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1.0 LIST OF ACRONYMS AND DEFINITIONS 

1. Airborne Activity Sampling: Continuous sampling of air through the collection of 
particulates and radionuclides on filter media. Periodic soil samples are 
collected for gamma isotopic analysis to provide information on deposition to 
the soil from airborne releases. 

2. AIP: Air, Iodine and Particulate 

3. ARERR: Annual Radioactive Effluent Release Report 

4. AREOR: Annual Radioactive Environmental Operating Report 

5. BLV: Broad Leaf Vegetation 

6. BWR: Boiling Water Reactor  

7. Composite Sample: A series of single collected portions (aliquots) analyzed as 
one sample. The aliquots making up the sample are collected at time intervals 
that are very short compared to the composite period. 

8. Control: A sampling station in a location not likely to be affected by plant 
effluents due to its distance and/or direction from the Columbia Generating 
Station. 

9. Curie (Ci): A measure of radioactivity; equal to 3.7E+10 disintegrations per 
second, or 2.22E+12 disintegrations per minute. 

10. Direct Radiation Monitoring: The measurement of radiation dose at various 
distances from the plant is assessed using Thermoluminescent dosimeters, 
Optical Stimulated Luminance dosimeters and pressurized ionization chambers. 

11. DW: Drinking Water  

12. Grab Sample: A single discrete sample drawn at one point in time. 

13. Indicator: A sampling location that is likely to be affected by plant effluents due 
to its proximity and/or direction from the plant. 

14. Ingestion Pathway: The ingestion pathway includes milk, fish, drinking water 
and garden produce. Also sampled (under special circumstances) are other 
media such as vegetation and animal products such as eggs and meat when 
additional information about particular radionuclides is needed. 

15. Lower Limit of Detection (LLD): The smallest concentration of radioactive 
material in a sample that will yield a net count (above system background) that 
will be detected with 95% probability with a 5% probability of a false conclusion 
that a blank observation represents "real" signal. 

16. MDA: Minimum Detectable Activity 
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17. Mean: The average, i.e., the sum of results divided by the number of results. 

18. NA: Not Applicable 

19. NIST: National Institute of Standards and Technology. 

20. NRC: Nuclear Regulatory Commission 

21. ODCM:  Offsite Dose Calculation Manual 

22. pCi: is equal to one trillionth of a curie 

23. pCi/L: picocuries / Liter 

24. PNPP: Perry Nuclear Power Plant 

25. PWR: Pressurized Water Reactor 

26. REMP: Radiological Environmental Monitoring Program 

27. SW: Surface Water 

28. TLD: Thermoluminescent Dosimeter 

29. TS: Technical Specification 
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2.0 EXECUTIVE SUMMARY 

The Annual Radiological Environmental Operating Report (AREOR) details the results of 
Radiological Environmental Monitoring Program (REMP) conducted at the Perry Nuclear 
Power Plant (PNPP) from January 01 through December 31, 2021. This report meets all of the 
requirements in PNPP Offsite Dose Calculation Manual (ODCM) and the Environmental 
Protection Plan (EPP). Report topics include radiological environmental monitoring and the 
land use census.  The results of the environmental and effluent programs indicate that the 
operations of the PNPP did not result in any adverse environmental impact. 
 
 

2.1 RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM 

The Radiological Environmental Monitoring Program (REMP) was established in 1981 to 
monitor the radiological conditions in the environment around PNPP.  The operational REMP 
was initiated in 1986 and has continued through this reporting period.  The REMP is 
conducted in accordance with the PNPP ODCM.  This program includes collection and 
analysis of environmental samples and evaluation of results at indicator as well as control 
locations.  Indicator samples are collected at locations determined to be most influenced by 
operation of the PNPP.  Control samples are collected at locations beyond the measurable 
influence of the PNPP for data comparison. 
 
 

2.2 PRE-OCCUPATIONAL REMP 

The REMP was established at PNPP six years before the plant became operational.  Between 
1981 and 1986 environmental monitoring involved collection and analysis of environmental 
samples.  This pre-operational program was designed to provide data on background radiation 
levels and radioactivity normally present in the area in order to establish a baseline for data 
comparison prior to operation of the plant.  PNPP has continued to monitor the environment 
during plant operation by collecting and analyzing samples of air, milk, fish, vegetation, water, 
and sediment, as well as by measuring radiation directly. 

 
The contribution of radionuclides to the environment resulting from PNPP operation is 
assessed by comparing results from the environmental monitoring program with 
pre-operational data, operational data from previous years, and control location data.  The 
results for each sample type are compared to historical data to determine whether trends or 
changes in concentrations are observable. 
 
 

2.3 OPERATIONAL REMP 

Results of air samples collected to monitor the radioactivity in the atmosphere revealed normal 
background radionuclide concentrations.  Terrestrial monitoring included the analysis of 
vegetation due to the unavailability of milk samples; the results of which indicated 
concentrations of radioactivity similar to those found in previous years.  Analyses of vegetation 
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samples detected only natural radioactivity similar to that observed in previous years and 
indicated no radioactivity attributable to operation of the PNPP. 
 
Aquatic monitoring included the collection and analyses of water, fish, and shoreline 
sediments.  The analytical results of these samples showed normal background radionuclide 
concentrations. 

 
Direct radiation measurements showed no significant changes from previous years.  The 
indicator locations averaged 15.6 mrem/quarter and control locations averaged 
15.1 mrem/quarter.  Radiation dose in the area of PNPP were similar to the radiation dose 
measured at locations greater than ten miles away from PNPP. 

 
Results from indicator samples collected during this reporting period were compared to control 
sample results and pre-operational data.  Based on the results, it can be concluded that the 
operation of the PNPP resulted in no significant increase in the radionuclide concentrations 
observed in the surrounding environment.  The results of the REMP indicate adequate control 
of radioactivity released from PNPP.  These results also demonstrate that PNPP complies with 
federal regulations. 
 
 

2.4 LAND USE CENSUS 

In order to estimate radiation dose attributable to operation of the PNPP, the potential 
pathways through which public exposure can occur must be known.  To identify these 
pathways, an Annual Land Use Census is performed as part of the REMP.  During the census, 
PNPP personnel travel public roads within a five-mile radius of the plant to locate key 
radiological exposure pathways.  These key pathways include the nearest resident, garden, in 
each of the ten meteorological land sectors that surround the plant.  The information obtained 
from the census is entered into a computer program used to assess hypothetical dose to 
members of the public.  The predominant land use within the census area continues to be rural 
and/or agricultural. 

3.0 INTRODUCTION 

The REMP was established at PNPP for several reasons.  First, it verifies the adequacy of 
plant design and operation to control radioactive materials and limit effluent releases.  Second, 
it assesses the radiological impact, if any, that the plant has had on the surrounding 
environment.  Third, it ensures compliance with regulatory guidelines.  The REMP is 
conducted in accordance with Appendix B of the PNPP Operating License, Technical 
Specifications, the ODCM, Nuclear Regulatory Commission (NRC) Regulatory Guide 4.1, 
NUREG 1301/1302 [6,7], and the 1979 NRC Branch Technical Position [17].    

 
A variety of samples are collected as part of the PNPP REMP.  The selection of sample types, 
locations, and collection frequency are based on many variables.  Potential pathways for the 
transfer of radionuclides through the environment to humans, sample availability, local 
meteorology, population characteristics, land use, and NRC requirements are all factors and 
diagramed in Figure 1. 
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To ensure that the REMP data is significant and valuable, detailed sampling methods and 
procedures are followed to ensure that samples are collected in the same manner and from 
the same locations each time.  All samples are packaged on site and then shipped to an 
independent vendor laboratory for analysis.  The vendor laboratory analyzes the samples and 
reports results to the PNPP Chemistry Unit staff, the Lake County General Health District, and 
the State of Ohio Department of Health.  Additionally, the Lake County General Health District 
obtains monthly “split” samples of milk (when available), water, and vegetation to perform an 
independent verification of PNPP’s REMP. 

The Radiological Environmental Monitoring Program (REMP) provides data on 
measurable levels of radiation and radioactive materials in the site environment.  This 
program also evaluates the relationship between quantities of radioactive materials 
released from the plant and resultant doses to individuals from principal pathways of 
exposure. In this capacity, REMP provides a check on the effluent release program 
and dispersion modeling to ensure that concentrations in the environment radioactive 
effluents conform to the “As Low as Is Reasonably Achievable” (ALARA) design 
objectives of 10 CFR 50, Appendix I.  REMP is designed to conform to the NRC 
Regulatory Guide 4.1, NUREG 1301/1302 [6,7], and the 1979 NRC Branch Technical 
Position [17].  

 

 
Figure 1, Potential exposure pathways to Members of the Public due to Plant Operations (1) 



Annual Radiological Environmental Operating Report YEAR: 2021 Page 9 of 86 

Company: Energy Harbor Plant: Perry Nuclear Power Plant 
 

Quality assurance aspects of the sampling program and TLD data collection are 
conducted in accordance with Regulatory Guide 4.15 [13] and Regulatory Guide 4.13 
[21]. REMP also adheres to the requirements of the State of Ohio, PNPP Technical 
Specifications, and the Offsite Dose Calculation Manual (ODCM).  These governing 
documents dictate the environmental sampling, sample analysis protocols, data 
reporting, and quality assurance requirements for the environmental monitoring 
program. 

The Annual Radioactive Environmental Operating Report provides summaries of the 
environmental data from exposure pathways, interpretations of the data, and 
analyses of trends of the results. Routinely monitored pathways include ingestion, 
inhalation, and direct radiation. Routes of exposure are based on site specific 
information such as meteorology, receptor locations, and water usage around the 
plant. 

4.0 SAMPLE LOCATIONS 

REMP samples are collected at numerous locations, both on site and up to 16.2 miles away 
from the plant.  Sampling locations are divided into two general categories: indicator and 
control.  Indicator locations are relatively close to the plant and monitor for any environmental 
impact due to plant operations.  Control locations are those that are unaffected by plant 
operation; they are a greater distance from the plant and in the least prevalent wind directions.  
Data obtained from the indicator locations are compared with data from the control locations.  
This comparison allows naturally-occurring background radiation to be considered when 
evaluating any radiological impact PNPP may have had on the environment.  Table 1, 
Figure 2, Figure 3, and Figure 4 identify the PNPP REMP sampling locations. Many REMP 
samples are collected in addition to those required by the PNPP ODCM.  The ODCM 
requirements for each sample type are discussed in more detail later in the report.  
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Table 1: REMP Sampling Locations 

Location # Description Miles Direction Media (1) 

1 Chapel Road 3.4 ENE TLD, AIP 

2 Kanda Garden 1.9 ENE Broadleaf Vegetation 

3 Meteorological Tower 1.0 SE TLD, AIP 

4 Site Boundary 0.7 S TLD, AIP 

5 Quincy Substation 0.6 SW TLD, AIP 

6 Concord Service Center 11.0 SSW TLD, AIP 

7 Site Boundary 0.6 NE TLD, AIP 

8 Site Boundary 0.8 E TLD 

9 Site Boundary 0.7 ESE TLD 

10 Site Boundary 0.8 SSE TLD 

11 Parmly Rd. at Center Rd. 0.6 SSW TLD 

12 Site Boundary 0.6 WSW TLD 

13 Madison-on-the-Lake 4.7 ENE TLD 

14 Hubbard Rd. 4.9 E TLD 

15 Eagle St. Substation 5.1 ESE TLD 

16 Eubank Garden 0.9 S Broadleaf Vegetation 

20 Rainbow Farms 1.9 E Broadleaf Vegetation 

21 Hardy Rd. – Painesville Township Park 5.1 WSW TLD 

23 High St. Substation 7.9 WSW TLD 

24 St. Clair Ave. at Mentor Substation 15.1 SW TLD 

25 Offshore - PNPP discharge 0.6 NNW Fish 

29 River Rd.at Turney Rd. 4.3 SSE TLD 

30 Lane Rd. 4.8 SSW TLD 

31 Wood Rd. at River Rd. 4.8 SE TLD 

32 Offshore – Mentor-on-the-Lake 15.8 WSW Fish 

33 River Rd. at Blair Rd. 4.5 S TLD 

34 PNPP Intake 0.2 NW Surface Water 

35 Site Boundary 0.6 E TLD, AIP 

36 Lake County Water Plant 3.9 WSW TLD, Drinking Water 

37 Gerlica Farm 1.5 ENE Broadleaf Vegetation 

39 Painesville Purification Plant 8.3 W Drinking Water 

53 3715 Parmly Rd. 0.5 WSW TLD 

54 Hale Rd. School 4.6 SW TLD 

55 Center Rd. behind soccer field 2.5 S TLD 

56 Madison High School 4.0 ESE TLD 

57 Perry High School 1.7 S TLD 

58 Antioch Rd. 0.8 ENE TLD 

59 Lake Shoreline at Green Rd. 4.0 ENE Surface Water 

60 Lake Shoreline at Perry Park 1.0 WSW Surface Water 

64 Northwest Drain Mouth 0.4 WNW Sediment 

66 Lake Shore, Metropolitan Park 1.4 NE Sediment 

70 H&H Farm Stand 16.2 SSW Broadleaf Vegetation 

(1) AIP = Air, Iodine and Particulate 
TLD = Thermoluminescent Dosimeter  
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5.0 MAPS OF COLLECTION SITES 

 
 

Figure 2, REMP Sample Locations within Two Miles of the Plant Site 

  



Annual Radiological Environmental Operating Report YEAR: 2021 Page 12 of 86 

Company: Energy Harbor Plant: Perry Nuclear Power Plant 
 

 

 
 

Figure 3, REMP Sampling Locations between Two and Eight Miles from the Plant Site 
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Figure 4, REMP Sampling Locations Greater Than Eight Miles from the Plant Site  
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6.0 SAMPLING ANALYSIS 

When environmental samples are analyzed for radioactivity, several types of measurements 
are performed to provide information about the types of radiation and radionuclides present.  
The major analyses that are performed are discussed below. 
 
Gross beta activity measures the total amount of beta-emitting radioactivity present in a 
sample and acts as a tool to identify samples that may require further analysis.  Beta radiation 
may be released by many different radionuclides.  Since beta-decay results in a continuous 
energy spectrum rather than the discrete energy levels, or "peaks", associated with gamma 
radiation, identification of specific beta-emitting nuclides is more difficult.  Therefore, gross 
beta activity only indicates whether the sample contains normal or abnormal amounts of 
beta-emitting radioactivity; it does not specifically identify the radionuclides present. 

 
Gamma spectral analysis provides more specific information than does the analysis for gross 
beta activity.  Gamma spectral analysis identifies each radionuclide and the amount of 
radioactivity present in the sample that is emitting gamma radiation.  Each radionuclide has a 
very specific "fingerprint" that allows for accurate identification and quantification. 

 
Iodine activity analysis measures the amount of radioactive iodine present in a sample.  Some 
media (e.g., air sample charcoal cartridges) are analyzed directly by gamma spectral analysis.  
With other media (e.g., milk when available), the radioiodines are extracted by chemical 
separation before being analyzed by gamma spectral analysis. 

 
Tritium activity analysis measures the amount of the radionuclide tritium (H-3) present in a 
sample.  Tritium is an isotope of hydrogen that emits low-energy beta particles.  Tritium occurs 
naturally from interactions with atmospheric cosmic rays and is also man-made from the 
nuclear fission process. 

 
Gamma doses received by Thermoluminescent Dosimeters (TLD) while in the field are 
determined by a special laboratory procedure.  Thermoluminescence is a process by which 
ionizing radiation interacts with the sensitive phosphor material in the TLD.  Energy is trapped 
in the TLD material and can be stored for months or years.  This capability provides a method 
to measure the dose received over long periods of time.  The amount of energy that was 
stored in the TLD as a result of interaction with radiation is released by a controlled heating 
process and measured in a calibrated reading system.  As the TLD is heated, the phosphor 
releases the stored energy as light.  The amount of light is directly proportional to the amount 
of radiation to which the TLD was exposed. 
 
Table 2 provides a list of the analyses performed on environmental samples collected for the 
PNPP REMP. 

 
The required REMP detection limits for samples is determined by sample media and the 
radionuclide that is being analyzed.  The NRC has established LLDs for REMP sample 
analysis.  These LLDs are listed in the PNPP ODCM.  The vendor laboratory for REMP 
sample analysis has complied with these LLDs. 
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Table 2: REMP Sample Analyses 

Type Sample Frequency Analysis 

Atmospheric 
Monitoring 

Airborne 
Particulates 

Weekly & Quarterly 
Gross Beta Activity &  
Gamma Spectral Analysis 

 
Airborne 
Radioiodine 

Weekly Iodine-131 

Terrestrial 
Monitoring 

Milk 
Monthly & 
Semi-Monthly when 
animals are on pasture 

Gamma Spectral Analysis &  
Iodine-131 

 
Broadleaf 
Vegetation 

Monthly during 
growing season 

Gamma Spectral Analysis &  
Iodine-131 

Aquatic Monitoring Water Monthly 
Gross Beta Activity &  
Gamma Spectral Analysis 

  Quarterly Tritium Activity 

 Fish Semi-Annually Gamma Spectral Analysis 

 Sediment Semi-annually Gamma Spectral Analysis 

Direct Radiation 
Monitoring 

TLD 
Quarterly & 

Annually 
Gamma Dose 

 
 

6.1 SAMPLING PROGRAM 

The contribution of radionuclides to the environment resulting from PNPP operation is 
assessed by comparing results from the environmental monitoring program with pre-
operational data (i.e., data from before 1986), operational data from previous years, and 
control location data.  The results for each sample type are discussed below and compared to 
historical data to determine if there are any observable trends.  All results are expressed as 
concentrations.  Refer to Appendix B, 2021 REMP Data Summary Reports for a detailed listing 
of these results.  The NRC requires special reporting whenever sample analysis results 
exceed set limits.  No values exceeded those limits. 
 
 

6.2 SAMPLING CHANGES 

There were no changes to the REMP program during this reporting period. 
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7.0 ATMOSPHERIC MONITORING 

7.1 AIR 

Air sampling is conducted to detect any increase in the concentration of airborne 
radionuclides.  The PNPP REMP maintains an additional two air sampling locations above the 
five locations (four indicators and one control) required by the ODCM.  Six of these locations 
are within four miles of the plant site; the seventh is used as a control location and is eleven 
miles from PNPP.  Air sampling pumps draw continuous samples at a rate of approximately 
two cubic feet per minute.  The air is drawn through glass fiber filters to collect particulate 
material and a charcoal cartridge to adsorb iodine.  The samples are collected on a weekly 
basis, 52 weeks a year, from each of the seven air sampling stations.   

 
Air samples are analyzed weekly for gross beta activity and radioiodine activity.  The air 
samples are also analyzed by gamma spectral analysis quarterly.  A total of 363 air particulate 
and 363 air radioiodine samples were collected and analyzed. 

 
Gross beta activity was detected in 363 of the 363 air samples.  The average gross beta 
activity for indicator locations was 0.029 pCi/m3 and the controls was 0.028 pCi/m3. 
Historically, the concentration of gross beta in air has been essentially identical at indicator 
and control locations.  Figure 5 reflects the average gross beta activity for 2021 and previous 
years. All radioiodine samples were less than the lower limit of detection for iodine-131. 

 
With the exception of naturally-occurring beryllium-7, no radionuclides above the LLD values 
were identified in the quarterly gamma spectral analysis. 

Figure 5: Air Particulate: Analysis for Gross Beta, Average Mean for All Indicator vs. Control 
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Table 3: Air Particulate and Radioiodine Comparison of Current Year and Historic Data 

Air particulate and radioiodine results from this monitoring period, 2021, were similar 
compared to preoperational data as shown in Table 3 and Figure 5. There were no 
significant changes in baseline. 

  

8.0 TERRESTRIAL MONITORING 

Collecting and analyzing samples of milk (when available) and broadleaf vegetation provides 
data to assess the build-up of radionuclides that may be ingested by humans.  The historical 
data from soil and vegetation samples provides information on atmospheric radionuclide 
deposition. 

8.1 MILK 

Since the milk sampling locations do not meet the requirements of the ODCM (no milk-

producing animals are located within the required distance), broadleaf vegetation sampling 

(discussed below) is performed by PNPP.  Milk was collected from the available locations to 

augment vegetation sampling until Spring 2018. 

 

8.2 BROADLEAF VEGETATION 

Because there is not a milking animal within 5 km of the plant, PNPP sampled broadleaf 
vegetation as required by the ODCM.  These samples are collected monthly during the 
growing season from four gardens in the vicinity of PNPP and one control location 16.2 miles 
SSW from PNPP. 
 
Seventy-one (71) samples were collected and analyzed by gamma spectral analysis.  Four 
vegetation types were grown and collected: collard greens, turnip greens, kale, and swiss 
chard.  Beryllium-7 and potassium-40, both naturally-occurring radionuclides, were found in 
the samples.  No other radionuclides were detected. 

 

 

Pre-Operational  

(pCi/m3) 

2021 Sample Result Average 

(pCi/m3) 

0.23 0.28 
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9.0 AQUATIC MONITORING 

Radionuclides may be present in Lake Erie from many sources other than the PNPP.  These 
sources include atmospheric deposition, run-off, soil erosion, and releases of radioactivity in 
liquid effluents from hospitals, universities, or other industrial facilities.  These sources provide 
two forms of potential radiation exposure: external and internal.  External exposure can occur 
from contact with water or shoreline sediments, while internal exposure can occur from either 
direct ingestion of radionuclides or the transfer of radionuclides through the aquatic food chain.  
Direct exposure can occur through ingestion by drinking the water, while the transfer via the 
aquatic food chain occurs from the eventual consumption of aquatic organisms, such as fish.  
PNPP samples water, shoreline sediments, and fish to monitor these pathways. 
 

9.1 WATER 

Water is sampled from five locations along Lake Erie in the vicinity of the PNPP as required by 
the PNPP ODCM when available and weather permits.  Fifty-eight (58) monthly composite 
samples were collected and analyzed for gross beta activity and gamma spectral analysis 
Monthly composite samples are analyzed for gamma emitters.  Aliquots from the monthly 
composites are combined to form quarterly composites which is then analyzed for tritium.  

 
Gross beta activity was detected in 43 of the 58 samples collected.  The indicator annual 
average gross beta activity was 1.4 pCi/L and the control average gross beta activity was  
1.1 pCi/L.  Refer to Figure 6 for the annual average gross beta activity for both indicator and 
control locations No gamma activity was detected in any of the 58 samples collected. The 20 
quarterly composite samples had 9 samples where tritium activity was detected. Any positive 
result less than 500 pCi/L is considered as background activity and not due to plant 
operations. The highest tritium activity was 252 pCi/L. 
 
 
 

 
 

Figure 6: Annual Average Gross Beta Activity in Water  
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9.2 SEDIMENT 

Sampling shoreline sediments provides an indication of the accumulation of particulate 
radionuclides which may lead to an external radiation source to fishermen and swimmers from 
shoreline exposure.  Sediment was sampled from two locations. 

 
A total of four sediment samples were collected in May and October of 2021 and were 
analyzed by gamma spectroscopy.  The only radionuclide detected was naturally-occurring 
potassium-40. 
 

9.3 FISH 

Fish are analyzed primarily to quantify the radionuclide intake by humans and secondarily to 
serve as indicators of radioactivity in the aquatic ecosystem.  Fish are collected from two 
locations annually during the fishing season as required by the ODCM.  Important sport or 
commercial species are targeted, and only the fillets are sent to the laboratory for analysis. 

 
Twenty (20) fish samples were collected and analyzed: 12 indicator and 8 control samples. 
The species were; walleye, white perch, smallmouth bass, golden redhorse sucker, white 
sucker, freshwater drum, channel catfish, white bass, gizzard shad, and carp. Only naturally-
occurring potassium-40 was detected in these samples. 

10.0 DIRECT RADIATION MONITORING 

10.1 THERMOLUMINESCENT DOSIMETER (TLD) 

Environmental radiation is measured directly at 27 locations around the PNPP site and at two 
control locations.  The locations are positioned in two rings around the plant as well as at the 
site boundary.  The inner ring is within a one-mile radius of the plant site; the outer ring is four 
to five miles from the plant.  The control locations are over ten miles from the plant in the two 
least prevalent wind directions.  Each location has three TLDs, two of which are changed 
quarterly, and one that is changed annually. 

 
A total of 279 TLDs were collected and analyzed.  This includes 248 collected on a quarterly 
basis and 31 collected annually.  Annual TLDs are not required per the ODCM and are used 
for supplemental data only. 
 
The annual average dose for all indicator locations was 58.2 mrem and 56.9 mrem for the 
control locations.  
 
The average quarterly dose for the indicator locations was 15.6 mrem, and 15.1 mrem for the 
control locations. Refer to Figure 7 for the average quarterly TLD dose rates for both indicator 
and control locations.  
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Figure 7: Average Quarterly TLD Dose 

 

11.0 CONCLUSION 

There are no discernable trends or increase in radiological parameters when comparing 
current monitoring results to pre-operational studies. Non-routine analyses were not 
required during this reporting period. There is no detectable radiological effect on the 
surrounding environment due to operation of the Perry Nuclear Power Plant.  

12.0 INTER-LABORATORY CROSS-CHECK COMPARISON PROGRAM 

The purpose of the Inter-laboratory Cross-Check Comparison Program is to provide an 
independent check on the vendor laboratory's analytical procedures.  Samples with a 
known concentration of specific radionuclides are provided to the vendor laboratory.  The 
vendor laboratory measures and reports the concentration of specified radionuclides.  The 
known values are then compared to the vendor results.  Results consistently outside 
established acceptance criteria indicate a need to check instruments or procedures.  
Regulatory Guide 4.15 [13] specifically requires that contractor laboratories that performed 
environmental measurement participate in the EPA’s Environmental Radioactivity 
Laboratory Inter-Comparison Studies Program, or an equivalent program. 

 
The EPA’s program is no longer funded or offered.  The reason that the EPA program was 
referenced in the regulatory guide is that the EPA standards were traceable to National 
Bureau of Standards (now known as National Institute of Standards and Technology).  In 
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response, the vendor lab incorporated a program offered by Environmental Resource 
Associates (ERA), which covered the same analyses in the same matrix at the same 
frequency as the EPA program.  ERA has received NIST accreditation as an equivalent 
program.  In addition to comparison cross checks performed with ERA, the vendor 
laboratory routinely monitors the quality of their analyses by analyzing "spiked" samples 
(samples with a specific quantity of radioactive material present in them) and participating in 
the Department of Energy’s Mixed Analyte Performance Evaluation Program (MAPEP). 

 
See Attachment 1, for the vendor Inter-Laboratory Cross-Check Comparison Program 
Results. 

13.0 LAND USE CENSUS EXPOSURE PATHWAY  

In order to estimate radiation dose attributable to operation of the PNPP, the potential 
pathways through which public exposure can occur must be known.  To identify these 
pathways, an Annual Land Use Census is performed as part of the REMP.  During the 
census, PNPP personnel travel public roads within a five-mile radius of the plant to locate 
key radiological exposure pathways.  These key pathways include the nearest resident and 
nearest garden in each of the ten meteorological land sectors that surround the plant.  The 
information obtained from the census is entered into a computer program used to assess 
hypothetical dose to members of the public.  The predominant land use within the census 
area continues to be rural and/or agricultural. 

13.1 Introduction 

Each year a Land Use Census is conducted to identify the locations of the nearest available 
milking animal, garden (of greater than 500 square feet), and residence in each of the 
meteorological sectors that is over land.  Information gathered during the Land Use Census 
is used for off-site dose assessment and to update sampling locations for the REMP.  The 
census is conducted by traveling all roads within a five-mile radius of the plant site and 
recording and mapping the locations of the nearest resident, available milk animal, and 
vegetable garden.  The Land Use Census was conducted in August 2021. The census 
identified the garden, and residence locations identified in Table 4 and Table 5 that are 
depicted in Figure 8.  Note that the W, WNW, NW, NNW, N, and NNE sectors extend over 
Lake Erie and are not included in the survey. No location with an available milking animal 
was identified. 

13.2 Discussion and Results 

In general, the predominant land use within the census area continues to be rural/ 
agricultural.  In recent years, however, it has been noted that tracts of land once used for 
farming are now being developed as mini-industrial parks and residential housing.  This is 
reflected in the loss of available milking animals within a five-kilometer radius of PNPP to 
support the REMP. 

 
There were no changes to the REMP sampling locations compared to the 2020 Land Use 
Census. Refer to Figure 2, Figure 3, and Figure 4 for the REMP sampling locations. 
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Table 4 identifies the nearest residences, by sector, to the PNPP.  There were no changes 
from the 2020 Land Use Census.  Refer to Figure 8 for map locator numbers. 
 

Table 4: Nearest Residence, By Sector 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5 lists the nearest gardens by sector to the PNPP consisting of at least 500 square feet.  

Refer to Figure 8 for map locator numbers. 

 

Table 5: Nearest Garden, By Sector 

Sector Location Address Miles from 
PNPP 

Map Locator 
Number 

NE 2348 W. Hemlock 0.9 11 

ENE 2452 Antioch 1.1 12 

E 2634 Antioch 1.1 3 

ESE 2836 Antioch 1.1 4 

SE 4671 North Ridge 1.3 15 

SSE 4225 Red Mill Valley 1.1 16 

S 3121 Center Rd. 0.9 7 

SSW 3300 Ohio St. 2.3 17 

SW 3021 Perry Park  1.3 13 

WSW 3460 Parmly 1.0 14 

Sector Location Address Miles from 
PNPP 

Map Locator 
Number 

NE 4384 Lockwood  0.7 1 

ENE 4602 Lockwood 1.1 2 

E 2626 Antioch 1.0 3 

ESE 2836 Antioch  1.1 4 

SE 4495 North Ridge 1.3 5 

SSE 3119 Parmly 0.9 6 

S 3121 Center  0.9 7 

SSW 3850 Clark  0.9 8 

SW 2997 Perry Park 1.2 9 

WSW 3460 Parmly 1.0 10 
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Figure 8: Land Use Census Map
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14.0 ANNUAL ENVIRONMENTAL OPERATING REPORT 

The NRC issued Amendment No. 178 to Facility Operating License No. NPF-58 on 
October 19, 2017.  This amendment revises the PNPP “Environmental Protection Plan 
(Non-radiological)” (EPP) to clarify and enhance wording to remove duplicative or 
outdated program information, and to relieve the burden of submitting unnecessary or 
duplicative information to the NRC. 

As a result of the above Amendment issued in October 2017, redundant 
program information is no longer required to be compiled and included in this 
report.  This includes the sections: Clam/Mussel Monitoring, Herbicide 
Applications, and Special Reports which included National Pollutant Discharge 
Elimination System Permit exceedances, and the EPP from previous years. 

15.0 ODCM NON-COMPLIANCES 

There were no ODCM non-compliances for 2021. 

15.1 INTROUCTION 

Sampling and analysis are performed for media types addressed in the Offsite Dose 
Calculation Manual. Sampling and analysis challenges may be experienced due to a 
multitude of reasons including environmental factors, loss of TLDs, contamination of 
samples, etc. To aid classification of sampling and analysis challenges experienced 
in 2021, the following three terms are used to describe the issues: Sample Anomalies 
(SA), Sample Deviation (SD), and Unavailable Samples (US).  

Media that experienced downtime (i.e., air samplers or water samplers) during a 
surveillance period are classified a “Sample Deviation”.  “Sample Anomalies” are 
defined as errors that were introduce to a sample once it arrived in the laboratory or 
errors that prevents the sample from being analyzed as it normally would or may have 
altered the outcome of the analysis (i.e., cross contamination, human error).  

“Sample Unavailability” is defined as sample collection evolution with no available 
sample (i.e., food crop, TLD).  

15.2 SAMPLING CHALLENGES 

15.2.1 Sample Unavailability  

In February of 2021 shoreline water sampling (#59 and #60) was not performed due to the 
shoreline being frozen and/or the presence of unsafe conditions to obtain the sample. This is 
normal for this time of year, and sampling resumed when conditions changed. 
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15.2.2 Sample Deviations 

On 2/3/2021 Parmly (#4) air sampler was found running with no flow on the keypad screen 
indicating a turbine failure. Flow was checked and read 0.0 cfm. The pump was inspected, and 
charcoal vanes were replaced. The turbine was replaced, and the pump and turbine were 
calibrated satisfactorily. The ODCM allows for equipment malfunction therefore it is not a 
missed sample. 
 
On 2/24/2021 Quincy (#5) air sampler was found running with no flow on the keypad screen 
indicating a turbine failure. Flow was checked and read 0.0 cfm. The pump was inspected, and 
charcoal vanes were replaced. The turbine was replaced, and the pump and turbine were 
calibrated satisfactorily. The sample had enough run time and volume to meet sample LLDs, 
so it was not a missed sample. 
 
 

Table 6: Sample Deviation Summary 

Sample 
Classification 

Sample 
Type 

Analysis Location Collection 
Date 

Reason Plans for preventing 
reoccurrence 

US Shoreline 
Surface 
Water 

Green Rd 
(#59) 

February 
2021 

Lake Frozen NA 

US Shoreline 
Surface 
Water 

Perry 
Park 
(#60) 

February 
2021 

Lake Frozen NA 

SD Air N/A 
Parmly 

(#4) 
2/3/2021 No Flow on Keypad 

Pump Internals Replaced, 
Turbine Replaced. 

 Both Calibrated 

SD Air N/A 
Quincy 

(#5) 
2/24/2021 No Flow on Keypad 

Pump Internals Replaced, 
Turbine Replaced. 

 Both Calibrated 

 

15.3 Corrections to Previous Reports  

There were no corrections to previously submitted reports. 
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Attachment 1, Inter-Laboratory Cross Check Comparison 
Program Results 
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TABLE A-1. l'n1erlal:Jo ratmy Comparison Crossc!heck program, Environmental Resourc.e Assoaiates (ERA}" . 

RAD study 

Gonce.ntralion ! eCililJ 

Lab Code D.ate Analys.i s Laboralory ERA Co1111rol 

R.esull 1Res11lt Limi,ts Acoep1ance 

R.AD-124 Study 

ERW-94 1/1 112021 Ba-133 24.1 ±3.5 23 .S 18.4 - 27.4 Pass 

ERW...:94 1/1 112021 Cs-134 46.1 ±3.1 42 .S 34.2 - 47.1 Pass 
ERW-94 1/1112021 Cs-137 154 ±6.0 14S 133 - 165 Pass 

ERW...:94 1/1 112021 Co-60 39 .. 4 ±3.2 34.6 30.8 - 40 .S Pass 

ERW-94 1/1 112021 Zll-65- 66.2 ±6.3 61.6 54.6 - 75.0 Pass 

ERDW-96 1/1 112021 Gr. Alpha 53.4 ±2.6 63.3 33.2 - 78 .5 Pass 

ERDW-96 1/1 112021 Gr. Beta 33.1 ± 1.3 39.S 26.4 - 47 .3 Pass 

ERDW-93 1/1 112021 Rai-226 116 .. 3 ±0.5 15.5 11.5 - 17.S Pass 

ERDW...:93 1/1 112021 Rai-228 12 .. 3 ± 1.2 12.9 8.54 - 15 .S Pass 
ERDW...:93 1/1112021 Uranium 33.2 ± 1.8 30.1 24.4 - 33.4 Pass 

ERW-11O0 1/1 112021 H!-3 2 ,100 ± 1160 2,12-0i 1,750 - 2,350 Pass 

R.AD-126 Study 

ERDW-21'94 711212021 Ba-133 44. 1 ±4.0 45 .5 37.2 - 50.6 Pass 

ERDW-21'94 711212021 Cs-134 &5.2 ±3.9 87 .5 71.8 - 96.2 Pass 

ERDW-21"94 711212021 Cs-137 218 ±8 20S 187 - 230 Pass 
ERDW-2194 7/1212021 Co-60 911 .. 7 ±4.0 87. 1 78.4 - 98 .1 Pass 

ERDW -21'94 7/1212021 Zll-65- 114 ±9 102 91.8 - 122.0 Pass 

ERDW-21"96 7112{2021 Gr. Alpha 611.5 ±2.'9 49.1 25.6 - 61.7 Pass 

ERDW-21'96 7/12{2021 Gr. Beta. 311.7± 1.3 31.5 20.3 - 39.2 Pass 

ERDW-2200 7112{2021 Rai-226 1'6..5 ±0.5 13.4 10.0 - 15.4 fail" 

ERDW-2200 7/1212021 Rai-228 8.7 ± 1.0 7.6 4.81 - 9.7 Pass 

ERDW-2200 711212021 Uranium 711.7 ±2.3 62 .3 50.9 - 68.5 fail" 

ERDW-2202 7/1212021 H!-3 11,300 ± 3'00 10,400 91,050 - 11,400 Pass 

ERDW-21'98 7/1212021 1-131 22..3 ± 1.1 20.S 17.2 - 25.0 Pass 

• Res1JI s -obtained b'I' Enviirommenlal. Inc. , Mid."2sl Laboratory as a pamdipanl in the crosscheck program ror proficiency 

tesfing ·n cf ·nt irng wafer conducted by Emiroomenfal Resource Associa es. (ERA) . 

1> The rsdium-226 resu did not mee,t ER,!,, BCCE\Ptance criteria. 

< The uranium resul , d oc! not meel ERA acceptance criteria. 

A-3 
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TA!BlE A-2. lnte;rta:boratory Comparison Dross.check program, New York Department of Heallh (ElAPt. 

Concenlratio:n ((!Cill ! 

Lab Code Date Analys is labormory Assig11ed Aocepta:nce 

IR.esull Val'ue Limits AoceE!tance 

Shipment 437R 

NYW-3307 911512020 H-3 11,500 ± 465 11 ,208 '9760 - 12,300 Pass 

NIYW-333 1 911512020 Gross Alpha 43.7 ± 2.5 64.9 34 .. 0 - 80.4 P,ass 

NIYW-3331 911512020 Gross Beta 11.1 ± 1.1 .8.85 3.62 - 17.4 P,ass 

NYW-3335 9115/2020 1-131 14.1 ± 1.4 2.6 10.3 - 16.0 Pass 

NYW-3333 911512020 Ra-226 2.24 _ 0.27 2.63 2.06 - 3.44 Pass 

NYW-3333 911512020 Ra-223 4.91 ± 1.12 5.41 3..27 - 7.18 Pass 
NYW-3333 9115/2020 Uranium 42.8 ± 1.'94 37. 1 30.1 - 4t.O Fai lb' 

NYW-3337 911512020 Co-60 46.4 ±3.3 42.3 38. 1 - 49 .. 2 Pass 

NYW-3337 911512020 Zn-65 133 ±9 116 104 - 138 P,ass 

NIYW-3337 911512020 Ba-133 49.5 ± 4.1 46.4 38 .. 0 - 5L6 P,ass 

NIYW-3337 911512020 Cs-134 32.5 ± 3.1 33.0 26 .. 0 - 36.3 Pass 

NIYW-3337 911512020 Cs-137 147 _ 7 134 121 - 150 Pass 

• Res1Jlfs ob · ed by 6n>,1iroomental, Inc., Mid'we5<t Laboratory as a participanf in ttie crosscheck program for proficieney 

testing ., drinking wa er conducted by the New York Depa ment of Hesl h LaboraflJfi)' App1oval Program{NY ELAP). 

b Lab passed I ERA and MAPEP studies for uranium in 2020.{See tsbles A-·1. A-7 and A-8) Unoe "nliy overlapped upper 

.acceptance limif. 

A-4 
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TABLE A-3. Thermoluminescent Dosimeb:y, {TLID, CaS04 : Dy Cardls ).11 

mrem 
Lab Gode lrradialion Delivered Reported0 Peirfcmnance" 

o.ate Desariplion Dos.e Dose· •Qu oti:en1 {P) 

Envirnnme11tal. l11c. Group 1 

2020'-1 10/28/20120 s p·ke 1 172.0 180.0 0.05 

2020'-1 10/28120120 Spike 2 172.0 17 4.5 0.01 

2020'-1 10/28/20120 Spike 3 172.0 17 4.3 0.01 

20201-1 10/28/2020 Spike 4 172.0 174.0 0.01 

20201-1 10/28/20120 Spike 5 172.0 1°67.1 -0.03 

2020'-1 10/28/20120 s p·ke 6 172.0 1°61.9 -0.016 

2020'-1 10/28120!20 s p·ke 7 172.0 1t67.9 -0.02 

2020'-1 10/28120!20 Spike 8 172.0 H 1.0 -0.01 

2020'-1 10/2812•020 Spike 9 172.0 H0.7 -0.01 

2020'-1 10/28120r20 Spike 10 172.0 H0.1 -0.01 

2020'-1 10/28120120 Spike 11 172.0 173.8 0.01 

2020'-1 10/28120120 Spike 12 172.0 178.3 0.04 

2020'-1 10/28120120 Spike 13 172.0 178.2 0.04 

20201.1 10/28/2020 Spike 14 172.0 171.9 0.00 

20201.1 10/28/20120 Spike 15 172.0 190.4 0.11 

20201.1 10/28/20120 Spike 16 172.0 170.9 -0.01 

20201.1 10/28/20120 Spike 17 172.0 18 3.3 0.07 

20201.1 10/28/2020 Spike 18 172.0 170.6 -0.01 

20201-1 10/28/20120 Spik.e 19 172.0 1'64.9 -0.04 

2020'-1 10/28/20120 Spike 20 172.0 175.7 0.02 

Mean (Spike 1-20) H3.5 0.01 Pass .. 

Stan:dard Devia1io11 (Spike 1-20) 6 .5 0.04 Pass" 

a T lD's were ·rradisled by the Uniwersi )' of W isconsin-Madison Radi~ ion Calibratio La'.boralary follow ifllQ ANS I l'-.U3.37 

protoc~ from a l<inown air ketrna rale. TLD':s were r;EBd and lhe· resu[ts 'liere s.ubm ilted by Environmental Inc. l o 

the U ivel'Sfty of 'l;\r11SOOnisin-Madiso:n Ratliatioo Calibral io:n Laboratory f□r comparisoo to the deilive:red dose. 

b Reported d□s.e was co:nveirtecl from ei<!po:sure (R) l o ,Air Ke.ma {cGy) usin g a corrversi cm of 0 .. 87i6. C01Wersioo fmm 

air ke.ma to am bient dose equivaJent for Cs-137 al the r,eference dose poin H•( O)K,, = 1.20. m rem/cGy = ·1000. 

c Performance Qool ient (Pl is ca cu 'fed as ((reported d□se - c=entionaOy true value) .;- oonwentionall¥ rue value} where lhe 

convenlionsllly true value fs llme d'elii,,r.ered dose. 

d Acceptance is a.chieved when ne~her the a~lute varue of lhe mean oHhe P values, nor the standard devia.tio or e P 

values exceed 0.15. 
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TABlE A-3. Thermoluminesce111t Dosimetry, (TLD, CaS04 : Dy Cardls)." 

mrem 
LabCocle lrracl ialio111 Delivered Re·ported1> Pedormance" 

□.ate Desciripti on Dose Dose Qu otienl (fl) 

Enviro11me11taL Inc. Giroup2 

2020-2 10/26120'20 Spike 21 114.0 1117.3 0.03 

2020-2 10/26120'20 Spike 22 114.0 10r3.3 -0.09 

2020<-2 10/28/20'20 Spike 23 114.0 106.2 -0.07 

2020<-2 10/28/20'20 Spike 24 114.0 1110.1 -0.03 

2020<-2 10/28/20'20 Spike 25 114.0 1114.9 0.01 

2020<-2 10/28/20'20 Spike 216 114.0 1115.5 0.01 

2020<-2 10/28/20'20 Spike 27 114.0 1110.4 -0.03 

2020-2 10/26120r20 Spike 28 114.0 1111.7 -0.02 

2020-2 10/26120'20 Spike 29 114.0 1111.3 -0.02 

2020-2 10/26120'20 Spike 30r 114.0 1113.1 -0.011 

2020<-2 10/26120'20 Spike 31 114.0 1116.4 0.02 

2020<-2 10/26120'20 Spike 32 114.0 1111.8 -0.02 

2020<-2 10/28/20'20 Spike 33 114.0 1112.6 -0.011 

2020<-2 10/28/20'20 Spike 34 114.0 105.7 -0.07 

2020<-2 10/28/20'20 Spike 35 114.0 10r4.5 -0.0S 

2020-2 10/26120r20 Spike 36 114.0 103.6 -0.09 

2020-2 10/26120r20 Spike 37 114.0 10r4A -0.0S 

2020-2 10/26120'20 Spike 38 1 14.0 10r4.5 -0.0S 

2020<-2 10/26120'20 Spike 319 114.0 10r6.4 -0.07 

2020<-2 10/28/20'20 Spike 40r 114.0 107.7 -O.Or6 

M ean (Spi'ke 21-40) 109.6 -0.04 Pass.i 

Standard Deviation (Spike 21 -40) 4 .6 0.04 Pass<t 

a T s were irradia!ed by the Unir.rersify ot W isconsin-Madisoll'I Radiation Calibratioll'I Lahoralory follow ing ANS I N· 3 .. 37 

protocol firom a lmm!,ffl air kerma rale. TLD':s were 111eadl and lhe resutts •1,ere su bm itted by Environm ental Irle. to 

he Univel'Sity of v.risoonisin-Mad ison R&liation Ca bratioo Laboratory f□r comparison to the deli.,.aed dose. 

lb Reported d□se was con.,.erted ti-om =posure (R) lo Air Kerma {cGy) using a conversion of0 .. &76. Coowersion fmm 

air kerma to ambient dose equivalefll for Cs-137 al the reierence dose pain H"( OJK,. = 1.20. mrem/cGy = 1000. 

c Performance Qu:olie:nl (P l is ca:lcula!ed as ((!i!!palrted d□se - corwentionaQy true w lue) -;- conr.rentional~ lrue value} where lhe 

conve:nl iona'lly true val.ue is lhe delir.rered d'.ose. 

d Acceptance is a.diieved when neither the absolute vah.ie of lhe mean of ·lhe P va'lues, nor the s.la:ndall'd deviation of lbe· P 

values e:xce.ed 0.15. 
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ABLE A- . I !rala'bare rxy "Spikle.~ Samples 

C□rmentrsfion" 

l ebC'odeb Dale Analy.sis Lat□ratocy resu l:1s KnO\m Cootml Re io 
2:s, n=11c Adivi!z: limilsrl Acceet.ance 1La.hi\Kioo11m 

SP'W-3482 101212020 H-3 U ~B4 ± 154 2, 110 1,638 - 2.532 Pass 0.9'4 

SP'W-3624 10/9/2020 H-3 1.924 ± 1512 2,1 10 1,638 - 2.532 Pass 0.91 

SP'W-3794 10/1612020 H-3 2.·109 ± 156 2, 110 1,68.8 - 2.532 Pass 1.00 

SP'W-383fJ. 10/2012020 Sr-90 16.8 ± 1.1 17.9 14.3 -2 .5 Pass 0.9'4 
SP\N-4043 10/2312020 H-3 1893 ± 1 g 2, 110 1,68.8 - 2.532 Pass 0.90 

SP\N-41 79 10/2812020 Ra-228 15.4 ± 2 . .; 12.1 8.5 -15.7 Pass 1-27 

SPIIV-4422 10/3012020 Ra-226 12.3 ±0.3 12.3 8.6 -16.0 Pass 1.00 

SP'W-4234 11 /1 1120.20 H-3 008 ± 154 2, 110 1,638 - 532 Pass 0.95 

SP'W-4634 11/23/2020 Ra-226 11.4 ± 0.3 12.3 8.6 -16.0 Pass 0.93 

SP'W-4509 12/412020 H-3 1.873 ± 1 g 2,1 10 1,638 - 2.532 Pass 0.89 

SP'W-4625< 12/1812020 H-3 UM0 ± 1512 2, 110 1,6&8 - 2.532 Pass 0.92 

SP'W-4741 12/1812020 Ra--226 12.5 ±0.4 12.3 8.6 -16.0 Pass 1.02 

SP'W-55 1/812021 H-3 1.389 ± 150 2,1 10 1,638 - 2.532 Pass 0.90 

SPD\N-62 1/1 12021 Gr. .Alpha 3 .3 ± 1.7 64.9 34.0 -80.4 Pass 0.53 

SPD\N-62 1/1112021 Gr. Bet.a 9.2 ±0.8 8.9 3.6 -17.4 Pass 1.04 

SPIIV-131 1/19/2021 Sr-90 18.0 ± 1.1 17.9 14.3 -2 .5 Pass 1.00 

SP'W-133 1/19/2021 H-3 1.842 ± 150 2, 110 1,68.8 - 2.532 Pass 0.87 

SP'W-188 1/181:2021 Ra-228 1 .2 ± 1.7 14.9 10.4 -19.3 Pass 0.96 

SP\N-236 1/2612021 Ra-228 12-2 ± H l 15.3 10.7 -19.Q Pass 0.80 

SP'W-305 2/5.12021 H-3 1.785 ± 1 7 2,1 10 1,638 - 2.532 Pass 0.85 

SP'W-372 2/1212021 H-3 1.742 ± 145 2, 110 1,6&8 - 2.532 Pass 0.83 

SP'W-526 3/512021 H-3 1.899 ± 150 2, 110 1,638 - 2.532 Pass 0.90 

SP\N-692 3/19/2021 H-3 U~53 ± 15· 2, 110 1,6&8 - 2.532 Pass 0.93 
SP'W-69'4 1/ 2021 Ra-226 9.7 ±0.4 12.3 8.6 -16.0 Pass 0.79 

SP\N-800 3/30/2021 Ra--228 15.8 ±2.0 15.3 10.7 -19.Q Pass 1.03 

SP\N-802 3/3 12021 H-3 1.878 ± 150 2, 110 1,638 - 2.532 Pass 0.89 
SP'W-810 3/19/2021 Ra-226 11.4±0.3 12.3 8.6 -16.0 Pass 0.93 

SPD\N-30103 3/3 12021 Ra-226 13.5 ± 0. 12.3 8.6 -16.0 Pass 1.10 

SPIIV-81 2 41112021 H-3 2.005 ± 155 2, 110 1,6&8 - 2.532 Pass 0.95 
SP'W-919 4fl12021 H-3 1.877 ± 1 g 2,1 10 1,638 - 2.532 Pass 0.89 

SP\N-944 4;'QJ2021 Gr. .Alpha 56.7 ± 2.5 58.4 29.2 -S.7.6 Pass 0.97 

SPIIV-944 4JQJ2021 Gr. Bet.a 35.1 ± 1.3 38.1 30.5 -45.7 Pass 0.92 
SP\N-1048 4/ 15/2021 H-3 1.915 ± 1512 2, 110 1,638 - 2.532 Pass 0.91 
SP'W-1250 4130/2021 H-3 2.015 ± 154 2, 110 1,638 - 2.532 Pass 0.95 

SP'W-1373 5/1 12021 Gr . .Alpha 63.5 ± 2 .'Q 58.4 29.2 -S.7.6 Pass 1.00 

SP'W-1373 5/1 12021 Gr. Bet.a 38,.5 ± 1.3 38. 1 30.5 - 5.7 Pass 1.01 
SP'W-1377 5/1 12021 Sr-90 17.4 ± 1.2 17.9 14.3 -2 .5 Pass 0.97 
SPD\N-30108 5/281:2021 H-3 2.222 ± 16 2, 110 1,68.8 - 2.532 Pass 1.00 

SPD\N-30125 5/13/:2021 Ra-226 10.9 ±0.3 12.3 8.6 -16.0 Pass 0.89 

• Liquid sample resulls ere reported in pCi/Liter, a ir iii ers ( p0ilm3), charcoal (pOi/char,coal canister}. aru:J solid s.amples (pCi/k,g). 

b Labore •r:Jfl/ codes : W & SPIIV (Water},. I ( k), AP (air fi l er), SO (soil), \J1E {¥ege!elion), CH (charcoal canister), F {fis_'h), U (u~ine). 

" Resul s ere based on single de erminations. 
dJ Accep!ernce cri eris ar,e lis -~ 1in Attadiment Ao tti is report. 
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ABLE A-~- lrimalabara!ory "Spil;ied" Samples 

Concenlraiicm'" 

l ab Codeh Dat e Analysis Lat.ora!ocy resu[1s ~nO'lm Canlrol Raio 
2_s , n= C Aciivi!:t'. limits<! Acoef!!:!!nce La'bJKncv,11 

SPDW-30118 6./ 2021 H-3 2.230 ± 1~ 2,110 1,688 - 2,532 Pass 1.00 
SPI. 1- en 6./812021 Sr--,90 1 .2 ±0.Q• 13.6 O.Q -116.3 Pass 1.04 

SPDW-30100 6.11 12021 Ra-226 11.4 ± 0.3 12.3 8.6 - 116.0 Pass O.~ 
SPDW-30129 6./1512021 H-3 2.23& ± 162 2,110 1,688 - 2,532 Pass 1.00 
SPOW-30134 6./1812021 Gr. Alpha 17.QI ± 1. 23.5 1.8 - l5.3 Pass 0.76 

SPDW-30134 6./1812021 Gr. Beta 60.QI ± 1.6 t1·7.6 54.1 -&1 .1 Pass D.00 
SPOW-30148 6./2512021 Ra-22& 15..1 ± 2.•Q• 15.3 · 0.7 -19.9 Pass 0.00 

SPDW-30200 7/812021 Ra-226 12.7 ± 0. 12.3 8.6 - 16.0 Pass 1.00 
SPOW-3001 7/2912021 Ra-226 11.6 ± 0.3 12.3 8.6 - 116.0 Pass 0.™5 

SPOW -30224 8/2120.21 Gr. Alpha 38.6 ± 2.1 9. 24.6 - 73.7 Pass 0.79 
SPDW-30224 8/2/2021 Gr. Beta 27.& ± 1.2 31.5 25.2 -3708 Pass D.88 

SPDW-30226 8.11312021 -3 2.074 ± 157 2,110 1,688 - 2,532 Pass D.00 
SPOW-30231 8.11812021 Ra-22& 1 ._5 ± 2.2 15.3 0.7 - 19.9 Pass D.00 

SPW-2783 913/2021 Sr-90 18.QI ± 1.2 17. 3.7 - 20.5 Pass 1.10 
SPDW-2785 913120.21 H-3 2.135 ± 15-8 2,1'10 1,688 - 2,53-2 Pass 1.01 

SPDW-2&91 9;'10/2021 H-3 2.159' ± 100 2,110 1,688 - 2,532 Pass 1.02 
SPDW-3115 9/1712021 Ra-226 11.3 ± 0.3 12.3 8.6 - 16.0 Pass 0.9'2 

SPDW-3006 912312021 Ra-22& 18,.0 ±2.6 15.3 · 0.7 - ·119.9 Pass 1.17 
SPDW-3223 9,-'2812021 Ra-22& 16.6 ±2.5 15.3 0.7 - 19.9 Pass 1.00 
SPOW-328& 9,'29/2021 U-234 29.2 ± 1.6 23.0 · 6.1 - 29.9 Pass 1.27 

SPOW-328& 9,'29/2021 U-238 28,.2 ± 1.6 23.2 · 6.3 -30.2 Pass 1.21 

"' Liquid .sample resut1s are reported ill'I pCi/Li1Er, air iii ·et:, ( pCii'm3), charcosl (pOi/charco canister}. all'ld solid .samples (pCi/l<lg). 
" Latora ory codes : W & SPW lWater}. (1111ilk), AP (air fi l er), SO {soil), \JiE ('.<egeialfon), CH (charcosl ca i ster). F (fish}, U (UJin.e). 
• Results are based on .single de ermill'ISfions. 

~ Accepla11ce cri eris are li!Sled in Attachmesnl A of lhis report 
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A BLEA-5. I nlralaboratorry "Blank" Samples 

Concenlraticm~ 
Lab Code"' Sample Dale Analys is'" labors O!J:: results (4.66 a l A cceplanoe 

Type LLD Actirv-iity" Oriteria ( 4.66 o-) 

SPW-3 ,8 1 W 8iler ·11om2020 H-3 154 63 ± 80 2'00 
SPW-3623 W ater 1019{2020 H-3 156 57 ± 8 1 200 
SPW-37Q3 W ater 1i'O!Hll 2020 H-3 157 3 ± 73 200 
SPW-3835 W ater 10/2012020 Src-89 0.55 --0 .. 0 ± 0.43 5 

SPW-3835 W 8iler 10/2012020 Sr-0 90 0.59 0.09 ± 0.28 

SPW-4CM2 W 8iler 110/2312020 H-3 155 -6 ± 72 2'0() 

SPW-4178 W ater 110/2812020 Ra,-228 11.04 0.33 ± 0.5.2 2 

SPW-442 1 W ater 10/3012020 Ra,-2~ 0.03 0 .07 ± 0.03 2 

SPW-4233 W 8iler 11-111112020 H-3 155 78 ± 79 200 
SPW-4356 W ater 11/2012020 H-3 157 52 ± 76 200 
SPW-4633 W ater 11/2312020 Ra,-2~ 0.05 0.04 ± 0.11 2 

SPW-4508 W ater 12/4(2020 H-3 159 -68 ± 69 200 
SPW-4624 W ater 12/1 8/2020 H-3 160 8 ± 77 200 
SPW-4740 W 8iler 12!1 812020 Ra,-2~ 0.04 0.02 ± 0.03 2 

SPW-5 W ater 11l8/2021 H-3 153 24 ± 77 200 
SPDW -6 W ater 1l 1 H 2021 Gr. Alpha 0.56 --0 .. 32 ± 0.3 7 2 

SPDW-6 W 8iler 11/11/202 1 Gr. Bets, 0.73 --0.11 ± 0.49, 

SPW--1130 W 8iler ·11/19(2021 Src-89 0.66 --0. 12 ± 0.49, 5 

SPW-130 W ater 1119{2021 Src-90 0.68 --0 .. 02 ± 0.31 

SPW-132 W ater 1/19{202 1 H-3 165 38 ± 79 200 

SPW-4923 W 8iler 11126(202 1 1-131 0.28 0.26 ± 0.·16 

SPW-·1187 W 8iler 11118(202 1 Ra,-228 11_.;4 0 .81 ± 0.76• 2 

SPW-235 W ater 1/26{202 1 Ra,-228 11.54 0.94 ± 0.8.2 2 

SPW-25-4 W aler 212/2021 1-131 0.29 --0.06 ± 0.-13 

SPW-304 W ater 2!'512021 H-3 159 6 ± 74 200 
SPW-372 W ater 2112{202 1 H-3 154 -37 ± 70 200 

SPW-5.25 W 8iler 3/512021 H-3 160 97 ± 80 2'00 

SPW-691 W ater 3119{202 1 H-3 158 -38 ± 71 200 
SPW-693 W ater 1/412021 Ra,-2~ 0.03 --0 .. 01 ± 0.01 2 

SP'IJ'/ -79Q W 8iler 3.1'30{202 1 Ra,-228 11.03 0.06 ± 0.48 2 

SPW-800 W ater 3119{202 1 Ra,-2~ 0.04 0 .0·1 ± 0.03 2 

SPDW-30 02 W 8iler 3J'3 1/202 1 Ra,-22'6 0.03 0.00 ± 0.03 2 

SPW-1311 W ater 4/112021 H-3 158 -29 ± 77 200 

SPW-918 W ater 4J7/2021 H-3 156 93 ± 79 200 
SPW-9 3 W 8iler 4J'Q/2021 Gr.Alpha 0.39 --0.08 ± 0.27 2 

SPW-9 3 W 8iler 4/Q/2021 Gr. Bets, 0.73 0 .04 ± 0.51 

SPW-1047 W ater 4115{2021 H-3 160 -51 ± 74 200 
SPW-1249 W ater 4!'30{202 1 H-3 158 109 ± 8 1 200 

• l..!lguid samp results-are reported in pCi/Lite:r., air Iii ers ( pC'ifrn~). charooal (pCii\dharooal canister}, and :sold samples (pCilg). 

" -'borato:,y~: W & SPW ();\later), Ml (m ). AP (air ilfer) , SO (soil) , VlE {veget~). Cl-i (charcoal cainisier). F (fish). U ( rine). 

• 11--131 (6 ) : iodine-131 as a.r1alyzed lly gamma spe::tr,oseapy. 

a Ac.li,..:ny rejported is a met ac.li11ity resul •. 
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A BLE A-5. I nlralaboratoiry "Bllenk" Samples 

Concentration,~ 
ILab Code" S.ample Del:e Anarysisc Laborato!:X resul!s ~4.66ri~ Acceplance 

Type· LLD Aoliv'ifyd Criteria (4.66 <7) 

SPW-1I372 W ater 5111 1'2021 Gr. A lpha o .. l5 0 .27 ± 0.27 .2 

SPW-1372 W ater 51111'2021 Gr. Beta 0.58 0.27 ± 0.49 
SPW-1I376 W ailer 51111'2021 Src.:89 0 .. 52 0..23 ± 0.39 !j, 

SPW-1I376 W ailer 51111'2021 Sr~O 0.51 -0.06 ± 0.23 

SPDW-30 24 Water 51131'2021 Ra-226 0.00 -0 .02 ± 0.03 2 

SPDW-30 1)4 W ater 51261'2021 Ra-228 .. 3-0 -0 .04 ± 0.60 .2 

SPDW-30 07 W ailer 51281'2021 H-3 57 33 ± 76 200 

SPDW-30 17 Water 61412021 H-3 1)5 67 ± 8 1 200 

SPMl-1671 Milk 618./2021 Src.:89 0.46 0 .23 ± 0.42 5 
SPMI- 67 1 Milk 618/ 2021 Sr~O 0.45 0.23 ± 0.24 

SPDW-3015-Q W ater 6111 1'2021 Ra-226 0.04 -0 .02 ± 0.04 2 

SPDW-30 28 W ater 611 51'2021 H-3 61 17 ± 76 200 

SPDW-30 33 W ater 61171'2021 1-131 0 .. 20 0.06 ± 0.1 2 
SPDW-30 34 W ater 61181'2021 Gr.Alpha 0.46 -0. 11 ± 0.32 2 

SPDW-30 34 W ater 61181'2021 Gr. Beta 0.70 -0 .10 ± 0.49 

SPDW-30 47 W ater 61251'2021 Ra-228 .76 -0 .1 5 ± 0.80 2 

SPDW-30205 W ater 713l2021 Ra-226 0.03 0.02 ± 0.03 2 

SPDW-3000 W ater 712:912021 Ra-22·6 0 .. 03 0 .03 ± 0.03 2 

SPDW-30223 W ailer 8./212021 Gr. A lpha 0.46 -0. 13 ± 0.31 2 

SPDW-30223 W ater 81212021 Gr. Beta 0.70 0.1 6 ± 0.49 

SPDW-3022:5 W ater 811 3/2021 H-3 61 -2 ± 75 200 

SPDW-3023-0 W ailer 8./1 8/2021 Ra-228 1.02 0.47 ± 0.53 2 

SPW-2782 Water 91312021 Src.:89 o.oo, -0 . 16 ± 0.48 5· 
SPW-2782 W ater 91312021 Sr~0 0.6i3 0 .20 ± 0.32 

SPDW-2784 W ater 91312021 H-3 · 57 -50 ± 69 200 

SPDW-2890 W ater 911012021 H-3 1$3 -59 ± 72 200 

SPDW-2981 W ater 91171'2021 H-3 62 1 t ± 78 200 

SPDW-31 4 W ater 91171'2021 Ra-226 0 .. 03 0..04 ± 0.03 2 

SPDW-3035 W ailer 9123/2021 Ra-228 1.15 0. 10 ± 0.55 2 

SPDW-3222 W ater 9128/2021 Ra-228 1 .. 37 -0 .30 ± 0.60 2 

SPDW-3287 W ater 912:9/2021 U-234 0 .. 22 0 .. 19 ± 0.23 
SPDW-3287 W ater 912:9/2021 U-238 0.38 -0.05 ± 0.21 

• Liquid samJJ results are reported i rn J]Ci/Lite;r. air fillers ( pC:L'm3) . charcoal {pCi/charooal ca111ister), a111d sdlicl samples (pCi/g). 

" · borataryc,:id;e;: W & SPW (11\later), Ml (milk}, AP (air filter) , SO (soil), Vt {vegetatio:n), CH (di · ca canister}, F (fi;h.). U (urine). 

" 11-13 1(6 ); iodine-131 as allalyzed by gamma specfroscap.'.)' . 

• Af:i iv:ity reporte:I is a 11et ac.1ivity rest1 _ 
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AIBLE A-6. lntralal>oratory "Duplicate" Sa~ ples 

Co11ce11tra1ion" 

A,..erag-ed 
LabCodet> Date Analr5is First Resu'II Second Result Re,su Aooeplance 

SW-15•15,3-516 1011/2020 H-3- 54 ± 86 11 ± 84 133 ± 60 Pass 

DW -20·1 ,20142 1011/2020 Ra-226 .34 ± 0 .16 ·1. 39 ± 0. 6 1.37 ± 0.·11 Pass 

DW-201 · ,20142 1011/2020 Ra-228 .74 ± 0.62 2.ml ± 0.64 1.92 ± 0.45 Pass 

SW-1536, 3-537 1015/2020 H-3- 176 ± 97 178 ± Q7 377 ± 68 Pass 

'INW-3727.1728 1018/2020 H-3- 5·2 ± 82 QO ±84 171 ± 59 Pass 

\IE-3748,3749 1011212020 K-40 3.07 ± 0 .25 2.88 ± 0.26 2.9S ± 0.18 Pass 

\IE-3769,3770 10/1212020 Be-7 0.80 ± 0 .3 0.5·1 ± 0.15 0.66 ± 0.17 Pass 

\IE-3769,3770 1011212020 K-40 5.69 ± 0.6 5.79 ± 0.39 5,_74 ± 0.3.6 Pas.s 

'IN1/l.!'-40~.40Q•3 1011312020 H-3- 6.484 ± .252 6.275 ± 248 6,l!!O ± 177 Pass 

lNW-38l8.3S39 1011412020 H-3- 113 ± QO 263 ± 88 288 ± 63 Pass 

\i\fl/ll' -43\H .43'95 1113-/2020 H-3- 6·1 ± 83 99 ±85 180 ± 60 Pass 

'lllfl/ll'-45S:7.4588 1114120.20 H-3- 6.468 ± .252 6.638 ± 255 6,5-53 ± 179 Pas.s 

\iWl.!' -452 .4525 11151'2020 H-3- 160 ± 86 13-1 ± 84 H5 ± 60 Pas.s 

\IE- 4 5,4416 11124) 2020 Be-7 0.28 ± 0.08 0.22 ± 0.07 0.25 ± 0.05 Pass 

\IE- 4· 5,4416 111.2412020 K-40 2.25 ± 0 .2 2 . .20 ± 0. 9 2.21 ± 0.·1 Pass 

AP-4845•,4846 1213-1/2020 Be-7 0.07 ± 0 .0 0.06 ± 0.02 0.06 ± 0.01 Pass 

\;W\1-4566.4007 1218/2020 Gr. Beta 2.79 ± 1. 3 3.5•2 ± 1.26 3-. 15 ± 0.8 Pas.s 

WW-46M.4655 12114.12020 H-3- 3.250 ± 188 3.250 ± 188 3,250 ± 133 Pass 

S-460S,460Q 1219/2020 K-40 20.8 ± 1.0 22.1 ± 3.0 21.4 ± 1.6 Pas.s 

AP-4803-,4804 1212Qf2020 Be-7 0.072 ± o.om1 0.080 ± 0.009 0.076 ± 0.006 Pass 

SWU-471 7.471 8 1212912020 Gr. Beta 0.88 ± 0.53 1. 3 ± 0.57 1. 15 ± 0.39' Pass 

AP-482 ,482'5 1213-012020 Be-7 0.075 0.009 0.080 ± 0.009 0.078 ± 0.006 Pass 

AP-4908,4909 1213-012020 Be-7 0.066 0.01 1 0.056 ± 0.010 0.00 ± 0.007 Pass 

AP-4845,4846 1213-1/2020 Be-7 0.052 0.01 4 0.058 ± 0.012 0. 055 ± 0.000 Pass 

S-20.21 115.12021 K-40 23.3 ± 0 .6 22.6 ± 1.6 23.0 ± 0.9 Pass 

XW-2Q5,.2Q6 111 3-/2021 H-3- 25 ± 8,7 288 ±89 267 ± 62 Pass 

S-143,144 111412021 K-40 7. 7 ± 0 .76 8.38 ± 0.22 7.93 ± 0.40 Pass 

S-360,3-6 1 2(10/20.21 K-40 9 .. 23 ± 0 .54 9.00 ± 0.68 9'. 12 ± 0.43- Pas.s 

S-406,407 2/1 51'2021 K-40 2.92 ± 0 .28 2.Q4 ± 0.94 2.93 ± 0.49' Pas.s 

W-400.,470 2/221'2021 Ra-226 0.75 ± 0.2 0. 87 ± 0.22 0.81 ± 0.·15 Pass 

W-448 ,44•Q 2{2512021 Gr. Alpha 3.52 ± 1.84 3. 72 ± 1.87 3-.62 ± 1.31 Pass 

W-448,44•Q 2{251'2021 Gr. Beta 8.71 ± 1.36 8.9'1 ± 1.40 ,8,.8·1 ± 0.98 Pass 

W-448 ,4'\liQ 2'251'2021 Ra-226 .87 ± 0 .25 ·1. 82 ± 0.28 1.85 ± o.·1g, Pass 

W-448 ,HQ 2125/2021 Ra-228, 2.65 ± 1.26 2.5·3 ± 1.35 2.59 ± 0.92 Pas.s 

P-511,512 3(212021 H-3- 1Q8 ± 85 202 ±86 200 ± 60 Pas.s 

Wl/l.!'-630,631 3(10/2021 H-3 4 ± 82 8 ±82 1~6 ± 58 Pass 

'lllfl/ll'-743,744 31161'2021 H-3- 83 ± 85 67 ± 84 175 ± 60 Pass 

S-785,786 3125/2021 Pb-214 0.59 ± 0 .08 0.34 ± 0.05 0.47 ± 0.05 Pass 

S-785,786 3125/20.21 Ac-228 0.6·1 ± 0 . 2 0.58 ± 0.13 0 .60 ± 0.0Q, Pass 

A-11 



Annual Radiological Environmental Operating Report YEAR: 2021 Page 40 of 86 

Company: Energy Harbor Plant: Perry Nuclear Power Plant 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

I I 
I 

AIBLEA-6. lntralaboratory "IJuplicate" Safliples 

Co11ce11tration" 

AYeragsed 

LabCodeb Date Analysis First ResuU Second Result Resul! Acceplan:c e 

Af'-1052, 105G 3'30/2021 Se-7 0.08,1 ± 0.0 0 0.075 ± 0.0 1 0. 078 ± 0.007 P86.S 

Af'-Q66,<Q67 3(30/2021 Se-7 0.080 ± 0.0 0 0.085 ± 0.009 0. 003 ± 0.007 P86.S 

SWU-835,836 3(30/2021 Gr. Beta .22 ± 0 .56 L 27 ± 0.55 1.24 ± 0.39 P86s 

Af'-120 ,1205 3(30/2021 Se-7 0. 8,7 ± 0 .102 0. 60 ± 0.088, 0."173 ± 0.067 P86s 

Af'-1029, 1030 41212021 Se-7 0.0!}7 ± 0 .012 0.07Q ± 0.012 0.073 ± 0.00Q P86.s 

SW-922.923 417/2021 H-3 4 0 ± !Ml 307 ± Q-3 373 ± 68 P86.s 

'l;'M..Q87,Q88, 4r1212021 H-3 QO ± 87 28-4 ± Q2 237 ± 63 P86.s 

F- 1246. 247 4122/2021 K-40 3.26 ± 0 .66 2.83 ± 0.46 3.0'4 ± 0.40 P86.s 

Sli\ff- '11311, 1312 4(27/2021 G:r. Beta 1.05 ± 0.52 1.16 ± 0.55 1.10 ± 0.38 P86.s 

'l;'M-1401 .H-02 5(5.12021 G:r. A lpha .10 ± 1.00 2.5-0 ± 1.20 1.80 ± 0.78 P86.s 

li'M-1 401 . 402 5(5.12021 K-40 26 ± 15 05 ± 30 115 ± 17 P86.S 

DW-30071 .. ,30072 5(6.12021 Ra-226 0.9'8 ± 0.1 5 0.67 ± 0.13 0.83 ± O.· 0 P86.S 

DW -30071 .. ,30072 5(6.12021 Ra-228 0.83 ± 0.51 21 ± 0.54 1.0,2 ± 0.37 P86.s 

DW-30078,30079 5( 0!2021 Gr. Alpha 4.QO ± O.Q2 5.92 ± 0.Q9 5. ± 0.68 P86.S 

Af'-0'5 120A,8 5( 1!2021 G:r. Beta 0.006 ± 0.00.2 0.006 ± 0.00.2 0. 005 ± 0.002 P86.S 

DW-30083,30084 5(11/2021 Ra-226 0.34 ± 0.13 0.1G ± 0.20 0.27 ± 0.· 2 P86.s 

DW-30083,30084 5( 1!2021 Ra-228 0.9'8 ± 0.60 0.15 ± 0.56 0.57 ± 0.41 P86.s 

S-1506, 1507 5( 8!2021 K-40 0.1 ± 0.8 4.Q ± 1.2 12:.5 ± 0.7 Pa<S.s 

DW -30092,30093 5(20/2021 Gr. A lpha 2.86 ± 0.85 2.40 ± 0.QO 2.63 ± 0.62 Pa<S.s 

DW -30095,30096 5(21/2021 Ra-226 .18 ± 0 .16 0.7'3 ± 0.15 O.Q6 ± 0.11 Pa<S.s 

DW -30095,30096 5'21!2021 Ra-228 1. 4 ± 0 .63 0.61 ± 0.59 1.03 ± 0.43 P86.s 

Af'-05252 1A, 8 5(2.5!2021 Gr. Beta 0.02"1 ± 0 .003 0.022 ± 0.003 0.02 ± 0.002 Pa<S.s 

S-1589, 1590 5'2,8!2021 Pb-214 .16 ± 0 .08 L OO ± 0.09 1.1 ± 0.06 Pa<S.s 

S-1589, 1590 5(2,8!2021 Ac-228 .17 ± 0 .18 1.08 ± 0.14 1.13 ± 0.11 Pa<S.s 

Af'-060121A, 8 6(1/2021 Gr. Beta 0.015 ± 0 .003 0.013 ± 0.003 0. 014 ± 0.00'2 P86.s 

DW -30113,301 14 6( /2021 Ra-226· 2.00 ± 0 .34 2.M ± 0.26 2.32 ± 0.21 Pa<S.s 

DW -301113,301 4 6( /2021 Ra-228 2.50 ± 0 .78 3.13 ± 0.82 2.82 ± 0.57 P86s 

PS-1631 , 1632 6'212021 K-40 21.1 ± 0 .8 20.4 ± 0.8 W .7 ± 0.6 P86s 

DW -30119,30120 6(3.12021 Gr. A lpha 1.18 ± 0 .75 0.66 ± 0.64 O.Q2 ± 0.49 P86s 

WW-190.8; 009 6(4.12021 H-3 · 50 ±86 · 76 ± 87 ·16-3 ± 6 1 P86s 

\IIE-17' 7, 1718 617/2021 Se-7 0.50 ± 0 .19 0.38 ± 0.14 0. 4 ± O.· 2 P86s 

\IIE-17' 7, 1718 617/2021 K-40 5.26 ± 0 .47 5.45 ± 0.44 5.35 ± 0.32 P86s 

Af'-06082 1A, 8 6(8.12021 Gr. Beta 0.030 ± 0 .004 0.028 ± 0.004 0. 029 ± 0.000 P86s 

Af'-1822',1823 6(10/2021 Se-7 0.23 ± 0 .12 0.22 ± 0.12 0.22 ± 0.08 P86.s 

CF-1 84 ,18 5 6( 412021 K-40 8.37 ± 0 .44 8.33 ± 0.35 8,,35 ± 0.2,8 P86.s 

Af'-06 5•2 1A, 8 6r1 512021 G:r. Beta 0.020 ± 0 .004 0.017 ± 0.003 0. 019 ± 0.002 P86.s 

DW -30'1131, 30132 6r 112021 Ra-226· 0. 1 ± 0 .21 0.34 ± 0.23 0.38 ± O.· 6 P86.s 

DW -301131, 30132 6( 7!2021 Ra-228 0. -2 ± 0.85 0.52 ± 0.74 0. 7 ± 0.00 P86.s 

DW -301138,30139 6( 7!2021 G:r. Alpha 1.5Q ± 0.84 221 ± O.Q5 1.QO ± 0.63 P86.s 

.A-12 
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AIBLE A-6. l lltralaooratory "Duplicate" Sam,pl es 

Lab Ccxleb 

S-1Q29, 1930 

AIP-06222 1A, B 

DW -30·1 50 ,.30151 

DW -30150,.30151 

.AIP-2 160,2161 

DW-30·1 50 ,.30151 

DW -30150,30151 

.AIP-2218,2 1Q 

AIP-2215,2236 

CF-2119,2 

CF-2119,2 

VIE-22 ,2215 

DW-30·100,.10170 

DW -30·16Q, 30170 

DW-30Hl9,.30170 

DW -30100,.30170 

.AIP-7 1320.71321 

XW-.2 24,2425 

DW-30·18-3 ,30184 

DW -30·183,.30185 

AIP-71920.71921 

S-2277,2278 

DW-30-19 ,.10192 

SG-238.2,23&3 

SG-2382,23&3 

DW -30207,.3020& 

DW -30207, 3020& 

DW-30210,.302 1 

DW -30210,302 1 

S-2509,25 0 

S-2509,25 0 

DW -3022 .30222 

DW -3022 1,.30222 
DW -3022 ,.30222 

DW -3022 ,30222 

VIE-2551 ,2552 

VIE-2551 ,255•2 

.AIP-2578,2579 

AIP-08242 1A, B 

AIP-08l12 1A, B 

VIE-268: ,268-5 

VIE-268:4,268-5 

VIE-2728,272il 

Date 

612212021 

6(2212021 

6/2,812021 

6(2,8!2021 

6/2,8!2021 

612,8!2021 

612-8!2021 

6129!2021 

6(30!2021 

7/12!20.21 

7/12!2021 

7/ 212021 

7/12!2021 

7/1212021 

7/ 2120.21 

7/ 2!2021 

7/ 3!2021 

7/ 612021 

7/ 9'!2021 

7/1 9/2021 

7/19'!2021 

7{2012021 

7(20/2021 

7123/2021 

712312021 

7/2612021 

712ll/2021 
712,8!2021 

712-8/2021 

8/1/2021 

8/ /2021 

8/6.12021 

8/612021 
8/612021 

8/ 612021 

8/ 1!2021 

8/ 1/2021 

8/1212021 

8124!2021 

8.12412021 
8(2512021 

8/2.5/2021 

8125/2021 

Analpis 

K-40 

Gr_ Beta 

Ra-221:l· 

Ra-228 

Be-7 
Ra-22fl, 

Ra-22-8 

Be-7 

Be-7 

Be-7 

K-40 

K-40 

Gr_A lpha 

Gr_ Beta 

Ra-221:l· 

Ra-22-8 

Gr_ Beta 

H-3 

Ra-221:J, 

Ra-228 

Gr_ Beta 

K-40 

Gr_A lpha 

Pb-214 

Ac-228 

Gr_A lpha 

Gr_ Beta 
Ra-22fl, 

Ra-22-8 

K-40 

Be-7 

Gr_A lpha 

Gr_ Beta 
Ra-221:J, 

Ra-228 

K-40 

Be-7 

Be-7 

Gr_ Beta 

Gr_ Beta 
K-40 

Be-7 

K-40 

I 

First Resul! 

9.4 ± 1.0 

0_014 ± 0.003 

0.5i3 ± 0.1 5 

0.76 ± 0.54 

0.11 ± 0.0 1 

0.5i3 ± 0.1 5 

0.76 ± 0 .54 

0.11 ± 0 .01 

0. 10 ± 0.01 

0. 9 ± 0 .12 

8 .. 25 ± 0.41 

3 .. 26 ± 0.1 1 

2.61 ± 0.87 

2.09 ± 0.67 

0.,84 ± 0.24 

0.,80 ± 0.54 

0_015 ± 0.003 

19i3 ±86 

· .37 ± 0.18 

1.51 ± 0.69 
0_021 ± 0.004 

3.6 ± 0 .9 

3.,88 ± 0 .94 

·1.,88 ± 0.21 

.•69 ± 0.28 

5. 7 ± 1.29 

5.-89 ± 0.77 

0. 8 ± 0.13 

0. 5 ± 0 .53 

14.2 ± 0.5 

7.27 ± 0.29 

2.19 ± 1.55 

.19 ± 1.04 
2.•00 ± 0.22 

H l9 ± 0.56 

2.68 ± 0.20 

0.16 ± 0.08 

0.18 ± 0.09 

0_032 ± 0.004 

0_027 ± 0.004 

2.15 ± 0 .26 

0 . .20 ± 0. 10 

2.34 ± 0.41 

A-13 

I 

Co111centratian" 

Second Result 

9.2 ± U 

0_012 ± 0_02& 

0.55 ± 0_19 

0.52 ± 0_52 

0.1 1 ± 0 .. 01 

0. 55 ± 0_19 

0.52 ± 0_52 

0.12 ± 0 .. 0 

0. 11 ± 0_0 

0.65 ± 0 .. 20 

7.9'4 ± 0-46 

3. 1 ± 0_25 

2.0Q ± 0_84 

2.5•2 ± 0 .. 60 

0.,82 ± 0-20 

0.,84 ± 0_50 

0_010 ± 0 .003 

· 04 ±81 

· .2 1 ± 0_27 

1.52 ± 0 .. 68 
0_020 ± 0_003 

2.3 ± o_g 
l.66 ± '94_00 

. . 9'4 ± 0-2 

1.96 ± 0_33 

5.20 ± 1_24 

6.1 1 ± 0-73 
0.62 ± o_ 1 

0.73 ± 0_65 

· 3.7 ± 1_0 

7.97 ± 0 .. 69 

2.08 ± 1_54 

2. 76 ± 1_08 
· .58 ± 0_26 

.75 ± 0_54 

2.6·1 ± 0 .. 27 

0. 18 ± 0_08 

0.20 ± o_ 1 

0_028 ± 0_004 

0_029 ± 0_004 

·1 . 9'2 ± 0 .27 

0.26 ± o_ 11 

2.27 ± 0 .. 40 

A,,.erageci 

Resull 

1Q_3 ± 0-7 

I 

0. 013 ± 0_014 

0.54 ± 0_·12 

0.64 ± 0_37 

o.n ± 0_01 

0.54 ± 0_·12 

0.64 ± 0-37 

0.1"1 ± 0-01 

0. 10 ± 0_01 

0.57 ± 0_·12 

8.10 ± 0_31 

3.34 ± 0_·1 

2.35 ± 0_60 

2.3·1 ± 0-45 

0.83 ± 0_·16 

0.82 ± 0_37 

0.013 ± 0_002 

1 9 ±59 

1.29 ± 0_16· 

1.52 ± 0-48 
0. 021 ± 0_002 

12_9 ± 0_6 

3.77 ± 47.00 

1.911 ± 0_115, 

1.83 ± 0-22 

5,_34 ± 0_&9 

6•.00 ± 0_53 
0.55 ± O_og. 

0.59 ± 0-42 

14_0 ± 0_6 

7.62 ± 0_37 
2. 14 ± 1_og. 

1 .QS: ± 0-75• 
1.79 ± 0_117 

1.72 ± 0_3g. 

2.64 ± 0_·17 

0.17 ± 0_05• 

0. 19 ± 0_07 

0. 030 ± 0_003 

0. 028 ± 0_003 
2.03 ± o_-rn 
0 .23 ± 0_07 

2 .i3·1 ± 0-29 

Acceptance 

Pa.ss 

Pa.ss 
Pa.ss 

Pa.ss 
Pa.ss 

PaiS.5 

Pa.ss 

Pa.ss 

Pa.ss 

PaiS.5 

Pa.ss 

Pa.ss 

PaiS.5 

Pa.ss 

Pass 
Pa5.5 

Pa.ss 

PaiS.5 

Pa.ss 

Pa.ss 

Pa.ss 
PaiS.5 
PaiS.5 

Pa.ss 

Pass 

Pa.ss 
Paiss 

Pa.ss 

Pa.ss 

Pa.ss 
Pa.ss 
PaiS.5 
Pa.ss 
PaiS.5 
Pa.ss 

Pa.ss 

Pa.ss 
Pa.ss 

Pa.ss 
Paiss 

Pass 

Pa.ss 
Pa.ss 
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AISLE A-6. l ntralaboratory "Dupli'cate" Samp es 

Concentration" 

Avesragecl 

Lab C odeb Date .Anal~ First Re-.sult Second Resull Re-!rutt 

DW -30238,.3023!;1 8 f25f2021 Gr .. Alph a 3_g4 ± 0.9· 2 .. 43 ± 0.&13 3. 18.5 ± 0 .. 63 

DW -30238, 3023!;1 8 f25f2021 Ra,-22'6· 2.57 ± 0.24 1.83 ± 0.24 2.20 ± 0.17 

DW -30238,3023!;1 8{2512021 Ra,-228 2.86 ± 0.83 2.52 ± 0.613 2.6!;1 ±0.53 

SW -2641,2642 8(31 f2021 H-3 289 ± !;12 310 ± •Q3 300 ±65 

\nE-2858,28.00 9{2/2021 K-40 8.36 ± 0 .4· a..02 ± 0.47 s.rn ± 0 .. 31 

SG-2934,2935 Qf 3-f2021 Pb-2 14 2.72 ± 0.22 2 .. 54 ± 0.27 2.63 ±0.17 

SG-2934,2935 Qf 3-f2021 Ac-228 3.16 ± 0 .39 3.22 ± 0.58. 3 .. rn ±0.35 

DW -302 9,30250 Qf 7f2021 Ra,-22'6 0.70 ± O.ta. 1.00 ± 0.· 7 0.85 ± 0.12 

S-30 42,3043 9122·t2021 K-40 7.5-5 ± 0.80 7.57 ± o.a.1 7.513 ~0.57 

DW -302 9,.30250 Qf 712021 Ra,-22'6 0.70 ± 0. 18. 1.00 ± 0.· 7 0.85 ± 0.12 

S-3042,3043 Qf22f2021 K-40 7.55 ± 0.80 7.57 ± o.a.1 7.56 ± 0.57 

Note: Duplicsle anal','ses are performed on every t\'l'enliefh sam ple rece,ived. Resulls are no : listed · or those 

anelyses \\•il h acilivil ies that measu re bel o\'I' Ifie ULO . 

~ Resul s are repo:rted in units of pCilL. e-xcept for air filters (pCi/Filte;r or pCifrn3}. foodl products. vegetation . 

soil and sedim enl: (pCi/g). 

b AP (Air Parti~ula e), AV (A quat ic Vege :aticm}, BS (Bottom Sedim ent}, CF (Ca l!e Feed!). CH (C harcoal Can·ster}, 

Acce~ta.nce 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

OW (Drinki g Water}. E (Egg). F {Fish). G (Grass). LW (La e Water). I {Mrlk). P (Precipnalion). PM (_1Po>1tderedl ilk). 

S (Sdlid). SG {Sludge), SO (Soil). SS {Shoreline Sedime,nt}. SW (Surface Wa elf"), SWT (Sun-face W ater Treated). 

SWU (Sun-face W ater Untreated). V E (Ve,geta1io:n), W (Water). WW (l,Vell Water). 
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TABLE A-7. Depa r!m.ent o · Einergy':s Mixed Analyte IPerforman ce Evalueti□ n Pr-□ gira,m {MAIPEP). 

Conoentrati□ na 

Re erence Known Conlml 

Lab Cade ~ Dae Analysis Le boretory resu lt Activi ty Limi" s c Acceptance 

MAAP-318 8/1 /2020 Gross pha 0.45 ±0.06 0.5-28 0.15.8 - 0.8'98 Pass 

MAAP-318 8/1 /2020 Gross-18el:a 0.97 ±0.04 0.915 0.45.8 - ·Ul73 Pass 

MADW -310 1 8/1 /2020 Gross Alpha 0.5•7 ±0.04 0.62 0.1Q - ·Ho Pass 

MADW-310 1 8/1 /2020 Gross 18ela 0.75 ±0.04 0.83 0.42 - ·U5 Pass 

MAS0-3179 8/1 /2020 Cs-1 34 5gg, :7 710 ~El7 - 923 Pe.ss 

MAS0-3179 8/1 /2020 Cs-137 3.33 :it 4.31 0 r,v,, " Pe.ss 

MAS0-3179 8/1 /2020 Co-57 1-1 45 ±8 1 00 770 - 1430 Pe.ss 

MAS0-3179 8/1 /2020 Co-60 965 ±9 1000 700 - 1300 Pe.ss 

MAS0-3179 8/1 /2020 Mn-54 651 -~ 1 610 427 - 793 Pe.ss 

MAS0-3179 8/1 /2020 Zn-65 52 ± 4 470 32Q - 611 Pass 

MAS0-3179 8/1 /2020 K-40 68-~ ±58 622 435 - 809 Pass 

MAW-3175 8/1 /2020 C s-134 3.Q• ±0.3 15.2 ·m.6 - ·19.8 Pe.ss 

MAW-3175 8/1 /2020 C s-137 5.4 ± 0.4 1 .3 10.0 - 18.6 Pe.ss 

MAW-3175 8/1 /2020 Co-57 0.10 :it 0.11•6 0 t,{A ,; Pe.ss 

MAW-31175 8/1 /2020 Co-60 12.5 _0_3 12.2 3.5 - -rn.•Q Pe.ss 

MAW-3·175 8/1 /2020 Mn-54 0.07 ±0.117 0 t,{A C Pass 

MAW-3175 8/1 /2020 Zn-65 18.3 ±0.6 1•6.Q ·11.8 - 22.0 Pass 

MAW-3175 8/1 /2020 K-40 1.06 :it 1.65 0 t,{A C Pe.ss 

MAAP-3177 8/1 /2020 C s-134 . .28 :0.05 1.83 ·1.28 - 2.32 Fail d 

MAAP-3177 8/1 /2020 Cs-137 0.981 :it 0.06-8 O.ElQ6 0.'697 - 1 . .2 Q5 Pe.ss 

MAAP-3177 8/1 /2020 Co-57 0.020, ± 0.027 0 t,{A ., Pe.ss 

MAAP-3177 8/1 /2020 Co-60 1.5•7 ±0.06 1.73 ·1.21 - 2..25 Pass 

MAAP-3177 8/1 /2020 Mn-54 0.751 -~ 0.077 1.400 O.Q-S - ·1.82 Fail,;i 

MAAP-3177 8/1 /2020 Zn-65 2.07 ±0.15 2.00 ·uo - 2.eo Pe.ss 

MAVE-3185 8/1 /2020 Cs-134 4.73 :0.10 4.Q4 3.46 - 6. 2 Pe.ss 

MAVE-3185 8/1 /2020 C s-137 0.'03 ±0.06 0 t,{A ,; Pe.ss 

MAVE-3185 8/1 /2020 Co-57 7.83 ±0."112 •6.67 4.67 - 8.67 Pe.ss 

MAVE-3185 8/1 /2020 Co-60 4. 1 ±0.·11() 4.13 2.8'9 - 5.37 Pass 

MAVE-3185 8/1 /2020 Mn-54 6.52 ±0.18 5.84 4.0'Q - 7.5'Q Pass 

MAVE-3185 8/1 /2020 Zn-65 7 .. 26 ±0.19 •6.38 4. 7 - 8 . .2Q Pass 

MAAP-5Q4 2/1 /2021 Gross-Alpha .30 ± 0.08 1.77 0.53 - 3.01 Pe.ss 

MAAP-5Q4 2/1 /2021 Gross Bela 0.81 ± 0.04 0.6 9 0.325 - O.El74 Pe.ss 

MADW -57 1 2/1 /2021 Gross. pha 0.73 ±0.06 0.87 0.26 - ·1. 8 Pass 

MADW -572 2/1 /2021 Gross Bela 2.32 ±0.06 2.50 ·1.25 - 3.75 Pass 
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TA BLE A-7. Department o· Elnergry's Mixed Analyte Performance EvaJuati□ n Pr•□ gram {MAIPEP). 

C□noenbratia n "' 
Re erence Known Conbrol 

lab Cade " Da :e .Analysis Laboratory resu lt Activity Lim i S C Acoepl:ance 

MAS0 -59 1 2/1 /2021 C s-1 34 -2.57 ± 2.21 0 NA o 

MAS0-59 1 211 /2021 C s-1 37 1700 ± 20 1550 08.5 - 2015 

MAS0 -59 1 2/1 /2021 Co-57 977 ±7 920 ,5414 - ·rn:ie 
MAS0-.59 1 211 /2021 Co-60 1360± 0 1370 1}5'9 - -U81 

MAS0-5'91 211 /2021 Mn-54 0.91 -~ 2.35 0 NA o 

MAS0-.59 1 2/1 12021 Z n-65 687 - 17 604 423 - 78-5 

MAS0-59 1 211 /2021 K-40 682 .~ 53 618 433 - 80.3 

MAW-569 2/1 12021 C s-1 34 10.5 ±0.3 11 .5 s. 1 - ·rn.o 
MAW-569 2/1 12021 C s-1 37 8.53 ±0.32 7.9 5.5 - 10.3 

MAW-569 211 /2021 Co-57 12.2 ±0.3 11.4 3.0 - H .8 

MAW-569 2/1 /2021 Co-60 0.03 ±0.05 0 NA " 

MAW-569 211 /2021 Mrl-54 16.5 ±0.4 15.5 ·m •9 - 20.2 

MAW-569 .211 /2021 Zn-65 1.5 ±0.5 10 .5 7AO - U.7 

MAW-569 2/1/2021 K-40 9.93 ± 1.42 0 NA o 

MAAP-59 2 2/1 /2021 C s-1 3-4 1.5 ±0.06 2.14 1.50 - 2.78 

MAAP-59 2 211 /2021 C s-1 37 -0.011 ± 0.020 0 NA " 

MAAP-59 2 2/1 /2021 C o-57 0.636 ± 0.04.2 0.69 0.48'0 - 0.8'92 

MAAP-59 2 211 /2021 C o-60 -0.•6•4 -~ 0.02 0 NA e 

MAAP-59 2 .211 /2021 Mrl-54 0.312 ± 0.058 0.312 0.21 8 - 0. 0 6 

MAAP-59 2 211/2021 Z n-65 0.4 1 :it 0.07 0.352 0.246 - 0. 5 8 

MAVE -588 211 /2021 C s-1 3-4 3.73 ±0.09 3.60 2.50 - 4.70 

MAVE -588 211 /2021 C s-1 37 5.6•9• ± o.·rn 4.69 3.28 - 6. '10 

MAVE -588 211 /2021 Co-57 6.23 .~0.07 5.05 3.5•4 - 6.57 

MAVE -588 211 /2021 C o-60 329• ±0.06 2.99 2.0 9 - 3.8'9 

MAVE -588 211/2021 Mn-54 6.17 ± 0.11•6 5.25 3.6,8 - 6.83 

MAVE -58 8 211 /2021 Z n-65 -0.04! ± 0.08 0 NA e 

• Results are reported in uni s of Bqlikg (soil), Bql'L (water) or 13 otal sample (fi lters., vegeun ). 
'borafory codes as follm'IIS: .lAW (water). MADW (wrafer}, MAAP (air 1lt,2r). MIASO (soil) and MA\IE (vegetation). 

• MAPEIP resw ls a.re p es 1ed as 1lile kno1\1m \lalues and expecrted laboratort JPrecisi:lm {1 sigma, 1 detennima1ion) amd 

conl rol llimit:a as defi11ed by 1lile M!APEIP. A kmD\.,, ....alue or ''zero" irld icare.s an analy5is \ YaG included in , ~ testing 

series as. a · ·alse posni;.,e·. ilAPEP does ot prolilide control mits. 

Analy5i'G \ 'i'aG run ira dl!lplicat:e. Resul s 111ere (1 .18 Bq/sarrnple amd 1.37 Bql sam pie). he :su!J.nn fed res was 

ttie mean o'" he, two, results (1-28 :!: 0.05 at}lsampte). 

" A data. trans · 1ian error re:su ed in an erroneous repo ed 11a.1ue. The acru resul , {1.J.6 ± 0_08 Bq/L) pas.sees" 
1 Th~ sample spectrum l'l.tas re"ansa~ed u T - ihe minimum data po:imt back,11round 1Y.· me llod. The resl!l lt l'l.\aiS 

1.59 ± 1. 77 Bq/L vlhich .satisfies MAPE P cmeria fo:r a f alse post iv;;, iest. 

~ A d!ecam 1...as misplaced in orae of f'l'ro cobal •60 results \ · IE! calcula1ing a mean res.u lt causi rnQ '1A!PEP to ·ail 

Pass 

Pass 

Pa.ss 

Pa.ss 

Pa.ss 

Pass 

Pa.ss 

Pa.ss 

Pa.ss 

Pa.ss 

Pass 

Pass 

Pa.ss 

Fai11 

Pa.ss 

Pa.ss 

Pass 

Fail 9 

Pa.ss 

Pa.ss 

Pa.ss 

Pa.ss 

Pa.ss 

Pas s 

Pass 

Pa.ss 

tti.e resul as a s,1a is1icall1 sig · ·camt egative ....alue at 3 sfandard de/ilia ions. e coned rnea resw t (-0.000 · :ii: 0 .01,86) 

·- no a sta!E irally signi ic;,;;,rnt 11ega1ille va.h1e and YiOU not aire '"ailed_ 

A-16 
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,t1JBLE A-8,. lniter laborslory Comparison Cross check Program. Em1fronmental Res.ource A ssociafe:s (ERA)". 

MRAD-30 S l!ld:t: 

Concen1Jati□n 

Lab Code ll Da :e A!nalysis Laooratory ERA C□nlrol 

Resu l Value e Limits d Accee!!!nce 

ERAP-722 3122120!2 1 Cs-134 S.Q8 1030 66,8 -126'0 Pass 

ERAP-722 3122120!2 1 Cs-137 118 1 163 ~ -214 Pass 

ERAP-722 3122120•2 1 Co-60 270 1220 1040 - 1550 Pass. 

ERAP-722 3122120!2 1 Mn-54 < 4.3 c: 50.0 0.00 -50.0 Pass 

ERAP-722 3122/20-2 1 Zn-65 008 771 632 - 11 8.0 Pass. 

ERAP-722 3122120!2 1 Sr.90 ·184 189' 20 -257 Pass 

ERAP-724 3122120!2 1 Gros.s A,lpha 88. 00. 50.2 - 15S Pass 

ERAP-724 3122/20!2 1 Gros.s Beta 74.1 62.6 38.0 -Q4.•6 Pass. 

-1:1 Results obfained by Envi1ronmen-taJ, Inc... MidY.-est Laborato:ry (EIML) as ar participane in tt,e crosscheck prog,rsm for 
proficie11c:,, testing administered by En,,.ir□nmenla'I Resour ce As.s□ciates , serviing as a r,epl!acemen f for studies 

col'lducled previo1.1sly by 1h.e En"1ironmerrta l l easu remen fs Laboratory QualJly Assessment Program (EML). 

Laboratory oode ERA!P (ai:r fi l e:r) . ReS!Ults are reporfe<:I in units of {pCi/Filler) . 

,ci The ERA A:s.si.ginedl vall.les f□ r the air i (teli stsnd,erds a lie equal lo 100% of he parame·feir j:}resent in the 
slandard a,s defe,rminied by lhe gravimelric a11d/or volumetric m easuremenls made d1.111ing s andard pre;para ion 

as applicab fe . 

<1 The acceptance r ils are established per ttie guider es containe~ in e Departm enl of Energy (DOE) 
repo:rt BML-5'El4. Analysis of EIIIVironm.enfcSI MeaS!Urem e:nls Laborslory ~Et.I L) Quality Assessme:nt Progiram (O.t\lP) 

Dsla Determination of Opersi io al Crile.-ia s 11d Co:n rol Limi s for P,elf□rms11ce Eval.uafion Purpo.ses or ERA's 

SOP for he generation of Pe:rfo:rm ance Acce;plan oe Lim its. 

A-17 
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DATA REPORTING CONVENTIONS 
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Attachment 2, REMP Data Summary Reports 
 
 

Pathway 
Sampled 
(Units) 

Type, Total 
Number of 
Analyses 
Performed 

Lower Limit 
of Detection 
(LLD) 

All Locations Mean11 
Detected/Collected 
Range1 

Indicator Mean11 
Detected/Collected 
Range1 

Location with Highest Annual Mean 
Control Mean11 

Detected/Collected 
Range 

 
Number of 
Non-routine 
Reported 
Measurements 

Location # 
Distance  
Direction 

Mean11 
Detected/Collected 
Range 

Air 
pCi/m3 

Be-7 
28 

N/A 

 

0.081 
 

28/28 
 

0.055 - 0.142 
 

0.085 
 

24/24 
 

0.055- 0.142 

1 
 

3.4 
 

ENE 

0.099 
 

4/4 
 

0.071 - 0.142 

0.075 
 

4/4 
 

0.062 - 0.085 

 

0 

Air 
pCi/m3 

Co-58 
28 

N/A 

 

< LLD 
 

0/28 
 

— 
 

< LLD 
 

0/24 
 

— 

— — 

< LLD 
 

0/4 
 

— 

 

0 

Air 
pCi/m3 

Co-60 
28 

N/A 

 

< LLD 
 

0/28 
 

— 
 

< LLD 
 

0/24 
 

— 

— — 

< LLD 
 

0/4 
 

— 

 

0 

Air 
pCi/m3 

Cs-134 
28 

0.005 

 

< LLD 
 

0/28 
 

— 
 

< LLD 
 

0/24 
 

— 

— — 

< LLD 
 

0/4 
 

— 

 

0 

Air 
pCi/m3 

Cs-137 
28 

0.045 

 

< LLD 
 

0/28 
 

— 
 

< LLD 
 

0/24 
 

— 

— — 

< LLD 
 

0/4 
 

— 

 

0 

Air 
pCi/m3 

Gross Beta 
363 

0.0075 

 

0.029 
 

363/363 
 

0.006 - 0.082 
 

0.029 
 

311/311 
 

0.008 - 0.077 

1 
 

3.4 
 

ENE 

0.032 
 

52/52 
 

0.014 - 0.077 

0.028 
 

52/52 
 

0.006 - 0.082 

 

0 

1 Mean and range are based on detectable measurements only. 
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Pathway 
Sampled 
(Units) 

Type, Total 
Number of 
Analyses 
Performed 

Lower Limit 
of Detection 
(LLD) 

All Locations Mean11 
Detected/Collected 
Range1 

Indicator Mean11 
Detected/Collected 
Range1 

Location with Highest Annual Mean 
Control Mean11 

Detected/Collected 
Range 

 
Number of 
Non-routine 
Reported 
Measurements 

Location # 
Distance  
Direction 

Mean11 
Detected/Collected 
Range 

Air 

pCi/m3 

I-131 
363 

0.050 

 

< LLD 
 

0/363 
 

— 
 

 

< LLD 
 

0/311 
 

— 
 

— — 

<LLD 
 

0/52 
 

— 

 

0 

Broadleaf 
Vegetation 
pCi/kg wet 

Be-7 
71 

N/A 

 

370.0 
 

46/71 
 

129 – 1104 
 

374.3 
 

42/57 
 

129 - 1104 

2 
 

1.9 
 

ENE 

396.3 
 

10/11 
 

225 - 1104 

355.2 
 

12/14 
 

204 - 801 

 

0 

Broadleaf 
Vegetation 
pCi/kg wet 

K-40 
71 

N/A 

 

5318.7 
 

71/71 
 

3056 – 9269 
 

5188.5 
 

57/57 
 

3056 - 8091 

20 
 

1.9 
 

E 

5848.8 
 

14/14 
 

4004 - 9269 

5848.8 
 

14/14 
 

4004 - 9269 

 

0 

Broadleaf 
Vegetation 
pCi/kg wet 

Co-58 
71 

N/A 

 

< LLD 
 

0/71 
 

— 
 

<LLD 
 

0/57 
 

— 

— — 

< LLD 
 

0/14 
 

— 

 

0 

Broadleaf 
Vegetation 
pCi/kg wet 

Co-60 
71 

N/A 

 

< LLD 
 

0/71 
 

— 
 

<LLD 
 

0/57 
 

— 

— — 

< LLD 
 

0/14 
 

— 

 

0 

Broadleaf 
Vegetation 
pCi/kg wet 

I-131 
71 

45 

 

< LLD 
 

0/71 
 

— 
 

<LLD 
 

0/57 
 

— 

— — 

< LLD 
 

0/14 
 

— 

 

0 

Broadleaf 
Vegetation 
pCi/kg wet 

Cs-134 
71 

45 

 

< LLD 
 

0/71 
 

— 
 

<LLD 
 

0/57 
 

— 

— — 

< LLD 
 

0/14 
 

— 

 

0 

1 Mean and range are based on detectable measurements only. 
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1 Mean and range are based on detectable measurements only. 
 

Pathway 
Sampled 
(Units) 

Type, Total 
Number of 
Analyses 
Performed 

Lower Limit 
of Detection 
(LLD) 

All Locations Mean11 
Detected/Collected 
Range1 

Indicator Mean11 
Detected/Collected 
Range1 

Location with Highest Annual Mean 
Control Mean11 

Detected/Collected 
Range 

 
Number of 
Non-routine 
Reported 
Measurements 

Location # 
Distance  
Direction 

Mean11 
Detected/Collected 
Range 

Broadleaf 
Vegetation 
pCi/kg wet 

Cs-137 
71 

60 

 

< LLD 
 

0/71 
 

— 
 

<LLD 
 

0/57 
 

— 

— — 

< LLD 
 

0/14 
 

— 

 

0 

Fish 
pCi/kg wet 

K-40 
20 

N/A 

 

1193.6 
 

20/20 
 

644 – 2060 
 

1244.9 
 

12/12 
 

706 – 2060 

25 
 

0.6 
 

NNW 

1244.9 
 

12/12 
 

706 – 2060 

116.5 
 

8/8 
 

644- 1651 

 

0 

Fish 
pCi/kg wet 

Mn-54 
20 

94 

 

< LLD 
 

0/20 
 

— 
 

 

< LLD 
 

0/12 
 

— 
 

— — 

< LLD 
 

0/8 
 

— 

 

0 

Fish 
pCi/kg wet 

Fe-59 
20 

195 

 

< LLD 
 

0/20 
 

— 
 

 

< LLD 
 

0/12 
 

— 
 

— — 

< LLD 
 

0/8 
 

— 

 

0 

Fish 
pCi/kg wet 

Co-58 
20 

97 

 

< LLD 
 

0/20 
 

— 
 

 

< LLD 
 

0/12 
 

— 
 

— — 

< LLD 
 

0/8 
 

— 

 

0 

Fish 
pCi/kg wet 

Co-60 
20 

97 

 

< LLD 
 

0/20 
 

— 
 

 

< LLD 
 

0/12 
 

— 
 

— — 

< LLD 
 

0/8 
 

— 

 

0 

Fish 
pCi/kg wet 

Zn-65 
20 

195 

 

< LLD 
 

0/20 
 

— 
 

 

< LLD 
 

0/12 
 

— 
 

— — 

< LLD 
 

0/8 
 

— 

 

0 
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Pathway 
Sampled 
(Units) 

Type, Total 
Number of 
Analyses 
Performed 

Lower Limit 
of Detection 
(LLD) 

All Locations Mean11 
Detected/Collected 
Range1 

Indicator Mean11 
Detected/Collected 
Range1 

Location with Highest Annual Mean 
Control Mean11 

Detected/Collected 
Range 

 
Number of 
Non-routine 
Reported 
Measurements 

Location # 
Distance  
Direction 

Mean11 
Detected/Collected 
Range 

Fish 
pCi/kg wet 

Cs-134 
20 

97 

 

< LLD 
 

0/20 
 

— 
 

 

< LLD 
 

0/12 
 

— 
 

— — 

< LLD 
 

0/8 
 

— 

 

0 

Fish 
pCi/kg wet 

Cs-137 
20 

112 

 

< LLD 
 

0/20 
 

— 
 

 

< LLD 
 

0/12 
 

— 
 

— — 

< LLD 
 

0/8 
 

— 

 

0 

Sediment 
pCi/kg wet 

K-40 
4 

N/A 

 

10608.5 
 

4/4 
 

10002 – 11362 
 

 

10608.5 
 

4/4 
 

10002 – 11362 
 

66 
 

1.4 
 

NE 

10698.0 
 

2/2 
 

10034 - 11362 

N/A 
 

N/A 
 

N/A 

 

0 

Sediment 
pCi/kg wet 

Co-58 
4 

50 

 

< LLD 
 

0/4 
 

— 
 

 

< LLD 
 

0/4 
 

— 
 

— — 

N/A 
 

N/A 
 

N/A 

 

0 

Sediment 
pCi/kg wet 

Co-60 
4 

40 

 

< LLD 
 

0/4 
 

— 
 

 

< LLD 
 

0/4 
 

— 
 

— — 

N/A 
 

N/A 
 

N/A 

 

0 

Sediment 
pCi/kg wet 

Cs-134 
4 

112 

 

< LLD 
 

0/4 
 

— 
 

 

< LLD 
 

0/4 
 

— 
 

— — 

N/A 
 

N/A 
 

N/A 

 

0 

Sediment 
pCi/kg wet 

Cs-137 
4 

135 

 

< LLD 
 

0/4 
 

— 
 

 

< LLD 
 

0/4 
 

— 
 

— — 

N/A 
 

N/A 
 

N/A 

 

0 
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Pathway 
Sampled 
(Units) 

Type, Total 
Number of 
Analyses 
Performed 

Lower Limit 
of Detection 
(LLD) 

All Locations Mean11 
Detected/Collected 
Range1 

Indicator Mean11 
Detected/Collected 
Range1 

Location with Highest Annual Mean 
Control Mean11 

Detected/Collected 
Range 

 
Number of 
Non-routine 
Reported 
Measurements 

Location # 
Distance  
Direction 

Mean11 
Detected/Collected 
Range 

TLD (E) 
mR/91 
days 

Direct 
116 

1.0 

15.1 
 

116/116 
 

9.1 – 21.2 

 

15.2 
 

108/108 
 

11.1 – 21.2 
 

33 
 

4.5 
 

S 

20.2 
 

4/4 
 

19.5 – 21.2 

14.7 
 

8/8 
 

12.8 – 17.8 

 

0 

TLD (Q) 
mR/91 
days 

Direct 
116 

1.0 

 

15.6 
 

116/116 
 

11.6 – 22.5 
 

15.6 
 

108/108 
 

11.6 – 22.5 

36 
 

3.9 
 

WSW 

19.8 
 

4/4 
 

16.7 – 22.5 

15.1 
 

8/8 
 

14.2 – 16.3 

 

0 

TLD 
mR/365  
days 

Direct 
29 

1.0 

 

58.1 
 

29/29 
 

25.5 – 79.9 
 

58.2 
 

27/27 
 

25.5 – 79.9 

29 
 

4.3 
 

SSE 

79.9 
 

1/1 
 

79.9 – 79.9 

56.9 
 

2/2 
 

54.0 – 59.8 

 

0 

Water 
pCi/L 

Gross Beta 
58 

3 

 

1.3 
 

43/58 
 

0.9 – 2.3 
 

1.3 
 

39/46 
 

0.9 – 2.3 

60 
 

1.0 
 

WSW 

1.4 
 

9/11 
 

1.1 – 1.8 

1.1 
 

4/12 
 

1.0 – 1.2 

 

0 

Water 
pCi/L 

H-3 
20 

1500 

 

203.8 
 

9/20 
 

161.6 – 252.5   
 

 

202.4 
 

7/16 
 

161.6 — 252.2 
 

34 
 

0.2 
 

NW 

 

247.6 
 

1/4 
 

247.6 — 247.6 
 

 

139.1 
 

2/4 
 

185.3 — 232.1 
 

 

0 

Water 
pCi/L 

Mn-54 
58 

11 

 

< LLD 
 

0/58 
 

— 
 

 

< LLD 
 

0/46 
 

— 
 

— — 

 

< LLD 
 

0/12 
 

— 
 

 

0 

Water 
pCi/L 

Fe-59 
58 

22 

 

< LLD 
 

0/58 
 

— 
 

 

< LLD 
 

0/46 
 

— 
 

— — 

 

< LLD 
 

0/12 
 

— 
 

 

0 
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Pathway 
Sampled 
(Units) 

Type, Total 
Number of 
Analyses 
Performed 

Lower Limit 
of Detection 
(LLD) 

All Locations Mean11 
Detected/Collected 
Range1 

Indicator Mean11 
Detected/Collected 
Range1 

Location with Highest Annual Mean 
Control Mean11 

Detected/Collected 
Range 

 
Number of 
Non-routine 
Reported 
Measurements 

Location # 
Distance  
Direction 

Mean11 
Detected/Collected 
Range 

Water 
pCi/L 

Co-58 
58 

11 

 

< LLD 
 

0/58 
 

— 
 

 

< LLD 
 

0/46 
 

— 
 

— — 

 

< LLD 
 

0/12 
 

— 
 

 

0 

Water 
pCi/L 

Co-60 
58 

11 

 

< LLD 
 

0/58 
 

— 
 

 

< LLD 
 

0/46 
 

— 
 

— — 

 

< LLD 
 

0/12 
 

— 
 

 

0 

 
Water 
pCi/L 

Zn-65 
58 

22 

 

< LLD 
 

0/58 
 

— 
 

 

< LLD 
 

0/46 
 

— 
 

— — 

 

< LLD 
 

0/12 
 

— 
 

 

0 

Water 
pCi/L 

Zr-95 
58 

22 

 

< LLD 
 

0/58 
 

— 
 

 

< LLD 
 

0/46 
 

— 
 

— — 

 

< LLD 
 

0/12 
 

— 
 

 

0 

Water 
pCi/L 

Nb-95 
58 

11 

 

< LLD 
 

0/58 
 

— 
 

 

< LLD 
 

0/46 
 

— 
 

— — 

 

< LLD 
 

0/12 
 

— 
 

 

0 

Water 
pCi/L 

Cs-134 
58 

11 

 

< LLD 
 

0/58 
 

— 
 

 

< LLD 
 

0/46 
 

— 
 

— — 

 

< LLD 
 

0/12 
 

— 
 

 

0 

Water 
pCi/L 

Cs-137 
58 

13 

 

< LLD 
 

0/58 
 

— 
 

 

< LLD 
 

0/46 
 

— 
 

— — 

 

< LLD 
 

0/12 
 

— 
 

 

0 
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Pathway 
Sampled 
(Units) 

Type, Total 
Number of 
Analyses 
Performed 

Lower Limit 
of Detection 
(LLD) 

All Locations Mean11 
Detected/Collected 
Range1 

Indicator Mean11 
Detected/Collected 
Range1 

Location with Highest Annual Mean 
Control Mean11 

Detected/Collected 
Range 

 
Number of 
Non-routine 
Reported 
Measurements 

Location # 
Distance  
Direction 

Mean11 
Detected/Collected 
Range 

Water 
pCi/L 

Ba-140 
58 

45 

 

< LLD 
 

0/58 
 

— 
 

 

< LLD 
 

0/46 
 

— 
 

— — 

 

< LLD 
 

0/12 
 

— 
 

 

0 

Water 
pCi/L 

La-140 
58 

11 

 

< LLD 
 

0/58 
 

— 
 

 

< LLD 
 

0/46 
 

— 
 

— — 

 

< LLD 
 

0/12 
 

— 
 

 

0 
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