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Preface

The nuclear power industry uses terms and concepts that may be unfamiliar to all
readers of this report. This section of the report is intended to help the reader better
understand some of these terms and concepts. In this section, we will discuss radiation
and exposure pathways. This section is intended only to give a basic understanding of
these subjects to hopefully allow the reader to better understand the data provided
within the report.

Every nuclear power station is required to submit two reports annually, the Annual
Radioactive Effluents Release Report (ARERR) and the Annual Radiological
Environmental Operating Report (AREOR). The following information is provided in
both reports for Oyster Creek Generating Station.

Understanding Radiation

Radiation is simply defined as the process of emitting radiant energy in the form of
waves or particles. Radiation can be categorized as ionizing or non-ionizing radiation.
If the radiation has enough energy to displace electrons from an atom it is termed
ionizing radiation. Typically you will see a warning sign where there is a potential to be
exposed to man-made ionizing radiation. These signs normally have the trefoil symbol
on a yellow background.

RADIOACTIVE
h.A [ X

‘ MATERIALS ‘

Example Radiological warning signs

People do not always recognize non-ionizing radiation as a form of radiation, such as
light, heat given off from a stove, radiowaves and microwaves. In our report we focus
on the ionizing radiation that is produced at a nuclear power plant though it is important
to note that ionizing radiation comes from many sources. In fact, the amount of ionizing

1
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radiation an average person is exposed to due to operation of a nuclear power plant is
a very small fraction of the total ionizing radiation they will be exposed to in their lifetime
and will be discussed later.

From this point forward we will only be discussing ionizing radiation but we will just use
the term radiation.

Since this report discusses radiation in different forms and different pathways we first
need to understand where the radiation comes from that we report. Radiation comes
from atoms. So, what are atoms and how does radiation come from atoms?

You may have seen a Periodic Table of the Elements

Group—~1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

IPeriod The Periodic Table of the Elements 5
1 He
9 |[10

2 BR8] ? |2
3 : 17 |[18
Vg Cl || Ar

4 ) 35 || 36
] Br || Kr

; 53 |[54
| || Xe

6 EHEHEEEEEEEEEEEE
At || Rn
, 109 110 111 113 114 115 116][117|[118
‘Rg ‘Nh | F | | ||og

mmm-ﬂiﬂﬂiﬂﬂﬂﬂﬂﬂﬂii
e VAl B A R R A el v

This table lists all the elements found on earth. An atom is the smallest part of an
element that maintains the characteristics of that element. An atom is made up of three
parts, protons, neutrons and electrons.
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Neutron ——m—

Proton

The number of protons in an atom determines the element. A hydrogen atom will
always have one proton while an oxygen atom will always have eight protons. The
protons are clustered with the neutrons at the center of the atom and this is called the
nucleus. Orbiting around the nucleus are the relatively small electrons. Neutrons do
not have an electrical charge, protons have a positive charge while electrons have a
negative charge. In an electrically neutral atom, the negative and positive charges are
balanced. Atoms of the same element that have a different number of neutrons in their
nucleus are called isotopes.

Isotopes are atoms that have the same number of protons but different number of
neutrons. They all have the same chemical properties and many isotopes are
nonradioactive or stable while other isotopes may be unstable and are radioactive.
Radioactive isotopes can be called a radionuclide, a radioisotope or simply called a
radioactive atom. A radionuclide usually contains an excess amount of energy in the
nucleus usually due to a deficit or excess of neutrons in the nucleus.

There are two basic ways radionuclides are produced at a nuclear power plant. The
first way is a direct result of the fission process and the radionuclides created through
this process are termed fission products. Fission occurs when a very large atom, such
as U-235 (Uranium-235) and Pu-239 (Plutonium-239), absorbs a neutron into its
nucleus making the atom unstable. In this instance the atom can actually split into
smaller atoms, this splitting of the atom is called fission. When fission occurs there is
also a large amount of energy released from the atom in the form of heat which is what
is used to produce the steam that will spin the turbines to produce electricity at a
nuclear power plant.
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The second way a radionuclide is produced at a nuclear power plant is through a
process called activation and the radionuclides produced in this method are termed
activation products. Water passes through the core where the fission process is
occurring. This water is used to both produce the steam to turn the turbines and to cool
the reactor. Though the water passing through the core is considered to be very pure
water, there is always some other material within the water. This material typically
comes from the material used in the plant’s construction. As the water passes through
the core, the material is exposed to the fission process and the radiation within the core
can react with the material causing it to become unstable, creating a radionuclide. The
atoms in the water itself can become activated and create radionuclides.

Over time, radioactive atoms will reach a stable state and no longer be radioactive. To
do this they must release the excess energy. The release of excess energy can be in
different forms and is called radioactive decay and the energy released is called
radiation. The time it takes for a radionuclide to become stable is measured in units
called half-lives. A half-life is the amount of time it takes for half of the original
radioactivity to decay. Each radionuclide has a specific half-life. Some half-lives can
be very long and are measured in years while others may be very short and are
measured in seconds.

Half-life

1000

800

The amount of time it takes for half
of the original radioactivity to decay

Activity

400

200

1 half-life 2 half-lives 3 half-lives 4 half-lives
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In this report, you will see radionuclides listed such as K-40 (potassium-40) and Co-60
(cobalt-60). The letter(s) represents the element and the number represents the
specific isotope of that element and is the number of nuetrons in the nucleus of that
radionuclide. You may hear the term naturally occurring radionuclide which refers to
radionuclides that naturally occur in nature such as K-40. There are man-made
radionuclides such as Co-60 that we are concerned with since these man-made
radionuclides result as a by-product when generating electricity at a nuclear power
plant. There are other ways man-made radionuclides are produced, such as detonating
nuclear weapons, and this is important to note since nuclear weapons testing deposited
these man-made radionuclides into the environment and some are still present today.
There is a discussion in the AREOR for the radionculides Cs-137, Sr-89 and Sr-90.

The reason we only see some of the radionuclides today is due to the fact that some of
the radionuclides released into the environment had relatively short half-lives and all the
atoms have decayed to a stable state while other radionuclides have relatively long
half-lives and will be measurable in the environment for years to come.
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Sources of Radiation

People are exposed to radiation every day of their lives and have been since the dawn
of mankind. Some of this radiation is naturally occurring while some is man-made.
There are many factors that will determine the amount of radiation an individual will be
exposed to such as where you live, medical treatments, etc. Below are examples of
some of the typical sources of radiation an individual is exposed to in a year.

Sources of Radiation Exposure in the U.S.

Cosmic (Space) - 5% Radon and

: : Thoron - 37% Industrial and
Terrestrial (Soil) - 3% Occupational
Internal - 5% ;

<0.1%

Consumer - 2%

MNuclear Medicine
12%

Manmade Sources - 50%
~310 millirem (0.31 rem)

Matural Sources - 50%
~310 millirem (0.31 rem)

Source: NCRP Report Mo, 160 (2009
Full report is available on the NCRP website at www.NCRPonline.org

Adapted with permission of the National Council on Radiation Protection and
Measurements, http://NCRPonline.org

As you can see from the graph, the largest natural source of radiation is due to Radon.
That is because essentially all air contains Radon. Cosmic and Internal make up the
next largest natural sources of radiation. Cosmic radiation comes from the sun and
stars and there are multiple factors which can impact the amount of cosmic radiation
you are exposed to such as the elevation at which you live and the amount of air travel
you take a year. The internal natural source of radiation mainly comes from two
sources. Technically, all organic material is slightly radioactive due to C-14 (Carbon-
14), including humans and the food we eat. C-14 makes up a percentage of the carbon
in all organic material. Another contributor to the internal natural source is K-40
(Potassium-40). Potassium is present in many of the foods we eat, such as brazil nuts,
bananas, carrots and red meat. The smallest natural source listed is terrestrial. Soil
and rocks contain radioactive materials such as Radium and Uranium. The amount of
terrestrial radiation you are exposed to depends on where you live. The map below
shows terrestrial exposure levels across the United States. The radiation released from
6

2019 OCGS AREOR


http://ncrponline.org/

nuclear power plants is included in the Industrial and Occupational slice and is listed as
<0.1%.

Terrestrial Gamma-Ray Exposure at 1m above ground

pR/hr

Sourca of data: LS. Gaological Survey Digital Data Series DDS-8, 1983

Exposure Pathways

Radiological exposure pathways define the methods by which people may become
exposed to radioactive material. The major pathways of concern are those which could
cause the highest calculated radiation dose. These projected pathways are determined
from the type and amount of radioactive material released into the environment and
how the environment is used. The way radioactive material is transported in the
environment includes consideration of physical factors, such as the hydrological (water)
and meteorological (weather) characteristics of the area. An annual average of the
water flow, wind speed, and wind direction are used to evaluate how the radionuclides
will be distributed in an area for gaseous or liquid releases. An important factor in
evaluating the exposure pathways is the use of the environment. Many factors are
considered such as dietary intake of residents, recreational use of the area, and the
locations of homes and farms in the area.

The external and internal exposure pathways considered are shown in Figure 2.1. The
release of radioactive gaseous effluents involves pathways such as external whole-
body exposure, deposition of radioactive material on plants, deposition on soil,

7
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inhalation by animals destined for human consumption, and inhalation by humans.
The release of radioactive material in liquid effluents involves pathways such as
drinking water, fish, and direct exposure from the water at the shoreline while
swimming.

Although radionuclides can reach humans by many different pathways, some result in
more dose than others. The critical pathway is the exposure route that will provide, for a
specific radionuclide, the greatest dose to a population, or to a specific group of the
population called the critical group. The critical group may vary depending on the
radionuclides involved, the age and diet of the group, or other cultural factors. The dose
may be delivered to the whole body or to a specific organ. The organ receiving the
greatest fraction of the dose is called the critical organ.

Figure 2.1 External and Internal Exposure Pathways

Inhalation,
transpiration
and submersion

Deposiion

Eating Crops

AALLES

AN

Exposureto
Deposted Material

Drinking Surface
Wateror
Groundwater

This simple diagram demonstrates some potential exposure pathways from Oyster Creek
Generating Station.
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Radiation Risk

U.S. radiation protection standards are based on the premise that any radiation
exposure carries some risk. There is a risk whether the radiation exposure is due to
man-made sources or natural sources. There have been many studies performed
trying to determine the level of risk. The following graph is an example of one study
that tries to relate risk from many different factors. This graph represents risk as “Days
of Lost Life Expectancy.” All the categories are averaged over the entire population
except Male Smokers, Female Smokers and individuals that are overweight. Those
risks are only for people that fall into those categories. The category for Nuclear Power
is a government estimate based on all radioactivity releases from nuclear power,
including accidents and wastes.

Days of Lost Life Expectancy

Smoking - Male
Heart Disease
Smoking - Female I
Cancer I
Every 10 |bs overweight I
Stroke N
Motor Vehicle Accident =
Air Pollution W
Radon 1
Chemical Residue in Foods 1
Drowning 1
Hurricanes and Tornadoes
Lightning

Nuclear Power

o
wu
(=)
o

1000 1500 2000 2500 3000

Days of Lost Life Expectancy

Hurricanes and Tornadoes

Lightning

Nuclear Power

=]
=]
[N
o
-y
=]
@
o
o0
=

12 14 16 18 2

Adapted from the article by Bernard L. Cohen, Ph.D. in the Journal of American
Physicians and Surgeons Volume 8 Number 2 Summer 2003.

The full article can be found at http://www.jpands.org/vol8no2/cohen.pdf
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Annual Reports

All nuclear power plants are required to perform sampling of both the potential release
paths from the plant and the potential exposure pathways in the environment. The
results of this sampling are required to be reported annually to the Nuclear Regulatory
Commission (NRC) and made available to the public. There are two reports generated
annually, the Annual Radioactive Effluents Release Report (ARERR) and the Annual
Radiological Environmental Operating Report (AREOR). The ARERR summarizes all
of the effluents released from the plant and quantifies the doses to the public from
these effluents. The AREOR summarizes the results of the samples obtained in the
environment looking at all the potential exposure pathways by sampling different media
such as air, vegetation, direct radiation, etc. These two reports are related in that the
results should be aligned. The AREOR should validate that the effluent program is
accurate. The ARERR and AREOR together ensure Nuclear Power Plants are
operating in a manner that adequately protects the public.

In the reports, there are four different but interrelated units for measuring radioactivity,
exposure, absorbed dose, and dose equivalent. Together, they are used to properly
capture both the amount of radiation and its effects on humans.

e Radioactivity refers to the amount of ionizing radiation released by a material.
The units of measure for radioactivity used within the AREOR and ARERR are
the curie (Ci). Small fractions of the Ci often have a prefix, such as uCi that
means 1/1,000,000. That means there are 1,000,000 uCi in one Ci.

e Exposure describes the amount of radiation traveling through the air. The units
of measure for exposure used within the AREOR and ARERR are the roentgen
(R). Traditionally direct radiation monitors placed around the site are measured
in milliroentgen (mR), 1/1,000 of one R.

e Absorbed dose describes the amount of radiation absorbed by an object or
person. The units of measure for absorbed dose used within the AREOR and
ARERR are the rad. Noble gas air doses are reported by the site are measured
in millirad (mrad), 1/1,000 of one rad.

e Dose equivalent (or effective dose) combines the amount of radiation absorbed
and the health effects of that type of radiation. The units used within the AREOR
and ARERR are the roentgen equivalent man (rem). Regulations require doses
to the whole body, specific organ, and direct radiation to be reported in millirem
(mrem), 1/1,000 of one rem.

10
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Typically releases from nuclear power plants are so low that the samples taken in the
environment are below the detection levels required to be met by all nuclear power
plants. There are some radionuclides identified in the environment during the routine
sampling but this is typically background radiation from nuclear weapons testing and
events such as Chernobyl and these radionuclides are discussed in the AREOR.

Each report lists the types of samples that are collected and the analyses performed.
Different types of media may be used at one sample location looking for specific
radionuclides. For example, at our gaseous effluent release points we use different
media to collect samples for particulates, iodines, noble gases and tritium. There are
also examples where a sample collected on one media is analyzed differently
depending on the radionuclide for which the sample is being analyzed.

These annual reports, and much more information related to nuclear power, are
available on the NRC website at www.nrc.gov.

11
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Summary and Conclusions

On July 1% 2019, ownership of the Oyster Creek Nuclear Power Station and
transfer of the station and decommissioning license from Exelon Generation
Company, LLC to Oyster Creek Environmental Protection, LLC (OCEP) as the
licensed owner and Holtec Decommissioning International, LLC (HDI) as the
licensed operator, was completed. Exelon had determined that transitioning
operational nuclear plants to decommissioning nuclear plants targeted for
permanent shutdown was not aligned with its core objectives and actively sought
buyers who would assume ownership and complete decommissioning and license
termination.

This report on the Radiological Environmental Monitoring Program (REMP)
conducted for the Oyster Creek Generating Station (OCGS) by Holtec
Decommissioning International, LLC (HDI) covers the period 01 January 2019
through 31 December 2019. During that time period, a total of 1,778 analyses
were performed on 1,460 samples. In assessing all the data gathered for this
report and comparing these results with historical data, it was concluded that the
operation of OCGS had no adverse radiological impact on the environment.

REMP-designated surface water samples were analyzed for concentrations of
tritium and gamma-emitting nuclides. No tritium, fission or activation products
were detected in any of the surface water samples collected as part of the
Radiological Environmental Monitoring Program during 2019.

REMP-designated drinking water samples were analyzed for concentrations of
gross beta, tritium, lodine-131 (I-131), and gamma-emitting nuclides. The
preoperational environmental monitoring program did not include analysis of
drinking water for gross beta. No tritium, I-131, or fission or activation products
were detected in any of the drinking water samples collected.

REMP-designated groundwater samples were analyzed for concentrations of
tritium and gamma-emitting nuclides. No tritium and no fission or activation
products were detected in REMP groundwater samples.

Fish (predator and bottom feeder), clams, crabs, and sediment samples were
analyzed for concentrations of gamma-emitting nuclides. No OCGS-produced
fission or activation products were detected in fish, clams, or crabs. Cesium-137
(Cs-137) was not detected in any sediment samples.

Air particulate samples were analyzed for concentrations of gross beta, gamma-
emitting nuclides, Strontium-89 (Sr-89), and Strontium-90 (Sr-90). Gross beta and
cosmogenic Beryllium-7 (Be-7) were detected at levels consistent with those
detected in previous years. No fission or activation products were detected.

Sr-89 and Sr-90 analyses were performed on quarterly composites of air
particulate samples. All Sr-89 and Sr-90 results were below the minimum
detectable activity.

lodine-131 (I-131) analyses were performed on weekly air samples. All results
were less than the minimum detectable concentration.

12
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Vegetation samples were analyzed for gamma-emitting nuclides, Sr-89, and
Sr-90. Concentrations of naturally occurring Potassium-40 (K-40) were consistent
with those detected in previous years. No fission or activation products were
detected. All Sr-89 results were below the minimum detectable activity. Sr-90
activity was at levels consistent with those detected in previous years at both
control and indicator stations, and can be attributed to historical nuclear weapons
testing and the Chernobyl accident.

Environmental gamma radiation measurements were performed quarterly using
Optically Stimulated Luminescence Dosimeters (OSLD). Beginning in calendar
year 2012, Exelon (the previous plant owner) began using OSLDs and
discontinued the use of Thermoluminescent Dosimetry (TLD). There were two
main reasons for this change. First, OSLDs have minimal “fade” over a quarterly
time period. Fade is where the dose on the dosimeter drifts lower over time.
Second, OSLDs may be re-read if necessary. TLDs are reset to zero after they
are read. Levels detected were consistent with those observed in previous years.
The maximum dose to any member of the public attributable to radioactive
effluents and direct radiation from the OCGS was less than the 25 mRem/year
limit established by the United States Environmental Protection Agency (EPA).

13
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Introduction

The Oyster Creek Generating Station (OCGS) is a non-operational single unit
nuclear power plant owned and operated by HDI. OCGS is located on the Atlantic
Coastal Plain Physiographic Province in Ocean County, New Jersey, about 60
miles south of Newark, 9 miles south of Toms River, and 35 miles north of Atlantic
City. It lies approximately 2 miles inland from the Barnegat Bay. The property,
covering approximately 781 acres, is situated partly in Lacey Township and, to a
lesser extent, in Ocean Township. Access is provided by U.S. Route 9, passing
through the ~150-acre site and separating a 637-acre eastern portion from the
balance of the property west of the highway. The station is about 4 mile west of
the highway and 1% miles east of the Garden State Parkway. The site property
extends about 272 miles inland from the bay; the maximum width in the north-
south direction is almost 1 mile. The site location is part of the New Jersey shore
area with its relatively flat topography and extensive freshwater and saltwater
marshlands. The South Branch of Forked River runs across the northern side of
the site and Oyster Creek partly borders the southern side.

A preoperational Radiological Environmental Monitoring Program (REMP) for
OCGS was established in 1966, and continued prior to the plant becoming
operational in 1969. This report covers those analyses performed by Teledyne
Brown Engineering (TBE), Landauer and Environmental Inc. (Midwest Labs) on
samples collected during the period 01 January 2019 through 31 December 2019.
A. Objectives of the REMP

The objectives of the REMP are to:

1. Provide data on measurable levels of radiation and radioactive materials
in and beyond the site environs

2. Evaluate the relationship between quantities of radioactive material
released from the plant and resultant radiation doses to individuals from
principal pathways of exposure

3. Validate the effluent computer model that predicts radioactive material
concentrations at populated off-site locations

4. Fulfill the obligations of the radiological surveillance sections of Oyster
Creek’s Offsite Dose Calculation Manual (ODCM)

B. Implementation of the Objectives
The implementation of the objectives is accomplished by:

1. ldentifying significant exposure pathways

14
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Establishing baseline radiological data for media within those pathways

Continuously monitoring those media before, during and after terminating
Station operation to assess Station radiological effects (if any) on the
public, plant workers and the environment

C. Discussion

1.

General Program

The Radiological Environmental Monitoring Program (REMP) was
established in 1966, before the plant became operational. This
preoperational surveillance program was established to describe and
quantify the radioactivity, and its variability, in the area prior to the
operation of OCGS. After OCGS became operational in 1969, the
operational surveillance program continued to measure radiation and
radioactivity in the surrounding areas.

A variety of environmental samples are collected as part of the REMP at
OCGS. The selection of sample types is based on the established
pathways for the transfer of radionuclides through the environment to
humans. The selection of sampling locations is based on sample
availability, local meteorological and hydrological characteristics, local
population characteristics, and land usage in the area of interest. The
selection of sampling frequencies for the various environmental media is
based on the radionuclides of interest, their respective half-lives, and their
behavior in both the biological and physical environment.

Preoperational Surveillance Program

The federal government requires nuclear facilities to conduct radiological
environmental monitoring prior to constructing the facility. This
preoperational surveillance program is aimed at collecting the data
needed to identify pathways, including selection of the radioisotope and
sample media combinations to be included in the environmental
surveillance program conducted after facility operation begins.
Radiochemical analyses performed on the environmental samples should
include not only those nuclides expected to be released during facility
operation, but should also include typical radionuclides from nuclear
weapons testing and natural background radioactivity. All environmental
media with a potential to be affected by facility operation as well as those
media directly in the major pathways, should be sampled on at least an
annual basis during the preoperational phase of the environmental
surveillance program.

The preoperational surveillance design, including nuclide/media
combinations, sampling frequencies and locations, collection techniques,
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and radioanalyses performed, should be carefully considered and
incorporated in the design of the operational surveillance program. In this
manner, data can be compared in a variety of ways (for example, from
year to year, location to location, etc.) in order to detect any radiological
impact the facility has on the surrounding environment. Data collection
during the preoperational phase should be planned to provide a
comprehensive database for evaluating any future changes in the
environment surrounding the nuclear facility.

OCGS began its preoperational environmental surveillance program three
years before the plant began operating in 1969. Data accumulated
during those early years provide an extensive database from which
environmental monitoring personnel are able to identify trends in the
radiological characteristics of the local environment. The environmental
surveillance program at OCGS will continue after the plant has reached
the end of its economically useful life and decommissioning has begun.

Consideration of Plant Effluents

Effluents are strictly monitored to ensure that radioactivity released to the
environment is as low as reasonably achievable and does not exceed
regulatory limits. Effluent control includes the operation of monitoring
systems, in-plant and environmental sampling and analyses programs,
quality assurance programs for effluent and environmental programs, and
procedures covering all aspects of effluent and environmental monitoring.

Both radiological environmental and effluent monitoring indicate that the
operation of OCGS does not result in significant radiation exposure of the
people or the environment surrounding OCGS and is well below the
applicable levels set by the Nuclear Regulatory Commission (NRC) and
the EPA.

Environmental sampling of airborne iodine and particulates showed no
radioactivity attributable to the operation of OCGS.
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Program Description

A. Sample Collection

Samples for the OCGS REMP were collected for HDI by on-site personnel
and Normandeau Associates, Incorporated. This section describes the
general collection methods used to obtain environmental samples for the
OCGS REMP in 2019. Sample locations and descriptions can be found in
Tables B-1 and B-2, and Figures B-1, B-2, and B-3, Appendix B. The
collection procedures are listed in Table B-3.

Aquatic Environment

The aquatic environment was evaluated by performing radiological analyses
on samples of surface water, drinking water, groundwater, fish, clams, crabs,
and sediment. One gallon water samples were collected monthly from two
surface locations (33 and 94), semiannually at two surface water locations (23
and 24), monthly from five drinking water wells (1N, 1S, 37, 38, and 114) and
quarterly from 2 groundwater stations (MW-24-3A and W-3C). Control
locations were 94 and 37. All samples were collected in plastic bottles, which
were rinsed at least twice with source water prior to collection. Fish samples
comprising the flesh of two groups, bottom feeder and predator, were
collected semiannually at three locations (33, 93 and 94 [control]). Clams
were collected semiannually from three locations (23, 24, and 94 [control]).
Two annual crab samples were collected from two locations (33 and 93).
Sediment samples were collected at four locations semiannually (23, 24, 33,
and 94 [control]).

Atmospheric Environment

The atmospheric environment was evaluated by performing radiological
analyses on samples of air particulate and airborne iodine. Airborne iodine
and particulate samples were collected and analyzed weekly at eight locations
(C, 3,20,66, 71,72, 73, and 111). The control location was C. Airborne
iodine and particulate samples were obtained at each location, using a
vacuum pump with charcoal and glass fiber filters attached. The pumps were
run continuously and sampled air at the rate of approximately one cubic foot
per minute. The filters were replaced weekly and sent to the laboratory for
analysis.

Terrestrial Environment

The terrestrial environment was evaluated by performing radiological analyses
on samples of garden vegetation. No commercial dairy operations and no
dairy animals producing milk for human consumption are located within a
5-mile radius of the plant. Therefore, vegetation samples were collected in lieu
of milk. Vegetation samples were collected, when available, at four locations

17
2019 OCGS AREOR



(35, 36, 66 and 115). Station 36 is the control location as it is 24 miles
northwest of the plant in the lowest X/Q sector, beyond any influence of the
plant when the plant was operating, and while it is permanently shut down for
decommissioning. All samples were collected in 18” x 24” new unused plastic
bags and shipped promptly to the laboratory.

Ambient Gamma Radiation

Direct radiation measurements were made using Al203:C Optically Stimulated
Luminescence Dosimetry (OSLD). Exelon Nuclear (the previous plant owner)
changed the dosimetry used for environmental monitoring. Beginning in
calendar year 2012, Exelon began using OSLDs and discontinued the use of
Thermoluminescent Dosimetry (TLD). There were two main reasons for this
change. First, OSLDs are subject to minimal fade. Fade is where the dose on
the dosimeter drifts lower over time. Second, OSLDs may be re-read if
necessary. TLDs are reset to zero after they are read. The OSLDs were
placed on and around the OCGS site and were categorized as follows:

An inner ring consisting of 19 locations (1, T1, 51, 52, 53, 54, 55, 56, 57, 58,
59, 61, 62, 63, 64, 65, 66, 112, and 113) near the site boundary.

An outer ring consisting of 31 locations (4, 5, 6, 8, 9, 22, 46, 47, 48, 68, 73,
74,75,78,79, 82, 84, 85, 86, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107,
109, and 110) extending to approximately 5 miles from the site designed to
measure possible exposures to close-in population.

Special interest stations consisting of 9 locations (3, 11, 71, 72, 81, 88, 89,
90, and 92) representing special interest areas such as population centers,
state parks, etc.

Background (Control) stations consisting of two locations (C and 14) greater
than 20 miles distant from the site.

Indicator OSLDs were placed systematically, with at least one station in each
of 16 meteorological compass sectors in the general area of the site
boundary. OSLDs were also placed in each meteorological sector in the

1 to 5 mile range, where reasonable highway access would permit, in areas of
public interest and population centers. Background locations were located
greater than twenty miles distant from the OCGS and generally in an upwind
direction from the OCGS.

Two OSLDs were placed at each location approximately three to eight feet
above ground level. The OSLDs were exchanged quarterly and sent to
Landauer for analysis.
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B. Sample Analysis

This section describes the general analytical methodologies used by TBE and
Environmental Inc. (Midwest Labs) to analyze the environmental samples for
radioactivity for the OCGS REMP in 2019. The analytical procedures used by
the laboratories are listed in Table B-3.

In order to achieve the stated objectives, the current program includes the
following analyses:

1. Concentrations of beta emitters in air particulates and drinking water

2. Concentrations of gamma emitters in surface, drinking water,
groundwater, fish, clams, crabs, sediment, air particulates and vegetation

3. Concentrations of tritium in REMP-designated surface, drinking water and
groundwater

4. Concentrations of I-131 in air iodine cartridges and drinking water

5. Concentrations of strontium in air particulates and vegetation

6. Ambient gamma radiation levels at various locations around the OCGS
C. Data Interpretation

For trending purposes, the radiological and direct radiation data collected

during 2019 were compared with data from past years. The results of

environmental sampling show that radioactivity levels have not increased from

the background radioactivity detected prior to the operation of OCGS. The

operation of OCGS continues to have no measurable radiological impact
upon the environment.

Several factors were important in the interpretation of the data:

1. Lower Limit of Detection and Minimum Detectable Concentration

The lower limit of detection (LLD) is defined as the smallest concentration
of radioactive material in a sample that would yield a net count (above
background) that would be detected with only a 5% probability of falsely
concluding that a blank observation represents a "real" signal. The LLD
is intended as a before the fact estimate of a system (including
instrumentation, procedure and sample type) and not as an after the fact
criterion for the presence of activity. All analyses were designed to
achieve the required OCGS detection capabilities for environmental
sample analysis.
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The minimum detectable concentration (MDC) is defined above with the
exception that the measurement is an after the fact estimate of the
presence of activity.

2. Net Activity Calculation and Reporting of Results

Net activity for a sample was calculated by subtracting background
activity from the sample activity. Since the REMP measures extremely
small changes in radioactivity in the environment, background variations
may result in sample activity being lower than the background activity,
which results in a negative number. A less than MDC was reported in all
cases where positive activity was not detected.

Gamma spectroscopy results for each type of sample were grouped as
follows:

For surface, drinking water, and groundwater - 12 nuclides: Mn-54,
Co-58, Fe-59, Co-60, Zn-65, Zr-95, Nb-95, 1-131, Cs-134, Cs-137,
Ba-140, and La-140 were reported

For fish - eight nuclides: K-40, Mn-54, Co-58, Fe-59, Co-60, Zn-65,
Cs-134, and Cs-137 were reported

For clams - eight nuclides: K-40, Mn-54, Co-58, Fe-59, Co-60, Zn-65,
Cs-134, and Cs-137 were reported

For crabs - eight nuclides: K-40, Mn-54, Co-58, Fe-59, Co-60, Zn-65,
Cs-134, and Cs-137 were reported

For sediment - nine nuclides: Be-7, K-40, Mn-54, Co-58, Co-60,
Cs-134, Cs-137, Ra-226, and Th-228 were reported

For air particulate - six nuclides: Be-7, Mn-54, Co-58, Co-60, Cs-134,
and Cs-137 were reported

For air iodine cartridges - one nuclide: 1-131 was reported
For vegetation — seven nuclides: Be-7, K-40, 1-131, Cs-134, Cs-137,
Ba-140, and La-140 were reported

Means and standard deviations of the results were calculated. The
standard deviations represent the variability of measured results for
different samples rather than single analysis uncertainty.

D. Program Exceptions

For 2019, the OCGS REMP had a sample recovery rate in excess of 97%.
Exceptions are listed below:
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Environmental Dosimetry

1.

July, 2019: Station 6 (Lane Place, Lacey) - No 2™ quarter results due to
both dosimeters missing - reason unknown. 3" quarter Station 6
dosimeters placed in holder.

October, 2019: Station 5 (GSP Rest Area) - No 3™ quarter results due
to dosimeters and holder being removed (construction at the rest area).
Dosimeters could not be located. New dosimeter holder & dosimeters
were installed on 10/29/19 at the rest area.

. 01/09/19 & 01/16/19: Station 20 - No valid samples for Weeks 1 & 2

due to no power to station. Sampler restarted on 1/14, but not enough
run time to constitute a valid sample. Connector fitting on pump and
timer replaced on 01/14/19. (AR 04209785)

02/14/19: Station 73 - No valid sample for Week 6 due to pump not
running at time of collection (timer running normally). Pump replaced
02/15/19.

04/24/19: Station C - No valid sample for Week 16 due to pump not
running (but timer was) at time of collection. As per procedure, sample
not valid and not sent to lab; replaced pump the same day.

. 05/29/19: Station 71 - Main power breaker switch had been turned off.

Pump ran long enough to constitute a valid sample; reset breaker
switch.

06/12/19: Station 72 - Shorter run time than expected - samples are
valid; will monitor timer.

06/19/19: Station C - No valid sample for Week 24 due to pump not
running (but timer was) at time of collection. As per procedure, sample
not valid and not sent to lab; pump replaced 06/21/19.

09/18/19: Station 20 - No valid sample for Week 37 due to a tripped
breaker. Pump did not run long enough to constitute a valid sample;
reset breaker and replaced timer on 10/1719.

01/20/20: All Stations - No iodine results for Week 52 of 2019 due to
lack of replacement cartridges. Normandeau had been told that the
number of air stations would be reduced in 2020 and did not resupply
cartridges. CDI Task Manager was informed and Normandeau was
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instructed to keep Al cartridges in place for a 2-week run. Additional
iodine cartridges ordered until air station changes take effect. No iodine
was detected in effluents released from the plant or in the field in 2019.

Drinking Water

Note: Stations 1S and 1N are on-site drinking water wells. Typically,
only one well is in service at a time. They are only listed as
deviations when there is not a sample for every week of the
composite period.

1. 2019: Station 1S was not operational for the entire year.

2. March, 2019: Station 38 composite 3 of 4 weeks. 3™ week of the month
treatment plant offline for maintenance.

3. April, 2019: Station 114 was operational 3 of 5 weeks. Pump out of
service during this period.

4. May, 2019: Station 114 taken out of service permanently.

1. Spring & Fall, 2019: Control Station 94 - no fish for spring & fall
sampling. Local fisherman that had supplied sample fish for many
years had passed away. Normandeau fishing efforts unsuccessful.
Hired a charter boat in June to fish, but still no success. Asked other
local fishermen - no fish. (Fall note - Likely to use different methods
going forward)

2. Spring, 2019: Stations 93 & 33 collected only 2 species, each likely due
to lack of warm water in canal from the plant not producing.

3. Fall, 2019: Station 93 - no fish for fall sampling likely due to the lack of
warm water in discharge canal. Fished discharge area with rod and reel
for approximately 20 man-hours but no fish.

Vegetation

1. June - October, 2019: Station 66 - No crops produced for entire
growing season. Fertilizer & top soil added but still no production.
Garden sits in low spot and is often too wet for plants. Garden is no

longer a tech spec location.

2. September - October, 2019: Station 15 - Only 2 of 3 species of
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vegetation were collected due to lateness of growing season.

Program exceptions are tracked by Oyster Creek staff and Normandeau and
investigated to understand the causes of the program exception. Sampling
and maintenance errors are reviewed with the personnel involved to prevent
recurrence.

The overall sample recovery rate indicates that the appropriate procedures
and equipment are in place to assure reliable program implementation.

Program Changes

To address the accumulated water inventory at Oyster Creek following
permanent plant shutdown (with the transition to decommissioning), permitted
batch processing and discharge of treated water was re-introduced with
revision 9 to the ODCM. This over boarding of treated water using a
permitted process implements controls specified in NUREG 1302. Aquatic
sampling was evaluated and increased where warranted to assure pathways
to man are monitored.
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V.

Results and Discussion

A. Agquatic Environment

1.

Surface Water

Samples were taken via grab sample methodology at two locations (33
and 94) on a monthly schedule. In addition, grab samples were collected
semi-annually at two locations (23 and 24). Of these locations 23, 24,
and 33, located downstream, could be affected by Oyster Creek’s effluent
releases. The following analyses were performed:

Tritium

Surface water sampling began in 1966, and the samples were analyzed
for tritium as well as other radioactivity. During this preoperational
program, tritium was detected at an average concentration of 1,050 pCi/L.
At that time, counting instrumentation was not as sensitive as it now, and
the minimum detectable concentration was 1,000 pCi/L versus 200 pCi/L
used today. By comparing the 2019 sampling results to the decay-
corrected average preoperational concentration reported in the 2007
Annual Radiological Environmental Operating Report (111 pCi/L), it can
be seen that the inventory of tritium in the environment is due to fallout
from past atmospheric nuclear weapons testing, and is decreasing with
time.

Samples from all locations were analyzed for tritium activity. No tritium
activity was detected. (Table C—I.1, Appendix C)

Gamma Spectrometry

Samples from all locations were analyzed for gamma-emitting nuclides.
All nuclides were less than the MDC. (Table C—I.2, Appendix C)

Drinking water

Monthly samples were composited from monthly grab samples from six
drinking water wells (1N, 1S, 37, 38, and 114). Station 1, because it is
located on the OCGS site, could potentially be affected by radioactive
releases from the plant. Station 1 was split into two separate locations,
1N and 1S. Station 38, the Ocean Township Municipal Utility Authority
Well, could potentially be affected by effluent releases from the OCGS.
Given its distance from the facility (1.6 miles) and depth (approximately
360 feet), however, the probability of any OCGS-related impacts is very
small. Stations 37 and 39, Lacey Township Municipal Utility Authority
wells, are not likely to be impacted by effluents from the OCGS. These
wells are located generally up-gradient of the regional groundwater flow
direction (southeast). In addition, because of their depth (> 200 feet) and
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distance from the site (2.2 and 3.5 miles respectively), they are unlikely to
be affected by OCGS operations. The following analyses were
performed:

Tritium

Monthly samples from all locations were analyzed for tritium activity. No
tritium activity was detected. Drinking water was sampled during the
preoperational program and throughout the almost 50 years of the plant’s
operational program. Tritium sampling results during the preoperational
years, yielded results all less than the minimum detectable concentration
of 1000 pCi/L. The 2019 results are all less than the current MDC of 200
pCi/L. (Table C-II.1, Appendix C)

Gross Beta

Monthly samples from all locations were analyzed for concentrations of
total gross beta activity. Gross beta was detected in 27 of 40 samples
and is attributed to natural sources and fallout residual from previous
bomb testing residual fallout. The values ranged from 1.6 to 11.8 pCi/L.
(Table C-I1.2, Appendix C)

The investigation level for gross beta in water is 15 pCi/L. Drinking water
sample 1N result for gross beta exceeded the investigation level
beginning in January 2012.

The initial result for gross beta was 15.1 pCi/L in 2012. This issue was
entered into the Corrective Action Program (CAP) and an investigation
initiated. The 1N water sample was analyzed for known beta-emitters Sr-
89, Sr-90, Iron-55 (Fe-55) and Nickel-63 (Ni-63). These analyses results
were all <MDC. It was also identified that the 1N well treatment system
was upgraded the previous month and a potassium chloride softener
system was added as part of the upgrade. Samples were obtained pre-
and post-treatment. The pre-treatment result for gross beta was 3.6
pCi/L, which is a value that has been seen previously in drinking water
samples. The post-treatment sample result for gross beta was 22.2
pCi/L.

Based on the fact that there were no typical plant-produced beta-emitters
detected and that natural potassium is a known beta- emitter, along with
the results of the pre- and post-sampling, the gross beta values obtained
for 1N can be attributed to the addition of the water softener system
installed during the system upgrade in December of 2011.

lodine

Monthly samples from all locations were analyzed for I-131 by the low
level method to detect down to 1.0 pCi/L. All results were less than the
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MDC. (Table C-II.3, Appendix C)

Gamma Spectrometry

Samples from all locations were analyzed for gamma-emitting nuclides.
All nuclides were less than the MDC. (Table C-Il.4, Appendix C)

Groundwater
The following analyses were performed:

Tritium

Samples from all locations were analyzed for tritium activity. No tritium
activity was detected. (Table C-Ill.1, Appendix C)

Gamma Spectrometry

Samples from all locations were analyzed for gamma-emitting nuclides
(Table C-I11.2, Appendix C). All nuclides were less than the MDC.

Fish

Fish samples comprised of bottom feeder (American eel, winter flounder,
tautaug, summer flounder) and predator (bluefish, striped bass, white
perch) were collected at three locations (33, 93, and 94) semiannually.
Locations 93 and 33 could be affected by Oyster Creek’s effluent
releases. The following analysis was performed:

Gamma Spectrometry

The edible portions of fish samples from three locations were analyzed
for gamma-emitting nuclides. Naturally occurring K-40 was found at all

stations and ranged from 2,467 to 5,932 pCi/kg wet and was consistent
with levels detected in previous years. No fission or activation products
were found. (Table C-IV.1, Appendix C)

No fish were sampled during the preoperational sampling program for
OCGS.

Clams and Crabs

Clams were collected at three locations (23, 24, and 94) semiannually.
Crabs were collected at two locations (33 and 93) annually. Locations 23,
24, 33, and 93 could be affected by Oyster Creek’s effluent releases.

The following analysis was performed:
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Gamma Spectrometry

The edible portions of clam samples from all three locations were
analyzed for gamma-emitting nuclides. Naturally occurring K-40 was
found at all stations and ranged from 1,041 to 1,704 pCi/kg wet and was
consistent with levels detected in previous years. No fission or activation
products were found. (Table C—IV.2, Appendix C) Historical levels of
Co-60 in clams are shown in Figure C-1, Appendix C. After 1986, all
results were less than the Lower Limit of Detection (LLD).

Preoperational clam sample results for naturally occurring K-40 ranged
from 600 to 9,800 pCi/kg wet, which are consistent with current sample
results.

The edible portions of crab samples from 2 locations were analyzed for
gamma-emitting nuclides. Naturally occurring K-40 was found at both
stations and ranged from 2,587 to 2,731 pCi/kg wet, consistent with levels
detected in previous years. No fission or activation products were found.
(Table C—I1V.2, Appendix C)

Crabs were not sampled during the preoperational years of the OCGS
environmental monitoring program.

Sediment

Aquatic sediment samples were collected at four locations (23, 24, 33,
and 94) semiannually. Of these locations, stations 23, 24, and 33 located
downstream, could be affected by Oyster Creek’s effluent releases. The
following analysis was performed:

Gamma Spectrometry

Sediment samples from all four locations were analyzed for gamma-
emitting nuclides. Naturally occurring K-40 was found at all stations and
ranged from 1,010 to 18,160 pCi/kg dry. Naturally occurring Ra-226 was
found at one location at a concentration of 866 pCi/kg dry. Naturally
occurring Th-228 was found at 7 of 8 stations and ranged from 110 to
8,666 pCi/kg wet. Cs-137 was not detected in any of the samples. No
fission or activation products were found. (Table C-V.1, Appendix C)

The Figure C-3, Appendix C graph shows Cs-137 concentrations in
sediment from 1984 through 2019 and Figure C-2, Appendix C graph
shows Co-60 concentrations in sediment from 1984 through 2019.

The requirement for sampling sediment is a requirement of ODCM 3.12.1,
Table 3.12.1-1.d. ODCM Table 3.12.1-2, “Reporting Levels for
Radioactive Concentrations in Environmental Samples Reporting Levels”
does not include requirements for sediment. CY-AA-170-1000,
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Radiological Environmental Monitoring Program and Meteorological
Program Implementation, Attachment 1, Analytical Results Investigation
Levels, includes sediment investigation level for Cs-137 of 1000E+00
pCi/kg dry.

While aquatic sediment sampling was part of the preoperational program,
samples were not analyzed for gamma-emitting nuclides until 1981.

In conclusion, the 2019 aquatic monitoring results for surface water,
drinking water, groundwater, fish, clams, crabs, and sediment showed
only naturally occurring radioactivity and were consistent with levels
measured prior to the operation of OCGS, and with levels measured in
past years. No radioactivity attributable to activities at OCGS was
detected in any aquatic samples during 2019 and no adverse long-term
trends are shown in the aquatic monitoring data.

B. Atmospheric Environment

1. Airborne
a. Air Particulates

Continuous air particulate samples were collected from eight locations
on a weekly basis. The eight locations were separated into three
groups: Group | represents locations near the OCGS site boundary
(20, 66 and 111), Group Il represents the locations at an intermediate
distance from the OCGS site (71, 72, and 73), and Group ll|
represents the control and locations at a remote distance from OCGS
(C and 3). The following analyses were performed:

Gross Beta

Weekly samples were analyzed for concentrations of beta emitters.
Detectable gross beta activity was observed at all locations.
Comparison of results among the three groups aids in determining the
effects, if any, resulting from the operation of OCGS. The results from
the Site Boundary locations (Group I) ranged from 6.00E-03 to
50.00E—03 pCi/m*® with a mean of 13.00E-03 pCi/m®. The results
from the Intermediate Distance locations (Group Il) ranged from
5.00E-03 to 27.00E—03 pCi/m® with a mean of 1200E—03 pCi/m®. The
results from the Distant locations (Group Ill) ranged from 6.00E-03 to
25.00E-03 pCi/m® with a mean of 12.00E-03 pCi/m?®.

(Table C-VI.1 and C-VI1.2, Appendix C)

The similarity of the results from the three groups indicates that there
is no relationship between gross beta activity and distance from
OCGS. These results are consistent with data from previous years
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b.

and indicate no effects from the operation of OCGS
(Figures C-4 and C-5, Appendix C).

Air sample filters have been analyzed for gross beta activity since the
inception of the preoperational environmental monitoring program in
1966. The preoperational data values ranged from 1.90E-02 to
2.77E-01 pCi/m3. The 2019 gross beta activity values ranged from
<5.00E-03 to 28.00E-03 pCi/m3. The 2019 results are consistent with
historical operational data (Figure C-5, Appendix C) and fall within the
range of results observed during the preoperational period.

Strontium-89 and Strontium-90

Weekly samples were composited quarterly and analyzed for

Sr-89 and Sr-90. No strontium was detected in any of the samples.
(Table C-VI.3, Appendix C) These results are consistent with
historical operational data. The preoperational environmental
monitoring program did not include analysis of air samples for Sr-89
and Sr-90.

Gamma Spectrometry

Weekly samples were composited quarterly and analyzed for gamma-
emitting nuclides. Naturally occurring Be-7 due to cosmic ray activity
was detected in 32 of 32 samples. The values ranged from 27.00E-03
to 113E-03 pCi/m®. All other nuclides were less than the MDC.

(Table C-VI.4, Appendix C) These results are consistent with
historical operational data. The preoperational environmental
monitoring program did not include analysis of air samples for
gamma-emitting nuclides.

Airborne lodine

Continuous air samples were collected from eight (C, 3, 20, 66, 71,
72,73, 111) locations and analyzed weekly for I-131. Consistent with
historical operational data, all results were less than the MDC for
I-131. (Table C-VII.1, Appendix C) The preoperational environmental
monitoring program for OCGS did not include analysis of air media for
1-131.

In conclusion, the atmospheric monitoring data are consistent with
preoperational and prior operational data and show no long-term
trends in the environment attributable to the operation of OCGS.
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2. Terrestrial

a.

Vegetation

Samples were collected from four locations (35, 36, 66 and 115) when
available. The following analyses were performed:

Strontium-89 and Strontium-90

Vegetation samples from all locations were analyzed for
concentrations of Sr-89 and Sr-90. All Sr-89 results were less than
the MDC. Sr-90 was detected in 16 of 33 samples. The values ranged
from 2.7 to 13.8 pCi/kg wet, which is consistent with historical data.
(Table C-VIIl.1, Appendix C)

The following information on Sr-90 is available on the NRC web page
under “Backgrounder Radiation Protection and the “Tooth Fairy”
Issue” published in December of 2004:

The largest source of Sr-90 in the environment (~99%) is from
weapons testing fallout. Approximately 16.8 million curies of Sr-90
were produced and globally dispersed in atmospheric nuclear
weapons testing until 1980. As a result of the Chernobyl accident,
approximately 216,000 curies of Sr-90 were released into the
atmosphere. With a 28-year half-life, Sr-90 still remains in the
environment at nominal levels.

The total annual release of Sr-90 into the atmosphere from all 103
commercial nuclear power plants operating in the United States is
typically 1/1000th of a curie. (NUREG/CR-2907 Vol.12). At an
individual nuclear power plant, the amount of Sr-90 is so low that it is
usually at or below the minimum detectable activity of sensitive
detection equipment.

Oyster Creek did not report any Sr-90 released in the Annual
Radioactive Effluent Release Report as all analyses for Sr-90
performed were less than the minimum detectable activity.

Gamma Spectrometry

Vegetation samples from locations 35, 36, and 115 were analyzed for
concentrations of gamma-emitting nuclides. Naturally occurring K-40
activity was found in all samples and ranged from 743 to 5,420 pCi/kg
wet. Naturally occurring Be-7 was detected in 6 of 33 samples and
ranged from 195 to 859 pCi/kg wet. All other nuclides were less than
the MDC. (Table C-VIII.1, Appendix C)

Preoperational vegetation sample analyses did not include strontium
analyses or gamma spectroscopy.
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Oyster Creek conducted a Cs-137 study in 2006/2007. A report was
generated titled "Evaluation of Cesium-137 in Environmental Samples
from the Amergen Property East of the Oyster Creek Generating
Station". Below is an excerpt from that report:

“The levels of Cs-137 observed in the soil and vegetation samples are
consistent with environmental concentrations known to be attributable
to fallout from historic nuclear weapons testing and the Chernobyl
accident. In addition, the variability of Cs-137 concentrations in soil
and vegetation on the farm property appears to be driven by a number
of environmental factors. Cs-137 concentrations in soil were non-
detectable. Vegetation samples exhibited Cs-137 concentrations from
non-detectable to 0.130 pCi/g, with a mean concentration of 0.078
pCi/g. For comparison, in the year 2000, as part of the confirmatory
release survey for the adjacent Forked River site to the west of
OCGS, the NRC reported that the maximum observed soil
concentration of 0.53 pCi/g was not distinguishable from the variation
in Cs-137 in the environment due to these fallout sources. The NRC
also reported background Cs-137 concentrations in New Jersey
coastal plain soils as high as 1.5 and 2.8 pCi/g. In addition, decay-
corrected historic REMP data from a predominantly upwind location,
nearly four miles from the OCGS, yields present-day Cs-137
concentrations ranging from 0.862 to 1.68 pCi/g.”

In 2019, there was no Cs-137 identified in REMP soil samples, but it
was detected in 3 vegetation samples. The concentrations ranged

from 29 to 68 pCi/kg wet. It is not unusual for Cs-137 to be identified
given the known environmental levels of this radionuclide attributable
to atmospheric nuclear weapons testing and the Chernobyl accident.

In conclusion, terrestrial monitoring results for vegetation samples
during 2019 showed only naturally-occurring radioactivity and
radioactivity associated with fallout from past atmospheric nuclear
weapons testing and Chernobyl. The radioactivity levels detected
were consistent with levels measured in past years, and no
radioactivity attributable to activities at OCGS was detected in any
terrestrial samples. The terrestrial monitoring data show no adverse
long-term trends in the terrestrial environment.

C. Ambient Gamma Radiation

Ambient gamma radiation levels were measured using Optically Stimulated
Luminenscence Dosimeters (OSLD). Sixty-one OSLD locations were
monitored around the site with all measurements below 25 mRem/yr. Results
of background corrected OSLD measurements are summarized in Tables
C-1X.1 to C-IX.3 and Figure C-6.
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The non-background corrected OSLD measurements ranged from 17.0 to 42.7
mR/standard quarter. In order to correct these results for background radiation,
the mean of the dose rates measured at the background OSLD station (C) was
subtracted from the dose measured at each indicator station.

The preoperational environmental monitoring program utilized film badges, the
results of which are not comparable with the doses measured using
thermoluminescent dosimeters or optically stimulated dosimeters during the
operational REMP. In conclusion, the 2019 OSLD results are consistent with
past operational measurements of direct radiation, and demonstrate that the
OCGS continues to be in compliance with the 40 CFR 190 limit on maximum
dose to the public.

. Land Use Survey

A Land Use Survey, conducted in August 2019 around the Oyster Creek
Generating Station (OCGS), was performed by Normandeau Associates, Inc.
for HDI. The survey is conducted annually to identify any changes from the
previous year. The purpose of the survey is to identify all milk animals and
their locations, within each meteorological sector, at a distance of 5 miles from
the plant. Additionally, the survey also identifies the location in each of the 16
meteorological sectors of the nearest milk animal, residence and garden
greater than 500 feet? in size producing broadleaf vegetation within 5 miles.
The census shall also identify within a distance of 3 miles the location in each
of the 16 meteorological sectors all milk animals and gardens greater than 500
feet? producing broadleaf vegetation. For animals producing milk for human
consumption in each of the 16 meteorological sectors out to a distance of 5
miles from the OCGS, none were observed. The distance and direction of all
locations from the OCGS Reactor Building were determined using Global
Positioning System (GPS) technology. A new garden was found at the same
distance from the site as the current garden sampled in the ENE sector; no
action was necessary. The results of this survey are summarized below:

32
2019 OCGS AREOR



Distance in Feet from the OCGS Reactor Building

Sector Residence (ft.) Garden” (ft.)
1 N 5,655 6,434
2 NNE 3,240 4,557
3 NE 3,245 3,932
4 ENE 5,704 6,386
5 E 6,549 1,758
6 ESE 3,189 2,081
7 SE 3,073 2,321
8 SSE 4,666 5,248
9 S 7,971 8,303
10 SSW 8,344 9,618
11 SW 9,285 9,776
12 WSWwW 10,713 12,354
13 W 22,191 None
14 WNW None None
15 NW 27,985 None
16 NNW 7,506 12,159

*Greater than 500 ft in size producing broad leaf vegetation

E. Summary of Results — Inter-laboratory Comparison Program

The TBE Laboratory analyzed Performance Evaluation (PE) samples of air
particulate, air iodine, milk, soil, vegetation, and water matrices for various
analytes. The PE samples supplied by Analytics Inc., Environmental Resource
Associates (ERA) and Department of Energy (DOE) Mixed Analyte
Performance Evaluation Program (MAPEP), were evaluated against the
following pre-set acceptance criteria:

A. Analytics Evaluation Criteria

Analytics’ evaluation report provides a ratio of TBE’s result and Analytics’
known value. Since flag values are not assigned by Analytics, TBE
evaluates the reported ratios based on internal QC requirements based on
the DOE MAPEP criteria.

B. ERA Evaluation Criteria

ERA'’s evaluation report provides an acceptance range for control and
warning limits with associated flag values. ERA’s acceptance limits are
established per the USEPA, National Environmental Laboratory
Accreditation Conference (NELAC), state-specific Performance Testing
(PT) program requirements or ERA’s SOP for the Generation of
Performance Acceptance Limits, as applicable. The acceptance limits are
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either determined by a regression equation specific to each analyte or a
fixed percentage limit promulgated under the appropriate regulatory
document.

. DOE Evaluation Criteria

MAPEP’s evaluation report provides an acceptance range with associated
flag values. MAPEP defines three levels of performance:

e Acceptable (flag = “A”) - result within £ 20% of the reference value

e Acceptable with Warning (flag = “W”) - result falls in the + 20% to +
30% of the reference value

e Not Acceptable (flag = “N”) - bias is greater than 30% of the
reference value

Note: The Department of Energy (DOE) Mixed Analyte Performance
Evaluation Program (MAPEP) samples are created to mimic conditions
found at DOE sites which do not resemble typical environmental samples
obtained at commercial nuclear power facilities.

For the TBE laboratory, 119 out of 129 analyses performed met the
specified acceptance criteria. Ten analyses did not meet the specified
acceptance criteria for the following reasons and were addressed through
the TBE Corrective Action Program. A summary is found below:

1. The ERA April 2019 water Cs-134 result was evaluated as Not
Acceptable. The reported value was 15.2 pCi/L (error 2.82 pCi/L) and
the known result was 12.1 pCi/L (acceptance range of 8.39 - 14.4
pCi/L). With the error, the reported result overlaps the acceptable
range. This sample was run as the workgroup duplicate on a different
detector with a result of 10.7 pCi/L (within acceptable range).
(NCR 19-10)

2. The ERA April 2019 water Sr-89 result was evaluated as Not
Acceptable. The reported value was 44.9 pCi/L and the known result
was 33.3 pCi/L (acceptance range of 24.5 - 40.1 pCi/L). The sample
was only counted for 15 minutes instead of 200 minutes. The sample
was re-prepped in duplicate and counted for 200 minutes with results
of 30.7 + 5.37 pCi/L and 33.0 + 8.71 pCi/L. This was the 1% “high”
failure for Sr-89 in 5 years. (NCR 19-11)

3. The MAPEP February 2019 soil Sr-90 result was not submitted and
therefore evaluated as Not Acceptable. The sample was run in
duplicate, with results of -1.32 £ 4.09 Bqg/kg (<6.87) and -1.030 + 3.55
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Ba/kg (<5.97). The known result was a false positive test (no
significant activity). TBE did not submit a result because it appeared
that the results may not be accurate. TBE analyzed a substitute soil
Sr-90 sample from another vendor, with a result within the acceptable
range. (NCR 19-12)

The MAPEP February 2019 water Am-241 result was evaluated as Not
Acceptable. The reported value was 0.764 + 0.00725 Bq/L with a
known result of 0.582 Bg/L (acceptable range 0.407 - 0.757 Bq/L).
TBE’s result falls within the upper acceptable range with the error. It
appeared that a non-radiological interference was added and lead to
an increased mass and higher result. (NCR 19-13)

The MAPEP February 2019 vegetation Sr-90 result was evaluated as
Not Acceptable. The reported result was -0.1060 + 0.0328 Bqg/kg and
the known result was a false positive test (no significant activity).
TBE’s result was correct in that there was no activity. MAPEP’s
evaluation was a “statistical failure” at 3 standard deviations.

(NCR 19-14)

The ERA October 2019 water Gross Alpha result was evaluated as Not
Acceptable. TBE’s reported result was 40.5 £ 10.3 pCi/L and the
known result was 27.6 pCi/L (ratio of TBE to known result at 135%).
With the associated error, the result falls within the acceptable range
(14.0 - 36.3 pCi/L). The sample was run as the workgroup duplicate on
a different detector with a result of 30.8 + 9.17 pCi/L (within the
acceptable range). This was the first failure for drinking water Gr-A
since 2012. (NCR 19-23)

The ERA October 2019 water Sr-90 result was evaluated as Not
Acceptable. TBE’s reported result was 32.5 £ 2.12 pCi/L and the
known result was 26.5 pCi/L (ratio of TBE to known result at 123%).
With the associated error, the result falls within the acceptable range
(19.2 - 30.9 pCi/L). The sample was run as the workgroup duplicate on
a different detector with a result of 20.0 + 1.91 pCi/L (within the
acceptable range). Both TBE results are within internal QC limits. A
substitute “quick response” sample was analyzed with an acceptable
result of 18.6 pCi/L (known range of 13.2 - 22.1 pCi/L). (NCR 19-24)

The MAPEP August 2019 soil Ni-63 result of 436 + 22.8 Bg/kg was
evaluated as Not Acceptable. The known result was 629 Bg/kg
(acceptable range 440 - 818 Bg/sample). With the associated error,
the TBE result falls within the lower acceptance range. All associated
QC was acceptable. No reason for failure could be found. This is the
first failure for soil Ni-63 since 2012. (NCR 19-25)
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10.

The MAPEP August 2019 water Am-241 result was not reported and
therefore evaluated as Not Acceptable. Initial review of the results
showed a large peak where Am-241 should be (same as the February,
2019 sample results). It is believed that Th-228 was intentionally
added as an interference. The sample was re-prepped and analyzed
using a smaller sample aliquot. The unusual large peak (Th-228) was
seen again and also this time a smaller peak (Am-241). The result was
436 + 22.8 Bg/L (acceptable range 0.365 £ 0.679 Bq/L). Th-228 is not
a typical nuclide requested by clients, so there is no analytical purpose
to take samples through an additional separation step. TBE will pursue
using another vendor for Am-241 water cross-checks that more closely
reflects actual customer samples. (NCR 19-26)

The Analytics September 2019 soil Cr-51 sample was evaluated as Not
Acceptable. TBE'’s reported result of 0.765 £ 0.135 pCi/g exceeded the
upper acceptance range (140% of the known result of 0.547 pCi/g).
The TBE result was within the acceptable range (0.63 - 0.90 pCi/g) with
the associated error. The Cr-51 result is very close to TBE’s normal
detection limit. In order to get a reportable result, the sample must be
counted for 15 hours (10x longer than client samples). There is no
client or regulatory requirement for this nuclide and TBE will remove
Cr-51 from the reported gamma nuclides going forward. (NCR 19-27)

For the secondary QC samples, Environmental Inc., Midwest Laboratories
(EIML) analyzed samples for H-3, Sr-89/90 and gamma nuclides. For
these analyses, 43 of 44 analyses met the specified acceptance criteria.
One analysis did not meet the specified acceptance criteria for the following
reason:

1.

The July 2019 ERA water H-3 sample result was evaluated as Not
Acceptable. The reported result was 8,630 + 0.135 pCi/L and the
known result was 16,700 (range of 14,600 - 18,400). EIML's routine
analysis does include a blank sample. The ERA-provided blank was
paired with a H-3 standard vial and EIML's blank was also paired with a
standard vial. Inadvertently, the efficiency was overestimated by a
factor of 2, which caused the calculated result to be half of the actual
value. The result of reanalysis (17,400 pCi/L) is within the control limits
for the study.

The Inter-Laboratory Comparison Program provides evidence of “in control”
counting systems and methods, and that the laboratories are producing
accurate and reliable data.
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Errata

There was no errata data for 2019.
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APPENDIX B

LOCATION DESIGNATION, DISTANCE & DIRECTION, AND
SAMPLE COLLECTION & ANALYTICAL METHODS
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TABLE B-1:

Sample Medium

Station Code

Distance

Azimuth

Description

Location Designation and Identification System for the
Oyster Creek Generating Station

APT = Air Particulate Clam = Clam

AIO = Air lodine OSLD = Optically Stimulated
DW = Drinking Water Dosimetry

VEG = Vegetation Fish = Fish

SWA = Surface Water Crab = Crab

AQS = Aquatic Sediment GW Ground Water
Station’s Designation
Distance from the OCGS in miles

Azimuth with respect to the OCGS in degrees

Meteorological sector in which the station is located and a
narrative description

B-1 2019 OCGS AREOR



[N 1dAB3 MoN ‘wied Mold-N. 18 ‘3US JO MN 6le 1'€2 9 93N
[N “4oArY padiod ‘|eue 8b1eydsiq SDO0 U3 JO UHOU PUE 6 SIN0Y 4O 158D ‘8YiS JO 383 bbb 0 se 93N
8vd0 ‘HSId
leued a61eyosiq SO0 Ul 86plIg 6 IN0Y 40 Ises ‘ayis Jo 383 ezl 70 €e 'SOV ‘YMS
«£ b Buyseld, jo 3s spiek oGz Aisrewixoidde ‘Aeg jebouieg ‘eys jo ise] L0} x4 e SOV ‘Y10 'YMS
.+ Wb Buysed,
40 38 speh 001 Ajerewixoldde 48819 sinols Yo Aeq jebauleq ‘ayis Jo INI 9 o€ € SOV ‘Y10 'YMS

[N ‘Umojeiep) ‘80D siaddiig ‘Ae Janlls uyor Buo uo ‘eys o 38 Syl 9 44 aiso

PN ‘4oAIY pa)I0o4 ‘peOl SS822E JO 8pIS YINoS Uo wie Jabuiuui{ uo ‘sjis Jo jse3 G6 10 0z OlV ‘LdVv
[N ‘PoomaseT ‘peoy ydiopuey uo Uoielsqns aaqe.ie] ‘ais o YUON 4 802 vl aiso
[N ‘siepaQ AenteH 'sjealg Joyouy pue 08 ‘ays Jo 38 eS| A b aiso

[N ‘um0}s4000 ‘10| Bupyied Jesl ul 8310 T8N @HS JO MN gle Lve o) d1so ‘OIv ‘Ldv
[N ‘Umojele ) ‘Joaw Aemyied S1els USpIe ay) PUB ZEG SIN0Y SJBUM JO ISam ‘alIs Jo MSM 0€Z 0¢ 6 aiso
[N ‘UMOJSIE A\ ‘UOEISGNS UMOJBIB A SU} 1B 6 IN0Y ‘8BNS JO Uinog LL) e 8 aiso
[N “48AIY P83I04 ‘Y2InyD snid IS PUIYaq ‘8oeld 8Ue ‘8)s 4o INN el bz 9 aiso
[N "U9AIY Pa3i04 ‘ealy 159y Aemiied 8jels Uspieo je ‘alis JO UHON £g¢ A4 S aiso
[N efauleg ‘Aemiied sjels Uspieo pue GG ainoyY ‘ais Jo MSS ele 9y 4 aiso
SHied ejels yoeeg puels| ‘UOKelS piens JSeo) plo Jesu ‘syis Jo jses 16 09 € d1so ‘OIv ‘Ldv
[N “49AIY Pa3104 'SDOO 1€ [[9M ISP UIayHoU 8)is-UQ 6ve 20 NI ma
[N “49AIY Pa34104 'SDOO J€ [|9M JlIS3WOP UIByINOs 8)s-uo 602 10 Sl ma

[N "8Iy pe3io4 ‘puod 8il4 SO0 e 8¥is JO MS 612 70 r aiso

uondusssg (ssaibap) (senu) 3pod wnipaW

yihwizy aouejlsiqg uonels a|dweg

6102 ‘uonels Bunelsusn) yeal1) 18)sAQ ‘Uonoallq pue souesiq ‘suoijeoo] Bulidwes — welbold Buloluopy [eluswuolIAUT [ediBojoipey 2-9 31gvlL

2019 OCGS AREOR

B-2



PN ‘JoAly pasio4 ‘@ouenul Ulely SO0 JO YINOS 6 a0y UO ‘a)is Jo 35T on €0 19 aiso
FN ‘UMO}BJe\\ ‘PBOJ SSB00R S8I0IS Baly UIBYINog Uo ‘elis Jo 3SS 99| €0 6S aiso
IN ‘J8AlY paylo4 ‘peos SS800. S8I01g Baly UIBYINoS Uo ‘8IS Jo Yinosg 881 20 8G aiso
PN ‘1oAY pa)Io4 ‘peos sseooe S8l0)S Baly UIByinos uo ‘alis JO AMSS 902 20 /S aiso
PN ‘JoAlY padiod
‘pIAYOIMS SO0 Y} JO 1SAM ‘SBI0JS BalY UIBYINOS JO Isea ajod AN uo ‘ayis Jo MSM 6T €0 9 aiso
IN ‘18ArY paylo4 ‘pJeAyolms SHDO 10 1Sem ‘@ous) AIiNDaS S8l01g Baly UJBYINoS Uo ‘8IS JO 1SaA €9z €0 GG aiso
PN ‘JOAIY PadIO- ‘BlIS JOARY Pa¥I0- O} Peol SSa00. 8y} UO ‘YIS JO MANM 882 €0 S aiso
N ‘JoArY pasiod
‘9)IS JOAIY PaXI04 BY) O} PEOJ SSII. B} UO UOIES 1i| 96EMBS JE ‘B)IS JO AN 60€ €0 €S aiso
PN ‘JOAIY Pa3I0 ‘O)IS JOAY PaYJ0 O) Peos SS99O. By UO ‘alis Jo MANN eee €0 s aiso
N ‘JOAlY PadI0- ‘aliS JOARY Pa¥J04 O} Peos SS800. 8Y) UO ‘BYiS JO YUON 8G¢e ¥'0 1S aiso
[N ‘Jebauleg ‘s}oailS |00YOS PUE %00Ig JO UOIJDaSIa)UI J ‘aYIS JO YINoS 681 Sy 8y aiso
[N ‘elliAkeg ‘peOy uu| JogieH pue g SN0y ‘alis Jo INN 9z Y Ly aiso
N “JoAry paxiod ‘59 6GZ Lg 9jod Ayjin o) Jusoelpe ‘peoy A80e7 UO ‘YIS JO AN ez 9'g oy aiso
N ‘Umojalep) ‘uoiels Buidwing VNN diysumo] UesoQ Je ‘ZeG 9INoy Uo ‘aliS JO AMSS 161 9l 8¢ Ma
[N ‘JoAry pasiod ‘uonels Buidwng YNIN A99e 18 peoy xoog 1o ‘a)iS Jo INN 8l ze L€ Ma
uondudsaq (CEEXLEDY) (CEII) 3po) wnipapy
ynwizy aouejsiq  uonels a|dweg

6102 ‘uonels Bunelsusn) yeal1) 18)sAQ ‘Uonoallq pue souesiq ‘suoijeoo] Bulidwes — welbold Buloluopy [eluswuolIAUT [ediBojoipey 2-9 31gvlL

2019 OCGS AREOR

B-3



rN ‘1ebauleg ‘Aemyied 9)e}S UspIes) ayj JO }SOM BIW | ‘$GG 9IN0Y UO ‘B)IS JO MS vzz 0'G 08 a1so
PN ‘UMmolalepp Yied S|l SII9A 10 1see isnl ‘ZeG 8Inoy uo ‘alis Jo MSM 0SZ 6'¢ g8 aiso
rN ‘diysumo]
Aaoe ‘ojod ualis uo Aemyied 9je1S USpIES) Y} JO }JSOM SO|IW ¢'| ‘peoy Aade uo ‘a)is JO AANN (A% vy 12°] aiso
rN ‘JogJeH ejoueT ‘enuaAy alowuie|) pue Aepn Aeg ‘aus jo N s . z8 a1so
N ‘1ebsuleg ‘pieasinog jebouieg yjim uoioses.isiul je peoy ||IH 9SOy UO ‘8ls JO MSS 10¢C g'¢e 18 aiso
[N ‘Umolalep) ‘@Al ejuog pue aAuqg apiybiH ‘eys jo 3SS 091 6'¢C 6/ aiso
MN “JSAIY pa)I04 ‘peoy JuslY {71Gl ‘s JO YHON 4 8’1l 8. aiso
MN “JSAIY pa)J0o4 ‘@Al INBN pue "pAlg yoeaq ‘a)s Jo N3 L. 0¢ 72 aiso
FN “JoAry paxlo4 ‘uno) uinBusd pue aAlIQ opuelQ ‘8yis 4o jseq 88 8l . a’iso
FN ‘Umolaiepn ‘JogleH julod spues ‘Aemyied Aeg uo ‘eyis Jo 383 801 8’1l €l diso ‘OIv ‘1dv
FN ‘JoAY paxio4 ‘|leH snquinjo) jo sjybiuy je peoy Asoe uo ‘eyis Jo INN 14 6'l Zl diso ‘OIv ‘1dv
FN ‘umolaliepn ‘Buiping |ediolunjyl UMOBIB AN B} JB ZEG 8IN0Y UO ‘8)is JO 4SS 791 9'l 1. diso ‘OIv ‘1dv
FN ‘diysumo] AeoeT ‘2" |/ Jexiew ajiw je YUON Aemyied 8jejg usples uo ‘ays Jo 1sop 992 el 89 a’iso
93A ‘a1S0
[N ‘UMOJaJe A ‘8ous) apisul ‘[eue) 8b1eyosiq SO0 8y} JO YINos pue G 8JN0Y JO ises ‘8)is Jo 33 cel 7’0 99 ‘OlV ‘1dV
N ‘18Aly paxio- ‘ebpug [eued eyeju| Je g 8Jnoy Uo ‘8ls JO INN 6l 7’0 9 aiso
N ‘J8ArY paXi04 ‘wied Jabuluulg 0} 8oueIUS JB YLION 6 8IN0Y UO ‘8)is Jo IN 44 €0 9 aiso
N ‘J8AIY paXi04 ‘peoJ S$8008 8jeD) YUON SHOO Ppue 8jeb ulew ussmiaq ‘6 81N0y UO ‘8)is JO INJ 0L c0 €9 aiso
MN ‘JoAlY pa)i04 ‘BjeD ulely SHOO 0} PeOJ SS8dJE Je G 8)N0Y UOo ‘YIS Jo }se] €8 ¢0 29 a’iso
uondudsaq (sea1b3p) (sajiu) 3po) wnips
ynwizy aouejsiqg uonels a|dweg

6102 ‘uonels Bunelsusn) yeal1) 18)sAQ ‘Uonoallq pue souesiq ‘suoijeoo] Bulidwes — welbold Buloluopy [eluswuolIAUT [ediBojoipey 2-9 31gvlL

2019 OCGS AREOR



PN ‘diysumo] uesdQ ‘umolaIe A “IQ 8SnoyybIT ‘s Jo 35 Ll Al
N ‘diysumo] AeoeT ‘Gz Josiew a|iw apisaq YUON Aemyled 8jeis uapies ‘ois Jo MNM L0g €l
PN ‘diysumo] AaoeT ‘'z, Jaxiew a|iw apisaq YUON Aemyled djeiS uapies ‘a)is Jo MNM 88¢ Al
PN ‘diysumo] uesd(Q ‘9’69 JoxJew aji dapisaq YUON Aemsied 9)e)S uapIes ‘a)is Jo MS zee 8¢
N ‘diysumo] uesoQ ‘Aemied sjelS uspieo a1ojoq ‘ISOM Z€S 1 ‘BUIs Jo MS 12z 8l
rN ‘diysumo] AaoeT ‘sauld jebauieg "Amyd uAjjomal] ‘aus Jo MANN /€€ Ve
N ‘diysumo] AaoeT ‘sauld yebauleg “iQ plaYaYS Jo pus ‘a)is Jo MNN 4% 9l
PN ‘diysumo] AaoeT ‘)seq "py AedeT jo pus ‘a)is Jo IN 6v Ll
N ‘diysumo] AaoeT iQ apisedeT o YINos eze|d uised JYoeA ‘ayis Jo IN ey A
rN ‘diysumo] AaoeT ‘g z/ Jaylew ajiw je Aemyled 9)e)}S uspJes) uo ‘a}is Jo MmN 0OLE Gl
rN ‘diysumo] AaoeT ‘gy Jayiew ajiw je YUoN Aemyied a)e)jS uaples) uo ‘a)is Jo MAN gLE 9l
JoglreH B63 epy/Aeg jesio ul ‘ays Jo MSS 361 00z
N ‘JaAry paxyi04 ‘6 81noy pue sabieyosig dwnd usamiaq |eue) abieyosiq SO0 ‘dMS 10 ISM vz 10
Yed ajeis yoeag puels| ‘yjoog ||o[/40eysS pieng je ‘ajis jo IN 301 06
Yled 9jelS yoeag puejs| ‘G- jo| Buniied ‘ayis jo INJ G/ c9
3yied oleis yoeag pue|s| ‘@ouspisal siouel4 qor ‘eyis Jo 383 301 19
rN ‘b1 1ebauieg ‘1o04S pi 10 PUS UIoISED ‘a)is Jo 39 Gzl 99
uondussaqg (seaibap) (G
uinwizy aouejsiq

6102 ‘uonels Bunelsusn) yeal1) 18)sAQ ‘Uonoallq pue souesiq ‘suoijeoo] Bulidwes — welbold Buloluopy [eluswuolIAUT [ediBojoipey

601

101

901

S0l

0l

€01

c0l

101

(0[0]

66

86

v6

€6
c6

06

68

88

3po)H
uonels

aiso

aiso

aiso

aiso

aiso

aiso

aiso
aiso
aniso
aniso

aniso

HSI4 ‘AV1D
‘SOV ‘YMS

gvy0 ‘HSId

aniso

aniso

aniso

aniso

wnipai
a|dweg

:¢-g 31avl

2019 OCGS AREOR

B-5



2019 OCGS AREOR

N ‘diysumo] AsoeT ‘Gg uopels o} jusoelpe wied Jjebuiuuly ‘@)s Jo 353 145" 70 O€-M MO %
rN ‘diysumo] AeoeT ‘peos ss899€ JO 9pIS Ynog uo wied Jabujuul4 ‘eys jo 353 16 80 YE-v2-MIN MO
FN 49AIY paxIo4 ‘puod aii4 SO0 1B ‘8)is Jo MS 6l¢c 70 L aiso
wJe4 Jabujuul4 uo ‘8)S jo 3 96 €0 GLl 93A
]IS JBAIY paxI04 uo Gz Bpig 1e |I9 M 19¢ 80 147’ Mma
UHON ‘61 Buoje ‘sys jo 3 06 €0 19 aso
peoJ ssadoe uiayjnos buoje ‘e)is Jo S 9/l Z20 ZLL asio
rN ‘diysumo] AaoeT ‘peos ssaooe Buoje Auadoid wie sabuluul4 ‘aus Jo JNI 9 €0 Ll OlV ‘1dV¥
FN ‘diysumo] uesdQ ‘umolaiepn ‘ABp [eJIWPY pue i Jaj|iL ‘B)s Jo IS lCl Gl oLl a’iso
uondudsaqg (seaibap) (sajiu) 3pod wnipay
ynwizy aouelsiq uolnjels a|dweg

6102 ‘uonels Bunelsusn) yeal1) 18)sAQ ‘Uonoallq pue souesiq ‘suoijeoo] Bulidwes — welbold Buloluopy [eluswuolIAUT [ediBojoipey 2-9 31gvlL



sdeu} pue anbiuyoay aul|

sisAleuy sadojosioipey Buniw3-ewwes 700z-391 ‘391 (1om) sweib g5z sisAjeue |eoibojoipes pue ooy elA pajos|jod | Adoososjoedg ewwes ysi4
10} sa|dwes ysij 0 uonod||09 ‘v1-SOD0-Y3 so|dwes |enuue-iwag
Adoosoljoads ewweb
fQ SIGHILIS BUILIED JO UOEUILIZISA L0"SD "oul 'Av3 uoyeb | Joj so|dwes Jajem jo cozow___m%_wp_wo_.mu%nw%ﬁw Sidules qelo ewHies 1SIEMPUNOIO
sisAleuy sedojosioipey bumpiwz-ewwes /00z-391 ‘391 _
uone|puIes uojeb | m_m>_mp._m ediBojoipe: aidwes qein wniu J19}EMPUNOID
pinbi Aqg 481N Bupju@ ul wniug L LoZ-391 ‘391 Joj sa|dwes Jajem JO UoIo8||0D ‘90-SDD0-HI
(poysew
J084Ip) J8}EM Ul WNN) JO UoleuIwIB)}dq g0-1 ou| "Aug
UonE|IIuIoS uojeb | sisAjeue |eoibojoipes s|dweg qein wniL | I9)EAN 80BLNS
pinbi Aq Jeje Bupiuuq ul wngul 1 10z-3L ‘381 104 S3[AUIES JBJEM JO UONOS0D '90-SDDOMT
Adoosoujoads ewweb
Aq siepiws ewiweb jo uoneulwisled |0-SD U] AU uojeb | sisAjeue |eoiBojoipes aidweg qein Kdoosonoadg ewwes | el 9oBUNS
sisAleuy sadojosioipey Bupw3-ewwes 200z-391 ‘391 10} sojduies Jajem JO UoRoB]I0D ‘90-SDI0-H3
J8}em [|om — ainpasoud
SOOI\ SNOUEBA Ul uono9||00 ®_Q_.tmw dN3¥ ‘'0021-02 1-00-AD
: o : uojeb | sajdwes Ajyjuopy ejag ssolo Jajepn Bupjuug
Aunioy eyeg ssoi9 Jo/pue eydly sso1 g00z-34L ‘341 sisAjeue [eoiBojoipel
Jo} sa|dwes Jajem Jo uoijda||0D ‘90-SHDO-Y3
oBUELOX® UoIUE J8}em [|om — ainpasoud
‘ uo1309]|09 a|dwes ‘ -0Z21-00-
Aq Jeyem ut Lg|-| Jo uoneuILIBlag LO-LEL-] "OU| "AUT uojeb | sl el W3 00cl-02k-00°49 so|dwes Alyluop aulpo| J1o1em Buiyuug
] . sisAjeue |eoibojoipel
S8l SNOUEA Ul 8UIpOloIpeY Z1L0Z-39L ‘391 10} So|dWES J81EM JO UOROS]I0D) ‘90-SDD0-NT
(poyjaw J8}em [|om — ainpasoud
Jo81p) JajEM Ul WNIHL} JO uoljeulwls}eq z0-1 "ou| "Aug uonoa||od sjdwes dNgYH ‘00Z1-0Z1-00-AD
uojeb | sajdwes Alyuop wniu Jajepn Bupjuug
uone|nuIvg sisAjeue |eoibojoipes
pinbr Aq seyep Bumuug ur wnpul L L0z-391 ‘391 lo} sajdwies Jajem Jo UolI||0] ‘90-SDD0-YHT
Adoosouyoads ewwed 43jem [jom — 8Inpedo.d
cay - uonoaj|od ajdwes 43 ‘00Z1-0Z1-00-AD
Aq siepiwe ewweb jo uoneuiwisieg L0-SO “oUl "AUT uojeb | sa|dwes Ajyjuopw Adoosoljoadg ewwen 1918\ Bupjuuqg
- ~ . sisA|eue |eojbojoipel
sisAjeuy sadojosiolpey Bupwz-ewwes 002-391 ‘391 104 S3|dWES JB}eM JO UORIBI0D ‘90-SDD0-NT
JagquinN aInpadold [eonAleuy azig odwes JaguinpN ainpadold Uonod||0) poyla buidwes sisAleuy wnipay
a|dwes
6102 ‘uoneis bunelsuan) yoal1) 181sAO
‘spoyia|\ [eoileuy pue uonoa|o) aidweg jo Alewwng — welboid Buuoyjuopy [eluswuoiiaug [eodibojoipey ‘-9 319v.L

2019 OCGS AREOR

B-7



siskjeuy |eoiBojoipey Joj s1elewisoq

‘sjuswiaje pajesodioou)
Jenepue] OOV

Ajpwisoq

pajesodioou| Janepue] slajowisop g PIB1 10 GBUELOXTIUONOSIIOD ‘Z0-SONO NI o) Jo pesuduiod 9oUB82saUIWLNT aliso
pajeinwng Ajleondo
sQ1S0 Auepenpd
sa|dwesg paysy
ul 06-IS PUE 8-S JO UoleuIWISI_dQ GO-HS “oul "AUg
swelb sishjeue uoseos Bumoib -WN(UO. uonejeba
uonesedesg 000t |eaibojoipel 1o} sajdwes uonejaban jes|peoiq Buunp ajdwes geio 06/68-Wn{UOAS HEJRDOA
leaiwayn Aq sisAjeuy wniuolisoipey g10z-3491 ‘391 pue sjonpo.d pooy Jo uoid8||0) ‘Y0-SHI0-H3
Adoosoujoads ewweb
Aq slepiwe ewweb jo uojeuiwdleq LO-SO oU| ‘AUg sishjeue uoseas Bumoib
swelb 0004 |eaibojoipel 1o} sajdwes uonejaban jes|peoiq Buunp ajdwes geio Adoosonoeds ewwen uonerebon
sishleuy saedojosioipey Bunjwz-ewwes ,00z2-391 ‘391 pue sjonpolid pooy Jo uold8||0) ‘Y0-SOD0-H3
(Aream 181} |[BO2JRYD ybnouay)
sisAjeuy sadojosioipey Bupiwg-ewwes) ,00z-391 ‘391 sJa}dW 2I1gNd 00 sisAjeue |eoibojoipel Jo} saidwes ajejnoied | Buidwes Jie snonuuod | Adoosoujoedg ewwen) auIpo| Jiy

Aj@rewixosdde) sayy |

Jle pue auIpol JIe JO UoRI3I0) ‘GO-SDD0-¥H3

Jo 8yIsodwod yeem-auQ

uoneledag
[eoiwayD Aq sisAjeuy wnnuosnsolpey gL0z-341 ‘39l

(s1o12W 21gNO
000t Al@lewixoidde)
sid)y €1

sisAjeue |eoibojoipel 1o} sa|dwes ajejnoied
Jle pue auIpol Jie JO Uo1}99]|0) ‘G0-SDD0-H3

uofje}s yoea
10 aysodwod Ajsuenp

06/68-wniuols

saje|noiped Iy

(s1932W 21gND

sisAjeue
o1doosoujoads ewweb 1oy s}y ayejnoued

uonels yoes

sisAjeuy sedojosioipey Bupiwz-ewwes /00z-391 ‘391 000% \W_Mm_wcm_”xvoaamv 11e Bunisodwos 10} 8INPa20ld £0-dy “oul ‘Aug | 4o ensodwoo Apepeny Adoosoljoadg ewwes saje|ndijed Jiy
sejdwes jo buisodwo) ¢z0z-39L ‘I91
(Apjoom Jaded

S80ljeW SnoLeA
ur Ayaoe ejeq Jo/pue eydie ssoi9 gooz-3dL ‘39l

slajaw 21qnd 0L
Aj@rewixosdde) sayy |

sisAjeue |eoibojoipel 1o} sajdwes ajejnoied
Jle pue auIpol Jie JO Uo1}99]|0] ‘G0-SDD0-H3

18y Jaqu sselb ybnoay)
Buidwes Jie snonuuod
10 a)sodwoo yeam-auQ

ejog ssolo)

saje|noiped Iy

Adoosouyoads ewweb
Aq sieniwe ewweb Jo uoneulwlsleq L0-SO ou| ‘AUg

sa|dwes

(Aap) swesb 0o0L sisA|eue |eolbojoipel Joy sajdwes Adoosoujoadg ewwen JuswIpas
uswipas dlenbe Jo uonRds|0Y ‘€0-SOD0-H3 gedb enuue-jwes
sisAleuy sedojosioipey bumpiwz-ewwes 00z-391 ‘391 H ’ ’ :
‘sdeJ) pue sbuo} wejo

‘ sqeld

sisAleuy sadojosiolpey Buniw3-ewwes) 700z-391 ‘391 (yom) swelb 0og sisAjeue |eojbojoipel Joy sajdwes | Buisn pajos|joo seidwes | Adoosouoadg ewwes) e swe
gelo pue we|d Jo Uoidd||0) ‘9L-SOD0-YJ | |enuue pue [enuue-iwas P 19
wnipaiy
JaguinN ainpadold [eonAjeuy azI1S 9| dwesg JaquinN 8inpadold Uonoa|0) poylsy Buidwes sisAleuy opdwes

6102 ‘uoneis bunelsuan) yoal1) 181sAO

‘spoylel [eonAjeuy pue uonos|o) ajduwes Jo Alewwng — weibold Bulioliuopy [eluswuolIAUg [ed1BojoIpeYy

‘€-g 31avl

2019 OCGS AREOR

B-8



A | 7
N | f ry
‘\‘h I-I |'I "f

5 g {
e __-Wile-Radiys___|
\ N
N
s~ NNW
,/

.
e

it

vl A
r

' NNE . ~

/9 '

Forked Rive i

't

: MWV-24-3A
20]\\ ”'.. I,"" = E
5‘. \

¢ \/x

/
ESE /
/,x

g
J i ¥
SE/ i
poics
.)’/
"t :
s
hY
S
5
- .
3 { ! . \'\
/" 4 .'\.
.H'x / \\ \‘-_\
/ 11 \
1 National Geographic Society; i-cubed / \ "\
it aregisonline . comfmaps/USA_Topo Maps ! '|I b |
- . "
Oyster Creek Generating Station
REMP Sample Locations w E
within a 1 Mile Radius
0.3 0.15 1] 0.3 Miles s
I T Date: 00/04/12
Figure B-1

Locations of REMP Stations within a 1-mile radius
of the Oyster Creek Generating Station
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Figure B-2

Locations of REMP Stations within a 1 to 5-mile radius
of the Oyster Creek Generating Station
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Figure B-3

Locations of REMP Stations greater than 5 miles
from the Oyster Creek Generating Station
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Table C-1.1 CONCENTRATIONS OF TRITIUM IN SURFACE WATER SAMPLES COLLECTED
IN THE VICINITY OF OYSTER CREEK GENERATING STATION, 2019

RESULTS IN UNITS OF PCI/LITER * 2 SIGMA

COLLECTION

PERIOD 23 24 33 94
01/07/19 - 01/31/19 <197 <191
02/05/19 - 02/28/19 < 188 < 188
03/06/19 - 03/26/19 < 196 <194
04/01/19 - 05/01/19 < 188 < 186
05/09/19 - 05/31/19 <182 < 184
06/03/19 - 06/26/19 < 193 < 191 < 194 < 184
07/01/19 - 07/31/19 <192 <198
08/06/19 - 08/28/19 < 197 < 199
09/05/19 - 09/30/19 <180 < 188 < 191
10/01/19 - 10/29/19 < 180 < 184 < 184
11/05/19 - 11/25/19 <190 <190
12/06/19 - 01/02/20 < 185 < 188

MEAN - - - -
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Table C-Il.1
Table C-Il.2
Table C-II.3

CONCENTRATIONS OF TRITIUM IN DRINKING WATER SAMPLES COLLECTED
IN THE VICINITY OF OYSTER CREEK GENERATING STATION, 2019

RESULTS IN UNITS OF PCI/LITER * 2 SIGMA

COLLECTION

PERIOD 114 1N 18 37 38
01/07/19 - 01/31/19 < 190 < 186 (1) < 185 < 189
02/04/19 - 03/06/19 <190 <190 (1) < 191 < 188
03/06/19 - 03/27/19 <195 <193 (1) < 196 < 198
04/01/19 - 05/01/19 < 190 < 189 (1) < 189 < 186
05/06/19 - 05/31/19 (1) < 185 (1) < 185 < 185
06/04/19 - 06/26/19 (1) < 197 (1) < 196 < 191
07/01/19 - 07/31/19 (1) < 191 (1) < 197 <192
08/06/19 - 08/28/19 (1) < 198 (1) <198 < 196
09/04/19 - 09/26/19 (1) <195 (1) < 190 < 188
10/02/19 - 10/30/19 (1) < 191 (1) < 186 < 186
11/05/19 - 11/29/19 (1) < 188 (1) < 189 < 182
12/04/19 - 01/02/20 (1) < 191 (1) < 188 < 185

MEAN - - - - -

CONCENTRATIONS OF GROSS BETA IN DRINKING WATER SAMPLES COLLECTED
IN THE VICINITY OF OYSTER CREEK GENERATING STATION, 2019
RESULTS IN UNITS OF PCI/LITER £ 2 SIGMA

COLLECTION
PERIOD 114 1N 1S 37 38

01/07/19 - 01/31/19 3314 1.8+ 19 (1) <17 23 +1.2
02/04/19 - 03/06/19 3512 85 1.7 (1) <16 23 +1.1
03/06/19 - 03/27/19 41 +£13 <18 (1) 1.8 £1.0 1.8 £1.0
04/01/19 - 05/01/19 42 14 <17 (1) 3012 22 +12
05/06/19 - 05/31/19 (1) <17 (1) <16 29 +1.2
06/04/19 - 06/26/19 (1) <16 (1) <16 1.8 1.1
07/01/19 - 07/31/19 (1) <18 (1) 2513 29 +13
08/06/19 - 08/28/19 (1) <19 (1) 1.6 £ 1.1 29 +1.2
09/04/19 - 09/26/19 (1) <18 (1) 23 1.2 31 +12
10/02/19 - 10/30/19 (1) 29 +14 (1) 1.8 £1.2 27 13
11/05/19 - 11/29/19 (1) <17 (1) 5314 43 +14
12/04/19 - 01/02/20 (1) <16 (1) 1.7 £ 1.1 21 1.1

MEAN + 2 STD DEV 3.8 0.9 7.7 £9.0 - 2525 26 +14

CONCENTRATIONS OF 1-131 IN DRINKING WATER SAMPLES COLLECTED
IN THE VICINITY OF OYSTER CREEK GENERATING STATION, 2019
RESULTS IN UNITS OF PCI/LITER £ 2 SIGMA

COLLECTION
PERIOD 114 1N 1S 37 38
01/07/19 - 01/31/19 <06 <06 (1) <07 <04
02/04/19 - 03/06/19 <07 <04 (1) <07 <07
03/06/19 - 03/27/19 <05 <06 (1) <05 <0.8
04/01/19 - 05/01/19 <09 <05 (1) <05 <05
05/06/19 - 05/31/19 (1) <07 (1) <06 <0.8
06/04/19 - 06/26/19 (1) <09 (1) <0.8 <07
07/01/19 - 07/31/19 (1) <09 (1) <07 <07
08/06/19 - 08/28/19 (1) <08 (1) <0.8 <0.8
09/04/19 - 09/26/19 (1) <1.0 (1) <0.9 <0.8
10/02/19 - 10/30/19 (1) <09 (1) <07 <0.8
11/05/19 - 11/29/19 (1) <09 (1) <0.9 <07
12/04/19 - 01/02/20 (1) <05 (1) <05 <0.8
MEAN - - - - -

THE MEAN AND TWO STANDARD DEVIATION ARE CALCULATED USING THE POSITIVE VALUES
(1) SEE PROGRAM EXCEPTIONS SECTION FOR EXPLANATION
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Table C-ll.1 CONCENTRATIONS OF TRITIUM IN GROUNDWATER SAMPLES COLLECTED
IN THE VICINITY OF OYSTER CREEK GENERATING STATION, 2019

RESULTS IN UNITS OF PCI/LITER * 2 SIGMA

COLLECTION
PERIOD MW-24-3A W-3C
01/16/19 - 01/16/19 <191 <193
04/17/19 - 04/17/19 < 189 < 186
07/23/19 - 07/23/19 < 183 < 184
10/09/19 - 10/09/19 < 178 < 182

MEAN
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Table C-VIA1 CONCENTRATIONS OF GROSS BETA IN AIR PARTICULATE SAMPLES
COLLECTED IN THE VICINITY OF OYSTER CREEK GENERATING STATION, 2019
RESULTS IN UNITS OF E-3 PCI/CU METER + 2 SIGMA

COLLECTION GROUP | GROUP Il GROUP IlI

PERIOD 20 66 111 71 72 73 3 C
01/02/19 - 01/09/19 (1) 12 +5 16 +5 15 +5 19 +5 1M1 +5 13 +5 17 £ 5
01/09/19 - 01/16/19 (1) 9 +4 7 +4 6 4 10 + 4 7+4 8 +4 9+5
01/16/19 - 01/23/19 50 + 16 15 £ 4 12 £ 4 14 + 4 15 £ 4 15 5 14 + 4 1M1 +4
01/23/19 - 01/31/19 15 + 4 15 £ 4 17 £ 4 16 + 4 16 + 4 17 £ 4 14 + 4 15 + 4
01/31/19 - 02/06/19 18 + 5 17 £ 5 15 +5 17 =5 15 +5 22 +5 21 5 22 +5
02/06/19 - 02/14/19 8 +4 9 +4 10 + 4 6 +3 9 +3 (1) 6 +3 12 + 4
02/14/19 - 02/21/19 13 +4 15 + 4 12 £ 4 14 + 4 14 + 4 13 +5 17 =5 14 +£5
02/21/19 - 02/27/19 20 £+ 6 15 +5 16 £ 5 15 +5 20 £ 6 13 5 14 +5 19 +6
02/27/19 - 03/06/19 15 + 4 13 £ 4 1M1 +£4 17 5 13 5 12 £ 4 16 +5 15 5
03/06/19 - 03/13/19 12 £+ 4 8 +4 9 +4 <6 7 +4 74 1M1 +4 7 +4
03/13/19 - 03/20/19 21 5 18 + 4 21 £ 4 23 +5 21 5 27 £ 5 8 +4 25 5
03/20/19 - 03/27/19 9 +4 1M1 +4 6 +4 11 +4 9 +4 6 +4 8 +4 14 +5
03/27/19 - 04/03/19 115 10 + 4 9 +4 10 +5 8 +5 7 +4 8 +4 9+5
04/03/19 - 04/09/19 9+5 7+5 11 +£5 75 10 £ 5 8+5 <7 11 +£6
04/09/19 - 04/17/19 8 +4 6 £3 8 £3 13 +4 7 +4 7+4 <5 11 +4
04/17/19 - 04/24/19 11 +5 9 +4 6 +4 8 +4 9+5 7 +4 7 4 (1)
04/24/19 - 05/01/19 6 4 7 +4 11 +4 11 +4 12 + 4 9 +4 8 +4 8 +4
05/01/19 - 05/09/19 6 4 6 +4 8 +4 8 +4 <6 <5 <5 7 +4
05/09/19 - 05/15/19 <7 <7 7 +4 <7 <7 <7 8+5 <8
05/15/19 - 05/21/19 22 +6 19 +6 21 5 25 +6 22 +6 16 + 5 18 +5 20 + 6
05/21/19 - 05/29/19 9 +4 10 + 4 8 +4 11 +6 9 +4 9 +4 8 +4 8 +4
05/29/19 - 06/05/19 12 + 4 9 +4 9 +4 9 +4 12 £+ 4 6+4 < 6 11 +4
06/05/19 - 06/12/19 115 8 +5 10 + 4 10 +5 9+5 10 5 7 +4 1M1 +5
06/12/19 - 06/19/19 8 +4 8 +4 7 +4 7+ 4 9 +4 8 +4 7 4 (1)
06/19/19 - 06/25/19 <7 7+5 9+5 10 =5 < 7 < 7 8 +5 15 +8
06/25/19 - 07/02/19 19 + 4 19 +5 15 + 4 12 + 4 15 + 4 8 +4 14 + 4 16 + 4
07/02/19 - 07/10/19 11 +4 7£3 11 +£3 14 + 4 9 +4 9 +3 10 +3 13 +4
07/10/19 - 07/16/19 10 =5 8+5 9+5 <7 <8 1M0+5 <8 <8
07/16/19 - 07/24/19 12 + 4 12 +5 10 + 4 12 + 4 11 +4 12 £+ 4 13+ 4 14 +5
07/24/19 - 07/30/19 15 +5 14 + 4 14 + 4 10 + 4 12 £ 4 15 +5 12 + 4 14 +5
07/30/19 - 08/07/19 15 +5 13 +5 15 5 14 +5 10 5 13 5 7 4 17 5
08/07/19 - 08/15/19 18 + 4 18 + 4 13 +4 13 +4 18+ 4 11 +4 8 +4 17 £ 4
08/15/19 - 08/21/19 12 + 6 15 +6 11 +5 <8 9+6 <8 11 +5 14 +6
08/21/19 - 08/27/19 115 9+5 9+5 <7 9+5 12+5 <8 16 + 6
08/27/19 - 09/04/19 11 +4 9 +4 9 +4 7% 4 13 £ 4 12 £ 4 +4 15 £ 4
09/04/19 - 09/11/19 20 £ 5 15 5 15 £ 4 11 +4 17 £ 5 8 +4 + 4 17 =5
09/11/19 - 09/18/19 (1) 13 +5 10 + 4 12 +5 14 +5 11 +5 10 + 4 20 £ 5
09/18/19 - 09/24/19 17 =5 15 +5 12 £ 5 12 +5 14 +5 10 +5 7 +4 20 £ 5
09/24/19 - 10/02/19 11 +4 16 + 4 17 £ 4 13 +4 15 5 14 + 4 8 +4 19 5
10/02/19 - 10/09/19 7 4 6 +4 7 +4 8+4 <7 <6 <6 9+5
10/09/19 - 10/17/19 13 +4 13 + 4 11 +4 13 +4 11 +4 14 + 4 11 +4 13 +4
10/17/19 - 10/23/19 14 +5 12 + 4 9 +4 10 + 4 11 +5 7 +4 7 4 14 +5
10/23/19 - 10/29/19 13 +5 12 +5 10 +5 12+5 <7 9+5 9+5 11 +5
10/29/19 - 11/05/19 <5 7 +4 <5 <5 7 +4 6+4 <5 1M1 +4
11/05/19 - 11/13/19 19 + 4 16 + 4 16 + 4 20 + 4 10 + 4 16+ 4 16 + 4 14 + 4
11/13/19 - 11/20/19 10 + 4 15 +5 1M1 +4 10 + 4 10 +5 10 + 4 12 +5 14 +5
11/20/19 - 11/26/19 15 +5 12 £5 15 +5 12 +5 10 +5 19 +6 15 +5 11 +5
11/26/19 - 12/04/19 9+4 7 +4 7+3 <5 8+4 <5 8 +4 13 +4
12/04/19 - 12/11/19 13+5 9+5 11 +5 11 +5 14 5 9+5 1M1+5 13 5
12/11/19 - 12/18/19 12+5 8 +4 11 +4 <6 1M1 +5 <6 9+4 12 £ 5
12/18/19 - 12/26/19 24 5 21 5 24 +5 17 £ 4 17 =5 22 +5 19 +5 21 x5
12/26/19 - 01/02/20 13+5 15 5 14 + 4 14 +5 8 x4 135 7 +4 17 £ 5
MEAN + 2 STD DEV 14 + 14 12 +8 12 + 8 12 + 8 12 + 8 12 +9 1 +8 14 +8

13 12

THE MEAN AND TWO STANDARD DEVIATION ARE CALCULATED USING THE POSITIVE VALUES
(1) SEE PROGRAM EXCEPTIONS SECTION FOR EXPLANATION
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Table C-VI.3

CONCENTRATIONS OF STRONTIUM IN AIR PARTICULATE SAMPLES COLLECTED
IN THE VICINITY OF OYSTER CREEK GENERATING STATION, 2019

RESULTS IN UNITS OF E-3 PCI/CU METER % 2 SIGMA

COLLECTION
SITE PERIOD SR-89 SR-90
3 01/03/18 - 03/28/18 <6 <5

03/28/18 - 07/03/18 <4 <4
07/03/18 - 10/03/18 <6 <4
10/03/18 - 01/02/19 <5 <7

MEAN - -

20 0111118 - 03/28/18 <8 <6
03/28/18 - 07/03/18 <5 <4
07/03/18 - 10/03/18 <6 <3
10/03/18 - 12/27/18 <9 <8

MEAN - -

66 01/03/18 - 03/28/18 <6 <4
03/28/18 - 07/03/18 <5 <5
07/11/18 - 10/03/18 <7 <4
10/03/18 - 01/02/19 <5 <5

MEAN - -

71 01/03/18 - 03/28/18 <6 <5
03/28/18 - 07/03/18 <5 <4
07/03/18 - 10/03/18 <5 <3
10/03/18 - 01/02/19 <7 <9

MEAN - -

72 01/03/18 - 03/28/18 <5 <5
03/28/18 - 07/03/18 <6 <7
07/03/18 - 10/03/18 <6 <4
10/03/18 - 01/02/19 <7 <10

MEAN - -

73 0111118 - 03/28/18 <9 <7
03/28/18 - 07/03/18 <6 <7
07/03/18 - 10/03/18 <6 <3
10/03/18 - 01/02/19 <6 <6

MEAN - .

111 01/03/18 - 03/28/18 <6 <6
03/28/18 - 07/03/18 <5 <5
07/03/18 - 10/03/18 <7 <4
10/03/18 - 01/02/19 <6 <5

MEAN - -

c 01/03/18 - 03/28/18 <6 <5
03/28/18 - 07/03/18 <6 <5
07/03/18 - 10/03/18 <6 <3
10/03/18 - 01/02/19 <6 <9

MEAN

C-13
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Table C-V1.4 CONCENTRATIONS OF GAMMA EMITTERS IN AIR PARTICULATE SAMPLES
COLLECTED IN THE VICINITY OF OYSTER CREEK GENERATING STATION, 2019

RESULTS IN UNITS OF E-3 PCI/CU METER * 2 SIGMA

COLLECTION
SITE PERIOD Be-7 Mn-54 Co-58 Co-60 Cs-134 Cs-137

3 01/02/19 - 04/03/19 71 £ 12 <2 <2 <2 <2 <2
04/03/19 - 07/02/19 44 + 14 <3 <3 <3 <3 <2
07/02/19 - 10/02/19 47 + 13 <2 <2 <2 <2 <2
10/02/19 - 01/02/20 39 + 13 <2 <3 <2 <2 <2
MEAN + 2 STD DEV 50 + 28 - - - - -
20 01/16/19 - 04/03/19 98 + 16 <2 <2 <2 <2 <2
04/03/19 - 07/02/19 79 + 24 <2 <2 <3 <2 <2
07/02/19 - 10/02/19 64 + 22 <2 <2 <1 <2 <2
10/02/19 - 01/02/20 42 + 18 <2 <2 <3 <3 <3
MEAN + 2 STD DEV 71 + 47 - - - - -
66 01/02/19 - 04/03/19 87 + 15 <2 <2 <2 <2 <2
04/03/19 - 07/02/19 113 + 20 <2 <2 <2 <2 <2
07/02/19 - 10/02/19 65 + 15 <2 <3 <3 <2 <2
10/02/19 - 01/02/20 47 + 17 <2 <2 <3 <2 <2
78 + 57 - - - - -
71 01/02/19 - 04/03/19 58 + 10 <1 <1 <2 <1 <1
04/03/19 - 07/02/19 58 + 24 <3 <3 <3 <2 <3
07/02/19 - 10/02/19 54 + 16 <2 <3 <2 <2 <2
10/02/19 - 01/02/20 36 + 13 <2 <2 <2 <2 <2
MEAN + 2 STD DEV 52 + 21 - - - - -
72 01/02/19 - 04/03/19 82 + 13 <1 <1 <1 <2 <1
04/03/19 - 07/02/19 52 + 22 <2 <3 <3 <3 <2
07/02/19 - 10/02/19 57 + 17 <2 <3 <2 <3 <3
10/02/19 - 01/02/20 27 + 12 <2 <2 <2 <2 <2
50 + 42 - - - - -
73 01/02/19 - 04/03/19 62 + 16 <2 <2 <2 <2 <2
04/03/19 - 07/02/19 52 + 26 <2 <3 <4 <2 <2
07/02/19 - 10/02/19 56 + 23 <3 <2 <2 <3 <2
10/02/19 - 01/02/20 44 + 12 <2 <2 <2 <2 <2
MEAN + 2 STD DEV 54 + 15 - - - - -
111 01/02/19 - 04/03/19 72 £+ 15 <2 <2 <2 <2 <2
04/03/19 - 07/02/19 81 + 23 <2 <3 <4 <3 <3
07/02/19 - 10/02/19 52 + 16 <2 <2 <2 <2 <3
10/02/19 - 01/02/20 41 + 14 <2 <2 <2 <2 <2
MEAN + 2 STD DEV 61 + 37 - - - - -
C 01/02/19 - 04/03/19 90 + 20 <2 <3 <3 <2 <2
04/03/19 - 07/02/19 74 + 33 <4 <4 <3 <3 <4
07/02/19 - 10/02/19 89 + 19 <2 <2 <2 <2 <2
10/02/19 - 01/02/20 48 £ 23 <3 < 4 <5 <3 <4
MEAN + 2 STD DEV 75 + 39 - - - - -

THE MEAN AND TWO STANDARD DEVIATION ARE CALCULATED USING THE POSITIVE VALUES
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Table C-VII.1 CONCENTRATIONS OF 1-131 IN AIR IODINE SAMPLES COLLECTED IN
THE VICINITY OF OYSTER CREEK GENERATING STATION, 2019
RESULTS IN UNITS OF E-3 PCI/CU METER # 2 SIGMA

COLLECTION GROUP | | GROUP I |  GRouPl

PERIOD 20 66 111 71 72 73 3 C
01/02/19 - 01/09/19 (1) <46 <46 <19 < 44 <47 <18 <23
01/09/19 - 01/16/19 (1) <30 <30 <25 <28 <30 <38 < 41
01/16/19 - 01/23/19 <46 <28 <28 <27 <5 <29 <12 < 46
01/23/19 - 01/31/19 <39 <38 <38 <37 <36 <39 <36 <39
01/31/19 - 02/06/19 <35 <33 <34 <28 <56 <34 <22 < 56
02/06/19 - 02/14/19 <23 <22 <22 <18 <21 (1) <15 < 38
02/14/19 - 02/21/19 < 50 <39 <40 <39 < 46 < 47 < 48 < 52
02/21/19 - 02/27/19 < 42 <53 <51 <53 <45 <54 <43 < 46
02/27/19 - 03/06/19 <30 <32 <26 <32 <32 <32 <30 <30
03/06/19 - 03/13/19 <40 <27 <11 <27 <43 <27 <41 <45
03/13/19 - 03/20/19 <32 <39 <37 <38 <35 <39 <33 <35
03/20/19 - 03/27/19 <47 <4 <39 <41 < 51 < 41 < 48 < 51
03/27/19 - 04/03/19 <28 <46 <16 <46 <30 < 47 <28 <28
04/03/19 - 04/09/19 <63 <64 <61 <27 < 45 < 64 <37 < 48
04/09/19 - 04/17/19 < 42 <35 <34 <35 <44 <36 <41 <42
04/17/19 - 04/24/19 <59 <60 <20 <59 <45 <59 <42 (1)
04/24/19 - 05/01/19 <47 <48 <45 <20 <30 <48 <35 <38
05/01/19 - 05/09/19 <38 <39 <16 <39 <18 <39 <40 < 41
05/09/19 - 05/15/19 <36 <37 <3 <15 <25 <37 <28 < 31
05/15/19 - 05/21/19 < 54 <54 <22 <54 <28 <55 <32 <32
05/21/19 - 05/29/19 <23 <23 <19 <33 < 16 <24 <37 < 41
05/29/19 - 06/05/19 < 53 <54 <51 <22 <27 <54 <31 <33
06/05/19 - 06/12/19 <49 <49 <47 <20 <24 <49 <52 <55
06/12/19 - 06/19/19 <14 <14 <6 <14 <59 <14 <56 (1)
06/19/19 - 06/25/19 <54 <55 <22 <54 <39 <54 <37 < 50
06/25/19 - 07/02/19 <34 <34 <18 <34 <37 <35 <35 < 38
07/02/19 - 07/10/19 < 40 <40 <16 <40 <29 < 40 <26 <27
07/10/19 - 07/16/19 <64 <54 <62 <64 < 64 <23 < 62 <28
07/16/19 - 07/24/19 <33 <16 <32 <33 <29 <34 <27 <18
07/24/19 - 07/30/19 <49 <49 <48 <27 <57 <49 <55 < 60
07/30/19 - 08/07/19 <45 <45 <43 <45 <24 <19 <26 <27
08/07/19 - 08/15/19 <36 <15 <35 <36 <23 <36 <23 <19
08/15/19 - 08/21/19 <44 <44 <43 <44 <36 <19 <32 <35
08/21/19 - 08/27/19 <49 <48 <47 <49 <34 < 21 < 34 < 31
08/27/19 - 09/04/19 <33 <18 <32 <33 <26 <33 <29 < 31
09/04/19 - 09/11/19 <36 <36 <35 <36 < 32 <15 < 36 <38
09/11/19 - 09/18/19 (1) <38 <36 <37 <17 <38 <35 < 31
09/18/19 - 09/24/19 <30 <30 <29 <30 <24 <13 <27 <28
09/24/19 - 10/02/19 <17 <40 <38 <40 <27 <40 <26 <27
10/02/19 - 10/09/19 <44 <44 <42 <43 <27 <19 <25 <26
10/09/19 - 10/17/19 <25 <26 <25 <22 < 54 <26 <52 <23
10/17/19 - 10/23/19 <34 <34 <32 <34 <23 <14 <26 <28
10/23/19 - 10/29/19 < 46 <46 <44 <45 <27 <19 <29 <30
10/29/19 - 11/05/19 <17 <18 <17 <17 <19 <7 <19 <16
11/05/19 - 11/13/19 <36 <37 <35 <36 <16 <15 <19 <19
11/13/19 - 11/20/19 <32 <32 < 31 <32 <31 <15 <30 <25
11/20119 - 11/26/19 <34 <34 <28 <34 <46 <35 <43 < 46
11/26/19 - 12/04/19 <20 <25 <24 <24 <23 <25 <26 <27
12/04/19 - 12/11/19 <37 <37 <35 <37 < 44 <17 < 41 <25
12/11119 - 12/18/19 <35 <36 <34 <35 <17 <30 <35 <37
12/18/19 - 12/26/19 <18 <18 <17 <18 <14 <7 <13 <13
12/26/19 - 01/02/20 (1) (1) (1) (1) (1) (1) (1) (1)

MEAN - - - - - - - -

(1) SEE PROGRAM EXCEPTIONS SECTION FOR EXPLANATION
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Table C-IX.1 QUARTERLY OSLD RESULTS FOR OYSTER CREEK GENERATING STATION, 2019""

RESULTS IN UNITS OF MILLIREM/STD. QUARTER + 2 STANDARD DEVIATION

STATION MEAN
CODE +28.D. JAN - MAR APR - JUN JUL - SEP OCT - DEC
1 27.2 + 121 21.9 35.6 27.7 23.7
3 19.8 + 44 17.0 19.0 21.8 21.3
4 26.9 + 137 20.8 36.4 27.2 23.4
5 248 + 44 24.4 27.2 (1) 22.8
6 211 £ 54 18.1 (1) 23.1 22.3
8 255 + 133 194 34.9 25.1 22.8
9 26.2 +17.7 18.5 38.7 25.6 21.9
C 218 + 3.6 194 21.8 23.6 22.6
" 259 + 116 19.7 33.7 25.9 243
14 235 + 48 20.8 221 25.9 251
22 284 +122 22.7 36.2 30.4 24.5
46 247 + 147 17.7 34.8 24.9 21.4
47 212 + 45 18.5 20.3 23.2 22.9
48 26.3 + 13.2 19.7 353 26.3 23.9
51 279 +11.0 221 34.8 29.5 253
52 29.2 + 109 23.2 35.8 31.1 27.0
53 28.6 = 14.7 21.4 38.6 29.0 254
54 26.5 + 16.6 18.6 38.0 26.0 23.4
55 32.8 + 151 26.3 42.7 34.8 27.6
56 30.7 + 13.8 24.9 39.8 32.4 25.8
57 258 + 13.8 19.7 35.5 25.9 22.3
58 25.0 + 146 18.0 35.3 242 22.8
59 28.6 = 14.0 20.2 37.2 27.4 29.6
61 20.6 = 5.0 18.4 18.8 23.7 21.7
62 218 £ 6.2 18.1 20.7 25.2 23.4
63 213 £ 58 17.9 20.2 246 22.5
64 209 + 43 18.3 20.2 22.4 22.9
65 21.0 £ 59 175 20.4 246 21.5
66 206 + 4.2 19.6 18.3 22.9 21.7
68 249 = 14.0 18.1 345 253 22.0
71 26.2 + 13.3 20.3 35.7 25.8 23.2
72 21.0 £ 5.0 18.0 20.0 231 23.0
73 254 +11.2 19.2 32.7 25.9 23.9
74 211 £ 50 18.5 194 23.5 23.0
75 221 +£50 19.3 213 253 22.5
78 214 + 46 19.0 20.5 24.5 21.6
79 275 + 133 21.6 36.6 28.2 23.8
81 26.8 + 12.7 20.7 35.4 27.5 23.9
82 213 £ 52 18.5 19.9 241 22.8
84 271 + 131 20.1 35.5 28.5 24.4
85 26.0 = 14.9 19.2 36.6 25.0 23.4
86 26.2 + 111 20.3 32.8 28.6 23.3
88 242 +11.0 18.4 315 245 22.5
89 19.3 + 43 17.0 18.2 21.6 20.7
90 199 + 4.6 17.3 18.6 22.0 21.6
92 214 =41 19.3 20.3 23.9 22.3
98 257 +10.9 19.6 32.6 26.7 23.8
99 245 + 99 19.6 314 23.9 23.3
T 271 £ 125 20.4 35.1 28.4 24.4
100 23.6 = 0.0 23.6 23.6 23.6 23.6
101 209 + 52 18.2 19.2 23.5 22.7
102 219 + 44 18.9 21.9 23.9 231
103 20.7 + 43 18.1 19.9 22.8 22.2
104 28.1 +19.0 19.1 41.5 27.3 24.7
105 246 + 13.6 18.3 34.2 241 21.9
106 242 + 04 241 241 24.5 241
107 252 + 121 19.1 33.5 25.1 23.3
109 26.6 = 10.7 21.2 33.4 27.9 23.7
110 26.6 + 13.2 19.9 35.3 27.6 23.8
112 28.3 + 14.0 21.6 38.1 27.8 25.7
113 20.7 £+ 45 18.1 19.7 22.7 22.6

(1) SEE PROGRAM EXCEPTIONS SECTION FOR EXPLANATION

) Note: There are two (2) OSLD's posted at each indicator station for redunancy and data revcovery. In reporting results, the
average of the gross mean for the two readings is reported. There are four (4) single OSLD's posted at Control Station C and the
the average of the gross mean for the four readings is reported.
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APPENDIX D

DATA TABLES
QC COMPARISON SAMPLES
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The following section presents the results of data analysis performed by
the QC laboratory, Environmental Inc. Duplicate samples were obtained
from several locations and media and were split with the primary
laboratory, Teledyne Brown Engineering (TBE) and the QC Laboratory.

Comparison of the results for all media were within expected ranges.
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Table D-1.1  CONCENTRATIONS OF TRITIUM IN SURFACE WATER SAMPLES COLLECTED

IN THE VICINITY OF OYSTER CREEK GENERATING STATION, 2019
RESULTS IN UNITS OF PCI/LITER £ 2 SIGMA

COLLECTION
PERIOD 24 (TBE)  QCA (TBE) QC-24 (EIML)
06/26/19 < 191 <190 (1)
09/30/19 < 180 < 181 < 147

(1) No sample collected or analyzed
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Table D-.1  CONCENTRATIONS OF TRITIUM IN DRINKING WATER SAMPLES COLLECTED
IN THE VICINITY OF OYSTER CREEK GENERATING STATION, 2019

RESULTS IN UNITS OF PCI/LITER + 2 SIGMA

COLLECTION
PERIOD 1N (TBE) QC1N (EIML)
09/04/19 - 09/26/19 <195 < 148
10/02/19 - 10/30/19 < 191 < 154
11/05/19 - 11/29/19 < 188 < 150

TABLE D-I.2 CONCENTRATIONS OF I-131 IN DRINKING WATER SAMPLES COLLECTED
IN THE VICINITY OF OYSTER CREEK GENERATING STATION, 2019

RESULTS IN UNITS OF PCI/LITER 2 SIGMA

COLLECTION
PERIOD 1N (TBE) QCIN (EIML)
09/04/19 - 09/26/19 <1.0 <04
10/02/19 - 10/30/19 <0.9 <03
11/05/19 - 11/29/19 < 0.9 <04
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Table D-lIl.1 CONCENTRATIONS OF TRITIUM IN GROUNDWATER SAMPLES COLLECTED
IN THE VICINITY OF OYSTER CREEK GENERATING STATION, 2019

RESULTS IN UNITS OF PCI/LITER + 2 SIGMA

COLLECTION
PERIOD W-3C QC-W-3C (EIML)
10/09/19 - 10/09/19 <182 < 151
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APPENDIX E

INTER-LABORATORY COMPARISON PROGRAM
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Analytics Environmental Radioactivity Cross Check Program

Table E.1 Teledyne Brown Engineering Environmental Services
- TBE .
Month/Year Ide,\?:':::;tlron Matrix Nuclide Units Reported V};r:j(\;vg) AR::I;i(Z:fsTRB:sttJCI‘t Evaluation ®
Value
March 2019 E12468A Milk Sr-89 pCi/L 871 96 0.91 A
Sr-90 pCi/L 12.6 12.6 1.00 A
E12469A Milk Ce-141  pCilL 113 117 0.97 A
Co-58 pCi/L 153 143 1.07 A
Co-60 pCi/L 289 299 0.97 A
Cr-51 pCi/L 233 293 0.80 A
Cs-134  pCilL 147 160 0.92 A
Cs-137  pCilL 193 196 0.98 A
Fe-59 pCi/L 153 159 0.96 A
1-131 pCi/L 91.5 89.5 1.02 A
Mn-54 pCi/L 149 143 1.04 A
Zn-65  pCi/lL 209 220 0.95 A
E12470 Charcoal 1-131 pCi 77.5 75.2 1.03 A
E12471 AP Ce-141 pCi 60.7 70.2 0.87 A
Co-58 pCi 87.9 85.8 1.02 A
Co-60 pCi 175 179 0.98 A
Cr-51 pCi 165 176 0.94 A
Cs-134 pCi 91.2 95.9 0.95 A
Cs-137 pCi 120 118 1.02 A
Fe-59 pCi 108 95.3 1.13 A
Mn-54 pCi 94.2 85.7 1.10 A
Zn-65 pCi 102 132 0.77 w
E12472 Water Fe-55 pCi/L 2230 1920 1.16 A
E12473 Soil Ce-141 pCilg  0.189 0.183 1.03 A
Co-58 pCi/g 0.209 0.224 0.93 A
Co-60 pCi/g 0.481 0.466 1.03 A
Cr-51 pCi/g 0.522 0.457 1.14 A
Cs-134  pCilg 0.218 0.250 0.87 A
Cs-137  pCilg 0.370 0.381 0.97 A
Fe-59  pCilg 0.263 0.248 1.06 A
Mn-54 pCi/g 0.248 0.223 1.1 A
Zn-65  pCilg 0.371 0.344 1.08 A
E12474 AP Sr-89 pCi 88.3 95.2 0.93 A
Sr-90 pCi 11.7 12.5 0.94 A
August 2019 E12562 Soil Sr-90 pCil/g 4.710 6.710 0.70 w

(a) The Analytics known value is equal to 100% of the parameter present in the standard as determined by gravimetric and/or
volumetric measurements made during standard preparation
(b) Analytics evaluation based on TBE internal QC limits:
A = Acceptable - reported result falls within ratio limits of 0.80-1.20
W = Acceptable with warning - reported result falls within 0.70-0.80 or 1.20-1.30
N = Not Acceptable - reported result falls outside the ratio limits of < 0.70 and > 1.30

(Page 1 of 2)
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Analytics Environmental Radioactivity Cross Check Program

Table E.1 Teledyne Brown Engineering Environmental Services
o TBE .
Month/Year Ide,\?:':::;tlron Matrix Nuclide Units Reported V};r:j(\;vg) AR::I;i(Z:fsTRB:sttJCI‘t Evaluation ®
Value

September 2019 E12475 Milk Sr-89 pCi/L 70.0 93.9 0.75 W
Sr-90 pCi/L 12.0 12.9 0.93 A

E12476 Milk Ce-141 pCi/L 150 167 0.90 A
Co-58 pCi/L 170 175 0.97 A

Co-60 pCi/L 211 211 1.00 A

Cr-51 pCi/L 323 331 0.98 A

Cs-134  pCi/lL 180 207 0.87 A

Cs-137  pCilL 147 151 0.97 A

Fe-59 pCi/L 156 148 1.05 A

1-131 pCi/L 81.1 92.1 0.88 A

Mn-54 pCi/L 160 154 1.04 A

Zn-65  pCi/lL 303 293 1.03 A

E12477 Charcoal 1-131 pCi 95.9 95.1 1.01 A
E12478 AP Ce-141 pCi 129 138 0.93 A
Co-58 pCi 128 145 0.88 A

Co-60 pCi 181 174 1.04 A

Cr-51 pCi 292 274 1.07 A

Cs-134 pCi 166 171 0.97 A

Cs-137 pCi 115 125 0.92 A

Fe-59 pCi 119 123 0.97 A

Mn-54 pCi 129 128 1.01 A

Zn-65 pCi 230 242 0.95 A

E12479 Water Fe-55 pCi/L 1810 1850 0.98 A
E12480 Soil Ce-141 pCilg  0.305 0.276 1.10 A
Co-58 pCi/g 0.270 0.289 0.93 A

Co-60  pCilg 0.358 0.348 1.03 A
Cr-51  pCilg  0.765 0.547 1.40 N

Cs-134  pCilg 0.327 0.343 0.95 A

Cs-137  pCilg 0.308 0.321 0.96 A

Fe-59  pCilg  0.257 0.245 1.05 A

Mn-54 pCi/g 0.274 0.255 1.07 A

Zn-65 pCilg  0.536 0.485 1.11 A

E12481 AP Sr-89 pCi 95.9 91.9 1.04 A
Sr-90 pCi 12.3 12.6 0.97 A

E12563 Soil Sr-90 pCi/g 0.392 0.360 1.09 A

(a) The Analytics known value is equal to 100% of the parameter present in the standard as determined by gravimetric and/or
volumetric measurements made during standard preparation
(b) Analytics evaluation based on TBE internal QC limits:
A = Acceptable - reported result falls within ratio limits of 0.80-1.20
W = Acceptable with warning - reported result falls within 0.70-0.80 or 1.20-1.30
N = Not Acceptable - reported result falls outside the ratio limits of < 0.70 and > 1.30

(1) See NCR 19-27
(Page 2 of 2)
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DOE's Mixed Analyte Performance Evaluation Program (MAPEP)

Table E.2 Teledyne Brown Engineering Environmental Services
I TBE
Identification . . . Known Acceptance )
Month/Year Number Matrix Nuclide Units Reported Value @ Range Evaluation
Value
February 2019 19-GrF40 AP Gross Alpha Bg/sample 0.184 0.528 0.158 - 0.898 A
Gross Beta  Bg/sample 0.785 0.948 0.474 -1.422 A
19-MaS40 Soil Ni-63 Ba/kg 420 519.0 363 - 675 A
Sr-90 Bq/kg (1) NR®
19-MaW40 Water Am-241 Ba/L 0.764 0.582 0.407 - 0.757 N
Ni-63 Ba/L 4.72 5.8 41-75 A
Pu-238 Ba/L 0.443 0.451 0.316 - 0.586 A
Pu-239/240 Ba/L -0.00161  0.0045 (2) A
19-RdF40 AP U-234/233  Bg/sample  0.1138 0.106 0.074-0.138 A
U-238 Bg/sample  0.107 0.110 0.077 - 0.143 A
19-RdV40  Vegetation Cs-134 Bg/sample 2.14 2.44 1.71-3.17 A
Cs-137 Bg/sample 2.22 2.30 1.61-2.99 A
Co-57 Bg/sample 2.16 2.07 1.45-2.69 A
Co-60 Bg/sample 0.02382 (1) A
Mn-54 Bg/sample -0.03607 (1) A
Sr-90 Bg/sample  -0.1060 (1) N®
Zn-65 Bg/sample 1.35 1.71 1.20-2.22 w
August 2019 19-GrF41 AP Gross Alpha Bg/sample 0.192 0.528 0.158 - 0.898 w
Gross Beta  Bg/sample 0.722 0.937 0.469 - 1.406 A
19-MaS41 Soil Ni-63 Ba/kg 436 629 440 - 818 N©®
Sr-90 Ba/kg 444 572 400 - 744 w
19-MaW41 Water Am-241 BalL NR"")
Ni-63 Ba/L 7.28 9.7 6.8-12.6 w
Pu-238 Ba/L 0.0207 0.0063 (2) A
Pu-239/240 Ba/L 0.741 0.727 0.509 - 0.945 A
19-RdF41 AP U-234/233  Bg/sample  0.0966 0.093 0.065-0.121 A
U-238 Bg/sample  0.0852 0.096 0.067-0.125 A
19-RdVv41 Vegetation Cs-134 Bg/sample  0.0197 (1) A
Cs-137 Bg/sample 3.21 3.28 2.30-4.26 A
Co-57 Bg/sample 4.62 4,57 3.20-5.94 A
Co-60 Bg/sample 4.88 5.30 3.71-6.89 A
Mn-54 Bg/sample 4,54 4.49 3.14-5.84 A
Sr-90 Bg/sample 0.889 1.00 0.70-1.30 A
Zn-65 Bg/sample 2.78 2.85 2.00-3.71 A

(a) The MAPEP known value is equal to 100% of the parameter present in the standard as determined by gravimetric and/or volumetric
measurements made during standard preparation

(b) DOE/MAPEP evaluation:
A = Acceptable - reported result falls within ratio limits of 0.80-1.20

W = Acceptable with warning - reported result falls within 0.70-0.80 or 1.20-1.30

N = Not Acceptable - reported result falls outside the ratio limits of < 0.70 and > 1.30

(1) False positive test

(2) Sensitivity evaluation

(3) See NCR 19-12
(4) See NCR 19-13
(5) See NCR 19-14
(6) See NCR 19-25
(7) See NCR 19-26

E-3
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ERA Environmental Radioactivity Cross Check Program

Table E.3 Teledyne Brown Engineering Environmental Services
. TBE
Month/Year ld?::%a;'ron Matrix ~ Nuclide Units Reported \Zr;zlvg) Aci?rzti?:ce Evaluation ®©
Value
April 2019 Rad-117 Water  Ba-133 pCi/L 26.3 24.1 18.6-27.8 A
Cs-134 pCilL 15.2 12.1 8.39-14.4 N
Cs-137 pCilL 33.6 33.1 28.8-39.4 A
Co-60 pCilL 11.9 115 8.67-15.5 A
Zn-65 pCilL 87.1 89.2 80.3 - 107 A
GR-A pCi/L 19 19.3 9.56 - 26.5 A
GR-B pCilL 20.2 29.9 19.1-37.7 A
U-Nat pCi/lL 55.5 55.9 45.6-61.5 A
H-3 pCi/lL 21500 21400 18700 - 23500 A
Sr-89 pCi/L 44.9 33.3 24.5-40.1 N®@
Sr-90 pCilL 245 26.3 19.0 - 30.7 A
1131 pCilL 28.9 28.4 23.6-33.3 A
October 2019 Rad-119 Water  Ba-133 pCilL 42.7 43.8 35.7-48.8 A
Cs-134 pCilL 53.5 55.9 452-61.5 A
Cs-137 pCi/lL 77.7 78.7 70.8 - 89.2 A
Co-60 pCilL 51.5 53.4 48.1-61.3 A
Zn-65 pCi/L 36.6 34.0 28.5-43.1 A
GR-A pCi/L 40.5 27.6 14.0 - 36.3 N®
GR-B pCilL 36.3 39.8 26.4-47.3 A
U-Nat pCilL 27.66 28.0 22.6-31.1 A
H-3 pCi/lL 22800 23400 20500 - 25700 A
Sr-89 pCi/lL 47.1 455 35.4-52.7 A
Sr-90 pCi/L 32,5 26.5 19.2-30.9 N@
1131 pCilL 26.0 23.9 19.8 - 28.4 A
December 2019 QR 120419D Water  Sr-90 pCilL 20.1 18.6 13.2-22.1 A

(a) The ERA known value is equal to 100% of the parameter present in the standard as determined by gravimetric and/or volumetric
measurements made during standard preparation.

(b) ERA evaluation:
A = Acceptable - Reported value falls within the Acceptance Limits
N = Not Acceptable - Reported value falls outside of the Acceptance Limits

(1) See NCR 19-10

(2) See NCR 19-11

(3) See NCR 19-23

(4) See NCR 19-24

(Page 1 of 1)
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TABLE E.4

Interlaboratory Comparison Crosscheck Program, New York Department of Health (ELAP)?
Environmental, Inc., Midwest Laboratory

(Relevant Nuclides Only)

Laboratory

Known

Acceptance

Lab Code Date Analysis Result Activity Limits Acceptance
NYW-3472 09/17/19 H-3 5,250 + 229 4,991 4,280 - 5,490 Pass
NYW-3472 09/17/19 1-131 18.7+1.8 15.6 12.8-19.3 Pass
NYW-3472 09/17/19 Co-60 63.9+4.0 63.0 56.7-71.8 Pass
NYW-3472 09/17/19 Zn-65 108 £ 9.0 113 97.2-129 Pass
NYW-3472 09/17/19 Cs-134 472+34 55.8 45.1-61.4 Pass
NYW-3472 09/17/19 Cs-137 52.0+ 4.6 53.8 48.4 -62.0 Pass

@ Results obtained by Environmental, Inc., Midwest Laboratory as a participant in the crosscheck program for proficiency
testing in drinking water conducted by the New York Department of Health Laboratory Approval Program (NY ELAP)

E-5
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TABLE E.5
DOE's Mixed Analyte Performance Evaluation Program (MAPEP)
Environmental, Inc., Midwest Laboratory

(Relevant Nuclides Only)
Concentration ?

Lab Code® Rega:te: ce Analysis Lalg(e);itﬁ v Kgﬁ\mr; Control Limits ©  Acceptance
MASO-605 02/01/19 Cs-134 0.45+2.52 0 NA © Pass
MASO-605 02/01/19 Cs-137 1273.1 £13.0 1,164 815-1,513 Pass
MASO-605 02/01/19 Co-60 857.96 + 8.52 855 599 - 1,112 Pass
MASO-605 02/01/19 Mn-54 1138 £ 13.5 1027 719-1,335 Pass
MASO-605 02/01/19 K-40 676 £ 47 585 410 - 761 Pass
MAW-613 02/01/19 Cs-134 5.49+0.18 5.99 419-7.79 Pass
MAW-613 02/01/19 Cs-137 0.089 £ 0.080 0 NA © Pass
MAW-613 02/01/19 Co-60 6.78 £0.19 6.7 4.7 -8.7 Pass
MAW-613 02/01/19 Mn-54 8.98 +0.17 8.4 59-10.9 Pass
MAW-613 02/01/19 Zn-65 0.096 = 0.141 0 NA °© Pass
MAVE-607 02/01/19 Cs-134 2.33+0.10 2.44 1.71-3.17 Pass
MAVE-607 02/01/19 Cs-137 262+0.13 2.30 1.61-2.99 Pass
MAVE-607 02/01/19 Sr-90 0.013 £0.022 0 NA © Pass
MASO-3297 08/01/19 Cs-134 881.98 £ 903 1,020 714 - 1,326 Pass
MASO-3297 08/01/19 Cs-137 871.50 + 10.83 789 552 - 1,026 Pass
MASO-3297 08/01/19 Co-60 783.69 £ 8.21 760 532 - 988 Pass
MASO-3297 08/01/19 Mn-54 834.48 + 11.29 745 522 - 969 Pass
MASO-3297 08/01/19 K-40 662.91 + 42.65 555 389 -722 Pass
MAW-3240 08/01/19 Cs-134 -0.08 + 0.06 0 NA © Pass
MAW-3240 08/01/19 Cs-137 18.48 + 0.90 18.4 12.9-23.9 Pass
MAW-3240 08/01/19 Co-60 8.67 £ 0.39 8.8 6.2-11.4 Pass
MAW-3240 08/01/19 Mn-54 20.72£0.93 20.6 144 -26.8 Pass
MAW-3240 08/01/19 Zn-65 20.52 +1.05 20.3 14.2-26.4 Pass
MAW-3240 08/01/19 H-3 179.52 + 3.32 175 123 - 228 Pass
MAVE-3295 08/01/19 Cs-134 0.02 £0.02 0 NA © Pass
MAVE-3295 08/01/19 Cs-137 3.38£0.32 3.28 2.30-4.26 Pass

“ Results are reported in units of Bq/kg (soil), Bg/L (water) or Bq/total sample (vegetation)

b Laboratory codes as follows: MAW (water), MASO (soil), MAVE (vegetation)

¢ 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.

 Provided in the series for "sensitivity evaluation”. MAPEP does not provde control limits.
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TABLE E.6

Interlaboratory Comparison Crosscheck Program, Environmental Resource Associates (ERA)? RAD Study
Environmental, Inc., Midwest Laboratory

(Relevant Nuclides Only)

Laboratory

Lab Code Date Analysis Result ERA Result  Control Limits  Acceptance
ERW-71 01/07/19 Cs-134 454+ 3.1 49.1 39.5-54.0 Pass
ERW-71 01/07/19 Cs-137 129+ 6.0 125 112 - 140 Pass
ERW-71 01/07/19 Co-60 98.1+4.1 96 86.8 - 108 Pass
ERW-71 01/07/19 Zn-65 804+7.38 774 69.5-93.2 Pass
ERW-71 01/07/19 H-3 2,129 + 158 2,110 1,740 - 2,340 Pass

ERW-397 02/11/19 1-131 272+1.0 25.9 25.1-30.6 Pass

ERW-2471 07/08/19 Cs-134 296+2.6 32.0 251-35.2 Pass
ERW-2471 07/08/19 Cs-137 21.3+3.6 214 17.6-26.7 Pass
ERW-2471 07/08/19 Co-60 99.9+44 95.1 85.6 - 107 Pass
ERW-2471 07/08/19 Zn-65 437+6.2 41.2 35.3-514 Pass
ERW-2471 07/08/19 H-3 8,630 + 200 16,700 14,600 - 18,400 Fail®
ERW-2471 07/08/19 1-131 33.6+1.3 29.6 246 -34.6 Pass

@ 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).

b EIML’s routine analysis does include a blank sample. The ERA-provided blank was paired with a H-3 standard vial and EIML's

blank was also paired with a standard vial. Inadvertently, the efficiency was overestimated by a factor of 2, which caused the

calculated result to be half of the actual value. The result of reanalysis (17,400 pCi/L) is within the control limits for the study.

E-7
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APPENDIX F

ERRATA DATA
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There is no errata data for 2019.
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Summary and Conclusions

This report on the Radiological Groundwater Protection Program (RGPP)
conducted for the Oyster Creek Generating Station (OCGS) by Holtec
Decommissioning International (HDI) covers the period 01 January 2019 through
31 December 2019.

This report covers groundwater and surface water samples collected from the
environment, both on and off station property in 2019. In 2019, 393 analyses
were performed on 155 samples from 46 locations.

There were three inadvertent releases of contaminated water into the
groundwater during 2009 resulting in a plume located west of the turbine
building, which is monitored via a series of monitoring wells.

Gamma-emitting radionuclide Potassium-40 (K-40) was detected in 2 of the 55
groundwater well samples. The concentrations ranged from 90 to 100 pCi/L.
K-40 was not detected in any surface water sample.

In the case of tritium, HDI specified that its laboratories achieve a lower limit of
detection 100 times lower than the drinking water limit specified by the United
States Environmental Protection Agency (USEPA) (200 pCi/l versus 20,000
pCi/l). As expected, tritium was detected in groundwater samples, although
tritium concentrations have decreased substantially since 2009. The 2019 tritium
concentrations varied from <172 to 1,590 pCi/l. The well with the highest
concentration was MW-56I.

Surface water samples were collected from onsite and offsite monitoring
locations during 2019. Tritium was detected in 1 of 23 samples at a
concentration of 211 pCi/L. No detectable tritium (greater than the MDC) was
found in precipitation water samples.

Strontium-89 (Sr-89) and Strontium-90 (Sr-90) were not detected in any
groundwater samples during 2019.

Gross Alpha and Gross Beta analyses in the dissolved and suspended fractions
were performed on groundwater samples during the second and third quarters in
2019. There were 30 samples taken from 20 groundwater well locations. Gross
Alpha (dissolved) was detected in 3 samples. The concentrations ranged from
1.2 10 2.2 pCi/L. Gross Alpha (suspended) was detected in 14 samples and
ranged from 1.7 to 35.4 pCi/L. Gross Beta (dissolved) was detected in 24
samples and ranged from 1.1 to 22.1 pCi/L. Gross Beta (suspended) was
detected in 16 samples and ranged from 2.5 to 52.1 pCi/L.

“Hard-To-Detect” analyses were not performed on any surface or groundwater
samples in 2019.
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Introduction

On July 1t 2019, ownership of the Oyster Creek Nuclear Power Station and
transfer of the station and decommissioning license from Exelon Generation
Company, LLC to Oyster Creek Environmental Protection, LLC (OCEP) as the
licensed owner and Holtec Decommissioning International, LLC (HDI) as the
licensed operator, was completed. Exelon had determined that transitioning
operational nuclear plants to decommissioning nuclear plants targeted for
permanent shutdown was not aligned with its core objectives and actively sought
buyers who would assume ownership and complete decommissioning and
license termination.

The Oyster Creek Nuclear Generating Station consists of a single boiling water
reactor (BWR) and turbine generator was capable of producing 650 megawatts
of electricity. The Station operates under Nuclear Regulatory Commission
(NRC) renewed facility operating license number DPR-16. Brackish water from
Barnegat Bay is supplied to the circulating water system. The circulating water
system is designed to supply a continuous flow of water from Barnegat Bay
through the plant to remove the waste heat released by the power cycle in the
Main Condenser. The circulating water system is comprised of the intake canal
from Barnegat Bay to the plant, the Main Condenser Circulating Water System,
the dilution plant, and the discharge canal to Barnegat Bay. The dilution plant
portion of the system minimizes the adverse effects of hot discharge water on
aquatic life in the discharge canal and Barnegat Bay to meet the conditions of
the Oyster Creek New Jersey Pollutant Discharge Elimination system (NJPDES)
Permit No. NJOO05550. Approximately 125,000 gallons per minute of water
were withdrawn, and reduced to 35,000 gallons per minute by the 2" quarter of
2019, from the intake canal for dilution and station use and returned to the
discharge canal.

The Station is located in the Atlantic Coastal Plain physiographic province.
Topography in the region of the Station is a slightly undulating coastal plain
having low relief. The land surface gradually rises from sea level at Barnegat
Bay, which is located east of the Station, to approximately 50 feet above mean
sea level (AMSL) 2 miles inland. This region of the coastal plain has numerous
tidal marshes and is incised by easterly flowing streams and creeks. Elevations
at the Station property west of Route 9 range from approximately 0 to 15 feet
AMSL immediately adjacent to the intake and discharge canals to slightly more
than 30 feet AMSL in the northwest portion of the Station property. The
150-acre developed portion of the Site located within the "horseshoe" formed by
the intake and discharge canals west of Route 9 has an approximate average
elevation of 20 feet AMSL. In the immediate vicinity of the intake and discharge
canals, the Station property slopes steeply down to the canal. The average
elevation of the surface water level in the intake and discharge canals is
approximately 1-foot AMSL. The ground surface is relatively level except for the
steep slopes at areas adjacent to the intake and discharge canals.

-2-
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The three shallowest stratigraphic units in the vicinity of the Oyster Creek area in
descending order are the Cape May Formation, the Cohansey Formation, and
the Kirkwood Formation. Some of the Station structures are constructed to
depths of approximately 50 feet below ground surface (bgs). Excavations were
completed from grade, through the fill, Cape May Formation, Upper Clay, and
into the Cohansey Formation during construction. Consequently, the bottoms of
some Station structures are completed within the Cohansey Formation and some
structures breach the Upper Clay.

The Cape May Formation regionally has an average thickness of 40 feet and at
OCGS, the Cape May is described as a light gray to tan, medium- to fine-grained
sand, with trace to some silt and occasional coarse sand. It is generally poorly
compacted. The Cape May Formation varies from 0 to 21 feet in thickness
based on historical boring logs. The variation principally is due to the varying
amount of material excavated and replaced by fill during Station construction.
When present, the thickness of the Cape May generally ranges from

15 to 20 feet thick. The base of the Cape May generally is defined by the
presence of a dark clay unit referred to as the Upper Clay unit. The Upper Clay is
a stiff to hard, gray, plastic organic clay containing inclusions (also described as
lenses or partings) of dense fine sand with trace to some organic silt. The
deposits of fine sand within the Upper Clay layer have high relative densities and
occur as lenses or inclusions.

The Cohansey Formation is primarily composed of a light-colored, fine- to very
coarse-grained quartzose sand with lenses of silt and clay. Although most
borings at the Station do not penetrate the entire Cohansey Formation, this
formation appears to be approximately 60 to 80 feet thick at OCGS. A clay
sequence, referred to at the Station as the "Lower Clay", marks the base of the
Cohansey, which generally is present to approximately 90 to 100 feet bgs. The
lower clay is a dense gray medium- to fine-grained sand containing trace to
some organic silt and layers or inclusions of very stiff to hard gray organic clay.
The thickness of the lower clay is estimated to be approximately 10 to 20 feet in
the vicinity of OCGS.

The Cohansey Formation is underlain by the Kirkwood Formation which consists
of several stratigraphic units. The Kirkwood Formation is described as a
medium- to fine-grained sand with trace silt. The thickness of this formation
beneath the Station is unknown. The south domestic supply well terminates in
the Kirkwood at a depth of 310 feet bgs. The Kirkwood thickness in Ocean
County ranges from approximately 300 to 400 feet.

This report covers those analyses performed by Teledyne Brown Engineering
(TBE) and Environmental Inc. (Midwest Labs) on samples collected in 2019.
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Objectives of the RGPP

The long-term objectives of the RGPP are as follows:

Ensure that the site characterization of geology and hydrology
provides an understanding of predominant ground water gradients
based upon current site conditions

Identify site risk based on plant design and work practices

Evaluate all SSCs that contain or could contain licensed material and
for which there is a credible mechanism for the licensed material to
reach groundwater

Evaluate work practices that involve licensed material and for which
there is a credible mechanism for the licensed material to reach
groundwater

Perform on-site monitoring to ensure timely detection of inadvertent
radiological releases to ground water

Understand background concentrations of radioactive analytes outside
of the REMP, as required

Evaluate return/re-use of previously discharged radioactive effluents in
gaseous or liquid effluents that are returned from the environment to
the operating nuclear power facility

Ensure controls are established for the selection, installation and
retirement of monitoring wells

Perform remediation protocols to prevent migration of licensed
material off-site and to minimize decommissioning impacts

Ensure that records of leaks, spills, remediation efforts are retained
and retrievable to meet the requirements of 10 CFR 50.75(g)

Ensure periodic communications are held on the RGPP with the
designated State/Local officials

Ensure timely verbal and written reporting occurs if there is an
inadvertent release of licensed materials to the soil, groundwater or
surface water

Document and report all applicable RGPP data
-4 -
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= |dentify and resolve deficiencies via the Corrective Action Process as
delineated in PIl- DC-125, “Decommissioning Corrective Action Program”

= Perform program oversight to ensure effective implementation of the
voluntary RGPP

Implementation of the Objectives

The objectives identified have been implemented at the Oyster Creek
Generating Station through compliance with approved procedures EN-AA-
408-4000, Radiological Groundwater Protection Program Implementation,
and site specific procedure EN-OC-408-4160, RGPP Reference Material,
for Oyster Creek Generating Station.

Program Description

Samples for the OCGS site were collected for HDI by on-site personnel
and Normandeau Associates, Inc. This section describes the general
collection methods used to obtain environmental samples for the OCGS
RGPP in 2019. Sample locations can be found in Table A—1, Appendix A.

1. Sample Collection

Samples of water are collected, managed, transported and analyzed
in accordance with approved procedures. Both groundwater and
surface water are collected. Sample locations, sample collection
frequencies and analytical frequencies are controlled in accordance
with approved station procedures. Contractor and/or station
personnel are trained in the collection, preservation management,
and shipment of samples, as well as in documentation of sampling
events.

2. Sample Analysis
Samples are analyzed in accordance with approved procedures that
are based on industry standards.

3. Quality Control

Analytical laboratories are subject to internal quality assurance
programs, industry cross-check programs, nuclear industry audits, as
well as being certified by the State of New Jersey.

4. Data Interpretation

Station personnel review and evaluate all analytical data deliverables
as data is received. Analytical data results are reviewed by both
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station personnel and independent consultants, including a
hydrogeologist, for adverse trends or changes to hydrogeologic
conditions.

Characteristics of Tritium (H-3)

Tritium (chemical symbol H-3) is a radioactive isotope of hydrogen. The
most common form of tritium is tritium oxide, which is also called "tritiated
water." The chemical properties of tritium are essentially those of ordinary
hydrogen.

Tritiated water behaves the same as ordinary water in both the
environment and the body. Tritium can be taken into the body by drinking
water, breathing air, eating food, or absorption through the skin. Once
tritium enters the body, it disperses quickly and is uniformly distributed
throughout the body. Tritium is excreted primarily through urine with a
clearance rate characterized by an effective biological half-life of about 10
days.

Tritium is produced naturally in the upper atmosphere when cosmic rays
strike air molecules. Tritium is also produced during nuclear weapons
explosions, as a by-product in reactors producing electricity, and in special
production reactors. Also, tritium was released into the atmosphere from
Chernobyl in 1986. Like normal water, tritiated water is colorless and
odorless. Tritiated water behaves chemically and physically like non-
tritiated water in the subsurface, and therefore tritiated water will travel at
the same velocity as the average groundwater velocity.

Tritium has a half-life of approximately 12.3 years. It decays
spontaneously to Helium-3 (He-3). This radioactive decay releases a beta
particle (18.6 keV low-energy electron). The radioactive decay of tritium is
the source of the health risk from exposure to tritium. Tritium is one of the
least dangerous radionuclides because it emits very weak radiation and
leaves the body relatively quickly. Since tritium is almost always found as
water, it goes directly into soft tissues and organs. The associated dose to
these tissues is generally uniform and is dependent on the water content
of the specific tissue.
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Program Description

A.

Sample Analysis

This section describes the general analytical methodologies used by TBE
to analyze the environmental samples for radioactivity for the Oyster
Creek Generating Station RGPP in 2019. The sampling frequencies are
increased if activity is detected.

In order to achieve the stated objectives, the current program includes the
following analyses for groundwater, surface water, and precipitation water:

1. Gamma emitters
2. Strontium-89 and Strontium-90
3. Tritium

4. Gross Alpha (Dissolved and Suspended) and Gross Beta (Dissolved
and Suspended)

5. Selected transuranics
6. Fe-55

7. Ni-63

Data Interpretation

The radiological data collected prior to Oyster Creek Generating Station
becoming operational, as well as background data from publicly available
databases, were used as a baseline with which these operational data
were compared. For the purpose of this report, Oyster Creek Generating
Station was considered operational at initial criticality. Several factors
were important in the interpretation of the data:

1. Lower Limit of Detection and Minimum Detectable Concentration

The lower limit of detection (LLD) is defined as the smallest
concentration of radioactive material in a sample that would yield a
net count (above background) that would be detected with only a 5%
probability of falsely concluding that a blank observation represents a
"real" signal. The LLD is intended as a before the fact estimate of a
system (including instrumentation, procedure and sample type) and
not as an after the fact criterion for the presence of activity. All
analyses were designed to achieve the required OCGS detection
capabilities for environmental sample analysis.
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The minimum detectable concentration (MDC) is defined as the
smallest concentration of radioactive material in a sample that would
yield a net count (above background) that would be detected with only
a 5% probability of falsely concluding that a blank observation
represents a "real" signal as an after the fact estimate of the presence
of activity.

Laboratory Measurements Uncertainty

The estimated uncertainty in measurement of tritium in environmental
samples is frequently on the order of 50% of the measurement value.

Statistically, the exact value of a measurement is expressed as a
range with a stated level of confidence. The convention is to report
results with a 95% level of confidence. The uncertainty comes from
calibration standards, sample volume or weight measurements,
sampling uncertainty and other factors. Exelon reports the
uncertainty of a measurement created by statistical process (counting
error) as well as all sources of error (Total Propagated Uncertainty or
TPU). Each result has two values calculated. Exelon reports the
TPU by following the result with plus or minus (%) the estimated
sample standard deviation, as TPU, that is obtained by propagating
all sources of analytical uncertainty in measurements.

Analytical uncertainties are reported at the 95% confidence level.

C. Background Analysis

1.

Background Concentrations of Tritium

The purpose of the following discussion is to summarize background
measurements of tritium in various media performed by others.
Additional detail may be found by consulting references.

a. Tritium Production

Tritium is created in the environment from naturally occurring
processes both cosmic and subterranean, as well as from
anthropogenic (i.e., man-made) sources. In the upper
atmosphere, “cosmogenic” tritium is produced from the
bombardment of stable nuclides and combines with oxygen to
form tritiated water, which will then enter the hydrologic cycle.
Below ground, “lithogenic” tritium is produced by the
bombardment of natural lithium present in crystalline rocks by
neutrons produced by the radioactive decay of naturally abundant
uranium and thorium. Lithogenic production of tritium is usually
negligible compared to other sources due to the limited
abundance of lithium in rock. The lithogenic tritium is introduced
directly to groundwater.
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A major anthropogenic source of tritium and Sr-90 comes from
the former atmospheric testing of thermonuclear weapons.
Levels of tritium in precipitation increased significantly during the
1950s and peaked in 1963 with the signing of the limited test ban
treaty. The Canadian heavy water nuclear power reactors, other
commercial power reactors, nuclear research and weapons
production continue to influence tritium concentrations in the
environment. Also, tritium was released into the atmosphere
from Chernobyl in 1986.

Precipitation Data

Precipitation samples are routinely collected at stations around
the world for the analysis of tritium and other radionuclides. One
publicly available database that provides tritium concentrations in
precipitation is the USEPA’s RadNet database. RadNet provides
tritium precipitation concentration data for samples collected at
stations throughout the U.S. from 1978 up to and including 1996.
Tritium concentrations in precipitation in New Jersey from 1978
through 1996 have ranged from 600 pCi/L in 1979 to 0 pCi/L in
1996, with an average of 185 pCi/L. Tritium concentrations in
wells may still be above the 200 pCi/l detection limit from the
external causes described above. Water from previous years
and decades is naturally captured in groundwater, so some well
water sources today are affected by the surface water from the
1960s that was elevated in tritium.

Surface Water Data

Tritium concentrations are routinely measured in surface water
bodies, including Oyster Creek and the Delaware River. New
Jersey surface water data between 1978 and 1998 averaged 185
pCi/L.

The USEPA RadNet surface water data typically has a reported
‘Combined Standard Uncertainty’ of 2 standard deviations. This
corresponds to a = 36 to 100 pCi/L confidence bound on each
given reported measurement so that the typical surface water
background data provided by RadNet may be subject to
measurement uncertainty of up to 100 pCi/L.

The radio-analytical laboratory counts tritium results to an
HDI-specified LLD of 200 pCi/L with a typical uncertainty of £+100
pCi/L. Therefore, sample results reported by TBE near this LLD
cannot be distinguished from natural background concentrations
in surface water.
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V.

Results and Discussion

A.

Program Exceptions
There were no program exceptions in 2019.

Groundwater Results

Samples were collected from on-site locations in accordance with the
station radiological groundwater protection program. As reported in
GHD'’s 2019 Hydrogeologic Investigation Report, groundwater flow in the
vicinity of the Torus Water Storage Tank and the Condensate Storage
Tank is towards the intake and discharge canals.

Tritium

Samples from 34 locations were analyzed for tritium activity. Tritium was
detected in 10 of 108 samples. The values ranged from <172 to 1,590
pCi/L. The well with the highest concentration was MW-561.

(Table B—I.1, Appendix B)

Strontium

Strontium-89 and Strontium-90 were not detected in any location sampled
in 2019. (Table B-I.1, Appendix B)

Gross Alpha and Gross Beta (dissolved and suspended)

Gross Alpha and Gross Beta analyses in the dissolved and suspended
fractions were performed on groundwater samples during the second and
third quarters in 2019. There were 30 samples taken from 20
groundwater well locations. Gross Alpha (dissolved) was detected in 3
samples. The concentrations ranged from 1.2 to 2.2 pCi/L. Gross Alpha
(suspended) was detected in 14 samples and ranged from 1.7 to 35.4
pCi/L. Gross Beta (dissolved) was detected in 24 samples and ranged
from 1.1 to 22.1 pCi/L. Gross Beta (suspended) was detected in 16
samples and ranged from 2.5 to 52.1 pCi/L. (Table B-l.1, Appendix B)

Gamma Emitters

The naturally occurring gamma-emitting nuclide K-40 was detected in 2 of
55 samples analyzed during 2019. The concentrations ranged from 90 to
100 pCi/L. (Table B-1.2, Appendix B).

“Hard-To-Detect”

“Hard-To-Detect” analyses were not performed on groundwater samples
in 2019. (Table B-1.3, Appendix B)
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Surface Water Results

Samples were collected from on-site locations in accordance with the
station radiological groundwater protection program. Analytical results
and anomalies are discussed below:

Tritium

Samples from 7 locations were analyzed for tritium activity. Tritium was
found in 1 of 23 samples at a concentration of 211 pCi/L.
(Table B—Il.1, Appendix B)

Gross Alpha and Gross Beta (dissolved and suspended)

Gross Alpha and Gross Beta analyses in the dissolved and suspended
fractions are not required on a routine basis and were not analyzed in
2019.

Gamma Emitters

No gamma-emitting nuclides were detected in any surface water sample
in 2019. (Table B-II.2, Appendix B)

“Hard-To-Detect”

“‘Hard-To-Detect” analyses are not required on a routine basis and were
not analyzed in 2019.

Precipitation Water Results

Precipitation samples were collected from onsite and offsite locations in
accordance with the station radiological groundwater protection program.
Analytical results and anomalies are discussed below:

Tritium

Samples from five locations were collected from onsite and offsite
monitoring locations and analyzed for tritium activity. No detectable tritium
(greater than the MDC) was found in any precipitation water sample
during 2019. (Table B-IIl.1, Appendix B)

Summary of Results — Inter-Laboratory Comparison Program

Inter-Laboratory Comparison Program results for TBE and Environmental
Inc. (Midwest Labs) are presented in the 2019 Oyster Creek AREOR.
This report is part of the AREOR.

Leaks, Spills, and Releases
There were no abnormal liquid releases during 2019.
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Trends

Active remediation of tritium in groundwater due to the spills that occurred
in 2009 was initiated in October 2010. Trending of the data due to active
remediation is on-going. Continuous remediation was terminated in
October 2019 with State of New Jersey concurrence. Overall, the station
has seen a decreasing trend in tritium values to the point where ground
water tritium is below the ODCM LLD.

Investigations

GHD Services Inc. performed an independent assessment of the tritium
plume. The results of their assessment can be found in References 1, 2
and 3.

Actions Taken
1. Compensatory Actions

Active remediation of tritium in groundwater due to the spills that
occurred in 2009 was initiated in October, 2010.

2. Installation of Monitoring Wells

The following wells were installed in 2010 to better characterize and
monitor the tritium plume and site hydrology:

Well Number Formation Well Installation Date
W-58 | Cohansey July
W-59 | Cohansey March
W-60 | Cohansey July
W-61 1| Cohansey July
W-62 Cape May March
W-63 | Cohansey July
W-64 Cape May March
W-65 Cape May March
W-66 | Cohansey July
W-67 Cape May March
W-68 | Cohansey July
W-69 | Cohansey July
W-70 | Cohansey July
W-71 Cape May August
W-72 Cape May August
W-73 Cohansey October

Pumping well
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3. Actions to Recover/Reverse Plumes

Oyster Creek Generating Station addressed the tritium in groundwater
through continuous pumping of groundwater from of W-73 to the
intake structure. Remediation of groundwater progressed to the stage
where this program was terminated in the 4" quarter of with State of
New Jersey concurrence. Should groundwater tritium levels regress
initiating an adverse trend, the ODCM has provisions to restore ground
water remediation using well 73 in batch or continuous mode.

V. References

1.

Conestoga Rovers and Associates, Hydrogeologic Investigation Report,
Fleetwide Assessment, Oyster Creek Generating Station, Forked River, New
Jersey, Ref. No. 055875 (6), April 2011

Conestoga Rovers and Associates, Site Investigation Report, Oyster Creek
Generating Station, Forked River, New Jersey, Ref. No. 055875 (4), August
2009

Conestoga Rovers and Associates, Remedial Investigation Workplan, Oyster
Creek Generating Station, Forked River, New Jersey, Ref. No. 055875 (5),
October 2009
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TABLE A-1:

Oyster Creek Generating Station RGPP Sample Point List

Radiological Groundwater Protection Program - Sampling Locations, Oyster Creek Generating Station, 2019

RGPP - Aquifer or
Sa_rr_lple_ . LBl .GPS Depth Sample UL Water
Identification Location Coordinates . Alert
Number (Northing/Easting) (fe) acigt Value X7
Designation Monitored
North
. 358373.33 2,000 .
DWN Domestic 574672.98 300.0 B pCilL Kirkwood
Well
South
. 356955.90 2,000 .
DWS Domestic 574616.69 145.0 B oCill Kirkwood
Well
E of ISFSI
- 357632.49 21.0 2,000
LW-1 (microwave 575569.96 ' pcilL | CapeMay
zone)
E of ISFSI
- 357645.30 21.0 2,000
LW-2 (microwave 575581.02 ! pcilL | CapeMay
zone)
E of ISFSI
- 357630.20 21.0 2,000
LW-3 (microwave 575575.52 D pcilL | capeMay
zone)
East of
ISFSI — 357652.78 49.0 2,000
LW-4 (microwave 575573.75 D pciL | Cohansey
zone)
SW of
357380.76 2,000
MW-1A-2A MFOT 575043 44 24.0 D oCill Cape May
Moat
East of
. 358551.94 2,000
MW-1G-1A fuel!ng 575308.91 20.0 | pCilL Cape May
station
East of
) 358550.57 45.0 2,000
MW-1G-1B fuel!ng 575316.19 | pCilL Cohansey
station
Roadway —
MW-11-1A NW of ggZi?g;g 19.0 D 2(?38 Cape May
TWST ' P
Roadway —
357574.80 2,000
MW-11-2A SE of 17.5 D e Cape May
TWST 574493.50 pCi/L
Roadway - 357297.90 2,000
MW-15K-1A Intake 574469.50 19.0 D pcilL | CapeMay
Yard - W
357573.30 2,000
MW-16D SLII}/(I;IAn(; 574746.50 25.0 D pCilL Cape May
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TABLE A-1: Radiological Groundwater Protection Program - Sampling Locations, Oyster Creek Generating Station, 2019
Oyster Creek Generating Station RGPP Sample Point List
RGPP :
Sample Cwe"'j.G Pts Depth | Sample | Tritium Ac\lll\;:gror
Identification | Location CEIEELS (ft) Point Alert Bod
Number (Northing/Easting) Designation Value Stehy
Monitored
Finninger 2000
MW-24-2A Farm — 356838.52 18.0 | ’Ci L Cape May
near DSB 579470.94 P
Finninger
356828.49 2,000
MW-24-3A Farm — 578969 05 17.0 | oCill Cape May
near DSB
Main
MCD Condenser N/A N/A sw 2,000 | Surface
X pCi/L Water
Discharge
Intake 2,000 Surface
SW-1 Canal N/A N/A SW pCi/L Water
RT 9
SW-2 South N/A N/A sw 2,000 | Surface
X pCi/L Water
Bridge
. 2,000 Surface
SW-3 Fire Pond N/A N/A SW oCill Water
Dilution
Pump 357029.86 2,000
W-1 Area — 574140.61 50.0 ' pcilL | Cohansey
West Bank
North Yard 358311.70 2,000
W-1A Area 574679.00 50.0 B pcilL | Cohansey
North Yard 358312.80 2,000
W-18B Area 574685.40 20.0 ' pcilL | CapeMay
West end 357149.22 60.0 2,000
W-1C of backsite 572741.00 ! pcilL | Cohansey
West end
357151.55 150.0 2,000 .
W-1K of . 57272877 | pCill Kirkwood
backsite
S of EDG 356965.65 57.0 2,000
W-2 Bldg 574555.73 ! pciL | Cohansey
Field - W
358105.00 2,000
W-2A of North 574348 60 50.0 | pCill Cohansey
Yard Bldg
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TABLE A-1: Radiological Groundwater Protection Program - Sampling Locations, Oyster Creek Generating Station, 2019

Oyster Creek Generating Station RGPP Sample Point List

RGPP ;

.. Aquif
Sample CWeI(Ij_GPS Depth Sample Tritium 'W'af‘:ror
Identification | Location XL (ft) Point Alert

Numb (Northing/Easting) i . val Body
umber Designation all® | Monitored
Field - W
of North 358110.30 2,000
W-2B Yard 574348 50 20.0 B pcilL | CapeMay
Building
Forked
. 357923.67 60.0 2,000
W-2C Rlvsei{eCT 573809.92 | pCill Cohansey
Forked
. 358030.88 150.0 2,000 .
W-2K Rlee;[eCT 573762 54 | pCilL Kirkwood
Intake - 357173.00 24.0 2,000
W-3 Alggiff 574499.10 D pcilL | CapeMay
Plant
358067.92 50.0 2,000
W-3A Algggff 575664.22 : pcilL | Cohansey
Plant
358070.58 2,000
W-3B Alggzzs 575656.25 20.0 | pCilL Cape May
Finninger
Farm — N 356595.30 60.0 2,000
W-3C of 576663.33 ! pcilL | Cohansey
Discharge
Finninger
Farm — N 356602.17 2,000 .
W-3K of 576675.04 100.0 | pCilL Kirkwood
Discharge
Intake —
357176.40 2,000
W-4 Ar\c);gzzs 574497 70 55.0 D pCill Cohansey
SE of 356913.30 2000
W-4A OCAB 575387.10 50.0 B ’Ci L Cohansey
Building P
SE of
356916.40 2,000
W-4B B?ﬁ(ﬁfg 575388.90 20.0 B pciL | CapeMay
Finninger
359305.61 60.0 2,000
W-4C Farl'r?ta_k: of 575867 58 pCilL Cohansey
Finninger
359321.83 2,000 .
W-4K Farll:ta—kz of 575874.07 100.00 | pCilL Kirkwood
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TABLE A-1: Radiological Groundwater Protection Program - Sampling Locations, Oyster Creek Generating Station, 2019
Oyster Creek Generating Station RGPP Sample Point List
RGPP ;
Sample CWeI‘Ij_GPtS Depth Sample Tritium A%L\;;fgror
Identification | Location oL A (ft) Point Alert
Number (Northing/Easting) Desianati Value Body
e LT Monitored
NW Yard
area, near 357510.95 2,000
W=5 Fire Water 574374.05 20.5 D pciL | CapeMay
Tank
Finninger
Farm — E 356758.59 2,000
W-5C of dredge 580642.26 60.0 B pcilL | Cohansey
spoils
Finninger
Farm - E 356743.81 2,000 .
W-5K of dredge 580646.48 150.0 B pcilL | Kirkwood
spoils
NW Yard —
near Fire 357514.02 2,000
W-6 Water 574373.77 52.0 D pcilL | Cohansey
Tank
NE — 357074.46 2,000
W=7 Building 4 574713.08 20.0 D pcilL | capeMay
Roadway —
357289.29 2,000
W-9 NE gf SAS 574892 74 20.0 D pCill Cape May
Building
NW of SAS 357286.29 2,000
W-10 Building 574890.61 60.0 D pcilL | Cohansey
Yard — NW
357669.10 2,000
W-12 of DWPC 574755.60 20.0 D pCilL Cape May
Building
Yard — NW
357666.00 2,000
W-13 of DWPC 57475590 50.0 D pCilL Cohansey
Building
Yard — SW
357702.41 2,000
W-14 of 575018.75 53.0 D pCilL Cohansey
Warehouse
Yard — SW
357705.83 2,000
W-15 of 575017 .70 20.0 D pCilL Cape May
Warehouse
Yard — E of 357967.26 2,000
W-16 LLRW 574933.03 20.0 D pciL | CapeMay
Road/ Exit 358078.05 2,000 .
W-17 Near W-3A 575667.14 150.0 ' pcilL | Kirkwood
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TABLE A-1: Radiological Groundwater Protection Program - Sampling Locations, Oyster Creek Generating Station, 2019

Oyster Creek Generating Station RGPP Sample Point List

RGPP -
” Aquif
Sample Cwe";.G Pts Depth Sample Tritium mte;ror
Identification | Location (Nort‘::i)r: IIrI‘Eaa setsin ) (ft) Point Alert Body
Number 9 9 Designation | Value |\, . 4
Near
357005.78 2,000
W-18 Bllfill:c)j?ng 574621.6 20.0 | pCill Cape May
Near 357077.91 2,000
W-19 Bﬁaﬁ]g 574633.23 20.0 ' pcilL | capeMay
SW of
356927.46 2,000
W-20 Bﬁaﬁg 574542.59 20.0 ' pciL | capeMay
Near 357009.15 2,000
W-21 Bﬁaﬁg 574518.22 20.0 ' pciL | capeMay
Near 357024.50 2,000
W-22 Bﬁaﬁg 574590.19 39.0 ' pciL | capeMay
Near 357054.89 2,000
W-23 Bfiaﬁg 574564.88 20.0 : pciL | CapeMay
South of
8 357128.94 2,000
W-24 :\’Ava‘;mg 574650.77 19.0 D pcilL | CapeMay
Shop
Near
356962.59 2,000
W-25 Bﬁaﬁg 574677.59 20.0 ' pciL | capeMay
Near 357006.60 2,000
W-26 Bﬁaﬁ]g 574644.03 20.0 ' pciL | capeMay
Near 357042.43 2,000
w-27 Bﬁaﬁg 574636.35 20.0 ! pcilL | CapeMay
Near 356991.29 2,000
W-28 Bﬁaﬁ]g 574573.64 19.5 ! pcilL | CapeMay
Near 357012.62 2,000
W-29 Bﬁaﬁg 574568.69 19.5 ! pcilL | CapeMay
Near 357058.00 2,000
W-30 Bfiaﬁ]g 574516.71 19.5 ! pcilL | CapeMay
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TABLE A-1: Radiological Groundwater Protection Program - Sampling Locations, Oyster Creek Generating Station, 2019
Oyster Creek Generating Station RGPP Sample Point List
RGPP ;
Sample CWeI(Ij_GPtS Depth Sample Tritium A'W'aff;ror
Identification | Location CELE eSS (ft) Point Alert Bod
Number (Northing/Easting) Designation Value SIehy
Monitored
Near
357051.78 2,000
W-31 EDG 574495.62 195 : pcilL | capeMay
Building
Near 356978.58 2,000
W-32 EDG 574528.44 19.5 : pciL | CapeMay
Building
Near 357026.93 2,000
W-33 EDG 574499.17 195 : pciL | CapeMay
Building
South of
B 357196.14 2,000
W-34 W of pld 574649.43 40.0 D pCilL Cohansey
Machine
Shop
Between
CST and 357368.21 2,000
MW-50 Intake 574436.80 20.0 E pciL | CapeMay
Structure
Near 357378.30 2,000
MW-51 csT 574480.80 20.0 E pciL | CapeMay
Near 357400.90 2,000
MW-52 S{n’take 574353.00 20.0 D pCilL Cape May
ructure
Near end
of CW 357272.80 2,000
MW-53 discharge 574447.60 20.0 D pciL | CapeMay
piping
Near
357276.20 2,000
MW-54 Intake 574311.70 20.0 E pCill Cape May
Structure
Between
CST and 357354.88 2,000
MW-55 Intake 574440.07 30.0 E pcilL | CapeMay
Structure
MW-56I NfgCI 357305.30 52.0 E 2,000 Cohanse
574465.50 : pCilL y
tanks
Near 357343.71 2,000
MW-571 Intake 574373.89 50.0 E pCill Cohansey
Structure
Near 357346.70 2,000
MW-58I S1ntake 574377 28 72.0 D pCill Cohansey
ructure
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TABLE A-1: Radiological Groundwater Protection Program - Sampling Locations, Oyster Creek Generating Station, 2019

Oyster Creek Generating Station RGPP Sample Point List

RGPP ;
Sample CWeI‘Ij_GPtS Depth Sample Tritium A%:f;ror
Identification | Location (Nort‘::i)r: IIrI‘Eaa setsin ) (ft) Point Alert Body
Number 9 9 Designation | Value | 0 o o
Intake
Roadway 357422.14 2,000
MW-59I ZNW of 574406.38 44.0 D pCilL Cohansey
CST
Near
357346.55 2,000
MW-60I Intake 574373.88 92.0 D pCill Cohansey
Structure
Between
CST and 357328.64 2,000
MW-61l Intake 574444.45 2.0 E pcilL | Cohansey
Structure
NW
Corner of 357467.93 2,000
MW-62 Turbine 574524.10 25.0 D pciL | CapeMay
Bldg
Between
CST and 357329.40 2,000
MW-63I Intake 574447 67 92.0 D pcilL | Cohansey
Structure
Near
357343.96 2,000
MW-64 S1ntake 574377 88 25.0 E pCill Cape May
ructure
Intake
Roadway 357421.00 2,000
MW-65 — NW of 574402.55 25.0 D pcilL | CapeMay
CST
SE of
357320.44 2,000
MW-661 Reactor 574889 18 80.0 D oCill Cohansey
Bldg
West
side of 357401.99 2,000
MW-67 Turbine 574540.38 25.0 E pciL | capeMay
Bldg
SE of
357323.83 2,000
MW-68I Reactor 574897 64 100.0 D pCilL Cohansey
Bldg
Yard —
NW of 357664.03 2,000
MW-69I DWPC 574760.93 78.0 D pCill Cohansey
Building
Yard —
NW of 357670.57 2,000
MW-70I DWPC 574759 18 98.0 D pCill Cohansey
Building
MW-71 Resagior 357365.52 25.0 D 2,000 Cape Ma
Bidg 574841.89 : pCilL pe May
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TABLE A-1: Radiological Groundwater Protection Program - Sampling Locations, Oyster Creek Generating Station, 2019

Oyster Creek Generating Station RGPP Sample Point List

RGPP ;
Well GPS . Aquifer or
Sa_n_1p|e_ ; oordinates Depth Sample Tritium Water
Identification Location Cc (ft) Point Alert
Number (Northing/Easting) Designati Value Body
CL kel Monitored
N of Reactor 357549.87 2,000
MW-72 Bldg 574788.52 25.0 D pciL | CapeMay
MW-73 Reé“yi‘:;n“on N/A N/A N/A N/A N/A

*Tritium sampling frequency based upon agreement made with the NJDEP on 04/26/13.

D = Daily

W = Weekly
M = Monthly
S = Semi-annual

B = Biennial

2019 OCGS GWPPR
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Sampling Locations — Selected Cohansey
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TABLE B-1.1 CONCENTRATIONS OF TRITIUM, STRONTIUM, GROSS ALPHA, AND GROSS BETA IN
GROUNDWATER SAMPLES COLLECTED AS PART OF THE RADIOLOGICAL GROUNDWATER
PROTECTION PROGRAM, OYSTER CREEK GENERATING STATION, 2019

RESULTS IN UNITS OF PCI/LITER % 2 SIGMA
COLLECTION
SITE DATE H-3 Sr-89 Sr-90 Gr-A (Dis) Gr-A (Sus) Gr-B (Dis) Gr-B (Sus)

MW-1A-2A  04/18/19 173
MW-1I-1A  01/15/19 196
MW-1I-1A 04/16/19 193 <56 <04 <04 <14 1.1+£06 <15
MW-1I-1A  07/23/19 192
MW-11-1A 10/08/19 192
MW-11-2A 01/15/19 194

<
<
<
<
<
<
MW-11-2A  04/16/19 < 180 <94 <0.8 <0.3 <13 <09 <15
MW-11-2A  07/23/19 <194
MW-11-2A  10/08/19 <192
MW-15K-1A  01/15/19 < 199
MW-15K-1A  04/16/19 <193 <73 <05 <07 <39 <20 6.4 £ 3.0
MW-15K-1A  04/16/19 Duplicate < 193 <53 <05 <0.7 76 £+15 <21 6.3 £1.7
MW-15K-1A  07/23/19 <191
MW-15K-1A  10/08/19 <190 <43 <05 <0.7 8.0 +45 46 1.3 26.4 + 5.1
MW-16D 01/16/19 <197
MW-16D 04/17/19 <194 <74 <04 <07 <13 22 +09 <15
MW-16D 07/24/19 <194
MW-16D 10/09/19 < 188
MW-52 04/17/19 <179
MW-53 04/18/19 < 178
MW-54 04/16/19 < 181
MW-55 01/15/19 <195
MW-55 04/16/19 <178 <47 <0.6 <05 24 +1.2 74 11 36 +1.3
MW-55 07/23/19 <189
MW-55 10/08/19 < 187 <56 <0.8 <0.6 23 +141 24 +0.6 25 +12
MW-561 01/15/19 793 + 157
MW-561 04/16/19 1140 + 184 < 6.1 <07 <05 <0.6 48 +10 <138
MW-56I 07/23/19 1590 + 230
MW-56I 10/08/19 815 £+ 160 < 5.0 <07 <0.8 <14 54 +08 <16
MW-571 01/15/19 704 + 151
MW-571 04/16/19 693 + 143 < 3.2 <06 <06 32 +12 169 £ 15 3.0 £1.2
MW-571 07/23/19 676 + 150
MW-571 10/08/19 582 + 139 <49 <07 <07 1.7 £ 1.0 1562 £ 1.3 34 +13
MW-59I 01/15/19 <192
MW-59I 04/16/19 <193 <29 <07 <0.6 <0.9 34+10 <24
MW-59I 07/23/19 < 189
MW-59I 10/08/19 < 187
MW-61I 01/15/19 <192
MW-61I 04/16/19 < 191 <6.7 <04 <03 <05 1.3+05 <14
MW-61I 07/23/19 <197
MW-61I 10/08/19 < 187
MW-61I 10/08/19 Duplicate < 188
MW-61I 10/08/19 EIML < 151
MW-62 01/15/19 <195
MW-62 04/16/19 <191 <45 <04 <0.8 7.0 £29 29 14 8.4 + 3.1
MW-62 07/23/19 <191
MW-62 10/08/19 < 188
MW-64 01/15/19 < 193
MW-64 01/15/19 Duplicate < 196
MW-64 04/16/19 <190 <37 <0.7 <27 354 +73 <176 52.1 + 8.0
MW-64 04/16/19  Duplicate < 191 <38 <0.6 1.2 + 0.7 79 +16 48 £+15 89 +17
MW-64 07/23/19 < 196
MW-64 07/23/19 Duplicate < 179
MW-64 10/08/19 < 188
MW-64 10/08/19 Duplicate < 189
MW-64 10/08/19 EIML < 151

Bolded values indicate LLD was not met due to high solid content in the sample
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TABLE B-1.1 CONCENTRATIONS OF TRITIUM, STRONTIUM, GROSS ALPHA, AND GROSS BETAIN
GROUNDWATER SAMPLES COLLECTED AS PART OF THE RADIOLOGICAL GROUNDWATER
PROTECTION PROGRAM, OYSTER CREEK GENERATING STATION, 2019
RESULTS IN UNITS OF PCI/LITER % 2 SIGMA
COLLECTION

SITE DATE H-3 Sr-89 Sr-90 Gr-A (Dis) Gr-A (Sus) Gr-B (Dis) Gr-B (Sus)
MW-65  01/15/19 < 189
MW-65  04/16/19 < 191 <62 <06 22 + 1.1 53 +1.2 48 +1.9 6.1+ 1.6
MW-65  07/23/19 <174
MW-65  10/08/19 <192 <45 <06 1.9 £ 0.9 <6.0 221 + 2.1 18.8 + 4.4
MW-67  01/15/19 223 + 130
MW-67  04/16/19 205 + 131 < 7.1 <07 <03 20+13 41 +08 34 +16
MW-67  07/23/19 <178
MW-67  10/08/19 < 188 <52 <07 <04 17 £1.0 2.8 £ 0.6 25 +12
MW-71  01/16/19 <199
MW-71  01/16/19 Duplicate < 200
MW-71  04/18/19 < 189 <35 <06 <04 29+13 22 +£07 26 +13
MW-71  04/18/19 Duplicate < 189 < 6.4 <04 <04 <08 25108 <17
MW-71  07/24/19 <175
MW-71  07/24/19 Duplicate < 179
MW-71 10/09/19 <190
MW-71 10/09/19  Duplicate < 189
MW-71 10/09/19  EIML < 151
MW-72  01/15/19 <197
MW-72  04/17/19 <190 < 6.1 <06 <03 <07 22107 <16
MW-72  07/24/19 <180
MW-72  10/09/19 <189

W-1A 04/18/19 < 187

W-3 01/15/19 <198

W-3 04/16/19 <192 <52 <07 <09 <32 <23 <36

W-3 07/23/19 < 196

W-3 10/08/19 < 200

W-4 04/16/19 <179

W-4A 04/18/19 <189

W-5 01/15/19 < 191

W-5 01/15/19  Duplicate < 194

W-5 04/17/19 <178 <64 <04 <29 <0.9 50+15 <15

W-5 04/17/19  Duplicate < 176 <88 <08 <03 <0.9 17 +06 <15

W-5 07/23/19 <192

W-5 07/23/19  Duplicate < 194

W-5 10/08/19 <197

W-5 10/08/19  Duplicate < 192

W-5 10/08/19  EIML < 151

W-6 04/17/19 <175

W-9 01/16/19 < 194

W-9 04/18/19 <172 <34 <08 <06 <09 100 £ 1.3 <15

W-9 07/24/19 < 188

W-9 10/09/19 < 181

W-10 04/18/19 <173

W-12 01/16/19 <195

W-12 04/17/19 <177 <42 <06 <07 22108 <27 42 +17
W-12 07/24/19 <190

W-12 10/09/19 < 185

W-13 04/17/19 <176

W-14 04/18/19 <183

W-15 04/18/19 <178

W-16 04/17/19 <178

W-24 04/18/19 <175

W-34 01/16/19 <195

W-34 04/18/19 <180 <52 <08 <05 <0.9 80+11 <15

W-34 07/23/19 <197

W-34 10/08/19 < 184

B-2
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TABLE B-Il.1 CONCENTRATIONS OF TRITIUM IN SURFACE WATER SAMPLES
COLLECTED AS PART OF THE RADIOLOGICAL GROUNDWATER
PROTECTION PROGRAM, OYSTER CREEK GENERATING STATION, 2019
RESULTS IN UNITS OF PCI/LITER + 2 SIGMA

COLLECTION

SITE DATE H-3
MCD 01/16/19 <198
SEWER PIT 01/28/19 < 196
SEWER PIT 04/18/19 < 188
SEWER PIT 07/11/19 <179
SEWER PIT 10/07/19 < 184
STORM DRAIN EAST 01/28/19 < 195
STORM DRAIN EAST 08/01/19 <193
STORM DRAIN EAST 10/09/19 < 189
STORM DRAIN OUTFALL #2 01/28/19 < 190
STORM DRAIN OUTFALL #2 08/01/19 < 191
STORM DRAIN OUTFALL #2 11/19/19 <197
SW-1 01/16/19 < 196
SW-1 04/15/19 <192
SW-1 08/08/19 < 195
SW-1 10/07/19 <190
SW-2 01/15/19 < 195

SW-2 04/17/19 211 £ 125
SW-2 07/23/19 <177
SW-2 10/07/19 < 187
SW-3 01/15/19 < 199
SW-3 04/17/19 <191
SW-3 07/23/19 < 180
SW-3 10/07/19 <191
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TABLE B-lll.1 CONCENTRATIONS OF TRITIUM IN PRECIPITATION WATER SAMPLES
COLLECTED AS PART OF THE RADIOLOGICAL GROUNDWATER
PROTECTION PROGRAM, OYSTER CREEK GENERATING STATION, 2019
RESULTS IN UNITS OF PCI/LITER + 2 SIGMA

COLLECTION

SITE DATE H-3
2 01/08/19 < 188
2 04/02/19 < 192
2 07/23/19 < 176
2 10/08/19 < 185
3 01/08/19 < 190
3 04/02/19 <191
3 07/23/19 < 178
3 10/08/19 < 188
4 01/08/19 < 188
4 04/02/19 <191
4 07/23/19 < 180
4 10/08/19 < 183
5 01/08/19 < 189
5 04/02/19 < 193
5 07/23/19 < 181
5 10/08/19 < 186
6 01/08/19 < 190
6 04/02/19 < 196
6 07/23/19 <185
6 10/08/19 < 186
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	This simple diagram demonstrates some potential exposure pathways from Oyster Creek Generating Station.
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