-91 9.14E+05 O.OOE+OO 2.44E+04 O.OOE+OO 
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Rio, INHALATION PATHWAY DOSE FACTORS- CHILD 

8.73E+03 4.14E+03 7.92E+05 
1.01E+06 2.25E+05 O.OOE+OO 
3.30E+02 2.26E+02 O.OOE+OO 
1.71E+05 1.16E+05 O.OOE+OO 
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Rio, INHALATION PATHWAY DOSE FACTORS -CHILD 

4.66E+02 3.34E+Ol 2.35E+Ol 

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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R;0 , INHALATION PATHWAY DOSE FACTORS-INFANT 

mre ryr per ,...~ m 

'~c~~ ,::_, "'*'~. 'i'FR~ rF~., ·.··.· 
J-~~ID~ ::;~;:n>. lc,!_VJ!;,!{;·;:, : , / I. r.:.T. ~·· ..•• •·. <;;: · t,•>;:l··~:§/} ~·0& {. ::;.:;;v;s> I: Fi; :.;=;:f *·.;N • ; .•..... · 5~: ··... J:~fr~t\1~ 

( ml 

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 1.03E+05 1.03E+05 1.03E+05 1.03E+05 1.03E+05 1.03E+05 1.03E+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+01 5.75E+01 1.32E+01 1.28E+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 1.54E+OO 2.21E-01 O.OOE+OO 1.10E+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 1.09E+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 1.18E+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-01 1.23E-01 O.OOE+OO O.OOE+OO 8.12E+03 5.01E+04 
Cu-64 O.OOE+OO 1.88E+OO 7.74E-01 O.OOE+OO 3.98E+OO 9.30E+03 1.50E+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 1.26E+01 2.58E+01 2.34E+OO O.OOE+OO 1.04E+01 2.67E+04 4.09E+04 
Zn-69 5.39E-02 9.67E-02 7.18E-03 O.OOE+OO 4.02E-02 1.47E+03 1.32E+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+01 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+01 
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 1.31E+05 
Sr-91 9.56E+01 O.OOE+OO 3.46E+OO O.OOE+OO O.OOE+OO 5.26E+04 7.34E+04 

Sr-92 1.05E+01 O.OOE+OO 3.91E-01 O.OOE+OO O.OOE+OO 2.38E+04 1.40E+05 
Y-90 3.29E+03 O.OOE+OO 8.82E+01 O.OOE+OO O.OOE+OO 2.69E+05 1.04E+05 
Y-91m 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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POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

TABLE 10-7 

ODCM 
Revision 19 
TOTAL REWRITE 

Ria, INHALATION PATHWAY DOSE FACTORS- INFANT 

1.16E+07 1.64E+05 

2.91E+04 1.92E+04 

3.67E+06 3.30E+04 

1.90E+05 1.33E+03 

Cs-134m 1.85E+02 2.94E+02 1.55E+02 O.OOE+OO 1.19E+02 1.62E+02 

Cs-136 4.83E+04 1.35E+05 5.29E+04 O.OOE+OO 5.64E+04 1.18E+04 1.43E+03 
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POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

TABLE 10-7 

ODCM 
Revision 19 
TOTAL REWRITE 

R;0 , INHALATION PATHWAY DOSE FACTORS ~INFANT 

'NUCLIDE. ti:VER. __ , IJJJx . NIU! ~~,;~v•: .r. 0rt\<A;\-,~~,,;,~ 
·:,c_-c- ;>, <• <:;-c :. -~o c: ·>· <V:,-;;'-';;; -··· ~. <: ·- ,,_,:s:·: . . --~ ,.J),~; =< F;~~- .-::,;>,;~ ~:- t-· . , .. t:r:~~~-~: 
Cs-137 5.49E+05 6.12E+05 4.55E+04 O.OOE+OO 1.72E+05 7.13E+04 1.33E+03 

Cs-138 5.05E+02 7.81E+02 3.98E+02 O.OOE+OO 4.10E+02 6.54E+01 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+01 2.90E+03 O.OOE+OO ' 1.34E+01 1.60E+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 1.90Ec05 1.55E+03 6.93E+02 

La-140 5.05E+02 2.00E+02 5.15E+01 O.OOE+OO O.OOE+OO 1.68E+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 1.67E+04 1.99E+03 O.OOE+OO 5.25E+03 5.17E+05 2.16E+04 

Ce-143 2.93E+02 1.93E+02 2.21E+01 O.OOE+OO 5.64E+01 1.16E+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 1.97E+03 4.33E+05 3.72E+04 

Pr-144 4.79E-02 1.85E-02 2.41E-03 O.OOE+OO 6.72E-03 1.61E+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 1.38E+04 

W-187 1.30E+01 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 1.41E+07 4.59E+08 7.03E+04 

U-238 6.71E+07 O.OOE+OO 4.61E+06 O.OOE+OO 1.32E+07 4.28E+08 4.96E+04 

Np-239 3.71E+02 3.32E+01 1.88E+01 O.OOE+OO 6.62E+01 5.95E+04 2.49E+04 

Arn-241 2.58E+09 1.18E+09 1.83E+08 O.OOE+OO 1.11E+09 5.68E+08 6.69E+04 
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POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

TABLE 10-8 

ODCM 
Revision 19 
TOTAL REWRITE 

Ria, GRASS-COW-MILK PATHWAY DOSE FACTORS- ADULT 

O.OOE+OO 
4.18E+09 
6.05E+05 
1.74E+02 
2.70E+08 1.68E+08 
O.OOE+OO 8.39E+03 

1.03E+09 
4.52E+04 
7.14E-13 
9.68E+04 
O.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO 

2.45E+OO 

1.88E+05 
Y-9lm 1.55E-20 O.OOE+OO 4.56E-20 
Y-91 3.67E+03 O.OOE+OO 2.02E+06 
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POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

TABLE 10-8 

ODCM 
Revision 19 
TOTAL REWRITE 

R;0 , GRASS-COW -MILK PATHWAY DOSE FACTORS -ADULT 

6.53E+03 

Cs-134 4.19E+09 3.23E+09 

Cs-134m 4.40E-02 5.02E-02 

Cs-136 6.44E+07 1.42E+08 
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POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

TABLE 10-8 

ODCM 
Revision 19 
TOTAL REWRITE 

Rio, GRASS-COW-MILK PATHWAY DOSE FACTORS -ADULT 

O.OOE+OO 
2.30E+Ol 2.66E+Ol 
5.87E+03 1.32E+03 

O.OOE+OO 5.30E+08 O.OOE+OO 1.67E+08 
4.98E-02 O.OOE+OO 2.82E-Ol O.OOE+OO 1.85E+04 

Am-241 2.45E+07 8.62E+06 1.62E+06 O.OOE+OO 1.22E+07 O.OOE+OO 2.22E+06 

Page 83 of279 REFERENCE USE 



POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

TABLE 10-9 

ODCM 
Revision 19 
TOTAL REWRITE 

Rio, GRASS-COW -MILK PATHWAY DOSE FACTORS- TEEN 

2 3 3 14 {m -mrem/yr per ~Ci/s (mrem/yr per J.tCi/m for Hand C)} 

'c~~~F! L~~;;J ':i ;g:~~~:~~F~~~i?~i~&,~ 
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 1.34E+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 1.06E+06 1.06E+06 1.06E+06 1.06E+06 1.06E+06 1.06E+06 1.06E+06 
Sc-46 1.52E+02 2.96E+02 8.77E+01 O.OOE+OO 2.83E+02 O.OOE+OO 1.01E+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 1.47E+04 8.14E+03 3.21E+03 2.09E+04 2.46E+06 
Mn-54 O.OOE+OO 9.67E+06 1.92E+06 O.OOE+OO 2.88E+06 O.OOE+OO 1.98E+07 
Mn-56 O.OOE+OO 1.86E-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 1.49E+07 1.02E+07 
Fe-59 1.93E+07 4.51E+07 1.74E+07 O.OOE+OO O.OOE+OO 1.42E+07 1.07E+08 
Co-57 O.OOE+OO 1.51E+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 1.12E+08 
Ni-65 1.69E-01 2.16E-02 9.84E-03 O.OOE+OO O.OOE+OO O.OOE+OO 1.17E+OO 
Cu-64 O.OOE+OO 1.07E+04 5.02E+03 O.OOE+OO 2.70E+04 O.OOE+OO 8.27E+05 
Zn-65 1.57E+09 5.47E+09 2.55E+09 O.OOE+OO 3.50E+09 O.OOE+OO 2.31E+09 
Zn-69m 8.23E+04 1.94E+05 1.78E+04 O.OOE+OO 1.18E+05 O.OOE+OO 1.07E+07 
Zn-69 9.70E-13 1.85E-12 1.29E-13 O.OOE+OO 1.21E-12 O.OOE+OO 3.41E-12 
As-76 1.48E+05 4.65E+05 2.27E+06 1.36E+05 5.45E+05 1.36E+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 1.22E+09 5.71E+08 O.OOE+OO O.OOE+OO O.OOE+OO 1.80E+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 1.07E+09 O.OOE+OO 3.05E+07 O.OOE+OO O.OOE+OO O.OOE+OO 1.27E+08 
Sr-90 6.72E+10 O.OOE+OO 1.34E+09 O.OOE+OO O.OOE+OO O.OOE+OO 2.08E+09 
Sr-91 1.33E+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+01 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 1.34E-18 
Y-91 6.76E+03 O.OOE+OO 1.81E+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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POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

TABLE 10-9 

ODCM 
Revision 19 
TOTAL REWRITE 

Rio, GRASS-COW -MILK PATHWAY DOSE FACTORS -TEEN 

1.89E+09 2.04E+08 
O.OOE+OO O.OOE+OO 
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POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

TABLE 10-9 

ODCM 
Revision 19 
TOTAL REWRITE 

R;0 , GRASS-COW-MILK PATHWAY DOSE FACTORS- TEEN 

~~' ·m ~~!~~~~~~ll ·_i;,2i:lMF ·. 1 .\5":_·.·: :: .• 1:-. .... : •' •. :._ -. 
CLmE: .... _ .- KnJN~~ > .,. ..•. 

:· -:,, ______ . -&-: : :. -__ . o:: >:;~;~, .-- ._, 
-. \0<i if ; ;-. c; ---·· .:\ :- -": ~c- "=ii3cc; < ~f .• : :;:~ -' .. 

Ba-139 2.56E-08 1.80E-11 7.45E-10 O.OOE+OO 1.70E-11 1.24E-11 2.28E-07 

Ba-140 1.18E+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-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+01 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 1.10E+05 O.OOE+OO 1.12E+08 
Pr-143 7.11E+01 2.84E+01 3.54E+OO O.OOE+OO 1.65E+01 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+01 4.81E+01 2.88E+OO O.OOE+OO 2.82E+01 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-01 9.19E-02 O.OOE+OO 5.19E-01 O.OOE+OO 2.66E+04 
Arn-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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POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

TABLE 10-10 

ODCM 
Revision 19 
TOTAL REWRITE 

Rio, GRASS-COW-MILK PATHWAY DOSE FACTORS- CHILD 

Fe-55 

Fe-59 4.48E+07 7.25E+07 

Co-57 O.OOE+OO 2.58E+06 

7.23E+04 
O.OOE+OO O.OOE+OO O.OOE+OO 1.05E+Ol 

8.06E+Ol O.OOE+OO O.OOE+OO O.OOE+OO 2.29E+05 
6.95E-20 O.OOE+OO O.OOE+OO O.OOE+OO 1.36E-16 

1.67E+04 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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POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFfSITE DOSE CALCULATION MANUAL 

TABLE 10-10 

ODCM 
Revision 19 
TOTAL REWRITE 

R;0 , GRASS-COW-MILK PATHWAY DOSE FACTORS- CHILD 

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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POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

TABLE 10-10 

ODCM 
Revision 19 
TOTAL REWRITE 

Ria, GRASS-COW -MILK PATHWAY DOSE FACTORS- CHILD 
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POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

ODCM 
Revision 19 
TOTAL REWRITE 

OFFSITE DOSE CALCULATION MANUAL 

-~ ~~~~"; ,,_ 

H-3 

C-14 
F-18 

Na-22 
Na-24 

Sc-46 

P-32 
Cr-51 

Mn-54 

Mn-56 

Fe-55 

Fe-59 
Co-57 

Co-58 

Co-60 

Ni-63 
Ni-65 

Cu-64 

Zn-65 

Zn-69m 
Zn-69 

As-76 

Br-82 
Br-83 

Br-84 

Br-85 

Rb-86 
Rb-88 

Rb-89 

Sr-89 

Sr-90 
Sr-91 

Sr-92 

Y-90 

Y-91m 

Y-91 

Y-92 

TABLE 10-11 
-Rio,GRASS-COW-MILKPATHWAYDOSEFACTORS-INFANT 

m -mre r per J..l~ s mre ryr per ,_..~ m or an 

~3~,~1i.~,~;~iT:~Ji~l~~!J~~~~~· 
{ 2 ml Ci/ ( m1 

O.OOE+OO 1.98E+03 1.98E+03 1.98E+03 1.98E+03 1.98E+03 
3."23E+06 6.89E+05 6.89E+05 6.89E+05 6.89E+05 6.89E+05 
1.02E-02 O.OOE+OO 8.74E-04 O.OOE+OO O.OOE+OO O.OOE+OO 
2.52E+10 2.52E+10 2.52E+10 2.52E+10 2.52E+10 2.52E+10 
3.83E+06 3.83E+06 3.83E+06 3.83E+06 3.83E+06 3.83E+06 
6.49E+02 9.36E+02 2.93E+02 O.OOE+OO 6.16E+02 O.OOE+OO 
4.07E+10 2.40E+09 1.58E+09 O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 4.74E+04 3.09E+04 6.75E+03 6.01E+04 
O.OOE+OO 2.69E+07 6.10E+06 O.OOE+OO 5.96E+06 O.OOE+OO 
O.OOE+OO 7.96E-03 1.37E-03 O.OOE+OO 6.84E-03 O.OOE+OO 
l.OOE+08 6.49E+07 1.73E+07 O.OOE+OO O.OOE+OO 3.17E+07 
8.36E+07 1.46E+08 5.76E+07 O.OOE+OO O.OOE+OO 4.32E+07 
O.OOE+OO 6.01E+06 9.77E+06 O.OOE+OO O.OOE+OO_ O.OOE+OO 
O.OOE+OO 1.13E+07 2.82E+07 O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO 6.82E+07 1.61E+08 O.OOE+OO O.OOE+OO O.OOE+OO 
2.95E+10 1.82E+09 1.02E+09 O.OOE+OO O.OOE+OO O.OOE+OO 
8.75E-01 9.90E-02 4.51E-02 O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO 4.66E+04 2.16E+04 O.OOE+OO 7.88E+04 O.OOE+OO 
4.15E+09 1.42E+10 6.56E+09 O.OOE+OO 6.90E+09 O.OOE+OO 
4.24E+05 8.66E+05 7.89E+04 O.OOE+OO 3.51E+05 O.OOE+OO 
6.88E-12 1.24E-11 9.22E-13 O.OOE+OO 5.15E-12 O.OOE+OO 
2.06E+06 5.43E+06 9.37E+06 2.06E+06 5.71E+06 2.06E+06 
O.OOE+OO O.OOE+OO 4.90E+07 O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 2.55E-01 O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO 5.72E+09 2.83E+09 O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
5.02E+09 O.OOE+OO 1.44E+08 O.OOE+OO O.OOE+OO O.OOE+OO 
1.54E+ll O.OOE+OO 3.12E+09 O.OOE+OO O.OOE+OO O.OOE+OO 
6.82E+04 O.OOE+OO 2.47E+03 O.OOE+OO O.OOE+OO O.OOE+OO 
1.18E+OO O.OOE+OO 4.37E-02 O.OOE+OO O.OOE+OO O.OOE+OO 
1.70E+02 O.OOE+OO 4.57E+OO O.OOE+OO O.OOE+OO O.OOE+OO 
1.47E-19 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
3.13E+04 O.OOE+OO 8.35E+02 O.OOE+OO O.OOE+OO O.OOE+OO 
1.36E-04 O.OOE+OO 3.82E-06 O.OOE+OO O.OOE+OO O.OOE+OO 

1.98E+03 

6.89E+05 
2.41E-03 

2.52E+10 

3.83E+06 

6.11E+05 
5.51E+08 

1.38E+06 

9.88E+06 
7.23E-01 

8.24E+06 

6.98E+07 
2.05E+07 

2.82E+07 
1.62E+08 

9.07E+07 

7.54E+OO 

9.57E+05 
1.20E+ 10 

1.20E+07 
l.OlE-09 

5.99E+07 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 
O.OOE+OO 

1.46E+08 

O.OOE+OO 
O.OOE+OO 

1.03E+08 

1.26E+09 

8.07E+04 
1.27E+01 

2.35E+05 

4.91E-16 

2.25E+06 

2.59E+OO 
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POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

ODCM 
Revision 19 
TOTAL REWRITE 

TABLE 10-11 
Rio,GRASS-COW-MILKPATHWAYDOSEFACTORS-INFANT 

7.78E+07 

1.52E+02 

4.46E+09 

O.OOE+OO 

6.32E+03 

1.49E-02 

4.84E+08 5.31E+08 

4.14E+10 3.43E+09 O.OOE+OO 1.30E+10 5.26E+09 1.51E+08 
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POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

TABLE 10-11 

ODCM 
Revision 19 
TOTAL REWRITE 

R;o, GRASS-COW -MILK PATHWAY DOSE FACTORS -INFANT 

)&•~ ·· I· .~,: · k. · ::r .·· · ·· · 51 !i&~~r;·i~t:I,ri • . . . . : •• ''"'' ., < . l'~:c/:~~ ',' >>· > c : j~f,: :•;J< ':,• \Y;:(.' 5:C,: I< ~ . 
I2:RONR~ • ·• . . IVIKK': T,Jlfl ~ ... . THYROID ·· .. ··· . 

····· •~ .. ~:.:~~ D::'lt.ill;ff. ~ ·.. ·· •:)'':" .. ;.~ ''" ~· ·.r; "· :''•": ,,. ,:···c·. · · · · t:+::.;:;<: •:>.: · ·~,. :· ''W;i;''·'~<~>• ·,~ ·..• ·• .~ 
, ,.·, u ,,, ·r.->..-..--,,, . .''- , 

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+01 4.01E+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 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+01 6.61E+04 7.54E+OO O.OOE+OO 1.92E+01 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+01 O.OOE+OO 5.06E+01 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+01 O.OOE+OO 8.52E+01 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+l0 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 1.84E+08 
Np-239 · 9.12E+OO 8.16E-01 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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POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

TABLE 10-12 

ODCM 
Revision 19 
TOTAL REWRITE 

Ria, GRASS-COW -MEAT PATHWAY DOSE FACTORS -ADULT 

2.66E+08 8.46E+08 3.82E+08 5.66E+08 O.OOE+OO 5.33E+08 
4.37E-06 l.OSE-05 9.58E-06 O.OOE+OO 6.34E-06 O.OOE+OO 6.39E-04 

O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
1.30E-01 1.18E-01 

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

O.OOE+OO O.OOE+OO 

Y-91 4.83E+05 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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POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

TABLE 10-12 

ODCM 
Revision 19 
TOTAL REWRITE 

R;0 , GRASS-COW-MEAT PATHWAY DOSE FACTORS- ADULT 

;~~i ~:~~~;l. ~~~,~~~~j?" ..• ··r Km l, #:· · ~ 
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 1.42E-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 1.29E+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-110m 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 l.OOE+03 1.72E+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 1.11E+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 1.64E+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 1.39E+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 

1.72E-07 8.02E-07 3.17E-07 6.80E-05 1.25E-06 O.OOE+OO 6.91E-07 
I-131 1.32E+06 1.88E+06 1.08E+06 6.17E+08 3.23E+06 O.OOE+OO 4.97E+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 4.65E-02 8.09E-02 2.47E-02 1.19E+01 1.41E-01 O.OOE+OO 7.27E-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 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 1.25E+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 1.86E+07 
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POJNT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

TABLE 10-12 

ODCM 
Revision 19 
TOTAL REWRITE 

Ria, GRASS-COW-MEAT PATHWAY DOSE FACTORS- ADULT 

5.60E+08 O.OOE+OO 3.32E+07 O.OOE+OO 1.28E+08 O.OOE+OO 4.02E+07 
6.52E-02 6.41E-03 3.54E-03 O.OOE+OO 2.00E-02 O.OOE+OO 1.32E+03 
3.48E+08 1.22E+08 2.30E+07 O.OOE+OO 1.73E+08 O.OOE+OO 3.15E+07 
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POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

TABLE 10-13 

ODCM 
Revision 19 
TOTAL REWRITE 

Rio, GRASS-COW -MEAT PATHWAY DOSE FACTORS- TEEN 

2 3 3 14 {m -mre .. Ci/s (mrem/yr per ,.ci/m for H and C)l 

~~li 2~i~~J, ,~~;&ifb~~~f~).f3~~;-~~~-
H-3 O.OOE+OO 1.60E+02 1.60E+02 1.60E+02 1.60E+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 1.58E-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 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 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 1.26E+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 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 1.26E+01 

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 1.64E+08 O.OOE+OO O.OOE+OO O.OOE+OO 1.87E+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+01 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 1.09E+04 O.OOE+OO O.OOE+OO O.OOE+OO 1.67E+08 
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POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

TABLE 10-13 

ODCM 
Revision 19 
TOTAL REWRITE 

Ria, GRASS-COW-MEAT PATHWAY DOSE FACTORS- TEEN 

2.90E+08 

O.OOE+OO 
4.93E+06 
2.64E+08 
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POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

TABLE 10-13 

ODCM 
Revision 19 
TOTAL REWRITE 

R;0 , GRASS-COW-MEAT PATHWAY DOSE FACTORS -TEEN 

NUc4!ri~ ;~:~i~NiB/ ... :.,.·.·,;-.~,~g~nv: ·~i~~~r~ 
"tf,¥ , : ,c;~ft!~4-:~, .. ·. ,:.~A~;;:c ·.::;:i!)L1J>;:~ 

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 1.18E+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+01 
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 1.73E+03 2.16E+02 O.OOE+OO 1.01E+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 1.52E+03 1.65E+03 9.91E+01 O.OOE+OO 9.72E+02 O.OOE+OO 5.97E+06 
Eu-152 1.47E+06 3.53E+05 3.11E+05 O.OOE+OO 1.64E+06 O.OOE+OO 1.30E+08 
W-187 4.60E-03 3.75E-03 1.31E-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 1.08E+08 O.OOE+OO 2.52E+07 
Np-239 5.70E-02 5.38E-03 2.99E-03 O.OOE+OO 1.69E-02 O.OOE+OO 8.65E+02 
Am-241 2.16E+08 8.26E+07 1.44E+07 O.OOE+OO 1.08E+08 O.OOE+OO 1.97E+07 
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POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

TABLE 10-14 

ODCM 
Revision 19 
TOTAL REWRITE 

Rio, GRASS-COW -MEAT PATHWAY DOSE FACTORS - CHILD 

Sr-92 

Y-90 

Y-91m 

Y-91 
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POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

TABLE 10-14 

ODCM 
Revision 19 
TOTAL REWRITE 

Rio, GRASS-COW -MEAT PATHWAY DOSE FACTORS- CHILD 

Cs-134m 

Cs-136 3.97E+06 1.09E+07 7.07E+06 O.OOE+OO 5.82E+06 8.67E+05 3.84E+05 
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POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

TABLE 10-14 

ODCM 
Revision 19 
TOTAL REWRITE 

Ria, GRASS-COW-MEATPATHWAYDOSEFACTORS-CHILD 

O.OOE+OO ·o.OOE+OO 

O.OOE+OO O.OOE+OO O.OOE+OO 
1.68E-03 O.OOE+OO 1.39E+02 

O.OOE+OO O.OOE+OO 
5.22E+02 O.OOE+OO 
6.40E-04 O.OOE+OO 

O.OOE+OO 

Np-239 

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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POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

TABLE 10-15 

ODCM 
Revision 19 
TOTAL REWRITE 

Rio, PRODUCE PATHWAY DOSE FACTORS- ADULT 

c ~ •.· •• ··•••••• {m -~~e~~~~s.~~~~~vr ~~~~~~~fo: ~-3~~d C)}. .·-·· 
'' ~ ' ''~;;~_'{~ . , . '"> 'i'"''~c ;, "''"•~ccc<·c-' ,.,, .• " J'£tG t~~~' NUCLIDE" :uuNE =~EIYER : 'F om .·K:ID•Niii:Y> 1

• HI""' 

, •... < ··"'· : .......... ·.:CJ ~+,,·· .. ··· ...•• -. [.;;J:r·>: Y~~-~"'··· ···.······· ····"·· - , 

2 3 3 14 

• > .... ·i[t ;>. ··.>~icc· :Cc~f ' ;,> ·, •· ... · L j; : ;z>i . .;~, : ...... 
H-3 O.OOE+OO 1.60E+03 1.60E+03 1.60E+03 1.60E+03 1.60E+03 1.60E+03 

C-14 7.72E+05 1.54E+05 1.54E+05 1.54E+05 1.54E+05 1.54E+05 1.54E+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 1.24E+09 1.24E+09 1.24E+09 1.24E+09 1.24E+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 1.92E+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 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 1.58E+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 1.43E+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 1.07E+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 6.11E-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 1.15E+09 

Sr-90 6.64E+11 O.OOE+OO 1.33E+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 1.83E-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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POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

TABLE 10-15 

ODCM 
Revision 19 
TOTAL REWRITE 

Rio, PRODUCEPATHWAYDOSEFACTORS -ADULT 
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POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

TABLE 10-15 

ODCM. 
Revision 19 
TOTAL REWRITE 

R;0 , PRODUCE PATHWAY DOSE FACTORS- ADULT 

5.10E+OO 
2.67E+10 O.OOE+OO 4.87E+09 
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POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

TABLE 10-16 

ODCM 
Revision 19 
TOTAL REWRITE 

Rio, PRODUCE PATHWAY DOSE FACTORS -TEEN 

O.OOE+OO O.OOE+OO 

1.70E+10 1.20E+09 5.77E+08 O.OOE+OO 

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

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

4.85E+08 1.68E+09 7.86E+08 O.OOE+OO 
Zn-69m 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 
As-76 9.62E-11 3.04E-10 1.48E-09 8.88E-11 

O.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO 

O.OOE+OO 8.49E-04 

Y-91m 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 1.74E+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 

OFFSITE DOSE CALCULATION MANUAL 

TABLE 10-16 

ODCM 
Revision 19 
TOTAL REWRITE 

Rio, PRODUCE PATHWAY DOSE FACTORS- TEEN 

O.OOE+OO O.OOE+OO O.OOE+OO 
4.23E+OO O.OOE+OO 

O.OOE+OO O.OOE+OO 

1.84E+08 
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POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

TABLE 10-16 

ODCM 
Revision 19 
TOTAL REWRITE 

Rio, PRODUCE PATHWAY DOSE FACTORS- TEEN 
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POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

TABLE 10-17 

ODCM 
Revision 19 
TOTAL REWRITE 

R;0 , PRODUCE PATHWAY DOSE FACTORS - CHILD 

O.OOE+OO 

4.29E+05 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 

Page 108 of 279 REFERENCE USE 



POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

TABLE 10-17 

ODCM 
Revision 19 
TOTAL REWRITE 

Ria, PRODUCE PATHWAY DOSE FACTORS -CHILD 

Cs-134 1.46E+10 

Cs-134m O.OOE+OO 
Cs-1 3.33E+07 
Cs-137 2.34E+10 
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POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

TABLE 10-17 

ODCM 
Revision 19 
TOTAL REWRITE 

R;0 , PRODUCE PATHWAY DOSE FACTORS- CHILD 

Am-241 9.38E+10 4.20E+10 6.69E+09 O.OOE+OO 4.09E+10 
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P01NT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

TABLE 10-18 

ODCM 
Revision 19 
TOTAL REWRITE 

R;0 , LEAFY VEGETABLE PATHWAY DOSE FACTORS- ADULT 

Y-91 1.22E+06 O.OOE+OO 3.28E+04 O.OOE+OO O.OOE+OO · O.OOE+OO · 6.74E+08 
Y-92 8.96E-Ol O.OOE+OO 2.62E-02 O.OOE+OO O.OOE+OO O.OOE+OO 1.57E+04 
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POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

TABLE 10-18 

ODCM 
Revision 19 
TOTAL REWRITE 

Rio, LEAFY VEGETABLE PATHWAY DOSE FACTORS- ADULT 
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POlNTBEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

TABLE 10-18 

ODCM 
Revision 19 
TOTAL REWRITE 

Rio, LEAFY VEGETABLE PATHWAY DOSE FACTORS- ADULT 

1.43E+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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POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFF SITE DOSE CALCULATION MANUAL 

TABLE 10-19 

ODCM 
Revision 19 
TOTAL REWRITE 

R;0 , LEAFY VEGETABLE PATHWAY DOSE FACTORS- TEEN 

2 3 3 14 {m -mrem/yrl!_er ~_Ci/s (mrem/yr per J!Cilm for H-3 and C)} 

~ _,,_ - ' ,-_, - --~ -- < :\-' <f;v; .~ ~~ J:.fL:\- C 
·N·· < L~-~~~~r ... ~!DJI~~- ·"~\~~~;·~~ ~Et!&~-t .V~ ;,;~~,B!~t ;~<:-IIUNil~~ ~ • ~-~: - .-~-
-"='·''"'""' .. ; = _-._ ""~:iJL

1 

-<-1-le++:!*<·t>.; . ;_T -__ - c i;¥~-. •,-; -- ··•··-· '~ 
H-3 O.OOE+OO 1.73E+02 1.73E+02 1.73E+02 1.73E+02 1.73E+02 1.73E+02 
C-14 1.17E+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 1.85E+08 1.85E+08 1.85E+08 1.85E+08 1.85E+08 1.85E+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 1.06E+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 1.69E+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 1.39E+01 2.47E+OO O.OOE+OO 1.76E+01 O.OOE+OO 9.16E+02 
Fe-55 2.60E+07 1.84E+07 4.30E+06 O.OOE+OO O.OOE+OO 1.17E+07 7.98E+06 
Fe-59 3.16E+07 7.37E+07 2.85E+07 O.OOE+OO O.OOE+OO 2.32E+07 1.74E+08 
Co-57 O.OOE+OO 1.60E+06 2.67E+06 O.OOE+OO O.OOE+OO O.OOE+OO 2.98E+07 
Co-58 O.OOE+OO 5.74E+06 1.32E+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 1.50E+09 1.06E+08 5.07E+07 O.OOE+OO O.OOE+OO O.OOE+OO 1.68E+07 
Ni-65 5.51E+01 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 1.75E+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 1.05E-05 7.35E-07 O.OOE+OO 6.86E-06 O.OOE+OO 1.93E-05 
As-76 1.36E+05 4.29E+05 2.09E+06 1.26E+05 5.03E+05 1.26E+05 1.89E+07 
Br-82 O.OOE+OO O.OOE+OO 1.37E+06 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Br-83 O.OOE+OO O.OOE+OO 3.01E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Br-84 O.OOE+OO O.OOE+OO 2.01E-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 1.21E+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+10 O.OOE+OO 1.66E+09 O.OOE+OO O.OOE+OO O.OOE+OO 2.57E+09 
Sr-91 2.83E+05 O.OOE+OO 1.12E+04 O.OOE+OO O.OOE+OO O.OOE+OO 1.28E+06 
Sr-92 3.86E+02 O.OOE+OO 1.65E+01 O.OOE+OO O.OOE+OO O.OOE+OO 9.84E+03 
Y-90 1.24E+04 O.OOE+OO 3.34E+02 O.OOE+OO O.OOE+OO O.OOE+OO 1.02E+08 
Y-91m 4.41E-09 O.OOE+OO 1.69E-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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POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

TABLE 10-19 

ODCM 
Revision 19 
TOTAL REWRITE 

Ria, LEAFY VEGETABLE PATHWAY DOSE FACTORS- TEEN 

9.15E+06 

Cs-137 8.56E+08 1.14E+09 3.97E+08 O.OOE+OO 3.88E+08 1.51E+08 1.62E+07 
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POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

TABLE 10-19 

ODCM 
Revision 19 
TOTAL REWRITE 

R;0 , LEAFY VEGETABLE PATHWAY DOSE FACTORS- TEEN 
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POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

TABLE 10-20 

ODCM 
Revision 19 
TOTAL REWRITE 

R;0 , LEAFY VEGETABLE PATHWAY DOSE FACTORS -CHILD 

Rb-88 

Rb-89 

Sr-89 

5.68E+04 

4.44E-02 O.OOE+OO O.OOE+OO 4.48E+04 
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POJNT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFF SITE DOSE CALCULATION MANUAL 

TABLE 10-20 

ODCM 
Revision 19 
TOTAL REWRITE 

Rio, LEAFY VEGETABLE PATHWAY DOSE FACTORS -CHILD 

~,BONE . "'·"'' IBIIl"' :i:i.;,!C.•··~··· ... , ...• ,~ · :~f~i· .. ~ ······~~~~ . ·I>'~ e1 ~~· :'.:~'f~t£1· < 1~;:-.e~./~-;c.~ ·>L.\FZ · ,::,.::< ···~.. · ;!JNG(. · ··.· · ·.··· 
·c,, ·: ! .'·>'<·-• . > ·y: If~·.··. ·:. : -; . ~··> .•:;:>::'• ·' 

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 1.31E+05 O.OOE+OO 9.54E+07 
Zr-97 5.61E+02 8.11E+01 4.78E+01 O.OOE+OO 1.16E+02 O.OOE+OO 1.23E+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 1.65E+07 O.OOE+OO 6.40E+06 
Tc-99m 4.67E+OO 9.16E+OO 1.52E+02 O.OOE+OO 1.33E+02 4.65E+OO 5.2iE+03 
Tc-99 9.16E+06 1.02E+07 3.66E+06 O.OOE+OO 1.20E+08 9.00E+05 1.07E+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+01 O.OOE+OO 3.27E+01 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 1.02E+05 O.OOE+OO 4.75E+05 O.OOE+OO 7.39E+06 
Ag-110m 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 1.22E+06 4.17E+08 
Sn-117m 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 1.38E+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 1.30E-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 1.30E+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 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+10 1.08E+08 O.OOE+OO 5.84E+06 
I-132 4.15E+01 7.62E+01 3.50E+01 3.54E+03 1.17E+02 O.OOE+OO 8.97E+01 
I-133 1.76E+06 2.18E+06 8.23E+05 4.04E+08 3.63E+06 O.OOE+OO 8.77E+05 
I-134 7.10E-05 1.32E-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 1.01E+09 1.67E+09 3.51E+08 O.OOE+OO 5.16E+08 1.85E+08 8.98E+06 
Cs-134m 1.06E+01 1.57E+01 1.02E+01 O.OOE+OO 8.26E+OO 1.37E+OO 1.98E+01 
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 1.55E+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-11 5.99E-12 3.65E-11 
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Rio, LEAFY VEGETABLE PATHWAY DOSE FACTORS -CHILD 
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R;0 , GROUND PLANE PATHWAY DOSE FACTORS 

~fu~i-
2 Fl r per JlCils 

lli>'Ji:OT-A:Ll-:~ 

,8" 7 ~ r,~:il 
H-3 O.OOE+OO Y-90 4.49E+03 I-132 1.24E+06 

C-14 O.OOE+OO Y-91m l.OOE+05 I-133 2.45E+06 

F-18 7.87E+05 Y-91 1.07E+06 I-134 4.47E+05 

Na-22 2.00E+10 · Y-92 1.81E+05 I-135 2.51E+06 

Na-24 1.19E+07 Y-93 1.85E+05 Cs-134 6.88E+09 

Sc-46 1.65E+09 Zr-95 2.45E+08 Cs-134m 3.19E+04 

P-32 O.OOE+OO Zr-97 2.94E+06 Cs-136 1.51E+08 

Cr-51 4.66E+06 Nb-95 1.36E+08 Cs-137 1.03E+10 

Mn-54 1.38E+09 Nb-97 3.37E+05 Cs-138 3.59E+05 

Mn-56 9.04E+05 Mo-99 3.99E+06 Ba-139 1.07E+05 

Fe-55 O.OOE+OO Tc-99m 1.84E+05 Ba-140 2.05E+07 

Fe-59 2.72E+08 Tc-99 3.02E+06 Ba-141 4.18E+04 

Co-57 3.18E+08 Tc-101 2.04E+04 Ba-142 4.49E+04 

Co-58 3.79E+08 Ru-103 1.08E+08 La-140 1.93E+07 

Co-60 2.16E+10 Ru-105 6.37E+05 La-142 7.36E+05 

Ni-63 O.OOE+OO Ru-106 4.27E+08 Ce-141 1.37E+07 

Ni-65 2.97E+05 Rh-105 1.15E+06 Ce-143 2.32E+06 

Cu-64 6.07E+05 Ag-110m 3.44E+09 Ce-144 6.97E+07 

Zn-65 7.46E+08 Sn-113 2.50E+07 Pr-143 O.OOE+OO 

Zn-69m 2.41E+06 Sn-117m 2.09E+07 Pr-144 1.84E+03 

Zn-69 O.OOE+OO Sb-122 1.21E+07 Nd-147 8.40E+06 

As-76 4.74E+06 Sb-124 1.05E+09 Eu-152 2.98E+10 

Br-82 3.83E+07 Sb-125 4.27E+09 W-187 2.36E+06 

Br-83 4.90E+03 Te-125m 1.55E+06 U-235 5.72E+09 

Br-84 2.03E+05 Te-127m 9.17E+04 U-238 2.13E+07 

Br-85 O.OOE+OO Te-127 3.00E+03 Np-239 1.71E+06 

Rb-86 8.99E+06 Te-129m 1.98E+07 Am-241 1.05E+09 

Rb-88 3.29E+04 Te-129 2.62E+04 

Rb-89 1.23E+05 Te-13Jm 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 1.72E+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 ofthis analysis is to demonstrate if the 
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 N.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. Because the land area around PBNP is used primarily for 
farming and dairy operations, sampling of vegetation is conducted to detect 
changes in radiological conditions at the base of the food chain. Sampling of 
area-produced milk is conducted because dairy farming is a major industry in 
the area. 

Water, periphyton, and fish are analyzed to monitor radionuclide levels in 
Lake Michigan in the vicinity of PBNP. Periphyton, attached algae, along 
with lake water samples, provide a means of detecting changes which may 
have a potential impact on the radionuclide concentrations in Lake Michigan 
fish. 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, algae, 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 radioanalyticallaboratory. 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, signs and dates the cover page, 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 -1 02-1001). 
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Pursuant toTS 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 N.B.2 and N.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 Environmental 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 ofthe 
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 
an9. 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 maint~ined, 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 via the 
Corrective Action Program (CAP) and notifying 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 ofPBNP'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 Protectimi 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 ofPBNP. 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 A voidance 

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 = 
l = 

LJT = 

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. A void 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 
defmed by the formula: 

LLD 
4.66Sb 

[12-1] = 
E XV X 2.22 X Y X e-ilLIT 

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 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 if the measured concentration of 
a detected radionuclide is greater than 25% of the notification levels. 
For those radionuclides with LLDs in excess of25% ofthe 
notification level, a weighted sum calculation needs to be performed 
only if the 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 ofthe anomalous result. Ifthe 
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. 
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The sampling frequency for the environmental media required by the 
PBNP REMP is found in Table 12-3. Included is algae which is not a 
NUREG-0472 requirement. 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. 
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. Gamnia isotopic analysis means the 
identification and quantification of gamma-emitting radionuclides that 
may be attributable to effluents from PBNP. Typically, this entails the 
scanning ofthe 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. 
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12.2.3 

12.2.4 

12.2.5 

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. A checklist is used. In addition, a 
State of Wisconsin air sampling data sheet is submitted with each sample 
obtained at Wisconsin air sampling locations serviced by PBNP personnel. 

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 

• Thermo luminescent Dosimeters (TLDs) 

• Lake water 

• Well water 

• Air 

• Milk 

• Algae (part ofPBNP RETS,l0-3-1985) 

• Fish 

• Soil (not part ofPBNP RETS,10-3-1985) 

• Shoreline sediment (not part ofPBNP 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 

Vegetation 

Shoreline 
Sediment and 

Soil5 

Fish 

Milk 

Air Filter6 

pCi/g (wet) 

pCi/g (dry) 

pCi/g (wet) 

pCi/g (wet) 

pCi/L 
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SAMPLE TYPES AND ASSOCIATED LOWER LEVEL OF DETECTION (LLD) AND 
NOTIFICATIONLEVEL VALUES 

Lakewater 4 and 
Well Water 

pCi/L from 
Total Solids 

pCi/L 

Gross beta5 

Sr-89 

Sr-9 

4 

2,000 (200) 

10 (5) 

2 (1) 

100 

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 ll 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-ll 

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 of Lakeshore Road 

North Boundary 

Two Creeks Park, the TLD is on South side of Two Creeks Road, West of 
Lakeshore Road on first pole West of Lakeshore. 

Point Beach State Park- Water and shoreline sediment samples at 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 0; TLD located South of lighthouse on telephone pole. 

WPSC Substation on County Rt. V, about 0.5 Miles West ofHwy. 42 

G. J. Francar Property, at the SE Comer of the Intersection of Cty. B and 
Zander Road 

Nature Conservancy, East side ofHwy 42. Comer ofHwy 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 Comer of Site, N side of Nuclear Rd at junction with Twin Elder Rd. 

Pole #2124 23L17, Third pole (beside white underground cable post) 

N of old E-16 pole at residence 14427 Hwy 42 

North ofMishicot, Cty. Band Assman Road, NE Comer of Intersection 

NW of Two Creeks at Zander and Tannery Roads 

Reference Location, 17 miles SW, at Silver Lake College 

Local Dairy Farm just South of Site (R. Strutz) on Lakeshore and Irish Roads 

West Side ofHwy. 42, about 0.25 miles North of Johanek Road 

Greenfield Lane, about 4.5 Miles South of Site, 0.5 Miles East ofHwy. 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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RADIOLOGICAL ENVIRONMENTAL SAMPLING LOCATIONS 
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E-26b 
804 Tapawingo Road, Pole #2124 18L17, Second Pole East ofCty. B. North 
Side ofRoad 

E-27 NE corner of Saxonburg and Nuclear Roads, about 4 Miles WSW 

E-28 TLD on westernmost pole between the 2nd and 3rd parking lots, 

E-29 On microwave tower fence 

E-30 NE corner at Intersection ofTapawingo and Lakeshore Roads. 

E-31 
On utility pole North side ofTapawingo 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 

E-32 and about 1200 feet south ofTapawingo Road. The location is almost under 
the power lines between the blue and gray transmission towers. (The 
conduit/pole is about 6 feet high). 

E-33 Lake Michigan shoreline accessed from area just S ofKPS discharge. 

E-38 On tree West of former Retention Pond site 

E-39 On tree East of former Retention Pond site 

E-40 
Local Dairy Farm (Barta), about 1.8 miles north of intersection ofHighway 
42 and Nuclear Road (Manitowoc County), on West side of Highway 42. 

E-41 NW corner of Woodside and Nuclear Roads (Kewaunee Co.) 

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

E-43 West Side of Tannery Road South of Elmwood (7th pole South of Elmwood) 

E-TC Transportation Control; Reserved for TLDs 

E-F1a Field ENE ofE-14 

E-F1b Field immediately N of SBCC 

E-F2 Field NW comer of Nuclear Rd and Lakeshore Rd, 200' W of Lakeshore Rd 

E-F3 Field approximately 400ft. E ofE-15 

E-F4 Field approximately 600ft. W of Lakeshore Rd 

E-F5 Field approximately 600ft. W of Lakeshore Rd 

E-F6 Field approximately 600ft. W of Lakeshore Rd (West of marshy area) 

E-F7 
Field N ofiSFSI and W of Lakeshore Rd, approximately 600ft. W of 
Lakeshore Rd 

E-F8 Field approximately 400ft. NE ofE-31 

E-F9 Field approximately 1000 ft. W ofE-04 
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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 -16,-17,-18,-20,-22,-23,-
TLD 

Radiation Exposure 24,-25,-26,-27,-28,-29,-
30,'-31, -32, -38, -39, -41,-

-43 -TC 
E-01, -02,-03,-04,-06,-08, 

-09, -20, 

Vegetation E-Fla, -Flb, -F2, -F3, -F4,- Gamma isotopic~ 
(Crops) F5, -F6, -F7, -F8, -F9 analysis 

Algae E-05, -12 

Fish (edible portions 
E-13 

Well Water E-10 
Gamma isotopic 

H-3, Sr-89, 90 
Lake Water E-01,-05,-06,-33 

Gamma isotopic 

Milk E-11, -21, -40 

Air Filters 
E-01,-02,-03,-04, -08,-20 

Gamma isotopic 

Soil 

Shoreline Sediment E-01,-05,-06,-12, -33 Gamma isotopic 
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3x/yr as available 

lx/yr as available 

3x/yr as available 
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Quarterly (on 
composite particulate 

2x/yr 

2x/yr 
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RADIOACTIVE ENVIRONMENTAL SAMPLING LOCATIONS 
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FIGURE 12-2 
RADIOLOGICAL ENVIRONMENTAL SAMPLING LOCATIONS 
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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 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 of radioactivity 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 CPR 20.13 02-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 ofliquid 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 ofradionuclides 
to the atmosphere is monitored and controlled so that effluents to unrestricted 
areas conform to the dose objectives of Sections ll.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 
approp:date 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 Ito 10 CFR 50. 
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13.1.3 

Implementation ofthe RECP will keep average annual reieases of radioactive 
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 ofthe 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 CFR 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 7 5 mrem to the thyroid or 
25 mrem to the whole body or any 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. 

c. MajorChange 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 CFR Part 50.59; 

2. Information necessary to support the reason for the change; 

3. A description ofthe 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 

13.2.1 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 ofthis 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, 7.3.1 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 defmed by the term FUNCTIONAL
FUNCTIONALITY, EXCEPT 1(2) RE-212 Containment Noble 
Gas Monitor which is defmed 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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14.1 10 CFR Part 50, "Domestic Licensing of Production and Utilization Facilities," U.S. 
Nuclear Regulatory Commission, Washington DC. 

14.2 Regulatory Guide 1.109, "Calculation of Annual Doses to Man from Routine Releases of 
Reactor Effluents for the Purpose of Demonstrating Compliance with 10 CFR Part 50, 
Appendix I," U.S. Nuclear Regulatory Commission, Washington, DC. 

14.3 Regulatory Guide 1.113, "Estimating Aquatic Dispersion of Effluents from Accidental 
and Routine Reactor Releases for the Purpose oflmplementing Appendix I," U.S. 
Nuclear Regulatory Commission, Washington, DC. 

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 ofRadiological Effluent Technical Specifications for 
Nuclear, Power Plants," October 1978. 

14.6 NUREG-1301, "Offsite Dose Calculation Manual Guidance: Standard Radiological 
Effluent Controls for Pressurized Water Reactors," April1991. 

14.7 EPRI Technical Report 1021106 "Estimation ofCarbon-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 10CFR20, Appendix B, Table 2, Col2. The EMEC formula (Equation 9-3) is: 

Where: SOF = 
ci = 

MEC = 

}.: ci }.: ci 
EMEC = Ci or EMEC = SOF 

LMEC· l 

Sum offractions 
Annual average concentration of radionuclide "i" 
1 Ox the maximum effluent concentration from 1 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 )lCi/cc. The Nal 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 10CFR20, Appendix B, Table 2, Column 2. 

The EMEC is the maximum concentration allowed at the point of discharge. Therefore, in addition to a 
pep, 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 eire 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 eire water flow (243,000 gpm) and the maximum effluent release rate (Table 9-1). 
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TABLE A-2 
UID EFFLUENT RELEASES 
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LIQUID EFFLUENT CONCENTRATIONS 
. (The pure ~ emitters are highlighted) 
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TABLE A-3(CONT'D) 
LIQUID EFFLUENT CONCENTRATIONS 

The ~CF is based on the condition that the total summation of fraction or LSOF ::::; 1. 
Therefore, at the setpoint, the~ andy SOF fractions of the total SOF (LSOF) must satisfy the condition 

1 = SOFW 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 ~CF. Using the above Table A-3 SOF values, the 

~CF = SOFy/ LSOF = 5.95E-07/5.66E-05 = l.OSE-02. 

TABLEA-4 
BETA CORRECTED SETPOINTS 

Beta Corrected Set Point = EMEC x SF x j3CF 
MAX SF 

' 
~-Corrected 

Monitor GPM (CW/RR) • SP().lCilcc) 
1/2RE-229 22200 1.09E+01 1.14E-03 

1/2RE-219/222 200 1.22E+03 1.26E-01 
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-01 
1/2RE-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 ofRegulatory 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) 

Aio = 114000 X Mp X Uap XL BipDaioe-A.itp [B-1] 
i 

Where: A;o = Ingestion dose factor to the total body or any organ "o "for 
radionuclide "i" (mrem/hr per JLCi/mL) 

Mp = the mixing ratio (reciprocal of the dilution factor) at the 
point of harvest of aquatic food 
= 0.113 6 (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 kglyr for infant 
= 6.9 kg/yr for child 
= 16 kglyr for teen 
= 21 kglyr for adult (see RG 1.109, Table E-5 for 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 pCilkg} to the radionuclide 
concentration in water (pCi/l). (Likg, see RG 1.109, Table 
A-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 day -1 = 
tp = 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 
=0.5d 

114000 = conversion factor (pCiiJLCi * mLIL per hr/yr) 
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Irrigated Foods (Meat From Watered Cattle) 

Aio = 114000 X Mp X Uap X QAw X .I FrDaioe-J..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) 

FJ = 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 day-1 

ts = time from slaughter to consumption (d) 
= 20d (see RG 1.109, Table E-15) 

114000 = conversion factor (pCiiJ1Ci * mL/L per hrlyr) 

[B-2] 
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Irrigated Foods (Milk From Watered Cattle) 

Aio = 114000 X Mp X Uap X QAw XL FmDaioe-A.itf 
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 as 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 cow's milk consumption rate for age group "a" and 
milk pathway "p" (L/yr) 
= 330 L/yr for infant 
= 330 L/yr for child 
= 400 L/yr 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 1.109, 
Table E-1) 

Daio = ingestion dose factor for age group "a", radionuclide "i" 
and organ "o ",from Reg. Guide 1.109 (mremlpCi) 

A.i the radioactive decay constant of nuclide "i", in day -1 = 
ft = transport time from pasture to cow, to milk, to receptor (d) 

= 2 d (see RG 1.109, Table E-15) 

114000 = conversion factor (pCi/ J1Ci * mL/L per hr/yr) 

[B-3] 
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Potable Water 

Where: 

Aio = 114000 X Mp X Ua.p 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 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 (mremlpCi) 

A; = radioactive decay constant of nuclide "i ", in day-1 

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 (pCiiJLCi * mL/Lper hr/yr) 

[B-4] 
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Shoreline Deposits 

Where: 

A- = 114£ + 07 X M XU X W X"" Y.D·e-A.itp (1- e-A.itb) w · p ap L t t 

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 = 

Ti = 
Di = 

A.i = 
tp = 

tb = 

1.14E+07 = 

= 0 hr/yr for infant 
= 14 hr/yr for child 
= 67 hr/yr for teen 
= 12 hrlyr 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 pCilm2

, taken from Table E-6 ofRG 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) 
conversion factor (pCi/ JLCi * mL/kg per 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 :::;soo 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 av,erage 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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TABLE C-1 
NOBLE GAS RELEASES 

TABLE C-2 
AVERAGE ANNUAL DISCHARGE VOLUME 

1/2RE-215 CAE 10 2.832E+05 1.488E+ll 

1RE-212 

2RE-212 

112RE-212 

RE-224 

RE-221 

Total 1.823E+15 
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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 ~how 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 cfin. 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 

Inserting these calculated totals and this sector's x!Q into equations 10-1 and 10-2, the equations reduce 
to the following: 

SPTB (1.1Ci/cc) = 1.79E+02AFNF and SPs (J.ICi/cc) = 6.95E+03AFNF , or 
SPTB (J.!Ci/cc) = 1.95E-04AF/(VF * x/Q) and SPs (J.ICi/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. RE-214 & SPING 23 66,400 6.75E-04 
2. Combined Air Ejector RE-225 20 2.24E+OO 
3. Unit Air Ejector 1(2) RE-215 10 1.79E+01 
4. Containment Purge Vent 

Unit 1 1RE-212 & SPING 21 25,0001 7.17E-03 

Unit2 2RE-212 & SPING 22 38,0002 4.72E-03 

Unit 1(2) 1(2) RE-212 353 5.12E+OO 

5. Gas Stripper Building RE-224 13,000 3.45E-03 
6. Drumming Area Vent RE-221 & SPING 24 43,100 1.04E-03 

Note 1: Two fans of12,500 cfm 

Note 2: Two fans+ 13,000 cfm from gas stripper bldg. 

Note 3: Forced vent with nominal35 cfm flow rate 

Page 162 of279 REFERENCE USE 



POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

APPENDIXD 

ODCM 
Revision 19 
TOTAL REWRITE 

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 ofRegulatory 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 = 1 X 106 
X BRa X Daio [D-1] 

Where: Rio = dose factor for each identified radionuclide "i" and organ 
"o" (m2 (mrem/yr) per f.iCi/s or mrem/yr per f.iCi/m 3

) 

BRa = breathing rate for age group "a"(m3/yr): 
Infant= 1400 
Child= 3700 
Teen & Adult = 8000 (from RG 1.1 09, 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 (mremlpCi) 

1E+06 = Conversion factor for pCi/j1Ci 

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 11.- [D-2] 

! 

Where: Rio = dose factor for each identified radionuclide "i" and organ 
"o" (m2(mrem/yr) per pCi/s or mrem/yr per pCi/m3

) 

Daio = ground plane dose factor for age group "a", radionuclide 
"i" and organ "o", (see RG 1.109, Table E-6) 

A.i = the radioactive decay constant of nuclide "i ", in sec -I 
tb = the exposure period (sec) 

= 4.73E+08 s (15 yr,from RG 1.109, App. C.1) 
8. 76E+09 = conversion factor for pCi/j1Ci and hr/yr 

SF = shielding/actor 
= 0. 7 (see RG 1.1 09, 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 = 1£ + 06 X QfUapFmDaioe-A.itf X {fvfs + (1- [pfs)e-A.ith} 

X {r(1 -e-Cili+Aw)te + BivC1- e-Aitb)} 

Yv(il.i + il.w) P il.i 
R;0 = dose factor for each identified radionuclide "i" and 

organ "o" (m2-mrem/yr per pCi/s or mrem/yr per 
pCi/m3

) 

Qf = 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" (L/yr) 
= 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-5 for 
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",fromReg. Guide 1.109 
(mrem/pCi) 

A; = decay constant ofradionuclide "i" (sec-1
) 

lj = transport time from pasture to cow, to milk, to receptor 
(sec) 
= 1.73E+05 s (2d,fromRG 1.109, TableE-15) 

h = fraction of the year that cow is on pasture · 
= 0.5 (from June 1976 Appendix I submittal to NRC. 
Doc. Number NPC-27397) 

is = 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 radioiodines 
= 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. 73E-07 sec-1 (corresponds to a 14 day half-life, see 
RG 1.109, TableE-15) 

Yv = agricultural productivity by unit area of pasture feed 
grass (kglm2

) 

= 0.7 kg/m2(fromRG 1.109, TableE-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 ofradionuclide 
"!", 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+8s(15yr,seeRG1.109, TableE-15) 

P = effective surface density for soil (kg/m2
) 

= 240 kg/m2 (see RG 1.109, Table E-15) 
1E+06 = conversion factor for pCii11Ci. 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 -il·t 
Ria= 1E + 09 X 0.

16 
X FmUap X p X QtDaiae t h 

Rio = dose factor for radionuclide "i" (C-14) and organ "o" 
(mrem/yr per pCi/m3

) 

0.11 = fraction of plant mass that is natural carbon (see RG 
1.1 09, 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, 
TableE-1) 

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 L/yr for teen 
= 310 L/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, 
TableE-11) 

Qf = cow feed consumption rate (kg/d) 
=50 kgld (from RG 1.109, Table E-3) 

1E+09 = conversion factor for pCi/J.J.Ci and glkg. 
Ai = decay constant oj'radionuclide "i"(C-14) (sec-1

) 

= 3.84E-12 sec-
th = time interval between harvest and consumption of food 

(sec) 
= 1.73E+05 sec (2 d, RG 1.109, TableE-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 HFmUapQfDaiae 1 h [D-5] 

Where: Rio = dose factor for radionuclide ''i'' (H-3) and organ "o" 
(mrem/yr per f-lCi!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" (L/yr) 
= 330 L/yr for irifant 
= 330 L/yr for child 
= 400 Llyr for teen 
= 310 L/yr for adult (from RG 1.109, Table E-5 for 
maximum exposed individual) 

QJ = 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-ll) 

1E+09 = conversion factor for pCi/pCi and glkg. 
i\i = decay constant ojradionuclide "i"(H-3) (sec-1

) 

= 1. 78E-09 sec-
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 = lE + 06 X QtUapFfDaioe-A.its X {fpfs + (1- fvfs)e-A.ith} 

X {r(l- e-CA.i+Aw)te + Biv(l- e-A.itb)} 

Yv(A.i + Aw) PA.i 
R;0 = dose factor for each identified radionuclide "i" and 

organ "o" (m2(mrem/yr) per f-iCi/s or mrem/yr per 
f-iCi/m 3

) 

Qf = 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 1.1 09, 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 (mremlpCi) 

i\; = decay constant ofradionuclide "i" (sec-1
) 

ts = time from slaughter to consumption (sec) 
= 1. 73E+06 s (20d, see RG 1.109, Table E-15) 

,[p = fraction of the year that cow is on pasture 
= 0.5 (from June 1976 Appendix I submittal to NRC 
Doc. Number NPC-27397) 

Is = fraction of cow feed that is pasture grass while cow is 
on pasture 
= 0. 5 (from June 197 6 Appendix I submittal to NRC 
Doc. Number NPC-27397) 

r = fraction of deposited activity retained on cow's feed 
grass 
= 1. 0 for radioiodines 
= 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. 7 3E-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(fromRG 1.109, TableE-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) 

Biv = concentration factor for the uptake ofradionuclide 
"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 pCi/JJ.Ci 
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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 = 1£ + 09 X O.l

6 
X F1Uap X p X Q1Daioe t s 

Where: Rio = dose factor for radionuclide "i" (C-14) and organ "o" 
(mrem/yr per f.J.Ci/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) 

FJ = stable element transfer coefficients (d/kg, see RG 1.109, 
TableE-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 1.1 09, 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) (fromReg. Guide 1.109, 
Table E-ll) 

Qf = cow feed consumption rate (kg/d) 
=50 kg/d (from RG 1.109, Table E-3) 

1E+09 = conversion factor for pCilj.lCi and glkg. 
Jti = decay constant oj radionuclide "i "(C-14) (sec-1

) 

= 3.84E-12 sec-
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 . -il·t 
Rio= 1£ + 09 X 0.75 X HFrUapQfDaioe l s [D-8] 

Where: R;o = dose factor for radio nuclide "i" (H-3) and organ "o" 
(mrem/yr per pCi!m3

) 

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, 

H = 
C-9) 
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 kglyr for infant 
= 41 kglyr for child 
= 65 kglyr for teen 
= 110 kglyr for adult (see RG 1.109, Table E-5 for 
maximum exposed individual) 

Qf = 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 ", (mremlpCi) (from Reg. Guide 
1.109, Table E-ll) 

1E+09 = conversion factor for pCi/J..I.Ci and glkg. 
A; = decay constant ojradionuclide "i"(H-3) (sec-1

) 

= 1. 78E-09 sec-
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(l- e-CA.i+Aw)te) B· ( 1 _ e-A.itb )} . 

Rio = 1E + 06 x Yv(lli + llw) + zv p lli fuUapDaioe-A.ith [D-9] 

Where: Rio = dose factor for each identified radionuclide "i" and organ 
"o" (m2-mrem/yr per J1Cils or mrem/yr per J1Ci/m3

) 

r = fraction of deposited activity remaining on crops 
= 1. 0 for iodines 
= 0.2for other particulates (from RG 1.109, Table E-15) 

Ai = decay constant ofradionuclide "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 1.1 09, 
Table E-ll) 

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) 

Yv = agricultural productivity by unit area (kglm2
) 

=2.0kg/m2 (fromRG1.109, TableE-15) 
p = effective suiface density of soil (kg/m2

) 

= 240 kglm2 (from RG 1.109, Table E-15) 
Biv = concentration factor for uptake of radionuclide "i "from 

soil by edible parts of crops (pCilkg, seeRG 1.109, Table 
E-1) 

h = 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) 

1E+06 = conversion factor for pCi/JlCi. This factor is reduced by 
50% to 5E+05 for 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 -il.·t 
Rio = 1E + 09 X 

0
_
16 

X [gUap X p X Daioe t h 

R;0 = dosefactorforradionuclide "i" (C-14) and organ "o" 
(mrem/yr per f.lCi!m 3

) 

0.11 = fraction of plant mass that is natural carbon (see RG 
1.1 09, eqn. C-8 

0.16 = concentration of natural carbon in the atmosphere (see 
RG 1.109, eqn, C-8) 

/g = 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 kglyr for child 
= 630 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 ", (mremlpCi) (from Reg. Guide 1.109, 
Table E-ll) 

1E+09 = conversion factor for pCi/J1Ci and g/kg. 
A; = decay constant oj radionuclide "i "(C-14) (sec-1

) 

= 3.84E-12 sec-
th = time interval between harvest and consumption of food 

(sec) 
= 5.18E+06 sec (60 d, RG 1.109, Table E-15) 

[D-10] 
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For hydrogen-3, the produce Rio dose factor is calculated according to the following equation: 

0.5 -il·t 
Rio = 1E + 09 X 0.75 X H f9 UapDaioe 'h 

Where: Rio = dose factor for radionuclide "i" (H-3) and organ "o" 
(mrem/yr per pCi/m3

) 

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. En tier (1980), Health Physics 
39:318-320) 

/g = 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) 

Daio = ingestion dose factor for age 'group "a", radionuclide "i" 
(H-3) and organ "o ", (mremlpCi) (from Reg. Guide 
1.109, Table E-ll) 

1E+09 = conversion factor for pCi/f.J.Ci and g/kg. 
.Ai = decay constant ojradionuclide "i"(H-3) (sec-1

) 

= 1.78E-09 sec-
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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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: Rio = dose factor for each identified radionuclide "i" and organ 
"o" (m2 -mrem/yr per f.JCi/s or mrem/yr per f.JCi/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) 

Ai = decay constant ofradionuclide "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 ",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) 

Yv = agricultural productivity by unit area (kg!m2
) 

=2.0kg/m2 (fromRG1.109, TableE-15) 
p = effective surface density of soil (kg/m2

) 

= 240 kg/m2 

Biv = concentration factor for uptake of radionuclide "i "from 
soil by edible parts of crops (pCi/kg) (from RG 1.1 09, 
Table E-1) 

/g = 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 kglyr for teen 
= 64 kg/yr for adult (from RG 1.109, Table E-5 for 
maximum exposed individual) 

1E+06 = conversion factor for pCi/fJ.Ci. This factor is reduced by 
50% to 5E+05 for 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 -il·t [D-13] Rio= 1E + 09 X-- X f9 UapDaioe t h 
0.16 

Where: Rio = dose factor for radio nuclide "i" (C-14) and organ "o" 
(mrem/yr per JLCi/m3

) 

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) 

h = fraction of ingestion taken from the garden of interest 
= 1.0 (fromNUREG-0133,page 36) 

Uap = annual produce usage rate (consumption rate) for age 
group "a" and produce pathway "p " (kglyr) 
= 0 kg/yr for infant 
= 26 kg/yr for child 
= 42 kg/yr for teen 
= 64 kg/yr for adult (from RG 1.1 09, Table E-5 for 
maximum exposed individual) 

Daio ingestion dose factor for age group "a", radionuclide ((oJJ = l 

and organ "o ", (mrem/pCi) (from Reg. Guide 1.1 09, 
Table E-ll) 

1E+09 = conversion factor for pCi/fJ.Ci and g/kg. 
il.i = decay constant o/ radionuclide "i "(C-14) (sec-1

) 

= 3.84E-12 sec-
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 -A.·t 
Rio = 1E + 09 X 0.75 X H {gUapDaioe t h [D-14] 

Where: Rio = dose factor for radionuclide "i" (H-3) and organ "o" 
(mrem/yr per p.Ci!m3

) 

0.75 = fraction of plant mass that is water (see RG I.I09, eqn. 
C-9) 

0.5 = ratio of tritium concentration in plant waer to tritium 
concentration in atmospheric water (see RG I.I09, eqn, 
C-9) 

H = absolute humidity at the location of interest (g/m3
) 

= 5.5 g!m3 (from E. L. Entier (I980), Health Physics 
39:3I8-320) 

h = fraction of ingestion taken from the garden of interest 
= I.O (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 
= 26 kg/yr for child 
= 42 kg/yr for teen 
= 64 kg/yrforadult (fromRG I.I09, TableE-5for 
maximum exposed individual) 

Daio = ingestion dose factor for age group "a", radionuclide "i" 
(H-3) and organ "o ", (mrem/pCi) (from Reg. Guide 
I.I09, Table E-11) 

IE+09 = conversion factor for pCi/J.J.Ci and g/kg. 
Ai = decay constant oj radionuclide "i "(H-3) (sec-1

) 

=I. 78E-09 sec-
th = time interval between harvest and consumption of food 

(sec) 
= 8.64E+04 sec (I d, RG I.I09, TableE-I5) 
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DERIVATION OF DILUTION FACTORS USING REGULATORY GUIDE 1.113 

E.1 Liquid Effluent Dilution Factor Calculations 

E.l.l Methodology 

The dilution factors used for calculating the doses from liquid effluent released to Lake 
Michigan were calculated using the methodology ofRegulatory 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 ofthe 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 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 
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SURF ACE DILUTION FACTORS FOR LIQUID EFFLUENTS IN A LARGE LAKE 

NOTE 1: These values were calculated using the equation described in Section 5.2 of the 
PBNP FSAR and the following values: 

Ey 

Ez 

u 
Ys 

900 cm2/sec Zs 

2 cm2/sec d 
12.2 em/sec h 
152.5 meters b 

Discharge rate 

0 meters 
10 meters 
10 meters 
305 meters 
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 D 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 ofthe lake is 168.8 meters. This calculation used the following 
formula: 

Where: O'y = 

By = 

X = 

u = 

U = J2 X Ey X X 
y u 

Standard deviation of the radionuclide concentration in 
they direction 
Lateral turbulent diffusion coefficient (cm2 /sec) 
= 900 cm2 /sec 
Downstream distance (em) 
=1.93E+06 em 
Current (em/sec) 
= 12.2 em/sec 

[E-1] 

At distances ofO.lcr, 0.2cr, etc. offthe plume centerline, the dilution factor was calculated using 
the equation shown in 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: 

0.3cr 
0.4cr 
0.5cr 

0.7cr 
0.8cr 
0.9cr 

1.5cr 
1.75cr 
2.0cr 

2.25cr 
2.5cr 
3.0cr 

TABLEE-2 
DILUTION FACTORS 

67.5 0.075 
84.4 

118.1 
135.0 0.060 
151.9 0.056 

219.4 0.037 

0.053 
337.6 
379.8 

.9 
506.3 

14.3 
14.7 

15.8 
16.6 
17.6 
18. 
20.2 
21.9 

32.6 
44.7 

It is assumed that the standard deviation of the radio nuclide 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 -O.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 SEWAGE 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.l.l 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, if the 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 ofby any legal 
method without GIA prior to each disposal. 
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F.1.3 Modification 

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 identifi~d 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 ra~ionuclides 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 ... 11 

limited to 4,000 gallons/acre, provided WDNR chemical composition, NRC dose 
guidelines and activity limits are maintained .... 11 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 of NRC submittal letter dated October 8, 1987, 
Wisconsin Electric committed to gamma isotopic analysis (GIA) to determine the 
concentration oflicensed material in sewage t~eatment 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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APPENDIXG 
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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~clJM"f.Cvt ,4.,,._ •• , ........ ... 

~;-~~~ 
~sconsJn Electnc P(M(R crwl'tNT 
23• VI MtCHlGA"' .. P 0 l>O:X~C41';.ti1~W.AUKE£,1'11 53201 

VPNPD-67- 4 30 
NiiC-87-104 

October 8, 1987 

'~. ,. ..... - .... , 

·u:s. NUCLEAR REGULATORY COMMISSION 
Oo<;::U~Jlent Control. Desk 
Washington, D.C. 20555 

Gentlement 

DOCKET NOS. S0-266 ~ S0-301 
RESPONSE TO REQUEST FOR ADDITION8L 
FOR 1.0 CFR 20.302 APPt.lCA'i'lON 
POINT BEACH NUCLEAR PLANT 

On .July 14, 1987. ·wisconsin Electric Power company submitted an 
application, under the provisions o.$';~n"'eFR 2.0 .• io2;,~~9$.-;,l.PPX9¥~al,-.• 
of a proposed procedure to dispose of sewage treatment sludge · 
containing minute quantities of radioactive materials. Sup
sequent to th~ apvlic~tion, M;. Ted Qua~ o! the NR~ staff 
requested add~tional 1nformat10n regard~ng the env1ronmen•·~1 
characteristics of the area surrounding the Point Beach Nuclear 
Plant. The ~esponses to this request were furnished in our 
submittal · d• .. ted August 6, 1987. 

ay let~er dated september 9, 1987, the NRC bas requested 
Wha::onsin Elt!cLL-ic supply additional infot~mation in order to 
complete the ,review of our application. This Request for 
Additional In.f'ormi!l.tion (RAI) ean.tainz ten ;,peci£ic items vhich 
require responses or commitment$ from Wisconsin Electric. ·.In 
oddition. the NRC rc~uc~t~ the previQq~ly ~ubmittPd inxormation 
and the info~ation supplied in response to the RAI be compiled 

·into "one complete, exten~ive, and selt:-contain~d package". 
To facilitate your revi~w. Attachment I is tncluded to provide 
dt r.e.ct re${'>onse-s to thl"l t-""n it<'!li'l!!< ct'.lntained ·in the RAI. · 
Attachment 11_ is provided as the complete application, including 

.. the info:.mation .from our letters dated July 14, 1967," and 
August 6, 1987, ·and in!o:t:Tf!ation supplied in response to the 

. ~RC RA! • 

. .r;..... We request that you. complete your x-eview ot ·this complete, · . 
-f1 _ self-contained package and issue an approval of our application 

RECtlVEG 

OCT t 2 l9B7 

rottrr BEACH 
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a$ $oon as pozzible. In order ~o facilitat~ yo~r review and 
to expedite processing, we would be pleased to discuss these 
matte:J:"s or provide additiona:l information by telephone. Plea~;:e 
feel free to contact us. 

Very truly yours. 

.• 1_., 
• .. .... JJ. 

(",.·- /;~t 

c. w. Fay 
Vice President 
Nuclear Power 

bjrn 

Attachments 

" ' 

co~les to NRC Resident Inspector 
NRC Regional Administrator, Region III 

Blind cot;des to Bri tt/Corske/Fink.e, Burstein, Charnoff I 
Fay. Krieser. Lipke, Newton, Z~ 
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ATTACHMENT I 

. f·. • . .• •.· .. 

RESPONSES TO· QUESTIO.NS CO~TAINED IN THE . 
REQUEST FOR AODITIONAL,INFORMATION (RAI) 

ON POINT· BEACH 1 AND 2 .REQUEST 
FOR DISPOSAL OF LOW LEVEL RADIOACTIVITY 

CONTAMINATED SEWAGE SLUDGE BY LAND AP?LICATION 
WISCONSIN ELECTRIC POWER COMPANY 

· UNDER 10 CFR 20- 302(aj 
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1he numbering system used in these responses corresponds directly to numbering 
used in th~ NRC RAI, dated September 9t 1987. 

1; a. This request is for multiple applications, approximately 2 to 4 
per year. 

b. This request is for multiple years. r:xpiration to ~ointide with 
conclusion of deco~runiss1onin\.1 activities associated with retirement 
of PBNP Units 1 & 2. 

c. Please refer to the response to questfon number 10. 

2. The p~thw~y$ used to determine doses to both the moxim~11y exposed 
individual and the inadvertent intruder are documented in Attachment 
II. Ap~endices 9 a~d E. 
Oul! to the ~xtremely low concentrations of radionuclides in the sewage 
sludge and the associate low doses; Wistonsir1 Electric will control 
access to the disposal sites by conditions of usedefined in lease 
agreements with tha lease. Use of the land is·not controlled beyond 
the conditions of th~ lea~e, thereby not restraining a casual vhltor 
from thf.! disposal site. However continuous occupancy would be readily 
observed~ and re111edial a<;tion would be taken. 

3. Information contained in previous .sub~nittals has been included in 
Attzchment II with modifications to provide specific commitments to 
the NRC. . . 

4. Pfease refer to the response to question number 10. 
S. Site maps have been updated and are included in Attachment ll, 

Append;x c. 
~ 

' )"'Go":~?·.~ .. Jhe direct orazina nf c~ttle on the_proposed di~posal sit~s is 
controlled by rutric.tions conf.aine'a~·thtii' rease ~,agreement-. ·-. . . . . 

· There wi11 be no restrictions p 1 aced or. fi shennen on lake Hi chi gao. 
Calculations of dofia' due t.o. all pathways; associated wHh a relea.!>e 

· to lake Hi chi gan (Attachnent. 11, Appendix E) do not indicate a need 
to upply rcstriction5 to fishcrm~n. 

7. Please refer to revised site maps included in Attachment II, 
Appendix C. Sit~ number 5 h loe~ted on company owned .land · 
beyond the PBNP site boundary. All other site' ~re within the 
PRNP site boundary ·area. 

8. a. Please refer to Attachment II~ Section j.2. Disposal Procedure. 
b. Please refer to Attachment II, Se~tion 3.Z. Oi5po~al Procedure. 
e. Please refer to Attachment II. Section 3.2, Disposal Procedure. 
d. Pleas~ refer to Attachment ii, Appendix A. 

' 9. Please refer ~o Attachment 11 1 including Appendix D and Appendix E 
for additional pathways analyzed for this submittal. These identified 
pathways wi 11 be analyled prior to all subsequent disposals to insure-. l'P 

doses arl! maintained within prescribed limits~ i.e., 1 mrem/year to the 
maximally exposed il'ldividual and 5 mrem/year to the inadvertent 
intruder. 

10. A limiting concentrat;on level for the sludge contained io the 
storage tank is discussed. io Attachment II. Appendix F. Since this 
appl icatl.on is for multiple applications over multiple years, 
Attachment I I, Appendix F also addresses an activity 1 imit. 
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ATTAcHMENT IJ 

COt:!'P~ElE ANALYSIS AND EVALUATION 

PO lNT B:EACK fiUCLEAR PLANT . 

· 10. CFR .20. 30f(a) APPliCATION: 
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By tn1s su~mittal W1scens1n Electric Power 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 Bii!a<;h Nuc;:lear Plant. This r~quest is submitted in 
accordance with the pro~isions of 10 CfR ?.0.302(a). 

z.o Waste Oescrip_~ion ... ... 

The waste involved. in this disposal proc;:ess consists of the residual sol ids 
remaining in solution upon completion of the aerobic digestion sewage treat
ment proces$ utilize~ at PBNP. The PBNP sewage treatment plant is used to 
pror.ess waste water from the plant sanitary and potable loiahr §,Yl>hms~ 
Th~se systems produce non-radioactive·~\rl'aste streat~~s with the possible 
exception af wash basin~ lQ~aterl in th~ tfldiologi~ally controlled araa of 
the plant. These wash basfns are believad to be the primary sour<;e or the 
@Xtnmely sma1.1 quantities of radionuclide& .in t.he sludge .. 

The sewage sludge generated at· PBNP is ·allowed to accumulate in the sewage 
plant digestor and aeration basin. Two to four times annually, depending 
on work activities 4n~ corresponding work fore~ at PBNP, the vo1ume of 
the sludge fn the digestor and aeration basin needs to be reduced to allow 
continued effkient operation of the treatment facility. The total volume· 
of sludge removed during each disposal operatjon is·typically on the order_ 
of 15,000 gallons. The max~mum capacity for t~e entire PBNP treatment 
facility and hem::e the maximum disposal volume is about 30,000 gaHons. 
·IwJ;.he· ... ~ne of. a maximum. capadty.-d1!iip_Q~J 1 doses. \'iDUil,d;.:n9~.(1ettes~ari1y "'. ,_ . .,... 
1l'lt'rease .tn~proportion to the 11oiume" cSlr;ce more thanmu.r d'i$posal sHe 
may be use~. 

Trace amounts of radionuclldes have Deen identif'led in PRNP sludge currently 
~ be4ng stored awaiting. d-i-sposal.. The radionuclides identlfied and their 

concentrations in the $ludge are summarized below: 

Nuclide 

co-60 
Cs-137 

Concentration (HCi/cc) 

2. 33[-07 
l.SOE-07 

The total activity of the radionuclidu in the stored.s.ludue. based on the 
identified concentrations and a total volume of 15,('00 gallons of sewage 
sludge. are as follows: 

· Nucl idl' 

Co-60 
Cs-137 

Acthrity (pCi} 

13.2 
8.5 

These concentrations and activities are consistent with ex.pe~ted values 
ba~lild on prior analyses of sewage sludge. The rad}onu\:lide concentration 
ifi thP sewage sludge has remained relatively constant during sampling 
eondueted !O.i'ncc December 30, 1983. A detailed aummary Qf the l'"e:$ull~ of 
lh1s sampling program are contained in Appendix A for your review. 
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In·addition to monitoring fOl" the radionuclide content of the sludge. 
tne WDNR requires several other phys1.ca1 -and chemical prop~rlies oJ ,the. 
sludge to be determined. These properties are the percent total solids. 
percent total nitrogen, percent ammonium nitrogen. pH, percent total 
phosphorus, percent total potassium,. cadmium. copper, lead, nickel, 
mercury, zinc, and boron. Afi example of a typical sludge sample analysis 
is included in Appendix B 

3.0 Oisposal !1ethod 
. • . _,-_ .... f ... •. 

ln the context of this appficat:ion, Wisconsirt Electric commits to the 
f o 11 owing methodology. No di !'tinction is ma.de or intended between 11Sha) 111 

or 11Wi1 1", as us~d in thf'!· descriptions contained in this section. 

3,1 Tra('lsport.()fSludge 

The method uud to dhpose of the sludge 5~al1 uti1iz~ a 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 truck. 'ilounted tank. Tne truck mounted ·tank shall be rcequired 
to be milir.t.ained .tightl,y closeri to prevent $pillage while in transit to· 
the disposa 1 site; The sl udgtt sha 11 be transported to one or more· Qf the 
sb site! approved by the WONR for. land application of the ~ewnge s.ludge 
from PBNP. . 

3.2 Disposal Procedure . ~ 

. . 
The radionuclide concentrations in the sludge shall be determined prior 
to .. ea.ch, diSpo~a] py ~bt~1.nJ.!'l~ tn.ree· repre5enta~ive ... i'.amR:l.~s·: f.r.~~:.o:~,ach! ~ :;..·_ .... ~ 
of the s1udge s1 .. orage tant;s. "Tn•f sludge conta1~.ed in the sludge, -tanks 
is prevented fMm go'ing septic by a proe:us xnown·a.s to.mplete mix. and 
contin~ous aera~iQn. This process completely mixes toe siudge allowing 
for re;wesentat;vt, ~amples to be obtained. · 

The samples shall ~e counted uti1h:ing a 'Geli detectf.•r and IIIUlti
chaM~l. analyzer 'olli":.h appropriate geometry. The detection system is 
routinely cal ibratea and checked to ensure the lower lin:its of 
d~tection. are within values spedffed io the Radiological Effluent 
Technical Spec;ificatl·'>ns (RETS). 

To insure the sampler are represi!ntative of the o.vera11 ctncentrat ion . 
in the storage. tant.s, the radionuclide conc.antration deter:ntnatiOJl for 
each of the three samples st.all be analyzed to insure each sample is 
within t·..,.o standard de vi at ions of the· avera a;; va 1 ue of the three 
samples. -If this criteria b no:t llet~ additional samples wi 11 be. 

:": ·~ ·-·oMaihed and .. analyud tel i Mur.e a truly repr~~u~uitat.i VP, r.adi onucl ide 
c~ncentration is util iled for dose calculations and concentration 
limit determinations. The average of all statistically va,li,d,." 1 ' , •1;,. 

c<lncentrat ion determi Mt ions wi 11 be ut i1 hed in ·ctetermi ni ng the 
.storage tank cuncPntratiGn values. 
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Pr.for to disposal the waste stream will be monitored to determine the 
physical anti chemical propert1es of the s1ue!ge~ a~ d,.hcussed_,1n 1-h~ la.st 
P'ilragra.pll of Section 2.0. Waste Description. The results vill be compared 
to StatE of Whco!'l!.Yin 1itn1ts to insure the sludge does not pose a chemical 
hazard t.o people or to the environment. 

The racdonuclides identified in the s1u~ge. along witt. their respective 
conce!".tra.tions, wi1 1 ba- compared to concentration limits prior to 
di:;ilosal. The methodology discussed in Appendix F will be used in 
determi n~ ~.9 .SOI.!'P~.i ance w.i th the J?ropo$ed conc:entrati9n 1 i.~it: . .'·~JJ:I~~-· 

·total actwlty of the proposed d1sposal will be compared to the - · ·'" 
propose~ activity 11mit as described in Appc:odix F. 

If the concentration and activity limit criteria .are met, the appropriate 
ex.posur~ pathways (as described in Appendix 0) will be evaluated prior to 
each application of sludge. These exposures wi 11 be eva'1uated to insure 
the dose tc the maxi ~M.lly exposll:!d i ndi vi dua 1 wi 1 1 be fliod nt<rli !Hid l fiH than 
1 mrem/,Yeitr aod the dose to the inadvertent intr1Jder is maintained less 
than a mrem/year, The eKposures will be calculated utilizing the meth
odology used in App!:!ndix E, including the. current activity lo be landspread 
along with the acti'¥'ity h•om all prior disposal. lhe remaining radio
activity fr!lm pdor'disposaH will be corrected for radiological decay 
prior to performing dose talculatjons for the meat, milk, and veget~ble 
ingestion path~.~ays, the inhalation of resuspended radionuclidesl and an 
patt\ways assodat~d with a release to lake Michiy.:m. The re~fdual nlldio~ 
activity will be corrected for radiological decay andl H appr·opriate, the 
mixing of the radionuclides in the soil by plowing pr1or to performing 
external exposure ca 1 cu lations. · 
• . • . .. ~ ~- : . - • ' ', ' . !- ... .;l.~;,s • ' • • • • • 

··The-sewage sludg~ fs appHedoo'the desi~nated area of land utiliz..ing the~' 
WDNR approved t~chnique and adhering to the following 'requirements of ' 
WPOES Permit Number WI-0000957-3. 

Q 

0 

0 

Discharge t.o the land d-isposal system shall be limited so that during 
surface spreading all of the sludge and any precipitation·faiiiog 
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 fro~ December 15 th~ouoh Hatch 31 sludae shall not 

·be land spread on land with a slope greater than 6% unless the wa5tes 
ara injected immediately into the soi 1_ · 

Sludge shall not be surface ~pread closer than 500 feet from the 
nearest inhabited dwelling except that this distance may be reduced 

.. _ •. -,w~n~@fr.c;'n~"llirHFi"""~~i"i't:Ufti·"-'Ei.nl'O"nt..:;t;;-.z.::i.£~·'-> ----·-"·'"-·'-·.:~:-. ,,.:-;;-o=.--; . .:.. -~~ 

Sludge shall not be spread closE!r than 1.000 feet f:r:Om a public water 
supply .well or 250 feet from a private water supp1y well. 

Sludge shall not be land spread within 200 feet of any surhce water 
unless a egetative buffH str;p is maintained b~holeen the surface 
watercourse and the land spreading ·system, in which case a mi n\mum 

··separl1t1on dht~nce of ~t least 100 feet is l'equil'ed between the · 
system and the ~urface watercourse. · 
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< 0. 

Oepth to groundwater and bedrock shall be greater than 3 .feet from 
the land surface elevation during use of any site. · 

Sludge sha11 not be land spread in a floodway. 

Sludge shall not be land spr~ad within 50 feet of a property line road 
or ditGh ~o~Oli:'io$ the $ludge h incorporate:d with t;.f1~ ~Qi l, in which 
case a ~inimum separation dista~ce of at least 25 feet is required. 

lhe pH of the sludge-soil mixture shall be main~aioed at 6.5 or higher. 

low areas of the approved fields, subjec,;t;,to seasonally Mgh ground ... 
water le:v~h, ore e;(Cluded from the sludge app1icat;on. · 

Crops fQr human consumption sball not be grown Of'! the 1and for up to 
one year following the application of the sludge. 

The sludge shall be plowed~ disked. injected or ottu~rwise incorporated 
t nto the surface soi 1 layer at appropriate i 11cterva 1s . 

. l ne r iexi bi l Hy 1mpl ied in the 1 t:tter prov1 s ion for so11 1 m:orporat ion h 
intended to allow for crops which require more than a one year cycle. 
for the Point Beach disposal sites. alfalfa is a common crop wnfc;h 'is 
n~t\'ested for several years after a single planting. Sludge disposal on 
an alfalfa plot constitutes good fertilization, but the plot cannotbe 
plowed without destroying th~ crop. Th~ alfdlfa 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 ~thod of injection and ~ixing to 
a nominal depth of 6 inches) shall be done prior to planting any new crop. 

. . r:e~~_rdles5 nf, the crop_ . ~~· 
-~ .. -r>;:.~r~~i{ ~..~-.-./ t.;J'.;,a_l'Tf"'"r .. :"" '~ · .. --····· . .. ... , ... ~ 1 ~ ... ,_,-.... , .......... _titt~.... ~·-. ~ -... ·.:·i~·-~:~~"!i , , t , ~.r ...... ~{~;-·~--· ~ '"' 

3.3 Administrative P~ocedores 

Co..onplete nc:ords of each. disposal wi 11 b@' maintained, These. records 
will include thE! concentration of radionuclides In the sludge, the 
total volume.of sl;dge disposed. the total activity, the plot on 

. which the sludge was appliEd, the results of the chemkal composition 
determinations, and all<dos.o cal(:u1ation·5.. l 
The annual disposal rate for each of the approve~ land spreaQ sites 
wi 1l be 1 imited to 4 .ooo gallons/acre. provided WoNR chemical composi
tion, NRC dose guidelinu,. and concentra.tion ,:~nd activity limits arc 
maintained within the appropriate values. 

. . 
The farmer }easing the site used for the disposal will be notified 
of the 1!1pplicable re-strictions placed on the ~;te ·dl.le to the land 
spreading of sewage sludge. 

4. 0 Eva 1 uati on <Jf El'lvi ron.mE!nta 1 Impact 

4.1 Site Chatal:teri~tics · 

4.1.1 SitemJopograRh.Y 

The· disposal sites are located in thr. Town of Two Creek$ in 
the northeast corner of M<111 i towor. County, Wis<;{>ns in. or. th~ 
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west shore of Lake Michigan about 30 miles southP.ast of the 
center-of the city of Green Bay, and 90 miles NNE of Milwaukee. 
This 5it~ is located at longftude 87° 32.S'W and latitude 44° 
H.O'N. The six sites·· are on property owned and controlled' by 
Wisconsin fl~ctric and are within or directly adjacent to the 
Point Beach site boundary. The sites are described below and 
are outlined on the map contained in Appendix C as Figur2 3. 

Site No. PB-•01 .. The app'I'Qximately 15 acres loc:at@d in th! NE 
1/4 of the NE 1/4 of Section 23, T. ZlN - R. ,24E. 

Site No. PB-02 - The approximately 20. acres located in the SE 
1/4 of the SC 1/4 Qf Section 14, T.· 21N - R. 241:. 

Site No. PB-03 - The approximately 5 acres located in the NW 
1/4 of Sec:ticn 24. T. 21N - R~ 24E. 

Site No. PB-04 ... The approximately S. acres located in the NW. 
l/4 of tru~ sw 1/4 of seet1on·2~~ T. 21N- R. l~E. 

Site_Ho. PB-05- The approximately 5 acres 1(lcated in the NE 
'1/4 of the NW 1/4 of Section 25, T. 21N - R. 24E. 

Sit~ No. PB-06- The approximately 5 acres located in theN~ 
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 ele"attons varying from · 
5 to 60 feet above the level of lake Michigan. Subdued knob· 
.and kP.ttle topo~raphy i~ visible from aetial photographs. The 

;<} land-~udace'.: sicipes~'''gfaduai\y toward ·ih'e 1 ake' frcimi the .•fli~hsr"' .:~~.:;.,1 
glacial moraine areas west of the site. Higher ~round adjacent 
to the lake. howeve.-, diverts the drainage to the north and 
&outh. 

The major surfi!Cf! drainag'0 featurn are two small cnek~ whit;h 
drain to the north and south. One creek discharges into the 
lake .:~bout. 1500 feel above the northern co!"ner of th$ site and 
the other near the cent'llr of the site. Ouri ng the spring, ponds 
of water msy ~ccupy the ~hallow depre~sions. As mention~d in 
Section 3.2. Disposal Procedur~. these low areas are excluded 
fl•om the sludge applic;ation. · 

A site lopa~raphlc m.sp cover·ing detai 1s out to o. 5 mile radius 
lllay be found in the FSAR at Figure 2.2-3 and is included in': 
Appendix C as Figure· 2. 

The disposal Of sewage sluctge at these s1x site$ will hav1<1 no 
·impact on .the ~!>pography of this art.HL 

, ·-.r;< ., l• '-:",~ , •• 

4. L2 $jte Geology 

Prior to cGnst,.~tion of th~ Point Beach Nucleai Plant. an 
evaluation of the geological characteri.stics of the art;!a tn and 
surrounding the site was made. The geologic structure of the 
region is e55entially simple. Gently dipping sedimentary reck. 
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strata of Paleozoic age outcrop in a horsesfloe pattern around a 
shield of Precambrian crystallin& rock whfch occupies the 
western· part of the region. Tna site is .located on the western 
f1an~ Qf the Mi~higan 8asin, which is a broad dow~arp rinaed 
by discontinuous outcrops of more resi$tant formations. The 
bedrock formations are principally limestones. dolomites. a<1d 
sandstones \lith subc>l'dinate shale layers-. The rocks form a 
succ~ss;on of ex~ensive l~er~ that are relatively uniform in 
thickness. The bedrock strata dip very gently towards lake 
Michigan at rates from 15 to 35 feet pe:r mile. 

~·.· o;··-
1

-;~- ;fot· , , : ;l· ; ~--; i . 

The uppernos t bedro~;k under the site is Niagara. Oo lum i t.e.- -- · - · 
Bedrock does not outcrop on the site but is covered by glacial 
~111 and 1a~e deposits. tne soils conta1n e~pans1ve clay_ 
111inerals and have moderately high base exchange capacity. 

ln tne area of the site, the over-burden soils are approximately 
. 70 to 100 feet in thickness. Although the character of the 

glacial deposits may vary greatly within relatively short 
distances. a generalized section throt~gh the overburden soils 
adjacen~ to lake Michigan at the site consists .of the following 
sequence~ 

1. An upper layer of brown clay silt topsoil underlain with 
;everal fea-t of brown silty clay with hyers of silty sand: 

2. A layer of 20 feat of _reddish-brown silty clay with !i>ome 
sand _and gravel and occasional lenses of silt; 

-<r: .• ; ....... ~ .. , ... _~.,.~~.-.la~er.~,q;~~~:~r.:fe~.~ ~:t. i'!tddish:brown siJty -eJ.aJl w,i,tJJ ,~:ay.e.'rt~;,.".::~ 
of stlty S4nd and lenses of !tlt; · 

4. A hy~r or 50 reef.. of reddil>h-brQWn ~nty c1ay with some 
sand and gravel. the lQwer portion of which contains 
gravels; cobble.s 1 and boulders restfng on a glacial eroded 
surface of Niagara dolomite bedrock. 

Sib drainage is poor d-ue to the high clay content of the soil 
combin~d with the pock-marked surface. Additional information 
on sit~ geology may be found in Section 2.8 of the FSAR. 

1he use of these sites ·tor disposal of sewage s 1 udge will not 
~mpact the geology of the area.· 

4;2 Area Chnracteristfcs 

4. 2.1 Meteorology 
' ' 

", _,The <;Hmate .of the site region is influenced by the general 
storms which move eastward along'the nor~hern ti~r of the Uni:ted 
Stat~s and by tho'!ie which move northeastward from the scnJth~ 
western part .of th~ count.ey to the Creat lakes. Thh Conti ... 
nental type of climate is modified by lake Michigan. Ouring 
Sprl fi~~~, SUfll~r 1 dild fa 11 lllOiltn:; the 1 l!Ke t~mperat1Jt:"e dif fef'S 
markedly from the air temperature, Wind shifts from westerly 
tu l!dSterly direct.iom;;. pr~;uJu-t::~ mar·k~d cooling of day-time-
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temperatures in spring and summer. In autumn the relatively 
warm water to the la~e prevents night-time te~nperatures from 
falling as 1~ as they do a few 111iles inl•u,d from thea $hQreline. 
Summer time tegperatures exceed 90°f for six days on the 
average. freeling t~mpe\atures occur 147 days and below zero 
on 14 days of the winter on the average. Rainfall averages 
~bout 28 inches per year with $5 percent fol11ng in the ~onth~ 
of May through September. Snowfall averages about 45 inches 
per year. Sludge spreading !.hall be managed such that the 
surface $preading together with any preCipitation falling on 

. _the field shall not overflow the perimeter of the field. 
- ·'Additional information on site meteorology may .be found in 

Section 2.6 of th.e FSAR. · · · · · · 

There will tie no impact on the meteorology of the area due to 
the disposal of the $awage sludge. · 

4.2.2 Hydro1ogy 

lhe dominant hydrological feature of this site 1s lake Mictligan • 
. one of the largest of the. Great lakes. The normal water level 
in lake Michigan iS ·appro,.imately 580 feet above mean sea hvel. 
In the general vidn\ty of the .=>ite. the 30 foot depth tontour 
is between 1 and 1-1/~ mil@s offshore and th@ 60 foot contour 
is 3 to 3-1/2 miles off shore. The disposal sites are twenty . 
or mor@ fe~t abov~ lk~ normal lake la~el. The~@ is no record 
lhitt the sites have been flooded by the lake dl!ring modern 
times. Then are nC) river6 or large stream~ -whic:;h Ge>uld c;reiltiil 
a f1~od hazard at or near the sites . 

. -; '· -- "'······ ·"· ·'· :·1nt-sub~1I+fat'e"'~~aler table "·~t; th11r Point Beacll .. s{te,.Jl~sd;~; .. ~ ....... ~.~-..~L>, 
definite slope eastward. toward th~ lake. The gradient indi- · 
c;,ted by test dril Hng on the site is approximately 30 feet per 
mlle. It h therefore extremely unlikely that any releese of 
radioactivit~ on the site cou1d spread inland. Furthermore, 
the r1:1h uf "!lubsurface flow is smal i due to ihe telative 
impervious nature of the sun and will not. promote the spread 
pf rel~:ases. further informat1on on site hydrology i5 det~1l~d 
in· the PBNP FSAR Section 2.5. 

lhere will be no adverse impact on hydrology of the area due 
to disposal of sewage sludge by land spreading. 

4. 3 waur_l.fsage 

4.3.1 Surface Water 

Lake Michigan is us~d as the source of potable water supplies· 
in the vicinity of the sfte for the cities of Two Rivers (12 
miles south). Manitowoc {1.6 mill;ls sourth).- Sheboygan (40 mi1es 
south}, and Green Bay (intak~ at Rostok 1 mile north of Kewaunee, 
13 ~iles north). No other potab1e water uses are recorded 
with.in 50 miles of the site along the lake shore. All public 
water suppli~~ drawn from lake Michigan are treated in pu~i7 
iication plants_ JhP. n~>.arl"st ~.urf.acC? water m>P.d far drinking 
other tha~ Lake Mict,igan.are the Fox River 30 miles NW and 
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l.ake Michigan is also utilized by various rt?c:reationa1 
activitias. including ffshing 1 swi~ing -.nd boating. 

'There will be no impact on surface ~ater usage due to the 
di,posal of sewage sludge. 

4.3.2 Ground Water 

Ground water provides the remaini~g population with potable 
supplies. Public ground water supp1ie$·within.a 20 ~nile-.radius 
of the site are listed in Table 2:.5-3 ur the fSAR, Additional 
wells for private use are in existence throughout the region. 

·The location of private we1 h within a two mile radius of PBNP 
are indicated on figure 3, Appendix C •. 

· The potable water for use at the Paint Beach Nuclear Plant is 
drawn from 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 environmental monitoring program. 

There will be no adverse impact on ground water usage clue to 
the disposal of 5ewage sludge. 

4,4 land IJsang 

Manito~oe County, in whi~h the' site is locatedl and the adjacent 
counties of Kewaunee. Brown, Calumet, and Sheboygan are predominantly 

,.•.c· ·'··.-,-~~Y:'a\ .. - .Asr.tcultural pur!:u.ih. "account. !<n" apt?:r~ximatl?ly. ~o;~ qf thi.!! 
. : .... .total- county acreage. With the except1on of·:the,K'ewa·unn-;•Nuclear . 

Plant located 4.5 miles north, the region within. a radius.of five 
rnj1es of the sit~ is presently devoted exclusively to agriculture. 
Dairy product$ and livestock account for 85% of the counties 1 farm 
produetion, with field crops and vegetables accounting for most of 
the remainde:, The principal crops· are grain corn 1 silage cornf 
oatst barley. hay. potatoes. green peas. lima buns, snap beans, 
IJ~ets. cabbage 1 :~weet corn; (;u.;umbers, anli eranbi!!rrie!l. Wlthi n the 

·· ··· : ·:o-·township of·-Two Creeks· surrounding ·the site {15 sq. miles} •. there
are about. 800 produdny cows on .about 40 dairy far·ms. SoJRe. be~f 
cattle are raised 2.5 miles north of the site. Cows are oo pasture 
from tile first of June to late September Qr ea.rly. Qt;Lui.Jer. During 
the winter, cows are fed on locally produced hay and silage. Of the 
milk prOduced in tnts area, about Z5 percent. 1s c:onsumed a!> rjufd 
milk and 50 percent is converted to cheeset with the t~maind2r being 
used in butter making and other by-products. 

It has been the policy of Wisconsin .Eiec::trfc. to permit the controllec~ 
use of crop land and pasture land on compa,ny owned property. No 
direct grazing of dairy or beef·cattle or other animals is permitted 
on these company owned properties. Crops-intended for .human c:onsump.;. 

.tion shall.not be grown on the disposal sites for at·least one year 
following the application of the sludqe. 

< ' • 

ine. proposed land application. of sewage sludge will 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 Rddiolog1.;;a1 Imp.act 

The rat.e of sewage 5ludg~ application on each of the six proposed · 
sites w;n be monitored to insure doses are maintained within applic~ 
able limits. ·These lfm1t~ ate bas~d on NRC Nuclear Reactor Regulation 
(HRR) staff proposed guidance {described in AIF/tiESP-037 J August, 
1986). These lim'it.s require doses to the maximally expo~od men1ber 
of the·gerneral public to be maintained less than 1 mrem/year due to 
the disposal material. In addition, NRR guidance requires dous of 
less than 5 au-em/year to an inadvertent intruder. 

To assess the doses received by the maximally exposed individual and 
the inadvertent intruder, s1x credible pathways have been identified 
for the maximally exposed individual and four eredible pathways for 
the inadvertent intru~er, lhe id~ntified credible pathways· are 
described in Appendi~ D. · · 

Calcuhtions detailed in Appendix E demonstrab the disposal of the. 
currently stored P$NP sewas..) s-ludgP. would re11ain below these 1 fmits. 
The total annual expo~ure to the maximally e~pos~d individual bas@d 
on the identified exposure pathways is equal to 0.072 mrem. The 
dose to a hypothetical intruder assllt'ling an •nerly conservative 
occupancy factor of 100%: is calculated to be 0.115 mrem/yF.ar. By 
definition, the inadvertent intrudnr would not be e~posed to the 
processed food pathways (flleat and milk). · 

The calculational methodology used in determining doses for the 
:'\·._;;;~, proposed di~pas~l of slud~e s.~orEH~;;11~ PBtiP s.~~11 be utilize? p,d:o.r. to 

each additional land appl1Gat1on to 1nsure doses are maintaHied less 
than those proposed by HRR. This calculation will include radio
nuclides disposed of in previous sludge applications. The acti~ity 
from these prior disposals w11l be ~orrected for radiological d~cay 
prior to performing dose calculations for the meat, milk, aod 
vegetable ingestion pal~ays. the inhalation of resu$pended radio
nuc1ides; and all pathways associated with a potential release to Lake 

·;·~~~~:~Ai~~f~'tiec!~\~~:.~tPi-i1~~i:~·~U~ ~}~nt~ a¥~~~ai~~~,W~e:~~~ ~ihi{; 
soil prior to perfoming external exposure eakulations. In additton. 
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 fr.om a ground plane source 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 e)l:posure estimation. 

S. 0 Radi at i()n Prot~c:t ian 

The d1 sposal operation wi 11 follow the applicable PBNP procedures to 
mAin~-~1n Qt)$~$ a'3- l(>W a$ r~a.SQ!'!al)ly ~chiev-i!bl~. Tj>t;hnit;a1 review and 
guidance wi 11 be provided by the PBNP Superintendent - Health Physics. 
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Sample Tank ·Tank Radinnuclide Concentration 
·oat" Yolume (Gallons) (uCilcc). 

1Z-3G-8J 01gester 8400 Co-s-a 5.S8E-07 
Co .. GO 1.87E ... 06 
tr-51 4.88E-07 
Cs.,.l34 1.59E-07 

· Cs-137 3.57E-07 

4-05-84 Digester 7560 Co-60 7.89E-07 
Aeration 6667 Co-60 1.67E-07 

12-05-84 Digf!ste:r 7560 co~sa 1.7SE-07 
Aeration 6667 Co-60 8.£9€-07 . 

6-03-85 Digester 7560 co ... GO 8.29E-07 
Cs-137 2-4GE-07 

Aeration 6700 Co-60 · 3. 27E-07 
c~-131 l.33E-07 

4-10-86 Oige5tE:·.-. 7560 Co-60 6.79E-01 

~ 
Cs .. l37 L72E-07 
Mrd54 4.91E-08 
co-6o 1.65E ... 07 

11-04-86 Digester 7560 Co-58 8.04E~08 
Aeration & 

Clarifier 25100 Co-58 1.37E~07 
Co ... 60 z. 18£-01 
cs~137 1.64E-OJ 
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5TATC. 01' WIKOH51N 
g&...-~"-1Mt.rtT QF' hATURAt.. fU::IQU'PI:~~ 

SLUDGE CHARACTERISTIC 
'Nist:Qniin Stat.m 147 .D211hntt 
Wi~i:z)n$in Mrninlsttatl,.. Cod~ N R 110.27161 
i'O!II\II ~g;-ot l'l.itV.iJ) ... O 

Pl.oou u.mpl1!1e 'thi-t form and Rr>d to 1he ti~O.TUI>fm ot Hitur.-1 A•IQ'Jrcu ~rl)prii'!• Dinri.:t/Aru Oftict. KHP on~ CQOV 10t" 
your req;rds .• 
Fot .clditiorn~l iormc, p!Pau oont1c:t yol.ll' lppl'opriate OktrTet/Area Offi~. 

P1iii'MIT ~~ 

nisconsin Elcetric ?ower CQapany 
-"TRtltT 0 I> .. OUTE 

!31 w. ~icbl,~n StTeet 
I;;I rv,!I'\'ATE, ZID CODE 

hi;'-fn't!~:~·~. -;":! s::~~3 

•pil-r.Jml!tlf" Alltore~;aw:m Result 

Tohl Solidi, '1. l .. r~ ~ 

Total NitrOQ•rt, lli TOTN l.{l 

• AM~6Mitn. Nltl.*""~" NH:-N 1}.~-1 
-·- .. l~~-

Toiilll'llol!lhoroiH, ~ p "' !l.on 

T..ul l'otuoium,% K o.-.s 

Aritror~•ppm A.J 1.0 

C..drnh.11n, pi)ITI Cd 11. 

Tf.'.l9E_PHtlN~_N_!JMB~A }~Net.UDE AREA CODE} 

·t\-!·~*' .' ... ~ ... :;:.~) 

•puameter Abbft1it1lon 

Oll«~~ium, ppm 0' 

COpPf", ppm cu 

Ullt.o.p ·~~ ·:-···- ·: ·~~:-'b· .~ 

Ml:rwry,~m .. 
Ni~~~•ppm NO 

Zine,ppm Zn 

pH 

fl~tUII 

:;:;:no 

po 

s.u 
!:! 

~:;1iG 

7 .. 11 

•suwntcd ,,..l'fli• p1cu:cduru lor ih• 1bo¥1 plremttiiJ em bt found in NR Z18. onolytiaol tuu '"" l"~•nes, Wltoontlfl 
Adminhtrotive Codi. An p»rlm411iU other than ~rdnt .Oiid~ •nd pH ahofl ht upor1td on 1 dry weitht btJl•. · 

J.ab.ii•tary N~m~ Wi.sconsin Ele.ctt'ic Power co. 
L3boratorY Services Division 

) Whrr~ at 11M! uoatment pllnt w11 the ample tthn7 

..\:r>t'il 1:!, 1983 4, Wht!nwa~the ... mple tllo;en1 -=:..!...:~-..!:.::,.!.....::..:;.;::.::. ______________ -'-_______ _ 

SHll'fAtiJRJ;: TITU!. OATii: 

/ ..... ' ~3~~~ Oual!:y E~al~ecr 
. _,· 

Page 206 of 279 REFERENCE USE 



POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

APPENOJXC 

SITE MAPS 

Page 207 of 279 

ODCM 
Revision 19 
TOTAL REWRITE 

REFERENCE USE 



POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFF SITE DOSE CALCULATION MANUAL 

.I 

• 
( 
I 
I ,. 

\l \.. 
--~ 

--~ 

\ 

Page 208 of 279 

\ 
' 

ODCM 
Revision 19 
TOTAL REWRITE 

\I 

\ 

. Silt PLOT 

REFERENCE USE 



POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

Page 209 of 279 

ODCM 
Revision 19 
TOTAL REWRITE 

REFERENCE USE 



POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

:.. 

./OHbO, 

' 
' ' 

I/ v 

' ! ,,,, .... 
-~~r---·-

. . . 

• 

• 

•• 
./'' 

Page 210 of279 

ODCM 
Revision 19 
TOTAL REWRITE 

'S::tTS. ~OUN'i)At.'{ 

\iJ e. Y~Of'MfT'i ht.lt:. 

REFERENCE USE 



POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

APPENDIX 0 

EXPOSURE PATHWAYS 

Page 211 of279 

ODCM 
Revision 19 
TOTAL REWRITE 

REFERENCE USE 



POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

1. EXPOSURE PA1HWAYS - MAXIMALLY E~PvSED INDIVIDUAl 

ODCM 
Revision 19 
TOTAL REWRITE 

1. External whole body exposure due to a grqund plane source of 
raai ilnucl ides: 

2. M1 a 1ngest1on patnway fr~ll. cows fed a Hal fa grow:1 on pl-,t. 

3. Meat ingestion pathway from cows fed alfalfa gro~<~n on plot. 

4. Vegetable ingestion pathway from vegetables grown rm p1ot. 

5. Inhalation of radioactivity resuspended in air above application 
site. 

6. Pat.n~~ys associ•ted with a release to Lake Michigan. Ingestion of 
potatlle water at Two River·s, .Wi(oconsin municipal-water supply, 
ingestion of fish from edge of initial m1xfng zone of radionuclide 
release, ingestion of fresh and $tored vegetables irrigated with 
watf!r s~;~urc~ ~$ Lak~ Mi t:higan. i ng.:!st ion of mi 1 k and meat from 
cows utilizing Lake Michigan as drinking Yater source, swimming 
and boating activitie!> at ~dge of initial mbing :zcme, and shoreline 
deposits:· 

II. EXPOSURE PATHWAYS ~ JNAOVERTENT I~TRUDER 

~.-, .. :, · .. l- ... · Extern.aJ .who 1 e bQdY.:: .expd$tlr~~ ·.due-·., gr.ound P.: 1 ane·. soi.U:'C.f!r;ot~:/' e" -~;;_;t;; ,;;-.;.-z 
radionuc1i~es. . . · : . 

z. Vegehble ingestion patb:way from Vi!getable5 grown on plot. 

J, lnholla.tioo of radiool~;tivity. U'5L.:spended in air •bove &ppHcat;on 
site. 

4. Pathways associated with a rel~ase to Lak~ Michigan. Ingestion of 
potable water at Two R1yers, W1sconr.tn mun'idpal water supply, 
ingestion of fhh fro11. edg~ of initial mixing Zllne of radiontJcHde 
release, ingest.ion of fresh and stored vegetables 1rr1gated with 
water source a~ Lake Michigan. ingestion of mill<; and m~at from 
cows uttliz1ng take Miclligan as drinking water so•Jrce, swfnwn1ng 
and boating acti·1itit>s at edge of 1nit1al m~'~~ing zone, and shoreline 
deposits. · 

The milk and meat pathways are not included in cal Ct.ll ati ng the dose to 
tt'le inadvertent intruder. The dcses dl1e to these pathways are calculated 
based on feeding the cO'Iol:; alfalfa ~rown -on the s 1 udge applied lan~ .. S..i l)c;_e 
direct grazing on these l•nds is prohibited, the alfalfa ~ust be cropped 
prior to being used as feed. This effecUvely removes the availability of 
t:-,ese pathways .to the inadvertent intruder, who by definition occupies 
the sludge ~ppli(fd land continuo~sly. 
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lit •. GROUND WATEilPAIHWAV 

The ingestion of groundwater is not a credible exposure pathWay. The two 
factors ~;;ontributing t.Q t.hi$ determination are as follows: 

l. The sHe map 1n Appendix C; Figure 3 details l.he sp<~~tial J'elathm
ship between the proposed dfsposal ~ites and the local ground water 
wells. lhe flo~ gradient of ground water was determfned for t~e 
fBNP FSAR to be towards lake Michigan. Re~i~wing the sites and 
local ~Wells shows no private well loc;;:tted in thP. path of radionuclide 
migration towards Lake Hi(higan. · 

The PBNP site well is loeated on the plant site, potentia11y in a 
path of radionuclide 111igratfon. The PSNP well is routinely salllpled 
as a requirement of the PBNP environmental monitoring program. 

2. The cation exchange· capacity <CEC} of·the soils at each site has 
been r'etemi ned; , 

Site Cation Exchiln9e .Capacity (HEQ/1009) 

1 16 
2 11 
3 ll 
4 w 
5 6 
6 9 

'". Jhe cati.on exchange capacity of soil is d~":pe.nd~:nt on tho valance 
.. : ,of the radi onucli des .and is determi iie"d by the re la~,i:Oflh·- r·A; .. · •· · "'""~ .,,"' 

MEQ = ATOMIC WEiGHT * l OE~03 . VALANCE · 

Rad1onuc1ide 

CQ-60 
co~ sa 

·cs-l3f 
Mn-~ 
Cr .. 51 
Cs-134· 

Valam;e 

+2 
+2 
+l 
+2 
+3 
+1 

CEC ~M£Q/100g) 

3.ooE.:oz 
2.90E-02 
1.3n-o1 
2.70E-02 
l.70E-QZ 
1.34E~Ol 

Using the values for Cs~l37 and site 5 which has the lowest CtC, the 
total e.ltthang~ capacity of tt1~ soil is 

1.10 grams of Cs•l37 
Ioo gra~s of soil 

Calculating the !tpl!clfit ac:tivity of ~s-137 • 

. S('IPr:i He: Ad.ivity :o.: :L !f76£+05 z 3. 578E+05 
T

112
(yrs.).• ATOMlCMSS 30 ·131 

"' 87. 1 Cl/gram 
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The cation exchange e:apac;ity of the soil expressed in the number 
of Curie~ of ra.dionuclide per 100 grams of $Oil is 

95.8 Ci Cs-137 
lOO.gral\s of soil 

Since the proposed disposal of sewage ~ludge contains quantities 
of radionuclides on th~ order of·lO·lOO ~C1 the soil at each site 
has tile c;apacity to effectively eliminat' the migration of the 
radionuclide to ground water. 
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1. Sewage sludge is uniformly a.ppli~d over plot acreage. 

2. s~age sludge is applied to one of the 5 acre plots, site PB-03, 
PB-!'.4. PB .. OS. tl'l" PB-06. (Assuming the smallest site size is 
conservative for the calcula.ti,on llethodology herein.) ,c_ .• ,~·-_" ••• 

3. Based on the sewage sludge currently stol"ed at PBNP, the followin9 
data is used in the calculations. 

Sludge Volu111e 
R~dionuclide (Ga 11 OX!~) (crnl) 

Activity 
(vti) 

Concentration 
(!;!Cih:m3j __ 

Ground Plane 
Concentration 

{uCilcm2 ) 

Co-60 
Cs-137 

IS.OOO 
15~000 

§.6.8E+07 
5.6BE+07 

13.2 
8.5 

·2. 33E-07 · 
1. 50E-07 

6.53E-08 
4.2'1E-08 

1. CALCULATION OF EXTERNAL EXPOSURES 

A. SpecHi c As$umetion$ 

1. · Conservat he ly il:tsumc radioact hi ty rernai 1'15 on ~>urfil..:i Qf land p 1 oL 
Calculation ignores any plowing or mixing of radioactivity within 

, ., '$~ •. _;,~-:oil. .. C~~ ~u.l~~ ~.~,n.- ~ fo!' t .. he J?r'?~.Q.~d. di.~posal will .• t~e~~fo.t.~. ·~:9~P.r.~ 
•. .-. ~elf· ab-s·orptl on or shi e: 1 ding frotn'~o1 1. · " · · ·J • • • "~·"'~""'T "'r. ... •· '~!"'' 

The external exposure at the application site due to prior disposals 
will be ca1cu1aUi:l'utilizing the methodology in Appendix G and 
added to that calculated for the proposed disposal. 

2. ·rhe plots are OW"nf!d by Wistons.in Electric and have been approved by 
the Wi5com~ in Department of NatUJ"al Resources (DNR) &!i disposal 
sites, The land is leased and potentially farmed. Occupancy of 
t.he land can be rea1istit;~l1y ~x:pected only t.luring p1owing, phnt.iog 
and harvestin~. Occupancy has been. estimated to be 64 hours p.er 
yl?ar. 

8. Summary _()f Ca1culat.Hm.al M~thOd019gy 

1. Calculate ground plane radionuc:lfde con~i:mt'rattons in pCi/<::m:~:. 

2. The ~ose from a plane of uniformly deposited radionudides is 
calculated using Regulat(lty Guide 1.109, Revision 1. App~ndix C, 
Fanr.c.~la c-z. 

3. Oose rates were calculated assuming continuous occupancy then 
adjusted for realistic occupan~y fact~rs. · · 
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The dose from a plane of uniformly deposited radionuclides is calculated 
using Regulatory Guide 1.109. Revision 1~ Appendix c. f:.rnula C·2 

:G · · - G 
Dj(T.9) tt 8760 SF t C1(r.6} DFGij 

where 

8760 

~ 1.0. since tiD dosQ rt~duction due! to !"E!'!dd~nti.al · 
sh;eldiog is applicable. 

c~· (rl8) =g-round plane radionuclide concentration (pCi/m1) 

OFGO~j} ; external dose factor for standing on contaminated ground 
as given ifi Table E~G of Regulatory Guide 1.109t 
Revision 1. · · . 

1 Dose F~ctor 
Rafu!!.!!.dide - (tar.e'm/hr per.2_Ci/lnz J 

Ground Phne Ground Plane 
Concentration Coneec~ration 

ll!Ci /cm2l (~Ci/ml) 

.y Dose· 
Rate 

(IDt'~M/)!l"} 

. , .. 5;o,-6D L 70E-OS 6.53E-08 6.53E+02 9~72E'"'02 
·-1 "'",._.l.q:;;S':ilJZ~ ,fir, -~i.,~ .. ~·<' • 4. ZOE-09:;-;.> .. , ... ;:.,. ., _ ''+~1E~QB .. 1 .,~ • .,:. ;~Jl..~~+Q~ .•. ,·<~; l. 5SE-OZ .... ~. 

TOTAL: 1.13£ ... 01 mrem/year 

These ca 1 c.ula.ted dose rates assume eontinuo~s occupancy. In tea li ty. these 
sites wi l1 be occupied only during plowing, planting, and harvesting.. · 
Assumino an occupancy o0f 2 hours ·pe"r day. 1 day pel" 'Week~ and 32 weks {B 
montl"l growing season) per year1 the occ:upa.ocy f=1ctor becollles · 

2 h"r/day * 1 day/week * 32 week.s/yr * l/8760 hours/yr -= 7. 3E~OJ. 

~XIE~~Al EXPOSUR~ OOSE RATE (mrem/year} 

Rad i onucl i d~ Con\ i nuou s UOc:;; upan~l 

Co-60 · 9. 72c·02 
Cs .. l37 LSSE-oz 

TOTAL: l.l3E-Ol 
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11. CALCULATION OF MEAT AND .HILK INGESllON .. PATHWAY EXP9~~R~S 

A. SpecjJic Ass~jmptions 

L 

2. 

. 3. 

All feed consumed Dy cow is grown on s1u11ge applied acre~ge. 

All meat and mnk consumed bY human is from cattle exc:lusfvely ted 
feQd from sludge applied land. 

Stable element transfer coefficients {IL ) are uti 1 ized from 
Regulatory Uuide 1.109 to estiilat.e the Haction of rad1oac:t1vity 
which is transte~red from the soil to tne feed. 

Ra.dionutlide -~;~~~~ 
Co ... GO 

·c$-137 
9.4E•03 
1. OE-02 

4. Alfalfa has typically been grown on the plots. Soi 1 tests have ;ndi- · 
cated a mini~nurrf alfalfa yield of 4.1 ton~ per acre can be expected. 

R. Summary of Calculational Methodology 

L Tha c:onc@ntration of radionuc 1i dQs in feed grown :On the di sposa 1 
pll)tS is estimated. Transfer coefficients (8. ) from Table E-1 of 
Regulatory Guide 1.109 were used to estimate d¥ fraction of radio-
nuclide which may be expected to transfer.t;o the feed from the soil._ 

' . 
'c•<,~ ,•• •• .. •1\-<•"""'1 • -1,·.- .. ·f· A 

•• · ;{-.J. · ···~ '2'~'· Conc.ent:raUons of>·radi-onu&-1 i-desij;if milk and, me-at"were esMma.te.ci.- ........ ..,,.,~_'-· 
using Formula A-ll from Regulatory Guide 1.109. · 

· l. Ingestion dou r•U~> were o'timated using Formula A-12 frnm 
Regulatory Guide 1. 109. 

C. Milk and Mea-t:In~estjon Pathway Dose Rate_Calculation 

L Concentration in feed. 

·Activity in feed ; B;v * Activity in Soil 

Concentration in feed = Acti vi 'Ly in F eedi( kg :~r~ eed * 5 Acres) 

Radionuclide 
Acthity in Activity in Concentration, in 

Radicnuclide ,soil {l;!CU Feed (~Ci) Feed (ptiruu__ 

Co-60 
Cs .. 137 

13.2 
a.s 

l.Z4E-Ol 
8.50E-02 

6.67E+OO 
4.S7E+OO 

2. ConcenJ.rat1on 1ri Mill<. and Meat 

Page 218 of279 REFERENCE USE 



POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

ODCM 
Revision 19 
TOTAL REWRITE 

F.ormula A-ll 1n Regulatory Guide 1.109. Revisioll 1 which .is· 
C Jtc· * iA = F iA · iF QF 

where CiA = r~,td1onuclide concentration of i in comp-onent A 
f iA = stable element transfer coefficient whose values 

Table E-1 of the Regulatory Guide 
C · = radionuclide con~entration in feed 

are in 

Q~F .= c<m~umption rate of feed = 50 kg/d (w~t weight) 
R~golatory Gu~de 1.109 

from .. --

u~~ the following Regulatory Guide 1.109 v~ltuis for 1\A 

eJQ11'lent ~;A=m(d/1) for milk F;A~F, (d/kQ} for meat 

Co 1.0£•03 
Cs 1.2E-02 ·. 

COn(entration in 
R"eli onue1.ide M{1 k. (pCi /1} 

Co-60 3.34£-0l 
Cs-137 2.74E+OO 

3. Ca1culated Oosa rates 

l.JE-02 
4,Q£eQ3 

Concentration in 
Meat (pCl/kg) 

. 4. 34E,.OO 
.9.14E-Ol 

The fomula for total dose from eating animal products fed vegeta-
.. tHm {alfalfa) gr.own on PBNP sJud;~ applied" land ts giv,e,n b)c., .. >· "

Regulatory Guide 1.109, RevfsiO:if'),~· 'Formula. A-12, p:ag&dl:.-..109-16·.'""· t. 
auti as noted following equation A""l3, it is nece'Ssary to compute 
separately the milk and meat port;ons of'the dos~. . . 

DOSE :;;: I(U8p1t:Di~pg~exp{-A.; t$)) · 

where U :;;; C{)Osumption rate of "animal produc·t 
Ct~ :;;. cone of radionuclide i in animal product A · 
0' : dose factor .. 
thtpy = average time between milking or slaughtering and 

5 consumption 

In·fant 

Milk {1/yr) 330 
Mu t { kg/yr) 

Uap by Ag.e Group 
c h i1 i:t · · · Teenager Ad u 1 t 

330 400 310 
....;...,1.!-": .... ~·., ... =.:.~~: .,. . _]-lQ.,,_,~~ ;,.,;_'-.i,......., .. -

CiA ~ conc:~ntration calculated >lhovc 
.. ,~ "'I I ~F,_J,_ J ,. ,. ~- . ~-u~ . 

Diapg = DF whole body dose fadors, Regulatory Cuid~ 1.109, 
Revision 1. 
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.whole Body.Oose F~ctors Lmrem/pCi Ingested) 

Infant Child 
H1,1cHde Ingestion Ingestion 

Teenager 
!ng:astion 

Adult 
Ingestion 

co~ so 2.55E ... OS 
Cs-137 4.33E-05 

1. 56£-0S 
4.62E•05 

6.33E-06 
5.19£·05 

4.72E .. 06 
7.14E-05 

T ~ 0 for milk (assume consumption on farm) 
5 :;;:· 20 'i:tays fol" ~neat (Reguhtory Guide L 109, ReviS:io.ti ;I.· ·Table E~l5.) 

MilK INGESTION _DOSE RA.JE (Jilr~m/year} 

Radionuclide Infant Child Teenager Adult 

co~6o 2.81E~o3 1.72E-03 &.46E-04 4.89E·04 
Cs~l37 3.92E~02 4.18E=02 5.69E~02 6.06£-02 

TOTALS: 4.20E-02 4.35(-02 5.17£-02 6.11£-02 

HEAT lNGESllON DOSE RATE (m~e~/year) 

Radionuclide Infant Child T~enager Adult. 

1.77E-Ol 2.24E~OJ 2.76E-03 
L 731:."'03 

. ,, .. ..,.- J, OBE-03 7 .!8E-Jt3 __ . 
.. ",, '. ?"' ' ·~ "'· . !. .... -

TOTALS: 

MEAT ANI} MILK INGESTiON PATHWAY DOSE RAlES (rnrem{)'!?-I'l 

Infant - 4.20£·02 
Child ~ 4.80E-02 
Teenacer- 6.26E~02 
Adult ~ 7.0SE-02 

Ill. CALCULATION OF. VEGETA3LE INGESTION PATHWAY EXPOSURES 

A. Specific .l\~sum2ti.ons 

l. The WPOES penni t issued to PBNP for the di sposa 1 of sewage 
slodg(l prohibit.' thri growing of crops for human consumption 
for one year following t~e ·application of th-e sewage sludge. 
Therefore, prior to planting.vegetables on the appHcat.ion 
site, the soil would be plowed. Plowing is assumed to uni
fol"mly 111i x. the t.•;(') 6 f n~hu of so f 1. 
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2. 

3. 

4. 

5. 

6. 

The· soi1 density is assumed to be 1. 3 graf)ls/cm3 •. 

All vil!getables consumed by the ind1vidua1 of int~west are 
grown on the Sl-udge ipplbd acreage; 

~~{~~el~}~;e:~et~:~~f~~ ;~ir~!~!e~~! ~~l~fi!~0:rR~:~1~~ory 
activity trcaosfered from the soil to the vegetables. 

Co-60 
Cs.-137 

!3. 
lV. 

9. u:~oJ 
l.OE-02. 

The consumptfon factors of food medium (U ) and the mass basis 
distributioM from Regulatory Guide LI09~PTable E-5 are used 
to determine annual cons.t..lmption of vegetables. 

Infant Cl:li.l4 

280 kg/yr 

~ap by Age Group* 

Teen 

340 kg/yr-

Molt 

280 kg/yr 

*Based oo 54% ~egP.table·consumption by mass of fr4it, vegetable, 
and grain. 

Tti~ririge~tion Dose Factors by a§e group are .from Regulatory,.··-·,. 
Guide 1.109. Tables E .. ll, E··J2, E-13~ and E-14 • 

. Whole Body Ingest i()n_Qe~se factors (mrem/pCi inS!s"ted} · 

Radionuc:lide 

co-60 
Cs .. 137 

Infant 

2,55E-05 
4.33E-OS 

Child 

1.56E-05 
4. 62E-05 

_Teen 

.6.33£-0& 
S.l9E-05 

Adult 

.4. 72E-06 
. 7.14£-05 

7. Radilllogical decay of the radionuclides applied to the plol is 
not taken into account in these cakulations. 

B. Sqrnmarl. Qf. ~alculati9f1C.l Method~>Jo~ 

2. 

J. 

The radlonuclide concentration in the soil is calculated in units 
of pCi/kg ba!ied on uniform application over S acre plot, p1o\lling 
tc a dep_th of 6 inches, and a soil density of Ll g/cm3. . 

The B. values are applied to th.e sun c.oncenlr~t.ion values to 
obtaiAvthe raoionucHde concentration in the vegetabl~:s. 

The consumption f;u:tQ-'1"!. ( U ) for each age group are then used 
to determine the annua·l ra!~onutl ide intake py age g'to·up due 
to eating- these vegelables. 

Page 221 of 279 REFERENCE USE 



POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

ODCM 
Revision 19 
TOTAL REWRITE 

OFFSITE DOSE CALCULATION MANUAL 

4. final'ly. the age dependent ·ingestion dose factors ar.e used to 
obtain Annua1 doses by age group. 

c. Vegetolble Pathwal,_ Inge:sUon Oose Ratfl! CalculatioM 

.· ' 

1. Concentrati oo fn soil 

Activity. 
Raqionuclidil! Applied haCi} 

Soil Volume 
(cml) 

Co-60 . 
Cs-137 

13.2 
8.5 

3.08E-t03 
3.0BE+09 

2. Concentration in vegetables 

Radionuelide 

Co-60 
Cs-137 

Concentration ln 
Soil (pCi/kg) 

3.30E+OO 
2.13~+00 

3. Calculated Dose Rates 

Soil Mass 
(kg) 

4.00E+06 
4.00E+06 

8iv 

9.4E-03 
l.OE.-02 

Coo~entrathm 
In Soi 1 

(pCi/kg) 

3.30£+00 
2.13E+OO 

Concentration 
ln Vegetables 
.(pCi/kg) 

3.10E-02 
2.13E-02 

the 
_: ___ ~:......::.....::..,.rl-

The dose rate for direct ingestion of vegetables grown on 
sludge applied land is given by the equation. 
, __ .... _ .... _ ...... _ ....... _.~... . .• ' .. . ':-i~~; .~ ... 

,g.. .. 

DOSE RATE = 4 Uap ~ Diapj * EXP (~A;t) * c1 

where 

Uap = consumption rat@ of food medium 
o.- - = dose factor for radionuclide, i 
~tapJ = radiolt;~git:al 4~t~Y tonstant 
t = time bet~een harvest and consumption 
C. ~concentration of rad~onuelide. i. in food 

1 medi urn. 

t, the time between harv.est an.d iogesthrn; is a.ssumE!d to be zero 
~.:for ~hil> c~lcuhtion. __ ., 

V£GElABlE INGESTION DOSE RATE (mrem/year) 

R<}dionocHde Infant Child Teen AciYlJ _ 

Co-60 1. 3SE-04 6.67E-OS 4.10E-OS 
Cs-137 2.76E-04 3.76E-04 4.26£-04 

TOTAL 4.11£-04 4.4-JE-04 4.67E-04 
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!V. CAlCUlATION Of ,HU·IAlAT!ON OF RESUSPENDED RAOIO.tiUCUOES f'ATHWAY EXPOSURE 

A. SpecifiC ASSUtllf!ti.on$ 

.l. The model used to detern1ne the radionud id8' (;OJ]t;f::nlration 
in air above the sludge applied land is taken from WASH-1400. 
USNRC,·Reactor·Satety Study .. An Assess11ent of Acc1dent Rhks 
in Commercial Nuclear Power Plants. Appendix Vl. 

2. The radionuclide conc~ntration in air r~ma.ins constant for 
. year of interest, i.e., radiological decay and decrease ir1 

resuspension factor !.re· not-hken ;nto accourt for this 
calculation. 

3. The maximally exposed member of the gEmeral public is assumed 
to be the farmer using the plot of land with an occupancy of 
64 hours per year. 

4. The inadvertent intruder is .auumed to occupy the plot of 
land for tht' ~ntire year. 

5. The InhalJtion Dose Factors by age group are from Regulatory 
_..;.;:._:,,,,_,,~.fi~i d~ 1..109 J .1 ~g)"'~!L ~.:-]_., E-8 I E-9, '~I)~~ i;JOt._ -~ 

.. 
~ :; . .,. ..,. ,' ~ .• J~ 'j 

WHOLE ~QDV INHAlATION DOSE FACTORS.(IlU'·~n./pCi i nha 1 edl 

Radi onueHde_ . Infant ChUg ... 
' ,·.t: .. ·; ....... '"•'· ~;r .• 

Co~GO . . 8. 4lt:!06 6. 12£...;06 
Cs-137 3. 25E .. 05 3~ 47E .. 05 

Radionuclide Infant Child 

'• Co-'iO 3.22E-03 ·1. 91E--03 
cs~ll'l 5.09[~05 2.61[-05 

. T~P.n . Adult 

2_48~-06 l.SSE-06 
3.89E-05 S.35E·05 

Teen Adult 

l.09E-03 7.46f·04 
1.51£-05 ~.40£-06 

6. . The age dependent. i nha 1 at ion rates are obtai ned fyoom · 
Regulatory Guide 1.·109. Table E-5. · · 

Inhalation R<tt.es (ml/yr) 

Infant Teen 

1400 3700 8000 
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8. Summary of Calculational Methodology 

1. The ground plane radionuclf~e concentrations in pCl!ln2 • 

2. Calculate'the resuspensfon factor utilizing lf:ti!Jatioo gfven 
in WASH-1400. 

3. Obtain tl'le raaionucl1de concentration ;n afr (pC'i/m~) above 
plot utilizing 111ethodohgy i'n WASH"-1400. · ' 

4. Using para~eters ~ontained in Regulatory Gufde 1.109 •. 
calculate anoual dose for ·continuous occupa~X>.Y and for 
realistic occupancy. 

C. Inhalation. of ResuseendedR~d_i'onuclides in Air PatJhway Dose Rate 
raTculations ·m~esuseerision ~f Radionudi~~ in Air 

1. around p1ane radionuclide concentration 

Radic-nuclide 
Ground Plane 

~entrat;on (UCi/cm2) 

6.53E-08 
4.21E-08 

~J 

2. Calculation of resuspen$ion factor. K (m- ) 

Ground Plane 
.COncentration (pCi/m2) 

6.S3E+02 
4.21[+02 

when t = time since radionuclides were depc.to-ited on gruur.d surfaceo. 

t is assumed to be 0 for these calculation:.~ thereby J~aximizing 
the resuspension factor. 

Therefore, 
--l 

K = l.OE-05 m 

· J. Calculate radionuclide conc:entration (pCi/l!lt) in air. 

From WASH~l400, 

K(m- 1 ) ;:; air concentration (pCi/J112.). 
surface deposit (pCiJmi) 

or -1 
Air;.Com;:entr..ation (ptilm3 ) ""surface deposft (pti/~-) "''·:K{m ··.)'· 

Radianucl ide 

AIR CONCfNlRATlONS 

.Air Con«:;*Jntra_lio!ls (pCi/1!13) · 

6.53E-03 
4.21£-03 

Page 224 of279 REFERENCE USE 



POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

OFFSITE DOSE CALCULATION MANUAL 

4. Dost Rat& Calculations 

ODCM 
Revision 19 
TOTAL REWRITE 

Dose Rate (111rem/yr) ~ Inhalation R~. :· i,tn3/yr) * Air Cone. (pCi/m3) * 
Dose Conversiui1 Factor (JIIrem/pCi) 

. W!JQLE_ BODY INHALJ\TiON DOSE RATE {mrem/year) 

~·i,.i~ 

infant 
,-., . ~· .. ..;. '~ .... ,._ 

Rad1onuclid~ Child .Teen Adulf 

Co-60 7.69E-OS 1.48£-04 l.JOE ... 04 9.66£•05 
Cs ... U7 1.92E-04 5.41E*04 1.31£-03 1.80E·03 

TOTAl.. 2.69£·04 6.89(-04 1.44£-03 1.90E-03 

lUNG lNHAlATIOH OOSE RATE (mrem/year} 

Radionuc.lide Infant Child Teen Adult 

Co-60. 2.94E-02-, 4.6lf-OZ . 5.69E ... 02. 3. 90E-02 . 
CS"l37 J.OOE-04 4.Jst"-u4 5.09E-04 3.17E•04 

TOTAL 2.97E-OZ 4.65E-OZ S.74E-02 3.9JE~oz 

WHOtE·aoov DOSE RATE (mrem/year) 

- .. ~ ,.::t<.·- · ·, Occupan~y · · ... ;., .. ln'fcint · · · Child· Teen · · Adi.i"lt. 

Continuous 2.6'9E·04 6.89E-04 l.44E-03 1. 90E-03 
Reali~tii 1.96E-06 S.03E-06 1,05£-05 1_39E,05 

LUNG DOSE RATE (mr~/year) 

OccuBanc~ lnhnt •. Chfld Teen Adult 

Continuttus 2. 97E-02 4.85E•02 S.74E-02 3.93£-0l 
R~alistic·· · 2'.17E-04 3.39E-04 4.19E-04 2.81!;;-04 

V. :c·ALCULATION OF WHOLE BODY EXPOSURES DUE TO RELEASE 110·ll\KE MICHIGAN 

A. Seecific Assumptions 

1. The methodology contained in· the PBNP Offsite Dose Calculation 
Manual (OOCM) 1s used to perror111 tn1s calculation. 
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2. The entire activity contain~d in the sludge is released into 
lake Michigan. 

3. ·The exposure pathways addressed by the OOCM methodology are 
tngestion of putable water from T\rlo Rivers. WI water supply. 
ingestion of fish at edge of initia1 mixing zone. ing41!st.lon of 
fresh and stored vegi!itables. irdg:ated witn Lake Michigan as 

_ •• j .~.Puree of "'ater. ingesticm of mille: and ti1eat fro'!' ,cpws utilizing 
-····---Lab Michiijan as drinking water source. swimming iiridboating 

activities iit ~dge of initial mixing :t:Or!e, and shOreline deposits. 

B. Sumlllary of Calculational Metho~~logy 

L The activity released in the sludge 1s ·converted into 
Co-60 dose equivalent ~uries. 

2. The annLial d~<>ign rell!a!ie limit from the ODCM is 94.7 Co~Go 
equivalen~ curies. · 

3. The annual design release limit is bas~d on. a l~miting dose 
of 6 mrvm .adult whol~;~ body_ The annual dos@ due tn sewage 
sludg~ is ca.lculate1l f)y a ri.ltio of calculated release compared 
to. re1ease li"'it. · 

C. Whole Body· J~posurl! Calcu1ations 

1. Co-60 ~gu1valant Curie5 
:,~~ -r_-~f;}-~\i:~~~~.~f.~ _ . . 

Activity 
Radionuc1ide _ (!,!Ci} · 

Co-60 
Cs-137 

13.2 
8.5 

1.001!-+00 
1.51E-+Ol 

~ ~· --r-~ •.• •7,\ 

l ' ~ • ~-:; ,-.-:;..~ ._:, -~: -=-~ 'i;·t~ 

Co.,;60 9Q. 
Activity {!.~Ci) 

13.2 
128.4 

TOTAl 141.6~Ci Co~GO 
equivalent 

2. Ratio of dose 1 imit tc annual design release 11mit 

· 6 mr~m . 
94.7 Cu-60 equlvah~nt curies 

Oo~e . ~ . 6 mrem 
i4l.6pCf 94.7x1061JCi 

Oos~ = 8.97[-06 mrem 

WHOLE BODY posE R!\H Jmrem/year 2 

8.97E-OG 
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The identified credible exposure pathways for the maximally expo6ed individual 
are: 

1.) Extertla1 e)(posure frCIJO ground'pla~e source (realistic.cceupancy) 
2.) Milk ingestion patnway-
3.) Meat ingestion pathway- . 
4.) Vegetable ingestion pathWay . 
5.) Rt'SU$pension inhalatfon pathWay (realistic occupancy) 
6.) PathWay! identified due to relea5e to take Mic~igan. 

• l . 

AGE GROUP. 
Pathway Infant Child Teen 

External 8.23E-04 8.Z3E-04 8.23£-04 
Milk --4.20E-02 4~ 35E-02 · 5,77[-02 
Me.st. . 4.49E~03 4.8$E-Q3 
Vegetab:1e 4.11E•04 · 4.43E·M· 
Inhalation ·1.96E·06 S.il3E-06 · l.OSE-05 
Water 8.97E-06 8.97E-06 8 •. 97E-06 

TOTAL: 0.043. 0.049 0.064 
(mrern/year) 

Inadvertent Intruder 
-;::: ~:\~./ ·-··. ~ 

· Adult 

8. ZJE-04. 
6.11E~02 
9.42£-03 
4.67£·04 
1. 39E-05 
a.97E~o6 

0.072 

"" "! •. :,..:,. ! \::'-!. ... ;~ 
~-......,...--... ........ -

The identified crediblR .exposure pathways- for the inadvertent in.truder are:. 

1.} Ext~rnal exposure from groun<t ptane source (continuous ·occupancy) 
2.) Vegetable inge$t1on pattr.'ay 
3.) Resuspension inhalation pathway (continuous occupancy) 
4.) ?atnways identified due to rehase tQ Lake-Michigan. 

Pathway 

",,., .. "~ : ct:~.t.:er.na 1 .. 
· ·· ·· Vegetab1e 

lnhah.tion 
Water 

TOTAL: 
(mrem/year) 

Infant 

].,. J.lk !l!. ,"· . 
2.9,£-04 
8.97f-06 

0.113 

AGE GROUP 
Child. Teen 

l._l~E;-()1 1.13E-01 
4.11E-04 

.. . 4. 43.E-04-
6. S9E-04 1.44E-Ol · 
8~97E .. 06 8.97E-06 

,0.114 0.115 

Adult 

1.13E-Ol 
;4:G7E:.04 
l.90E~OJ 

e.97Eftos 

0.115 

::-. ..-·.··, 

Reviewing these tab lea, the c(!llcul~ted 1 imiting dose!! for both the milxim<llly 
exposed individual and the inadvertent intruder octur for the adult age group. 
These dose"$ ar~:: · · · · 

Maxim(ll]y Expos~d Individual; 
tnadvertent· Intruder; · 

0.072 ~F.rer.~/yeat 
0.115 mrem/y~Eir 
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BASIS FOR SETTING CONCENTRATION liMITS AND ACTIVITY LIMIT 
FOR DISPOSAL-OF SLUDGE 

Page 228 of 279 REFERENCE USE 



POINT BEACH NUCLEAR PLANT 
OFFSITE DOSE CALCULATION MANUAL 

ODCM 
Revision 19 
TOTAL REWRITE 

OFFSITE DOSE CALCULATION MANUAL 

Analyses of previously disposed sewage sludge have .·identified six different 
radionuclides in the sludge. All six radionuclides did not occur in ea~h: 
disposal. Therefore. it h difficult to determine a single concentration 
limit for regulating the disposal of the sludge from the ·sto~age tanks.· 

To provide a basis to regulate the disposal of the sewage sludge based on · 
identified radionuc1ide concentrations~ the following re1ation is proposed. 

where 

N 

C
' 

= number of different radionuclides identified in Uttt 
sewage.sludge. . = concentratJ~n of the ith radfonuclide in the 
sewage ·sludge. 

= the MPC \lalu.Ql of th~ ith radi.onuclid@< in the· 
sewage sludge~ as 1 isted in lO CFR Part 20·· ·· 
Appendix B1 Table ii 1 Cglurnn 2. , 

If thi G critqr)a is met, the sewage s 1 udge may b@ di&pos:~d of by 1 and spread
ing provided the dose calculations (as identified in Appendix E) indicate · 
do~e ra.tes within the prescribed limits. 

lh~. a,ttachlilent to thh Appe"dix det.:J.ils calc;-Ul.)tions pcrformcd .. to deter-m:ine--
dos.tfS''ffom fqtrr!· r:,ntionu:c 1 ides .1 dent if ted in 1the s lutlge-~, ,. IJ'ne· ca h:illa'tHHl'S · a'r-<!' '1..-

. b!sed on an identified concentration .equal to 10% of the 10 CFR Part 20~ 
Appendix B, Table Il, Column 2 valves. The calc~lations use the methodology 
in Appendix. E along with the exposure pathway$ ide-ntifi~d in Appendix 0 to 
determine the dose rates. These calculations indicate the use of this 

. n1etllodology will mdintain radiation doses.'within the appropri~te.limits. 

The maximum allowable activity dhpos~r.J. of pet' year pei' acre is talcuht.~ci 
utilizing 10% of the HPC valuet 10 CFR Part 20, Appendtx B, Table· II~ ColJJmn 2, 
for Co·58. Vo1ume 1 imit per acre has been rn·oposerJ at 4l000 ga1lons/acte/yP.i!lr. 
Then 1 

1. OE~os JJCilcc * 4,000 galloris/acr~/year x 3. 785A3 cc/gallon 
= 151.4 ~Ci /acre/year 
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Cs-134 

Concentration in Sludge: 9.0£-07 mCi/m1 

Sludge Volume 
(Ga11 on~) ( t:m3) 

15000 . 5. 6SE+07 

External £xp<?sure 

Concentration 
_i~;~Ci /r.:.m1 ) 

9.00E-07 

Activity 
(p{;i) 

5.UE*Ol ... 

y Dose Factor 
(mre;n/hr •. J!el' p(:i/~~2 

Ground Plane Concentrat~on 
(pCi/m~). 

l. 20f-()8 

ODCM 
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Ground Plane 
Conc~£)trat ion (!JCilfn•:a} 

2.53E-07 

-y.Dose Rate 
(mrem/year2 

z. b!)E.-U! 

Continuous Occupancy: . 2.66E-01 mrem/year 
R!!alistic Occupancy: 1. 94E-03. mre111/year-

Meat & Hilk.Pathway 

Activity in Activity in Concentration in Concentration in Concentration in 
soil (vcn Feed (tJC.i.l Feed (pC.iL.l<q) M11 k CpCil'Q Meat (pCi/kg) 

5.22E+Ol 5.11E-Ol 

. lnfant 

3.87E-Ol 

Infant 

vegetable Pathwa:t 

Activity Soi1 Volum~ 
{~Ci) {Cm3) 

Child 

4.4IE-Ol 

. Teenag~r 

6.0lE-Ol 

lof,gal Don Rate (mr&irl/year) 

Child. 

Soil. Mass 
{Kg) 

4.0QE-t06 

Teenag~r 

3.27E-02 

' Concentration 
in Soil (pCi /i(~} 

LZ.8E-..Ol 
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Adult . 

6.19£-01 

Adult 

•5. 50E+OO 

Concentrat i<Jn 
'in Vegehbl~~ ([>Ci/Kg) 

L28E-Ol 
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Vegetable Pathwal Dose Rates (mrera/year) 

Infant 

. . . 

Inhalation· Pathway 

. Ground P1 ane 
Concrmtr;;ttion (pCl/m~) 

2.53E+93 

. Child 

2.90E-03 

~1 
{m ) 

l.OE-OS 

Te~nager 

3.98E•03 

Adult 

4.34E-03 

Air Concentration 
. {pCi/m!J) 

'2.53£-02 

Inhalation Pathway Oose Rates (mrem/~ear) 

lnf~nt . Child Teenager Adult 

Continuous Occupancy 
.Realistic Occupancy 

1.88E·03 -5.68E-03 1.39E·02 l.S!lE-02 
1.38E-05 4.1~E-05 t.OlE-04 1.35E-04 

Release tu lake Michigan 

Activity 
. (~+Ci) 

Ofi/OFco-60 Co-60 eq. activity 
. (HCi) 

5.11E+Ol . 2.56£+01 1.31E+03 

Ma~ima11~ Ex~osed Individual 

Infant Child . 

External L94E-03 1. 94£-03 
Milk 3~87E~Ol 4.41£ ... 01 
Meat 1.83£"'"02 
Vegetable 2.90E-03 
Inhalation · 1. 38£-05 4.15E-05 
Water 8.29E-05 8~29E-OS 

Totals: 3.89E-Ol 4.64E-Ol 

Inadvertent Intruder 

c ·r'~fiilt . .;,>·· child · 

External· · 2.66E-01 
vegfl!t;l,.,.,~ 
Inhalation· 1.88E-03 
War.~ I"' B. 29F05 

Totals: . 2.. 68E-Ol 

2..66E-Ol. 
2.90E,.03 
5.68£ ... 03 
8.29E~05 

2. 75E-Ol 

Cs-134-2 
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·. Teenager 

1. 94E-03 
6.03£-01 
3 •. 27£-02 
a·. 9BE-0.3 
1. OlE-04 
8.29E-05 

6.42E~Ol 

Teenager 

2.56£-01 
3.96E-OJ 
1.39E .. 02 
8.29£~05 

2.84E-Ol 

Adult 

1.94E-03 
6.19E-Ol 
7.32E-02 
4.34[-0:l 
l.35E-04 
8.29£::-Q~ 

6. 99E·Cll 

Adult 

2.66E-01. 
4.14£~03 

1. B4E·02 
8:19F-05 

2.89E-Ol 
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cs-137 . 
Concentration in Sludge: 2.0E-06r'1JC1/ml· 

Sludge Voltlme 
(Ga]JQ!'\S} (cm.3) 

Concentration 
· (uCilcm'l) 

1sooo . ·- ·: ;5:li8'E+o1 ,_Q(l~-06 

External Exposure 

Activity 
~i} 

L 14£+{]2 

y DOS@ factor 
.(mrcm/hr •. per pC;Jm2.2 

Ground Plane Concentration 
. (pCi/~) 

4.20E-09 5.62E+03 
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Ground Plane 
Concentration· CuCi/cm2_) 

·>:-;s~~E:-'01 

'Y Dose Rate 
{t.1rem/y•.ar) 

2.07£-01 

Conti nuou:i Occtipanr:y: 
Realistic Oc-cupancy: 

2.07E-Ol mrem/ycar 
l.SlE-03 m~em/year 

Meat & Milk Pathwq 

Acttvlty 1n Act1v1ty tn Con~entration in CQm:ent.rat. ion in 
Milk. (pCi/£) 

Concentration in 
Meat (f!Cilkg} Sof 1 (j.~Cil_ - Feed (b!Ci) Feed (pCi/Kg) 

Infant. 

-5. 2:6E:-OO 

Infant · 

Vegetable Pathwa~ 

. ·~ ~AG-t i v-i:t y 
(pCi) 

L l.ll£-1-02 

Soil Volume 
(Cm3) 

Milk Dose Rates (mremrnarl 

Child 

5.61E-Ol 

Teena_g~r. 

7.64'12:-01 

Meat Dose ftate.{mrem/ye~r) 

. Child 

2.33E-:02 

Soi 1 Mass' 
(Kg) 

Teenager 

4. 1SE-<l2 

Concentrat i:orr..:.
in Soil (pCi/Kg) , 

2.B5E+Ol · 

Adult 

8.15E-Ol 

Adult 

9.66f:-02 

~~. Concentration 
iF'I Vegetables.'(pCi/Kg) 

2 .. 85E'-01 

='~ , 

,. ' 

... 
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Vegetable Patflwa,y_Dose·Rates (mrem/,;:eitr) 

Infant Chil«;l__ Teenager Adult 

lnha 1 at.i un pat~w'!:l 

Ground Plane 
:; · Concentration (pCi/m~) 

5.62E+03 

3.69E-03 

K 1· 
C~tCl· 

l.OE-05 

5.70E-03 

Air Concentration 
(pCi/m3 ) 

S.62E-02 

Inhalation Pathway Qose .Rates (l'l!rem/year) 

Infant Chi 1 d · · Teenager Adult 

Conti n uil us Oc cupanty 2.li6f:~03 7.22E:..03 1. 75E-02 2.41E-02 
· Reali$tic Occupancy. 1.87E-05 5.27£-05 1.28£-04 1. 76E-04 

Release to· Lake M'ichiga·n 

Acthity · 
!~Ci) 

.l.l4'E+02 

Extern4l 
Milk 
Meat 
Vegetable · 
Inhalation 
Water 

Totals: 

fxtP.rnal 
Vegetable 
Inhalation 
Water 

Totals: 

OFi/Dfco~So. Co-60 eq. activity 
(JJCi) 

l.SlE+Ol l.1ZE+03 

Maxil!lall.:t:: E~'~eQ~cd Individual 

Infant Child Teenager 

l.SlE.,-03 1. ~lE-03 l.SlE~Ol 

S.26E-01 5.61E ... Ol 7.64E-Ol 
2.33E-02 4.1SE-02 
3;69£-03 5.03E-03 

1.87£-05 5.27["05 1.2BE-04 
l.09E-04 1.09E~04 1. 09E-04 

5.28E-:Ol 5.90E-Ol 8.12E-Ol 

Inadvertent Intr~der. 

lnfant .. Child T~enagf£ 

2.07E-Ol 2·. 07E-Ol L.07E·Ol 
3.69£-03 5.03£ ... 03 

2.56E .. 03 7.22E-03 1.75E-02 
1.09E•04 '1-09E-04 l.ME~04 

2.10E-01 2.18E"'01 . Z.JOE-01 
Cs-137-2 · 

~:: ::~:r€- ... 
~ 

Ad'uH;· 

1. 51E""03 
8.15E-Ol 

· 5. 70E-03 
5.70E-03 
1.76E~04 

·1,()~~-04 

9.19£-0l 

Adult 

. 2. 07E-Ol 
5. 70E~OJ . 

. 2. 41£-02 
l.09E~04-

z. 37E-Ol 

i' ... ~ i 
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Co-sa 
Concentration in Sludge: t.OOE-05 vCi/ml 

Sludge Voltne 
~Gallons) ~.:;m~2 

15000 · S.68E+07 

External E~posure . 

't Dose Factor 
(mru/hl'. per. pCillfl~ 

7~UOE-09 

Concentl"ation 
c ... c t /.:r J 

Activity 
(p~il . 

1. OOE·OS 5. 68E+Oi 
:. -- . . ·:; 

Ground Plane Concentration 
{pCl(m:t) 

2.81E+04 

ODCM 
Revision 19 
TOTAL REWRITE 

Ground Planl! 
ConcentTation(j.lCi/em2) 

2.6~E-06 

1 Dose Rate 
(llr~m/year) 

1.7:2E-+OO 

·con~inuous occupancy: 
Rea listie Occ::uparu::y: · 

1.7zE~oo mrem/year 
1.26£-02 mrem/year 

Meat.& Milk Pat~ay 

Activity in Activity in Concentration in ~oncentration in concentrat1on 1n 
$oil (!JCi} feed(JJCi) . Feed {pCj/Kg) Milk (pCi/i} Meat.JpCi/kg) 

5 :. 6~E+0.2 · ... 
5.l4HOO 

Infant 

4. 27E-02 

Infant 

Vegetable Pathway 

Ac:tivfty ,,,en 
5.613E+02 

Soil Volume 
... (c,~J 
3.08E+09 

2.81£+02 1.44E+Ol 1.87E+0.2 

Milk Dose Rates· (mrem/year) 

Child 

2.62E-02 

Child. 

4.22E-02 

Teenager 

1. 29E-Ol 

Teenager 

2.72E-0.2 

Soil Mass' Concentration 
(K-g) - · in SoU. (pCi/Kgl 

4.0CIE+06 1.4~E-D4 

Co-5.8-1. 
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Adult 

7.45E"':'03 

Adult 

3.44E-.02 

Concentration 
in Vegetables. (pC.i/KijL· .• 

1..33£+00 
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Vegetable Pat~iy.Oose Rates .{mrem/vur) 

. Infant· 

Inhalation Pathwa;t 

· Child 

2.05£,..03 

Teenager · Adult 

l.OlE-03 · 6.22£-04 

Ground Plane 
. Concentraticm (pCilm2 t 

. Kt 
(m- ) 

Air Concentration 
(pCi/m3 ) ..... ~-., ·~·:,..-"~"~'·' k·~ 

' .. - ' ,.,., -· 
2.81E+04 l.OE-(lS 2.81E-01 

lnttat~\Jon Pathway Dose {tates (mrem/yearf 

Continuous. Occupancy 
Realistic Occupancy 

_lpjaflt~ 

S.UE-04 
3.74£-06 

Child . Teenager 

8.89£-04 7.80£ .. 04 
6.49E-06 5. 70E·06 

Release to Lake Michimm · 

:-~ ··~; 

A~tivity . ·. DF,JD.Fco~GO 
(!:!Ci) 

cu~GO·eq. activity 
{~Ci) 

3.54E-Ol 2.01£+02 

Maximalil £x~nsed Individllal 

lnfant Child T J:Hma !I!!' r 

Elttern.al · 1.2GE~02 l-2.6E-02 l.2GF.-01 
Milk· 4.27E·02 2.62E-02 1.29£-02 
Meat 4.22£~02 z.72E~.oz 

.V£getable 2.05E·03 L01E•03 
Inhaht.ion '3.74£ .. 06 6.49E-06 5.70E..:os 
Water 1.27E-05· 1.27E-os· 1.27E-os· 

Totals! 5.53£-0l a.JIE~oz 5.37E-02 

'!!:ll~!!t~t Intruder 
' 

Infant Chi1d Teena~er 

External 1;72€+00 L7ZE+OO l.72E+OO 
Vegetable 2.05£-03 1.01E: ... 03 
· Inhalation S..llE-04 a.a9t::-o4 7.80£·04 
Water 1.27E.-OS 1. 27E-05 . L27E-05 

.. 

totals: 1. 72E+OO 1. 72E+OO 1.12E+OO 
Co-58-2 
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Adult 

5.82E~04 
4~ 25E-06 

Adult 

1.26£"'02 
7.45£-03 
3.44E-02 
6. 22E--04 
4. 25E-Ofl. 
1,27£-0!} 

S.SlE-02 

Adult 

l. 72:£+00 
. 6.22£-04 
5.82E-04. 
1.27E-05 

1.72E+OO 
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co-bO 

Coocentr:.tion in Slul1!]!!!! S.OE-06 J.1C1/ml 

Sludge Volume 
{Gallons} (cml) 

15000 5.68E+07 

External Exposure 

concentratton 
(pCi/cm3) 

S.OOE·OG 

Act1vtty 
{JJCi) 

2.84E+02 

y Oose Factor 
(fl'ltem/hr. par pCi/ml} 

Grc~nd Plane concentration 
(pCilli} 

1.70E-08 1.41E+04 

ODCM 
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TOTAL REWRITE 

flr~;~und Plane 
Concel\tr!:\tion (lJCilcm:l) 

1.41E-06 

y Dose Rate 
! mrem/year} 

. 2.G9E>+OO 

Continuous Occupancy: 2. 09F.+OO mrem/year 
Realistic Oc:cupancy: 1.53E·02 rnrem/year . 

Meat & Milk Path~a~ 

Activity in Activity in Concentration io Concentration in Concentration in. 
Soil (HCi} Feed (IJCi) Feed (pCi/Kg) Milk (pCi/.l) M~<lt (pCi/kg) 

.:2. 84E+02 2. 67E+OO l.44E+02 . . ' 
. ;~/ 

. Hi l k Dose Rates· (mrem/vear) 

Infant Child Teenager 
.. s·. M£-02 J~70E-Il2 1.82E-02 

Heat Dose Rate ~mre~n/~ear} 

lnfant Child .Teenas.er 

5.9TE-02 3.84E-02 

Veg@tabl~ Pathway. 

Activity Soil Volum~ Soil Mass Concentration 
in S~il ~pCi/Kg) (tJCi} __..(£~ {K9.l 

2.84E+02· 3.08E+09 .4.00E+06 7.lOE+Ol 
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9:33E..t:Ol 

Aclult. .. 

l.OSE~02 

Adult 
.... ,~ .. ; 

4.84E-Ol 

Concentrat io:! ~ 
ill Vegetables· (pCi/Kg) 

6;67E-01 
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Veget~bla Pa~!r!l'ax Oose.~€tes (mrem/year) 

Child 

i.91E-03 

Inhalation Pathway 

Ground · P 1 ane . 
Concentration ~pCiJI)l2) 

·K _l 
(m ) 

1.41£+04 l.OE-:-05 

Teenager M14lt. 

. s.a2£-01 

Air Con<::ent.ration. · 
(pCilm3 ) 

In~a1ation Pathway Dose Rates (mtem/yearJ 

Continuous· Occupancy 
Realistic Occupancy 

·Release to Lake Michigan 

Activity 
. (IJCj} 

. ·' ·.-. 

·Infant ---
1.66E-03 
1. 21E-OS 

~~.!;~!14.-- Teenager 

3.19E•03 2.80£-03 
2.33E-05 2.05£~05 

Co~60 eG. actf~ity 
~----· ..u;{l.f.:ll_ __ ..• -.:. . 

._ ~· : . 

Adult 

l.09E·03 
l.SJE-05 

6 mrem. 11t Z.84E+02pCi * 1 c· · .· 
94.7 Ci . . 1. OE+Ili pci = 1. aoE-05 mrem . 

Ma)(iJil~lly Exposed Individual 

I of .ant Child 

External l.5JE-02 1.53E~o2 
Milk 6.04£:-02 3. 70E-02 
Maat !L 97£-02 
Vegetable 2.91E-03 
Inhalation 1.2'1E-OSc 2.33£-0S 
Water l.SOE-05 l.BOE-05 

Tota1s: 7.57E~oz 1.15£~01 

Inadvertent Intruder 

Infaot. 

External 2.09£+00 
Vegetable 
Inhalatiofi 1.~6E-03 
Water 1.80£-05 

Tot~ls~ 2.09E+OO 

i:hild 

2.09f.+OP 
2.911:>03· 
3.19E""03 
_!.SOE--05 

2.10E+OO 

Co-60-2 
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TPPnager 

1.53£-02 
1. 82E-Ol 
1.S4E-02 
1.44E-03 
z;osE ... 05 

· l.SOE ... 05 

7.J4E~02 

Teenager 

:i.09E+OO 
·1.44E.-03 
2.80E·Ol 
l.. !lill:. -OJ 

2.10E+OO 

Adult 

··1. SJE-02 · 
l.OSE-02 
4.84F.-02 
8.82E ... 04 
1.53£~05 

1.80£"05 

7.51E-Q2 

Ad~lt 

2.09E+QO 
8.82£.-04 
2.09E-03 
~-O! 

2.09E+OO 
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APPENDIX G 

CALC,ULATIONAL MEJtiODOlOGV FOR D~TERMlNIN(.; 

EXTERNAL DOSE RATES. fRPH RADlONU{:LlDES 

AnER INCORPORATIOK lNTO SOIL 
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·.Wisconsin Electric util has QAD, a nationally re.:;:ognized computer code, to 
perform :;;Melding tmd dose rate .analyse5, The QAD computer code utilizes a 
point kern~l methodology to calc;ulate the dose rate at a specified point 
due to a given soureD of radiation, 

· QAD l'in be u:;~d to ealcu1at9 tile do~e rate due to o;.t..o:mdin'g ·tm a plot of ·land 
utn ited. for sludge dis-posal after the radionuc:lides have been incorporated· 
into the plot by plowing. The following parameters will be used in the 
calculation: · · 

.o 

Q 

The total activity from all previous disposals will be 
corrected for radiological decay and uud as th~ radit:~-
nuclide source term. · 

Appropriate values will be. used to represent the surface 
area of the plot. 

The radi onu<: li des wi 11 . be assumed to be incorporated 
uniformly into the. top six. inches of soi 1. 

. . 

TM· dose rate will be calCulated at a height of l meter 
above the ground phtne at a depth gf 5 centim.eter:i in 
tissue. (Regulatory Guide 1.109 values). 

·, ...... ,.;~~~~~ ·'~"""0~7;,:.-::Ttiiraens it"y·:of tht!. sofl ;w't:'"tl b'~·.•'a·s-~umed~ to be·.q,': :v gr--aro;s,/"' -.- ;t,.· · , · 
.·cubic centimeter. 

This calculated dose rate wll 1 be. used to assess the rariioiQgical consequences 
of past disposals in conjunction with the cons-equences of proposed future · 
disposals. Tne total r~d1ological do~e con-sequenc~ of l.he pa:st and the pro
posed disposal will be compared to the applicabl~ limits to insure the dose 
is 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 ... ". 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 ofNatural 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) 

ODCM 
Revision 19 
TOTAL REWRITE 

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 oflicensee Commitment Involved 
With Sewage Sludge Disposal", 4/20/95. 
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• 

0 

• 

MODIFICATION #2 

Depth tg ~rounchtater and. b•dn~;k 1t:hiill ~ SJ"ilt.tt' than ~ fftt fr-orJ 
t~e 1a~d su~fate •l•vati~ d~ring use ~f ·~ $ite. 

Sludge sl'lbll nQt M h.n.d spread in a fl D(tdway. 

Sludge $h•ll not be land ~~reid w1th1n SO fe~t ~t a property line rQid 
or ditch ~nl~s$ the sludoe is 1~rpQrated with th~ 1011, in ~hi(~ 
case a -.iniiiiA'.I separati-on dist.anca t.~f •t ln:~;t. .25 fee-t is reqr.ti rl!d. 

The ~H of the ~1udge-~oit ~ixturt shall be maintatntd at 6.5 ~r hi~her. 

lOW areu of th@ ~roved f'i~ld.$. SubJ•~t to ~•. ill!ien~:.l h' tr1~;~h ;rc4.1nd
wt.t.1l!r lev•ls, an ttxch1dtd froM the .J1~dge .appli~&tion • 

.Craps for I"IWNn consumption "ha.1 1 nett be grcam .on t~ taM fQr up tD 
ona yen foliDW1ng th• JppHc:at~cn o.f ~ .lh.ldgt. 

The slud9e 5hall be plowed, ~i5tecl, inJected or o'thtl"'Win ineo;por.tUd 
into the llilll"faee soi I Ja)'el" il.t approprut.e intel"'ll'a1 s- . 

The il elfi b i1 i ty implied i .n th-= lilt tel' pro¥ i si 011 hr sail 1 ncarpora t i al'\ is 
intended to •l1ow for crops whir:h reqr.l'in IIDre than a onl! )'~ar- cyde. 
far the Poi~t Beach ~f$PO~~l sittf, a1falf• is a e~n ~rtp ~ich i$ 
htrve~te~ for 5ev~ral year' aft~t a s1~1e ~1ant1ng. Sludve dispo1•l on 
an o1lf.1l h p11)t. e.c:~Mtitut.l!:s: g~:u;~d hrlH1 utill:l"• t.ut t.h4 p 1ot c•nncrt bll 
t~ol(iWed 'l'itl'l~;~ut Gt$tti).Vfng tile cr~- The •H~th hi tM5 c.tn •ids 1n 
b1~d1ng the l~Y•t gf •l~t on tht $~rf•~• of th• ~1~~ ~~ • ~1nt~. 
l'la-"'er 1 plwfog (or die king Ol" otn•r :Mthod of 1 njectian •nd 11ixi.ng to 
a ~amfnal depth of 6 incDis) shall be dona prior to p1&~tfng ~qy n•• ercp, 
r1gardl•1s of th8 crop. 

3.3 Administr~tfv~ ~dunes 

tompl~te re~or~ af •aeb d~~po$al will ~ aaintained. 7n.st rteOtdi 
wi 11 1nehll;l'=' t.tie C:C:II'ICentrft il;m Of ,.tdfQI'Juelidl:s fn tr.e $llJI#9e, the 
tot.a1 wl Llll• of sludg• dhpoud 1 th• total adfwit1• t.ha plot en 
ld'ii:eh thl! ~ludge was .wppHed, thi! ,..sult~ of 1.he cr.oical tlltiJ!asit!oo 
!ktel"llit~oJt.ion.fi, .and ~n ~n c.al~ulat.ions. 

The .annt;;li'7fl::QU:l NU for e.ad'i ~1 the a:ppl"'iiied latid spl'ead site.s 
~ill Pt'ffef~4 s~,OOQ ttllontJ~~r•, ~ro~iO.d wPNR ~hanf~•l compo$1-
tion~ MRC do~ gui~lin•s, •nd conc1ntrat1an and activity liaits are 
u.intainad within ~e •ppi"'OpriAt• v11un. 

The fiiii"Nr 1us1no tbtt stu usfti for tr. cfi !ipgul lfill be nati111'cl 
of tbe ~p1icab1e reltri~tiOn$ p1~~td ~ the si~ due to tM• la~d 
.sprN41~~g of :t"""•!t• $1~ . 

.J.O bdvi!ltiac~ cf £nwiral"'fit!nhl lnpact 

Jl.l SiU Cl'larts\!ri:tt,cs 

4.1.1 Site Topoq~aphy 

The d1$PO~~l $it•5 are l~~lttd in the Town of Two tr•tks i~ 
the northea»t ~Drner ~~Manit~~ Cuunty, Witeons1n, on thi 
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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 IT ofthe October 8, 1987letter 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 

Small11Ci quantities ofPBNP 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 if there 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 defme how hard you have to look. Below this 
detection level," ... the probability of undetected radioactivity is negligible and can be 
disregarded when considering the practicality of detecting such potential radioactivity from 
natural background ... " (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. 
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LIQUID EFFLUENT DOSE CONVERSION FACTORS 

1.66E-02 O.OOE+OO O.OOE+OO 1.20E-03 
O.OOE+OO 3.01E-03 O.OOE+OO 8.15E-03 O.OOE+OO 1.17E-03 

O.OOE+OO 3.35E-03 O.OOE+OO 9.34E-03 O.OOE+OO 7.62E-04 
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GASEOUS 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 gaseous effluents. These dose conversion factors are the summation 
ofthe 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 xJQ 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. 
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APPENDIXL 
GASEOUS EFFLUENT DOSE CONVERSION FACTORS 

2.62E-03 2.62E-03 2.62E-03 2.62E-03 
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 .18E-03 3 .18E-03 

1.69E-04 1.69E-04 
1.69E-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 1.69E-04 4.67E-04 2.96E-03 

1.69E-04 1.69E-04 1.69E-04 1.69E-04 1.69E-04 4.53E-04 1.79E-03 
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------

~:c::,'l{(J)lec: ·. . 

1.09E-02 4.26E-03 1.67E-02 1.08E-01 
9.38E-03 4.16E-03 3.97E-03 4.23E-03 2.01E-02 9.94E-02 
1.54E-02 4.45E-03 2.18E-02 4.01E-03 4.44E-03 1.40E-02 1.97E-01 

1.35E-02 4.31E-03 1.70E-02 4.03E-03 4.25E-03 1.16E-02 1.44E-Ol 
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l.OSE-03 1.51E-03 7.79E-04 1.49E-01 2.30E-03 4.59E-04 1.14E-03 
1.57E-03 1.82E-03 9.75E-04 2.56E-01 2.73E-03 4.59E-04 9.47E-04 

1.61E-03 2.13E-03 9.48E-04 3.06E-01 2.42E-03 4.59E-04 7.17E-04 

:c Bone:::;/,.· 
9.82E-05 1.23E-04 8.36E-05 
1.04E-04 1.36E-04 1.03E-04 9.79E-04 1.67E-04 8.36E-05 8.41E-05 
l.lOE-04 1.33E-04 1.06E-04 1.23E-03 1.58E-04 8.36E-05 l.OSE-04 
1.04E-04 1.26E-04 9.87E-05 1.09E-03 1.31E-04 8.36E-05 1.13E-04 
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ACTIVITY RELEASED TO DOSE CONVERSION FACTORS FOR NOBLE GASES 

Kr-83m 1.71E-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 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 1.57E-05 8.00E-06 2.38E-05 

Xe-135m 7.07E-05 9.98E-05 7.61E-05 1.67E-05 

Xe-135 4.10E-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 2.11E-04 7.43E-05 
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