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Enclosed is the Annual Environmental and Effluent Release Report for the Perry
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{

EXECUTIVE SUMMARY T
Thee Annual Efivironmental and Effluent Release Report (AEERR) details the results of
environmental and éffluent monitoring programs conducted at the Perry Nuclear Power
Plant (PNPP) from January 01 through December 31,2019. This report meets all of the-
- réquirements in PNPP Technical Specifications, the Offsite Dose Calculation Manual
- (ODCM), the Environmental Protection Plan (EPP), and'Regulatory Guide 1.21." This report
“incorporates the requirements of the Annual Radioactive Effluent Release Report (ARERR)
and the Annual Radiological Environmental Operating Report (AREOR). Report topics
include radioactive effluent releases, radiological environmental monitoring, and the land
use census. The results of the environmental and effluent programs indicate that the
operations of the PNPP did not result in any adverse environmental impact.

RADIOACTIVE EFFLUENT RELEASES.

During the hormal operation of a-nuclear power plant, small quantities of radicactivity are
released to the environment through liquid and gaseous effluent pathways. Radioactive
material is also shipped offsite as solid waste. PNPP maintains a comprehensive program
to control and monitor the release of radioactive materials from the site in accordance with
‘Nuclear Regulatory Commission (NRC) release regulations. PR

‘Dose to the general public from the plant’s liquid and gaseous effluent pathways were well
below regulatory limits. The calculated maximum individual'whole-body dose potentially
received by an individual resulting from PNPP liquid effluents was 2.03E-03 mrem (0.068%
" of the regulatory lirnit). The calculated maximum individual whole-body dose potentially
received by an individual resulting from PNPP gaseous effluents, excluding carbon-14
(C-14) was 1.60E-03 mrem (0.011% of the regulatory limit). .

Radioactivity released to the environment in the form of gaseous C-14 was estimated-
_based on plant type and power production. The calculation is based on.an industry
“initiative supported by the Nuclear Energy Institute (NEI), the Electric Power Research

Institute (EPRI), and the NRC." The calculated hypothetical maximum annual individual

wholé-body dose potentially received by an individual resulting from PNPP gaseous

effluents for C-14'is 2.35E-01 mrem/yr (4:702% of the limit). Referto page 23 for additional
" C-14 information. B S o T

‘The summation of the hypotheﬁcal maxi_fr;h_m individual dose from éfﬂuents IS less than 1%

of the total dose an individual living in the PNPP area receives from all sources of man-
made and background radiation. =~ T L

Shipments of solid waste consisted of waste generated during water treatment, radioactive
* material generated during normal daily operations and maintenance, and irradiated

‘components, PNPP complied with regulations governing radioactive shipments of solid -
" radioactive waste. ' R R S
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RADIOLOGICAL ENVIRONMENTAL MONITORING -

The Radiological Environmental Monitoring Program (REMP) was estabiiéhéd in 1981 to
monitor the radiological conditions in the environment around PNPP. The operational-

REMP was initiated in 1986 and has continued through this reporting period.. The REMP is

-.conducted in accordance with the PNPP ODCM. This program includes collection and
analysis of environmental samples and. evaluation of results at indicator as well as control

- locations. Indicator samples are collected at locations determined to be most influenced by

. operation of the PNPP. Control samples are collected at locations beyond the measurable
influence of the. PNPP for data comparison. - * : v

PRE-OPERATIONAL REMP , N AN

The REMP was established at PNPP six years before the plant became operational.
Between 1981 and 1986 environmental monitoring involved collection and analysis of
environmental samples. This pre-operational program was designed to provide data on
background radiation levels and radioactivity normally present in the area in order to
establish a baseline for data comparison prior to operation of the plant. PNPP has

.- continued to monitor the environment during plant operation by collecting and analyzing
+ . samples of air, milk, fish, vegetation, water, and sediment, as well as by measuring
radiation directly. L : . -

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

changes in concentrations are observable.

OPERATIONAL REMP.

Results of air samples collected to. monitor the radioactivity in the atmosphere revealed
normal background radionuclide concentrations. Terrestrial monitoring included the
analysis of vegetation due to the unavailability of milk Samples; the results of which
indicated concentrations of radioactivity similar to-those found in previous years. Analyses
of vegetation samples detected only natural radioactivity similar to that observed in previous
years and indicated no radioactivity attributable to operation of the PNPP.

'Aquatic rﬁonitoring included the collection and analyses of water, ﬁsh: andy'sh:pi'eli\n.e
sediments. The analytical results of these samples'showed normal backgrognd
radionuclide concentrations. ' ) o

Direct radiation measurements showed no significant changes from previous years. The
indicator locations averaged 12.9 mrem/quarter and control locations averaged

12.9 mrem/quarter. Radiation dose in the area of PNPP were similar to the radiatioq d,ose'

measured at locations greater than ten miles away from PNPP.

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

Page 2
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LAND USeE CENSUS , ves o T

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

1
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INTRODUCTION | Sl T

Nuclear energy provides an alternative energy source that is readily.aVaiIabIe with a very

limited impact upon the environment. To more fully understand nuclear energy as a source -

of generating electricity, it is helpful to understand basic radiation concepts and the
“-occurrence of radioactivity in nature. - C o ‘

—

RADIATION FUNDAMENTALS =~ = R

~Atoms are the basic building blocks of all matter. Simply described, atoms are made up ‘of
positively and negatively charged particles and particles which are neutral. These particles
are called protons, electrons, and neutrons, respectively. The relatively large protons and
neutrons are packed together in the center of the atom called the nucleus. Orbiting around
the nucleus are one or more smaller electrons. In an electrically neutral atom, the positively
charged protons in the nucleus balance the negatively charged electrons. Due to their
dissimilar charges, the protons and electrons have a strong attraction for each other, which
helps hold the atom together. Other attractive forces between the protons and neutrons
keep the densely packed protons from repelling each other and prevent the nucleus from -
breaking apart. _ - '

Atoms with the same number of protons in their nuclei make up an element. The number of
neutrons in the nuclei of an element may vary. Atoms with the same number of protons but
different numbers of neutrons are called isotopes. All isotopes of the same element have
the same chemical properties, and many are stable or non-radioactive. An unstable or
radioactive isotope of an element is called a radionuclide. Radionuclides contain an excess
amount of energy in the nucleus, which is usually due to an excess number of neutrons.

Radioactive atoms attempt to reach a stable, non-radioactive state through a process
known as radioactive decay. Radioactive decay is the release of energy from an atom's
nucleus through the emission of alpha and beta particles and gamma rays. Radionuclides
vary greatly in the rate at which they decay. The length of time an atom remains
radioactive is defined in terms of its half-life. Half-life is defined as the time required for a
radioactive substance to lose half its activity through the process of radioactive decay.
Half-lives vary from millionths of a second to millions of years.

 RADIATION AND RADIOACTIVITY

Radioactive decay is a process in which the nucleus of an unstable atom becomes more
stable by spontaneously emitting energy. Radiation refers to the energy that is released
when radioactive decay occurs within the nucleus. This section includes a discussion on
the three primary forms of radiation produced by radioactive decay.

Alpha Particles | 4

Alpha particles consist of two protons and two neutrons and have a positive charge.
Because of their charge and large size, alpha particles do not travel very far when released
(less than 4 inches in air). They are unable to penetrate any solid material, such as paper
or skin, to any significant depth. If alpha particles are released inside the body, however,

-they can damage the soft internal tissues because they deposit all their energy in a small
area. '

Al
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Beta Particles

Beta particles have the same characteristics as electrons but originate from the nucleus.
They are'much smaller than alpha particles and travel at nearly the speed of light, thus they
travel longer distances than alpha particles. External beta radiation primarily affects the
skin. Because of their electrical charge, beta particles are stopped by paper, plastic, or thin
metal. S x . oo o :

' Gamma Rays _ Lo . T
Gamma rays are bundles of electromagnetic energy called photons. They aré similar to
visible light, but at a much higher energy. Gamma rays can travel long distances in air and
are often released during radioactive decay along with alpha and beta particles. . ,
Potassium-40 is an example of a naturally-occurring radionuclide that emits a gamma ray

. when it decays and is found in all humans. - R RO .

_Interaction with Maﬁer . . ,

Whien radiation interacts with other materials it affects the atoms of those materials

principally by removing the negatively charged electrons out of their orbits. This causes an

. atom to lose'its electrical neutrality and become positively charged. An atom thatis’ -

charged, either positively or negatively, is called an ion, and thus the radiation is called

- ionizing radiation. = = .- BT e R P

o P
. ot

Activity - | R } Co

‘Activity is the number of atoms in a material that decay’per unit of time. Each time an atom

- decays, radiation’is emitted. A curie (Ci) is the unit used to describe the activity of a
material and indicates the rate at which the atoms are decaying. One curiée of activity
indicates the decay of 37 billion atoms per second. Smaller units of the curie are often
used in this report.. Two common units are the microcurie (uCi);.one millionth.of a curie,

.- »and the picocurie (pCi), one trillionth of a curie. The mass, or weight, of radioactive

material, which would result in one curie of activity depends on the disintegration rate. For
example, one gram of radium-226 is equivalent to one curie of activity. it would require
about 1.5 million grams of natural uranium, however, to equal one curie.

Dose ' e \

‘Biological damage due to alpha, beta, and gamma radiation may result from the ionization
caused by these types of radiation, Some types of radiation, especially alpha particles that
cause dense local ionization, can result in much more biological damage for the same
energy imparted than does gamma or beta radiation. A quality factor, therefore, must be
applied to account for the different ionizing capabilities of various types of ionizing radiation.
When the quality factor is multiplied by the absorbed dose (as measured in rads), the result
is the dose equivalent, which is an estimate of the possible biological damage resulting-
from exposure to any type of ionizing radiation. The dose equivalent is measured in terms
of the Roentgen Equivalent Man (rem). When discussing environmental radiation effects,
the rem is a large unit; therefore, a smaller unit, the millirem (mrem) is often used.. One
mrem is equivalent to 1/1000 of a rem. :

Page 5'
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LOWER LIMIT OF DETECTION

- Sample results are often reported as below the Lower Limit of Detection (LLD). The LLD

for an analysis is the smallest amount of radioactive material that will show a positive result,
for which there can be a 95% confidence that radioactivity is present. This statistical =~
parameter is used as a measure of the sensitivity of a sample analysis. When a
measurement is reported as less than the LLD (<LLD), it means that no radioactivity was
detected. Had radioactivity been present at or above the stated LLD value, it statistically
would have been detected. The NRC has established the required LLD values for =
environmental and effluent sample analyses. .= S

o,
i

This section discusses the doses that the average American typically receives each year
from naturally-occurring background radiation and all other sources of radiation. With the
information presented in this section, the reader can compare the doses received from
Nuclear Power Plant (NPP) effluents with the doses received from natural, medical, and
other sources of radiation. This comparison provides some context to the concept of )

radiation dose effects.,

In March 2009, the National Council on Radiation Protection and Measuréments (NCRP)
published Report No. 160 as an update to the 1987 NCRP Report No. 93, lonizing .
Radiation Exposure of the Population of the United States. Report No. 160 describes the
doses to the U.S. population from all sources of ionizing radiation for 2006, the most recent
data available at the time the NCRP report was written. The NCRP report also includes
information on the variability of those doses from one individual to another. The-NCRP
estimated that the average person in the United States receives about 620 mrem of ‘
radiation dose each year. NCRP Report No. 160 describes each of the sources of radiation
that contribute to this dose, including: o : ’

. . Natﬁrally-occurring soUrces (natural background) ‘such 'é_scosmic radiation from
_ space, terrestrial radiation from radioactive materials in the earth, and naturally-
.~ -occurring radioactive materials in the food people -eat and.in the-air people breathe;

"+ Medical sources from diagnosis and treatment of health disorders using radioactive
- pharmaceuticals and radiation-producing equipment; o '
. Consumer products (such as household smoke detectors);
. Industrial processes, security devices, educational tools, and research activities;
and o o
. Exposures of workers that result from their occupations.

Page 6
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" Figure 1: Soufces of Radiation Exposure to the U.S. Population
Figure 1 shows the contribution of various sources of exposure to the total collective
effective dose and the total effective dose per individual in the U.S. population in 2006.
Larger contributors to dose are represented by proportionally larger slices.of the pie. Doses
to the public from NPPs are included in the industrial category; doses to workers from
nuclear power generation are included in the category of occupational dose. Doses to the
public due to effluents from NPPs are less than 0.1% of what the average person receives
~ each year from all other sources of radiation. -

ENVIRONMENTAL RADIONUCLIDES  ~ o

Many radionuclides are present in the environment due to sources such as cosmic radiation
and fallout from nuclear weapons testing. These radionuclides are expected to be present
in many of the environmental samples collected in the vicinity of PNPP. Some of the

. radionuclides normally present include: beryllium-7, a result of the interaction of cosmic

“radiation with the upper atmosphere; potassium-40, a naturally-occurring radionuclide
normally found in humans and throughout the environment, radionuclides from nuclear
weapons testing fallout, including tritium and cesium-1 37; and tritium; due to the interaction
of cosmic rays with nitrogen in the air. ' T
Beryllium-7 and potassium-40 are common i REMP samples. Since they are naturally-
occurring and are expected to be present, positive results for these radionuclides are not

. discussed in the section for the Sampling Program results. These radionuclides are

. included; however, in Appendix-A, 2019 Inter-Laboratory Cross Check Comparison
Program Results. ’ '

s
¢
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' RADIOACTIVE EFFLUENT RELEASES
INTRODUCTION

The source of radioactive material in a'nuclear power plant is the generation of fission
products (e.g., noble gas, iodine, and particulate) or neutron activation of water and
corrosion products (e.g., tritium and cobalt). The.majority of the fission products generated
remain within the nuclear fuel pellet and fuel cladding. -Most fission products that escape

- from the fuel cladding, as well as the majority of the activated corrosion products, are

removed by plant processing equipment.

During the normal operation of a nuclear power plant, small amounts of radioactive material
are released in the form of solids, liquids, and gases. PNPP was designed and is operated
in such a manner as to control and monitor these effluent releases. Effluents are controlled

“to ensure any radioactivity released to the environment is minimal and within regulatory
limits. Effluent release programs include the operation of monitoring systems, in-plant
sampling and analysis, quality assurance, and detailed procedures covering all aspects of
effluent monitoring. I ' ' o

The liquid and gaseous radioactive waste treatment systems at PNPP are designed to
collect and process these wastes in order to remove most of the radioactivity. Effluent
monitoring systems are used to provide continuous indication of the radioactivity present
and are sensitive enough to measure several orders of magnitude lower than the release
limits. This monitoring instrumentation is equipped with alarms and indicators in the plant
control room. The alarms are set to provide warnings to alert plant operators when
radioactivity levels reach a small fraction of the limits. The waste streams are sampled and
analyzed to'identify and quantify the radionuclides being released to the environment.

Gaseous effluent release data is coupled with on-site meteorological data in order to

~ calculate the dose to the general public. Devices are maintained at various locations
around PNPP to continuously sample the air in the surrounding environment. Frequent
samples of other environmental media are also taken to determine if-any radioactive
material deposition has occurred. The REMP is described in detail later in this report.

Generation of solid waste is controlled to identify opportunities for minimization. Limiting

the amount of material taken into the plant and sorting material as radioactive or non-
radioactive waste helps to lower the volume of radioactive solid waste generated. After

'vendor processing, solid waste is shipped to a licensed burial site.
REGULATORY LIMITS - L . , | .
The Nuclear Regulatory Commis_sionjha’érestabliéhed limits for liquid and gaseous effluents
- thatcomply with:: - ¢ S e

| - 10.CFR 20: Title 10 of the Code of Federal Regulations, Part 20, Standards for
Protection Against Radiation, Appendix B; . — . ,
-10 CFR 50: Title 10 of the Code of Federal Regulations, Part 50, Domestic

Licensing of Production and Utilization Facilities, Appendix I;

10 CFR 72.104: Title 10 of the Code of Fedefal Regulation’é, Part 72.104, Criteria
for Radioactive Materials in Effluents and Direct Radiation from an ISFSI or MRS

40 CFR 190: Title 40 of the Code of Federal Regulations, Part 190, Env’ifon:r'héntal
Radiation Protection Standards for Nuclear Power Operations

Page 8
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These limits were. incorporated into the PNPP: Technical Specifications, and subsequently
into the PNPP ODCM. The ODCM prescribes the. maximum doses and dose rates.due to
radioactive effluents resulting from the operation of PNPP. These limits are defined in
several ways and serve to limit the overall impact on pe'péOns living near the plant. Since
there are no other fuel sources near the PNPP, the 40 CFR 190 limits described below
were not exceeded. o ‘ R ’

40CFR190 AND 1 OéF'R"{IZ'. 1 04—URANIUMF UEL, CYCLE DOSE ASSESSMENT

‘The 40 CFR 190 limit for whole body dose is 25 mrem. Considering-all sectors, the total
whole-body dose to.a member of the general public. was 2.39E-01 mrem. This value was
determined by summing the annual whole-body doses:from liquid and gaseous radioactive
effluents and the annual gaseous C-14 dose. Since the direct radiation dose, as
determined by TLD, was indistinguishable from natural background (Figure 8), it was not
included in the calculation. More information regarding direct radiation dose and the
‘Independent Spent Fuel Storage Installation (ISFSI), may be found on.page 10. = .

 Liquip EFFLUENTS -

The concentration of radioactive material released in liquid effluents to unrestricted areas
shall be limited to the concentrations specified in 10 CFR 20, Appendix B, Table 2, Column
2 for radionuclides other than dissolved or entrained noble gases; as required by the
-ODCM. For dissolved or entrained noble gases, the concentration is limited- to 2.0E-04
pCi/ml. These values are the maximum effluent concentrations... = - . . a7

7

The dose or dose commitment to a member of the public from radioactive materials in liquid
effluents released to unrestricted areas shall be limited to the following: . ... ¢

During any calendar quarter: P

Less than or equal to 1.5 mrem to the whole body, ahd
Less than or equal to 5 mrem to any organ

. During any:calendar year:. . B T A T
..+, Less than or equal to 3 mrem to the whole body, and .
“‘Less than or,,e.qual to 10 mrem-to any organ -

GASEOUS EFFLUENTS .

The dose rate due to radioactive materials released in gaseous effluents (including any
" releases from the on-site ISFSI) from the site to areas-at and beyond the site boundary are
‘goverried by 10 CFR 20 and shall be limited to the following as'required by the PNPP
~ ODCM: ‘ S L e e T
o Noble gases: e e L :
" Less than or equal to 500 mrem per year to the whole body, and -
"~ Less than orequal to 3000 mrem per year to the skin™ - L

;e lodine-131, iodine-133, tritium, and all radionuclides in particulate form with half-
... lives greater than eight days:: S R o
;<. Less than or equal to 1500 mrem per year to any organ -+ = .0

Page 9
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: _ . / A
Air-dose due to noble gases to areas at and beyond the site boundary are governed by
- 10 CFR 50 Appendix | and shall be limited to the following: o e

« During any calendar quarter: R R
’ Less than or'equal to 5 mrad for gamma radiation, and L
Less than or equal to 10 mrad for beta radiation ’

e During any calendar year: ‘ '
. Less than or equal to 10 mrad for gamma radiation, and ‘ 7
* ~Leéss than or équal to 20 mrad for beta radiation .- o S

‘Doseto a mé}rlber of the public from iodine-131, iodine-133, tritium, and all radionuclides in
-particulate form with half-lives greater than eight days in gaseous effluents released to
- areas at and beyond the site boundary shall be limited to the following:

Less than or equal to 7.5 mrem to any organ per any calendar quarter, and’ h
‘:Less than or equal to 15 mrem to any organ per any calendar year .

The PNPP ODCM does not contain a concentration limit for gaseous effluents: For this
reason, effluent concentrations are not used to calculate maximum release rates for
gaseous effluents. ‘ ‘

_ INDEPENDENT SPENT FUEL STORAGE IN‘STALl,ATloN ‘(IS‘F‘_SI)J |

Dose rates from the ISFSI contributing to a dose to a member of the public at or beyond the
‘site boundary is governed by 10CFR72.104 and shall be limited to the following as required
‘by the PNPP ODCM during any calendar year:. . B SETa S

. Less than or equal to 25 mrem whole body.dose;
Less than or.equal to 75 mrem thyroid dose; and
Less than or equal to 25 mrem to any other critical organ.

¥

Release Summary = . - .,

Effluents are sampled and analyzed to identify both the type and quantity of radionuclides
present.” This information is combined with effluent path flow measurements to determine
the composition, concentration, and dose contribution of the radioactive effluents.

'10CFR72.104, ISFSI Compliance

Since installation of the Independent Spent Fuel Storage Ihstéllaticﬂin (I5FSI) in 2011, eight
TLDs have been placed on the outer perimeter fence of the cask storage area (located

within the site boundary) to monitor dose due to direct radiation from the spent fuel stored
on the ISFSI. '

Since the dosimeters measure an accumulation of all sources of radiation, the following
justification was used to determine how to most accurately calculate the dose received to

the nearest resident contributed only by the spent fuel at the ISFSI. '

~To determine the dose contributed by the spent fuel only, one would need to discriminate
out the dose associated with background radiation as described above and other sources.
Dosimeters close to the plant are susceptible to “shine” which is radiation from nitrogen-16

that is reflected by the atmosphere. These two sources of radiation affect the surrounding
TLDs almost uniformly. ’ : < '
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The dosimeters closest to the dry casks receive more dose from the spent fuel and are thus
affected by a lesser percentage by background radiation and plant effluents than those

- further away. To more accurately calculate the dose contribution to the nearest resident
from the spent fuel, the dosimeter nearest to the point source should be used.

i

The dose calculation was performed using the location of the nearest residence, assuming
they remain at the location all year, because that individual would incur the maximum
potential dose from direct exposure. The TLD at REMP location 7 (refer to Figure 3) is
positioned neighboring the nearest resident, was also reviewed for significant changes in
- readings. R : ' : o ;

To determine the dose rate to the nearest resident and demonstrate compliance, the -
following equation was used:” ' S , : "
D1R12’=Dsz2 -

Where: ‘ :
D = dose rates (mrem/yr) at the TLD location

D. = dose rates (mrem/yr) to nearest resident

R: = distance (feet) of nearest TLD location to max individual -
R, = distance (feet) to nearest resident '

The two nearest TLDs were chosen to estimate dose rates, which were #15 and #20,
directly east and west of the dry casks. The corresponding estimated dose rates to the
_nearest resident was 0.2033 and 0.1744 mrem/yr, respectively, in 2019. .In 2018, the
" calculated values were slightly lower, but statistically comparable to results of 2019. Unlike
“the whole body dose value of 2.39E-01 mrem presented-on page 9, the dose rates of
. 0.2033 and.0.1744 mrem/yr are anestimate based on TLD readings to demonstrate. -
~ compliance, The calculation confirms that direct dose from the ISFSI does not exceed the
40 CFR 190 limit of 25 mrem/year. : AR o
" Review of the TLD results from 2019 have shown no detectable‘impact on dose to the
public due to radiation from the ISFSI nor significant changes in results to the public since
employment of the ISFSI. ‘ ) o
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: Liqui_d Effluents

The PNPP liquid radioactive waste system is designed to collect and treat all radioactive
liquid waste produced in the plant. The treatment process used for radioactive liquid waste
depends on its physical and chemical properties. It is designed to reduce the concentration
- of radioactive material in the liquid by filtration to remove suspended solids and -
demineralization to remove dissolved solids. Normally, the effluent from the liquid
radioactive waste’system is returned to plant systems. To reduce the volume of water
stored in plant systems, however, the processed liquid effluents may bée discharged from
the plant via a controlled release. In this case, effluent activity and dose calculations are
performed prior to and after discharging this processed water to Lake Erie to ensure -
regulatory compliance and dose minimization principles are maintained. ,

Liquid radioactive waste system effluents may be intermittently released, which are
considered to be “batch” releases. Table 1 provides information on the number and duration
of these releases for 2019. ‘ .

Table 1: Liquid Batch Releases

‘ o e ‘ Quarter1 Qdarter2 Quarter 3 ( Quangr4
-{ Number of bafch releases - B 27 24 ' 33 2 |
Total time period for batch releases, min | 6.22E+03 | 5.12E+03 | 7.48E+03 | 4.64E+02
Maximum time for a batch release, min 2.94E+02 | 2.82E+02 | 2.35E+02 | 2.34E+02
Average time period for a batch release, min | 2.30E+02 | 2.13E+02 | 2.27E+02 | 2.32E+02
Mi}mimum time for a batch rélease, min | 2.11E+02 4 6:80E+O1~_- 1'1.81 E+02 2.30E+02 '

.Ayeragg, quarterly ﬂow‘ratve, L{min , 2.1§E+05 1.79Ef05 2.91E:!-05 1.48E+05

i
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Table 2 provides information-on the nuclide composition for the liquid radioactive effluent
 system releases. In each case, LLDs were at or below the required values. Table 2a
... provides information specific to radioactive effluent batch releases and Table 2b provides
information specific to continuous radioactive effluent releases. A batch release is the
~_discharge of liquid waste of a discrete volume. A continuous release is the discharge of
© fluid wastes of a non-discrete volume. Potential sources for a continuous release at Perry
are RHR heat exchanger leakage into the Emergency Service Water system, Nuclear
Closed Cooling (NCC) out-leakage into the Emergency Service Water system, tritium
~ activity in the Turbine Building HVAC (M35) Supply Plenum drain into storm drains, and
Alternate Decay Heat Removal (ADHR) heat exchanger leakage into:Service Water.

“Table 2: Summation of All Liquid Effluent Releases

Quarter 1 | Quarter2 | Quarter 3 ‘Quarter 4 Est. Total
: Error, (%)

A. Fission and Activati_on Products

1. Total Released, Ci
{excluding tritium, gases, alpha)

1.22E-02 | 1.66E-02 3.97E}03 4.99E-04 i.OOE+01

Iy

.2 Average Diluted Concentration,‘u,Ci/mL" _ 4.92E-10.-| 7.34E-10 .‘A1v.‘18E-10 =.2.0GE-11

3. Percent of Applicable Limit,%- . | 1.33E-02 | 1.80E-02 | 3.18E-03 | 6.87E-04
B. Tritium | .
1. Total Released, Ci - 1.03E+01 | 5.10E+00 6.’22}2’#)0' 5.72E-01 1.00E+01
2. Average Diluted Concentration, jCimL. | 4.15E-07 | 2.26E-07 | 1.85E-07 | 2.36E08 | A
3. Percent of Applicable Limit, % 415602 | 2.26E-02 | 1.85E-02 | 236E03 |1 0 ..
C. Dissolved and Entrained Gases . o
1. Total Released, Ci _ | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 1.00E+01
2. Average Diluted Concentration, pCifmL__| 0.00E+00 | 0.00E+00 | 0.00E+00. 0.00E+00 | 7 ..
|3 Percent of Applicable Limit, % _ | 0.00£+00 | 0.00E+00 | 0.00E+00 0.00E+00 |7 -
D. Gross Alpha Activity,Ci | 0.00E+00 | 62009 | 3.76E-09 4.61E-09 | 1.00E401
El‘a;s:;a* Volume Released, Liters (prior to 1136409 | 4.37+08 4.,-00E+97» '2-49E+08A .
[F. Ditution Water Volume Used, Liters. | 2.48E+10 | 2.26E+10 | 3.37E+10 2426410 | b

*Average diluted concentrations are based on total volume of water released during quarter.
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“Table 2a: Summation of Batch Liquid Effluent Releases

Quarter 1 | Quarter 2 | ‘Quarter 3" | Quarter4 | Est. Total
~ ) Lt g . Error, (%)
| A. Fission and Activation Products " v o
Total Reléased, Ci 1.22E-02 | 1.65E-02 | 3.97E-03 | 4.99E-04 1.00E+01
excluding tritium, gases, alpha) A ’

B. ’Tritium

i

Total Released, Ci__

C. Dissolved and Entrained Gases .

| 1.03E+01 ’ 5.10E00 | 6.22E00 | 5.72E-01 | 1.00E+01

B. Tritium

Total Released, Ci <LLD <LLD <LLD <LLD 1.00E+01
D. Gross Alpha Activity, Ci . _<LLD - |. <LLD 1.60E4 <LLD__ | 1.00E+01
'E. Waste Volume Released, Liters (prior to 3.55E+06 | 2.88E+06 | 4.33E+06 | 2.64E+05 | . - .
dilution)*. Co ‘ : - HEA I
<LLD - Less than the lower limit of detection o
*Average diluted concentrations are based-on total volume of water released during quarter. .
. Table 2b: Summation of Continuous Liquid Effluent Releases
: ) ’ Quarter 1 | Quarter 2 | Quarter 3 | Quarter4 | Est. Total |
L | Error, (%)
_ | A. Fission and Activation Products '
| TotalReleased, Ci . <LLD | 3.01E-08 | 7.79E-07 | <LLD | 1.00E+01
(excluding tritium, gases, alpha) : 1

Total Released, Ci

C. Dissolved and Entrained Gases

A l ?.67E-06 | 9.00E-07 | 315607

’ <LLD "-|.1.00E+01

Total Released, Ci

<LLD

dilution)*

4.34E+08

<LLD <LLD <LLD | 1.00E+01
D. Gross Alpha A‘ctivity, Ci <LLD 6.29E-09 | 3.76E-09 | 4.61E-09 1.00E+Q1 :
| E. Waste Volufne Releésed, Liters (prior to 1.13E+09 3.56E+07 )

2.48E+08 | .-

<LLD - Less than the lower limit of detection

*Average diluted concentrations are based on total volume of water reléased'during quarter.
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Table 3 lists the total number of curies of each radionuclide present in Ilqwd effluent
releases for each quarter. In each case, the LLDs were euther met or were below the levels

I

Table 3 Radloactlve qumd Effluent Nucllde Composmon o

Isotope B e | Umt Quarter1 ) Quarterz Quarters v.f‘Qkuarter4 "fA‘n\n'u'aI
Tritium _ 1 ci | 1.03E+01 | . 5.10E+00 6.22E+00 |  572E-01 .| 222E+01
Chromium-51 | Ci | ~<5.0E:07 | <5.0E-07" <5.0E-07' |’ <5.0E-07' | <5.0E-07°
Manganese54 - Ci | “1.30E-03 3.296-03 | 75‘4&-05 "] <5.0E-071 | 4.67E-03
wonss .~ | Gi | <toe06% | <1.0E06". | <10E-06° | <1.0E067 | <1.0E:08"
Cobalt—58 | i | a2sE-04 1.42E-03 .276E-04 | <s0E-07' | 2.12E-03
Iron-59 Ci <5.0E-07 .<5.0E:07 1 | - 4.68E-04 .| <5.0E-07' | . 468E-04
Cobalt-60 _ | ci | 87303 | . 1.05E-02 | 284E-03 | 4.99E-04 2.26E-02
Nickel-63 | c <1.0E-06 <1.0E-06 <1.0E-06 | <1.0E-06 <1.0E-06
Zinc-65 Ci_| 6.39E-04 7.01E-05 2.39E-04 © | <5.0E-07'-.|" 9.48E-04
Strontium-89 Ci | <5.0E-08'.| <50E-08' | <5.0E-08' <5.0E-08 1. | " <5.0E-08 *
Strontiqm-gdfﬁ. Ci | <50E-08" | <5.0E-08' <5.0E-08'.°| . <5.0E-08' |.<5.0E-08°
Molybdenum-99 | Ci | <5.0E-071. <5.0E-07" | <50E-07':.| <5.0E-07' .| <5.0E-07'
Siver-110m ___| Gi 5.13E-05 <5.0E-07 6.85E-05 <5.0E-07 1.20E-04
Tin-113 ' .- | Ci | <5.0E-071 <5.0E-07 ° <50E-07' | <5.0E-07' | <5.0E-07"
Antimony-124 | Ci .| 811E-04 |  897E-04 <5.0E-07' | <5.0E-077 | . 1.71E-03
Antimony-125 ci | 1.79E-04 - 1.17E-04 <5.0E-07" | <5.0E:07' |  2.96E-04
lodine-131 | Ci <1.0E-06' | <1.0E-06" | <1.0E-06!'| <1.0E-06" | <1.0E-06'
| Cesium-134 - Ci ‘|  <5.0E-07"' '<5.0E-07 ! <5.0E-07 <5.0E-07' | <5.0E-07°
Cesium-137 | i . 7.60E-05 | - 2.54E-04 | <5.0E-07' <5.0E-07' | 3.30E-04
| cerium-141 Ci /| <50E-07" <5.0E-07 1 <5.0E-07' |"<5.0E-07' | <5.0E-07'
Cerium-144 " Ci | '<5.0E-07'- <5.0E-07 * <5.0E-07 <5.0E-071 | “<5.0E07
Krypton-88. | Gi <1.0E-05 ' <1.0E-05 ' <1.0E-05 ' <1.0E-05"' | '<1.0E-05
- Xenon-133  ° Ci <1.0E-05 " - <1.0E-05 " <1.0E-05" | <1.0E-05' | <1.0E-05
Gross Alpha” | Ci - <1.0E-07 " '6.29E-09 | 3.76E-09 4.61E-09 | 1.47E-08
_1— (<) Less than the ODCM-required lower limit of detection, units in pCifmb: = - - e

<LLD - Less than the ODCM required lower limit of detection
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- Gaseous Effluents

i

Gaseous effluents are made up of fission and activation gases, iodine, and particulate
releases. Gaseous effluents from PNPP exit the plant via one of four effluent vents. Each
of these four effluent vents contains radiation detectors that continuously monitor the air to
ensure that the levels of radioactivity released are below regulatory limits. Samples are

also collected and analyzed on a periodic basis to ensure regulatory compliance. Gaseous

effluents released from PNPP are considered continuous and at ground level.

n 201'3, PNPP increased the volume of air sémpled for fritium in gaseous effluents,
increasing the detection capability by a factor of 20, which lowered the LLD. With the
- increased sample volume, gaseous effluent tritium releases can be detected; whereas, in

previous years the concentration was too dilute to measure. This has resulted in increased
ummation of all gaseous radioactive effluent

v

reported tritium releases since then. A's

releases is given in Table 4.

Table '4:v,S_’umma!tion of All Géseous Effluents

Est. Total

Quarter 1 | Quarter 2 | Quarter 3 | Quarter 4
. i : Error, %
A. Fission and Activation Products .
1. Total Released, Ci 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 1.00E+01 |
L+ 2: Average Release Rate, uCi/sec 0.00E+00 0.00E+00 | 0.00E+00 | 0.00E+00 - '
3. Percent of Applicable Limit, % NA | NA NIA N/A
B. lodine -
o1 Totalv lodine-131-Released, Ci 1.62E-05 | 0.00E+00 |- 7.11E-05 0.>00E+00' 1.00E+01
2. Average Release Rate, uCi/sec - 2.09E-06 | 0.00E+00 | 8.95E-6 | 0.00E+00 | .- "
3. Percent of Applicable Limit, % N/A N/A . N/A N/A :
C. Particulates with Half-Lives > 8 days , _
1. Total Released, Ci 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 _1.00E+01
2. Average Release Rate, pCi/sec 0.00E+00 | 0.00E+00 | 0.00E+00 0.00E+00 S
-3. Percent of Applicable Limit, % __NA N/A N/A N/A
4. Alpha Activity, Ci 2.11E-05 | 2.19E-06 | 3.63E-6 | 5.07E-06
D: Tritium : . . . . REIES
. |:1. Total Released, Ci 4.51E-01 | 3.26E-01 | 2.31E-01 | 3.70E-01 1.00E+01
2. AyeraggRelease Rate, uCilsec 5.80E-02 | 4.14E-02 | 2.91E-02 | 4.66E-02 |- S
3. Percent of Applicable Limit, % “N/A N/A - N/A N/A C
E. Carbon-14, Ci 2.67E+00 | 4.23E+00 | 4.18E+00 .;1.73E+00‘ 1.00E+00

N/A - Not Applicable, the ODCM does not have a release rate limit for gaseous effluents

Carbon-14 activity was calculated based on power production and using the EPRI-provided spreadsheet
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The radionuclide composition of all gaseous radioactive effluents for a continuous-mode,

groul

levels required by the ODCM. "~

d-level release is-given.in Table 5. In each case, LLDs were met or were below the

Table 5: Radioactivé Gaseous Effluent Nuclide Composition

Isotope _ ‘Unit | Quarter1 | Quarter2 | Quarter3 | Quaiter4 | - Annual
~,1.‘Fission_andﬂAc‘tivation'Gases - _ ) . Ll e
Tritium | ci |- 451E-01 | 3.26E-01 | 2.31E-01 | 370E:01. | 1.38E+00
Argon-41_ Gi | <1.0E-041| <1.0E-04' | <1.0E-04 1| <1.0E-041°'| <1.0E-04°
Krypton-85m Ci" | <1.0E-041| <1.0E-041 | <1.0E-041-| <1.0E-04' | <1.0E-04'
Krypton-87 o i | <1.0E-041 | <1.0E-04' | <1.0E-041 | <1:0E-041 | <1.0E-04°
Krypton-88 ' Gi <1.oef041 <1.0E-04' | <1.0E-047 | <1.0E-04' | <1.0E-04°
Xenon-133m Ci ><1.0|.E-0_4l1 1| <t.0E047 | <1.0E-041| <1.0E-041 | <1.0E-04"
Xenon-133 Ci | <1.0E-047| <1.0E-04' | <1.0E-04"° <1.0E:041 | “<1.0E-04
Xenon-135m Ci | <1.0E-047| <1.0E:041 | <1.0E-04'| <1.0E-04' | <1.0E-04°
Xenon-135 Ci | <1.0E041 | <1.0E-047 | <1.0E-04" | <1.0E-041 | <1.0E-04°
Xenon-138 1 ci | <1.08-041| <1.0E-04" | <1.0E-041 | <1.0E-04' | <1.0E-04'
Total for Period A 1" ci | 451601 | 326E-01 | 2.31E-01 | 3.70E-01 | 1.38E+00
2. |o&inelHaI%ens' ‘ - ' ' B
lodine-131 Gi | 162605 | <1.0e-121 | 7.11E-05 | <1.0E-121 | 8.73E-05
lodine-133 Gi | 893606 | <1.0E-10' | 4.74E6 | <1.0E-0'"| ~ 5.63E5
| Total for Period Ci | 252605 |  <LtD | 1.19E-04 | <LLD 1.44E-04
3. Particulates - : ‘ /
Chromitm-51 | fcli <1.0E-111| <1.0E-11" <1.0E-11' | <1:0E-11' | <1.0E-11"
Manganese-54 e | <10B11 | <1011 | <1.08-111 | <1.0E4411| <1.0E-11"
Iron-59 “ci | <1.0B-111 | <1.0E-111 | <1.0E-11 1| <1.0E-111 | <1.0E-11"
Cobalt-58 Gi | <10E411 | <1011 | <1.0E411 | <1.0E-117 | <1.0E-11!
Cobalt-60 ‘Ci | <1.0E411 | <1.0E-417 | <1.0E-411 | <1.0E41* | <1.0E-11"
| Zinc-65 ci | <1oE111 <1.0E-111 | <1.0E41171 | <1.0E-117 | <1.0E-11"
| Strontium-89 Ci | <1.0E-14"| <1.0E-11" | <1.0E-11" <1.0E-111 | <1.0E-11"
QIV_IonAbd‘enum-VQ‘Q 1 ci | <t0e10 ;_<1.0E-11. ' ,%1.0541.1‘ 1 <1.0E'-"1‘1’ ' | <1.0E-11"
: ¢e§i§}n¢134' _Ci <1.0E-117 ;J.QE-1.1 ’, 51.'0_E-1‘1‘v <1.0E-111 | <1.0E-11"
_ Qes?um-1§7. . ) c. | <1.0E-111 "'<.1_.0E-11ij_ﬂ <1.0E-171 | <1.0B-411 | <1.0E11°
Ceiri<ur1:\-141 | ci | <1.0E-111 '~<1.0E'-11 1| <1.08-111 | <1.0E-111, <1.0E-111
Cerium-144 i | <1.0E11 | <1.0E-411 | <1.0E-111 | <1.0E411 | <1.0E-11"
Total for Period Ci | <D <LLD <LLD <LLD <LLD

1 - (<) Less than the‘ODCM-re\quired lower limit of detection, units in uCi/mL'

_<LLD - Less than the ODCM-required lower limit of detection
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-Solid Waste

" All solid radioactive waste from PNPP was processed and combined with waste from

several other utilities by intermediate vendors. The final waste after’ processing |s sent to
Energy Solutions disposal facility in Clive, Utah for burial.

':l,'able‘ 65'_Solid Waste Shipped Offsite for Burial or Disposal ;

1. Type of Solid Waste Shipped Volume (m®) | Activity (Ci) | Est. Total Error-‘(%) ’
a. Resins, Filters, and Evaporator Bottoms 1.55E+02 4.22E+02 i +25
b. Dry Active Waste 6.87E+02 | 5.58E+00 £25
c. Irradiated Components 0.00E+00 0.00E+00. +25
d. Other Waste 0.00E+00 0.00E+00 +25.
" | 2. Estimate.of Major. “’Nuchde Composmon (bytype | Radionuclide | Abundance Est. Total .
of waste) ‘ (%) Error, (%)
| a Resms_, Filters and Evaporator Bottoms Mn-54 407 125
' ' - Fe-55 23.51 .
Co-58 T 133
Co-60 62.34
Zn-65 6.11
) Cs-137 146
| b. Dry Active Waste Cr-51 2.31 £25
| " Mn-54 364 '
Fe-55 145.43
_Co-60 44.39 /
C. Irradlated Components, Control Rods etc. ‘ N/A N/A ‘N/A
d. Other Waste N/A N/A N/A

O “Major' is defined as any |nd|vrdual radlonuchde |dem|ﬁed as >1% of the waste type abundance T

N/A — Not applrcable due to no shlpments o

3. . Solid Waste:Disposition
Number of Shipments | Mode of Transportation | Destination
‘ 39 - Hittman Transport Energ)@olutions Bear Creek Operations
.12 Hittman Transport Erwin Resin Solutions, LLC 151 T.C Runnion'Roéd
1 | Landstar Ranger )

Energy Solutions Bear Creek Operations
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METEOROLOGICAL DATA - _

The Meteorological Monitoring System at PNPP consists of a 60-meter tower equipped with
- two independent systems for measuring wind speed, wind direction, and temperature at
both-10-meter and 60-meter heights. The tower also has instrumentation to measure dew
point and barometric pressure. 'Data is logged from the tower through separate data
loggers and transmitted to a common plant computer. This program compiles the data and
calculates a variety of atmospheric parameters, communicates with the Meteorological
Information Dose Assessment System (MIDAS), and sends-data over communication links
to the plant Control Room. o Y : ~

A detailed report of the monthly and annual operation of the PNPP Meteorological -
Monitoring Program is produced as.a separate document that is retained in PNPP Records
and is available upon request. The report substantiates the quality and quantity of

* meteorological data collected in accordance with applicable regulatory guidance.

' DOSE ASSESSMENT

The maximum concentration for any radioactive release is controlled by the limits set forth
in 10 CFR 20. Sampling, analyzing, processing, and monitoring the effluent streams
ensures compliance with these concentration limits. Dose limit compliance is verified
through periodic dose assessment calculations: Some dose calculations are conservatively
performed for a hypothetical maximum: individual who is assumed to reside on the site
boundary at the highest potential dose location all year. This person, called the “maximum
individual’, would incur the maximum potential dose from direct exposure (air plus ground
plus water), inhalation, and ingestion of water, vegetation, and fish. Because no-individual
actually meets these criteria, the actual dose received by a real member of the public is
significantly less than what is calculated for this hypothetical individual.

Dose calculations for this maximum individual at the site boundary are performed for two
cases: T : ’ ' ‘

e Using déta fora 360:degree radius around the plant site (land and water-baséd‘
" meteorological sectors); even though some of these sectors are over Lake Erie,
which has no permanent residents;

e Considering only those sectors around the plant in which people reside (land-based
meteorological sectors).

The calculated hypothetical, maximum individual dose values at the site boundary are
provided in Table 7. This table considers all meteorological sectors around PNPP and
provides whole body and worst-case organ-dose values.

!

" Page 19




-2019. ANNUAL ENVIRONMENTAL AND EFFLUENT RELEASE REPORT

Table 7: Maximum Yearly Individual Site Boundary Dose, Considering All Sectors

Type of Dose .| Organ Estimated | Limit(mrem). | = % of Limit
' i - ‘ ) Dose, (mrem) » _ '
‘Liquid Effluent | Whole body 2.03E-03 3 | esE0
IR Liver " | 313e-03 M0 | 3iE02
"Noblye Qas; - '(Ar‘:raDg)se Gamma O.OO‘E‘+00.7- ,‘ 10 | K | ?‘ N/A
g:raDg)se Beta "~ 0.00E+00 20 b NA

NobleGas ~  |Wholebody . | 0.00E+00 .|. - - 5 | . NA
- o lskin | 0.00E+00 | 15 N/A
Tritium, Particulate |WholeBody |  160E:03 | -+ 15. . |  1.4E-02
& lodine ' )

Carbon-14 * WholeBody |  2.35E-01 5 | a7E+00

*C-14 dose calculated at nearest garden.
The hypothetical maximum dose within a 50-mile radius of site-was calculated and:is
presented in Table 8. This table considers all meteorological sectors around PNPP and
provrdes whole body and worst-case organ dose values.

F

Table 8 Populatlon Yearly Dose, Consrdermg All Sectors out to. 50 mlles

Organ - Estrmated Dose
. . ' (person -rem)
Liquid Effluent ~ | Whole body 34E-01
- ‘ Thyroid  1.4E-01
' rG-aseo\rs' vEfﬂu-ent : ‘, j ‘Whole body ' v 2.0E-04 )
Thyroid 7 | 5.0E-04 ;
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N

I

. Table 9: Maximum—Yearly- |ndi\}idual"'$iie Bqun&ai’y If)osé (Only Land .Seét&fé)

| Type of Dose Organ | Estimated” | Limit(mrem) % of Limit
' Dose, (mrem) .
Liquid Effluent Whole.Body 20303 | 3 . | .68E02
| Liver - | s1sE03 | 10 3.1E-02
Noble Gas | .gi;g;sae(mrad) Q;OOEj-OO ‘ 10 | .;N/A
NobleGas | WholeBody |~ 0.00E+00 5 | NA
) | skin | < 0.00E+00 15 |  NA
Tritium, Particulate & | Thyroid | = 1.58E-04 45 - | 11E-03
lodine ‘ : y
Carbon-14* . |WholeBody . .| -12356-01 . |- 6 . - | - 47E+00
',A'*C-.‘14'dose' c’aicdléte’d 'gt'nevareét géfdéﬁ: v S,

ok

. ) ../ X

Other dose calculations are performed for a hypothetical individual assumed to be inside
the site boundary for some specified amount of time. This person would receive the
maximum dose during the time spent inside site boundary. Because no person actually
meets the criteria established for these conservative calculations, the actual dose received
by a member of the public is significantly less than what is-calculated for this hypothetical
individual. This dose is assessed relative to the offsite dose, and considers dilution,
dispersion, and occupancy factors.” ' ‘ : ;

The highest hypothetical dose from liquid effluents to a member of the public inside the site
boundary is to a person who is fishing on Lake Erie from the shore on PNPP property. The
calculations assume that this person will spend 60 hours per year fishing, with a liquid
dilution factor of 10. The ratio of the exposure pathway to the doses calculated for offsite
locations yields the dose values shown in Table 10.  ~ ‘ ' e

Table 10: Maximum Site Dose from Liquid Effluents

Whole Bbdy Dose, . Organ Dose,
(mrem) e (mrem)
First Quarter 4.3E-03 6.7E-03
Second Quarter ' 7.3E-03 1.1E-02 (
Third Quarter . | 1.2E-03 _ 2.0E-03
Fourth Quarter- 2.2E-04 3.9E-04
Annual | 1.3E-02 1.8E-02
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Although several cases were evaluated to determine the highest hypothetical dose from
gaseous effluents to members of the public inside the site boundary, the-activity inside the
site boundary with the highest dose potential is also shoreline fishing. The cases evaluated
included traversing a public road within the site boundary, shoreline fishing (assuming
.fishing 60 hours per year), non-plant related training, car-pooling, and job interviews. The
..., maximum on-site gaseous doses generated are shown in Table 11. ' ‘

i

. Table 11: Maximum Site Dose from Gaseous Effluents

Whole Body Dose, Organ Dose;
. (mrem) (mrem)
FirstQuarter | 244805 | = 5.95E.05
Second Quarter 1.47E-06  147E06
| Third Quarter 1.53E-05 . 1.12E-04 |
| Fourth Quarter 2.44E.05  2.44E05 L
- |LAnnual _ 7.65E-05 172604 |

- An average whole body dose to individual members of the public at or beyond the site
_ boundary is then determined by combining the dose from gaseous and liquid radiological
effluents. The dose from gaseous radiological effluents is based upon the population that
lives within 50 miles of PNPP. The dose from liquid radiological effluents is determined for
. the population that receives drinking water from intakes within 50 miles of PNPP. The
results of this calculation are provided.in Table 12. ' ' ? o

ca kT

~ Table 12: Average Individual Whole-Body Dose }

" Liquid Effluents, ‘Gaseous Effluents, I 5
(mrem) A (mrem) - il
 |FirstQuater ' | © 50805 | 22e08" 0
Second Quarter | . 1404 | __3.0E-08 ‘
| Third Quarter ~ | - 14E05 . .| - 30E-08
Fourth Quarter 236-06 | 14E08

Annual S .4‘E-047 8.3E-08
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CARBON-14 SUPPLEMENTAL INFORMATION

Carbon-14, with a half-life of 5730 years, is a naturally-occurring isotope of carbon
produced by cosmic ray interactions in the atmosphere. Nuclear weapons testing in the
1950s and 1960s significantly increased the amount of C-14 in the atmosphere. Carbon-14
is also produced in commercial nuclear reactors, but the amounts produced are much less
than those produced naturally or from weapons testing. It is released primarily from Boiling
Water Reactors through the Off-gas system in the form of carbon dioxide (CO2). The
quantity of gaseous C-14 released to the environment can be estimated using a C-14
source term scaling factor based on power generation. = = - SRR

The U.S. Nuclear Regulatory Commission requires an assessment of gaseous C-14 dose
impact to a member of the public resulting from routine releases in radiological effluents.
Prior to 2011, the industry did not estimate the dose impact of C-14 releases because the
“dose contribution had been considered negligible compared to the dose impact from
effluent releases of noble gases, tritium, particulates, and radioiodines.

This report contains estimates of the gaseous C-14 radioactivity released and the resulting
public dose resulting from this release. The calculation is performed using a spreadsheet

- provided by EPRI and is based on power production and is adjusted for growing season,
percent daylight, age (adult) and undepleted atmospheric dispersion (x/Q) value for the
critical receptor. This method for estimating C-14 released has been endorsed by the NRC.
Because the dose contribution of C-14 from liquid radioactive waste is much less than that
contributed by gaseous radioactive waste, evaluation of C-14 in liquid radioactive waste at
PNPP is not required. S ' T a

Revisions of ODCM tables and distances due to changing meteorological conditions over
. time caused distance corrections. This-affected the x/Q value used to calculate C-14. The
most conservative distance and updated x/Q value changed C-14 values significantly from
last year's AEERR and is the contributing factor. Refer to Table 4, Table 7, and Table 9 for

C-14 estimated release values and doses.

'GROUNDWATER MONITORING PROGRAM

Based on the Environmental Resource Management hydrogeology study, 12 groundwater
monitoring wells were recommended for the site. Since most groundwater flow drains north
toward Lake Erie, the majority of wells are drilled north of the plant. A set of control wells
were drilled south of the plant to assess a typical groundwater profile.

There are sets of three wells installed at four locations. Each set has a shallow well with a
depth of approximately 25 feet, a mid-depth well with a depth of approximately 50 feet, and
a deep-well of approximately 75 feet in depth. These three depths are designated A, B,
and C, from shallowest to deepest, respectively.

PNPP has an Underdrain system to prevent groundwater hydrostatic pressure buildup on -
plant structures. The Underdrain system has two installed radiation monitors that assess
the process stream prior to the stream flowing into-the Emergency Service Water system.

Refer to Figure 2 for locations of Groundwater Wells 1A through 4C and Underdrain
Manholes 20 and 23. These wells and manholes encompass the groundwater monitoring
locations at PNPP. /

I3
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The monitoring wells are sampled twice annually, in spring and fall. The-samples‘are’
shipped to a vendor for gamma isotopic and tritium analysis. Any positive:result less than
500 pCi/L is considered as background activity and not due to plant operations. The ODCM
reporting level for tritium in an environmental water sample is.20,000 pCi/L.. ' The tritium
results ‘of samples obtained in 2019 can be found in Table 13. There was no indication of
any effluent releases via groundwater and no known spills/leaks to groundwater for this

Areporting,year_,._:, R

Table 13: Summéry of Oﬁsite Groundwater Samples
| MonitoringWell | spring *| . Fall
| R H-3,pCil. - .| . H-3,pGil
A RO k150 T <150
18 <150 <150 o
e T <150 T <180
oA | o o<ts0 | <150 .
2B f: | <154 'j' ‘>',/ <150 o
T T R
" 3A N <150 |-~ 254
38 <150  |° <150
3¢ <150 . <150
an | <150 212
48 | <s0 | <150
: 4C amf‘:i' <150 . | <150

(<) Less than values represent the MDA of thé"i_n,struﬁiént atthe time of analysis
, NAS-'l;lnsu_fﬁcientw sample yolume,‘fc';r analysis § o o
"The Underdrain manholes are sampled and analyzed quarterly for principal gamma
. emitters and tritium by PNPP personnel in accordance with site procedures. ' The tritium
- results of samples obtained in 2019 can be found in Table 14." ' o

Table 14: Summary of Underdrain Manhole Samples -
Underdrain Manhole Quarter 1 Quarter 2 Quarter 3 Quarter 4°
» H-3, pCilL _ H-3, pCilL H-3, pCi/L H-3, pCilL
20 <1.0E-05 _ <1.0E-05 ' <1.0E-05 <1.0E-05
23 <1.0E-05 <1.0E-05 <1.0E-05 ' {1.0E-05 R

(<) Less tban values represent the ODCM LLD value
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RADIOLOGICAL ENVIRONMENTAL MONITORING
_INTRODUCTION -~ | SCEEEE

The REMP was established at PNPPfor several reasons. First, it verifies the adequacy of -
plant design and operation to control radioactive materials and limit effluent releases.
Second, it assesses the radiological impact, if any, that the plant has had on the
surrounding environment. Third, it ensures compliance with regulatory guidelines. The
REMP is conducted in accordance with Appendix B of the PNPP Operating License,

Technical Specifications, and the ODCM. The Nuclear Regulatory Commission established
the REMP requirements. . S o

A variety of samples are collected as part of the PNPP REMP. The selection of sample
types, locations, and collection frequency are based on many variables. Potential pathways
for the transfer of radionuclides through the environment to humans, sample availability,
local meteorology, population characteristics, land use, and NRC requirements are all
factors. ' ' - o ' )

To ensure that the REMP data is significant and valuable, detailed sampling methods and
procedures are followed to ensure that samples are collected in the same manner and from
~ the same locations. each time. All samples are packaged on site and then shipped to an
independent vendor laboratory for analysis. The vendor laboratory analyzes the samples
and reports results to the PNPP Chemistry Unit staff, the Lake County General Health
District, and the State of Ohio Department of Health. Additionally, the Lake County General
Health District obtains monthly “split” samples of milk when available, water, and vegetation
to perform an independent verification of PNPP’s REMP.

SAMPLING LOCATIONS

REMP samples are collected at numerous locations, both on site and up to 16.2 miles away
from the plant. Sampling locations are divided into two general categories: indicator and
control. Indicator locations are relatively close to the plant and monitor for any
environmental impact due to plant operations. Control locations are those that are ..
unaffected by plant operation; they are a greater distance from the plant and in the least
prevalent wind directions. Data obtained from the indicator locations are compared with
data from the control locations. This comparison allows naturally-occurring background
radiation to be taken into account when evaluating any radiological impact PNPP-may have
-had on the environment. Table 15, Figure 3, Figure 4, and Figure 5 identify the PNPP
REMP sampling locations. Many REMP samples are collected in addition to those required
by the PNPP ODCM. The ODCM requirements for each sample type are discussed in

* more detail later in the report. .
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'
J

Table 15; REMP Sampling Locations

Location# | ..Description " Miles Direction Media (1)
~ 1 Chapel Road 34 ENE . TLD, AlP : N
.2 - Kanda Garden 1.9 ENE Broadleaf Vegetation'
3 Meteorological Tower 1.0 SE TLD, AIP
4 Site Bdundary 0.7 S TLD, AIP
N 5 Quincy Substation 0.6 SW TLD, AIP
6 Concord Service Center 110 |  ssw TLD, AIP
7 Site Boundary 0.6 NE TLD, AIP
8 Site Boundary 0.8 E TLD
9 Site Boundary 0.7 ESE TLD
10 Site Boundary 0.8 SSE . TLD
11 Parmly Rd. at Center Rd. 0.6 SsSw TLD
12 Site Boundary 0.6 WSW TLD
13 Madison-on-the-Lake - 4.7 ENE TLD|
14 Hubbard Rd. 4.9 E TLD
15 Eagle St. Substation 5.1 ESE TLD
16 Eubank Garden 0.9 S Broadleaf Vegetation
20 Rainbow Farms 19 E Broadleaf Vegetation
> 21 Hardy Rd. — Painesville Township Park 5.1 - WSW " TLD
23 . High St. Substation 7.9 WsSw TLD
24 . St. Clair Ave. at Mentor Substation 15.1 SW TLD
25 Offshore - PNPP discharge 0.6 NNW Fish
29 River Rd.at Turney Rd. 4.3 SSE TLD
30 Lane Rd. 48 SSW TLD
31 Wood Rd. at River Rd. 4.8 SE TLD
32 Offshore — Mentor-on-the-Lake 15.8 WSw Fish
33 River Rd. at Blair Rd. 4.5 S YTLD
34 PNPP Intake 0.2 NW Surface Water
35 Site Boundary 0.6 E TLD, AIP
364 Lake Couhty Water Plant 3.9 WSW "TLD, Drinking Water
37 Gerlica Farm 1 5 ENE Brdavdleaf Vegetation
39 Painesville Purification Plant 8.3 w Drinking Water .
53 3715 Parmly de. 0.5 WsW TLD
54 ‘Hale Rd. School 4.6 SW TLD
55 Center Rd. beﬁind soccer field 25 S TLD‘
56 Madison High School 4.0 ESE TLD
57 Perry High School 1.7 s TLD
58 Antioch Rd. 0.8 ENE TLD
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_ Media (1) -

Location # Description Miles | °Direction - '
59 Lake Shoreline at Green Rd. 4.0 - . ENE Surface Water
60 Lake Shoreline at Perry Park 1.0 Wsw Surface Water
64 Northwest Drain Mouth 0.4 WNW Sediment

66 Lake Shore, Metropolitan Park 1.4 _ NE Sediment
70 - ] H&H Farm Stand ] 16.2 SSW Broadlgaf Vegetation
(1) AIP = Air, lodine and Particulate
TLD = Thermoluminescent Dosimeter
N
\\.-
\
3 ‘\ -
vl
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Figure 3:'R_EMP Sampling Locations within Two Miles of the Plant Site
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Figure 4: REMP Sampling Locations between Two and Eight Miles from the Plant Site
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SAMPLE ANALYSIS

When environmental samples are analyzed for radioactivity, several types of measurements
‘are performed to provide information about the types of radiation and radionuclides present.
The major analyses that are performed are discussed below.

Gross beta activity measures the total amount of beta-emitting radioactivity present in a
sample and acts as a tool to identify samples that may require further analysis. Beta
radiation may be released by many different radionuclides. Since beta-decay results in a
continuous energy spectrum rather than the discrete energy levels, or "peaks", associated
with gamma radiation, identification of specific beta-emitting nuclides is more difficult.
Therefore, gross beta activity only indicates whether the sample contains normal or abnormal
amounts of beta-emitting radloactlwty it does not specifically identify the radionuclides
present. ‘

Gamma spectral analysis provndes more specn‘” c mformatlon than does the anaIyS|s for gross
beta activity. Gamma spectral analysis identifies each radionuclide and the amount of
radioactivity present in the sample that is emitting gamma radiation. Each radionuclide has a
very specific "fingerprint" that allows for accurate identification and quantification.

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

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

Gamma doses received by Thermolumlnescent Dosimeters (TLD) while in the fleld are
determined by a special laboratory procedure. Thermoluminescence is a process by which
ionizing radiation interacts with.the sensitive phosphor material in the TLD. Energy is
trapped in the TLD material and can be stored for months or years. This capability provides
a method to measure the dose received over long periods of time. The amount of energy
.that was stored in the TLD as a result of interaction with radiation is released by. a controlled
heating process and measured in a calibrated reading system. As the TLD is heated, the
phosphor releases the stored energy as light. The amount of light is directly proportional to
the amount of radiation to which the TLD was exposed. Table 16 provides a list of the
analyses performed on environmental samples collected for the PNPP REMP.

The required REMP detection limits for samples is determined by sample media and the
radionuclide that is being analyzed. The NRC has established LLDs for REMP sample
analysis. These LLDs are listed in the PNPP ODCM. The vendor laboratory for REMP
sample analysis has complied with these LLDs.
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Table 16: REMP Sample Analyses

SAMPLING PROGRAM :
The contribution of radionuclides to the environment)resu|tin‘g from PNPP operation is
“assessed by comparing results from the environmental monitoring program with pre-

operational data (i.e., data from before 1986), operational data from previous years, and
control location data. The results for each sample type are discussed below and compared
to historical data to determine if there are any observable trends. All results are expressed
as concentrations. Refer to Appendix B, 2019 REMP Data Summary Reports for a detailed
listing of these results. The NRC requires special reporting whenever sample analysis
results exceed set limits. No values exceeded those limits.

PROGRAM CHANGES

“There were no changes to the REMYP,program_ during this}ﬁrepaft‘ing ‘p'érAiod. |

| ATMOSPHERIC MONITORING -~

‘ Air

Type A .S'am:ple vf{requency B ‘ An'ély;sis’ _
Atmospheric. | Airborne - - | Gross Beta Activity & .
Monitoring ;‘:,,)Pa'rticulat‘es Wegkly&’Quarte‘rly , AGar‘nma',Spect_raI.Ana’lysis .
_ | Airborne L o ‘
" | Radibiodine Weekly . Iod|n¢-1§1 co
el Y Monthly&'_" v ‘ ~ T
In%r;ﬁzt::‘; -« |mik . - | Semi-Monthly when gfﬂgﬂ;‘?ec"a' Analysis &
T A ! - animals areonpasture | .~ " . - -
Broadleaf Monthly during Gamma Spectral Analysis &
| Vegetation _ rowing season lodine-131 .. _ .
o N Gross Beta Activity & "
Aquatic Monitoring Water Monthly Gamma Spectral Analysis
Quarterly Tritium Activity
Fish Semi-Annually Gamma Spectral Analysis
Sediment Semi-annually Gamma Spectral Analysis
Direct Radiation | r Quarterly & , .
Monitoring oo Annually Gam",‘-a Dosg

/

Air sampling is conducted to detect any increase in the concentration of airborne
_radionuclides. The PNPP REMP maintains an additional two air sampling locations above
the five locations.(four indicators and one control) required by the ODCM. Six of these
" locations are within four miles of the plant site; the seventh is used as a control location and
is eleven miles from PNPP. Air sampling pumps draw continuous samples at a rate of
approximately two cubic feet per minute. The air is drawn through glass fiber filters to collect

<
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particulate material and a charcoal cartridge to adsorb iodine. The samples are collected on

a weekly basis, 52 weeks a year, from each of the seven air sampling stations.

~ Air samples are analyzed weekly for gross beta activity and radioiodine activity. The air
samples are also-analyzed by gamma spectral analysis quarterly. A total of 364 air

: partjé:ulate and 364 air radioiodine samples were collected and analyzed.

Gross beta actiVity was detected in 364 of the 364 air samples. The average gross beta

activity for indicator locations was 0.023 pCi/m? and the controls was 0.025 pCi/m3.

- Historically, the concentration of gross beta in air has been essentially identical at indicator

and control locations. - Figure 6 reflects the average gross beta activity for 2019 and previous

years. In addition, all radioiodine samples were less than the lower limit of detection for

iodine-1 31 .

With the exception of naturally-occurring beryllium-7, no radionuclides were identified in the

quarterly gamma spectral analysis above the LLD values.

,¥
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< 0.015 | =
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0., - e
[+ (o)) o
. [=2 (o] —t
[=] o o .
8N |
Year
i Indicator ® Control
Figure 6: Annual Average Gross Beta Activity, in Air
TERRESTRIAL MONITORING

Collecting and analyzing samples of milk when available and broadleaf vegetation provides

data to assess the build-up of radionuclides that may be ingested by humans. The historical

data from soil and vegetation samples provides information on atmospheric radionuclide

deposition.
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Milk

Since the milk sampling locations do not meet the requirements of the ODCM (no milk-
producing animals are located within the required distance), broadleaf vegetation sampling
(discussed below) is performed. Milk was collected from the available locations to augment
vegetation sampling until Spring 2018. S ' :

Broadleaf Vegetatibn :

Because there is not a milking animal within 5 km of the plant, PNPP sampled broadleaf
vegetation as required by the ODCM. These samples are collected monthly during the
growing season from four gardens in the vicinity of PNPP and one control location 16.2 miles
SSW from PNPP. :

Forty-one (41) samples were collected and analyzed by gamma spectral analysis. Four
vegetation types were grown and collected: collard greens, turnip greens, Japanese greens,
and Swiss chard. Beryllium-7 and potassium-40, both naturally-occurring radionuclides,
were found in the samples..-No other radionuclides were detected: . -

AQUATIC MONITORING | o

Radionuclides may be present in Lake Erie from many sources other than the PNPP. These
sources include atmospheric deposition, run-off, soil erosion, and releases of radioactivity in
liquid effluents from hospitals, universities, or other industrial facilities. These sources .- ‘
provide two forms of potential radiation exposure: external and internal. External exposure

can’bccur from contact with water or shoreline sediments, while internal exposure can occur -
from either direct ingestion of radionuclides or the transfer of radionuclides through the -
aquatic food chain. Direct exposure can occur through ingestion by drinking the water, while
the transfer via the aquatic food chain occurs from the eventual consumption of aquatic _
organisms, such as fish. PNPP samples water, shoreline sediments, and fish to monitor-

~ these pathways. P . » : ,

,

Wate;ﬁ; PR , o . e
Water is sampled from five locations along Lake Erie in the vicinity of the PNPP as required
by the PNPP-ODCM when available and weather permits. Fifty-four (54) water samples

were collected.and analyzed for gross.beta activity and gamma épectral analysis. From
these monthly samples, 18 quarterly composite samples were. analyzed:for tritium activity.

Gross beta activity was detected in 42 of the 54 samples collected. The indicator average
gross beta activity was 1.3 pCi/L and the control average gross beta activity was

1.2 pCi/L. Refer to Figure 7 for the annual average gross beta activity for both indicator and
control locations. No tritium or gamma activity was detected.

—~
g
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Figure 7: Annual Average Gross Beta Activity, in Water

Sediment

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

- Four sediment éamples were collectedﬁand' analyzed by gémma spectroscoby.. The ohly'
radionuclide detected was naturally-occurring potassium-40. : : T

Fish o . o | DR
Fish are analyzed primarily to quantify the radionuclide intake by humans and secondarily to :
serve as indicators of radioactivity in the aquatic ecosystem. Fish are collected from two

locations annually during the fishing season as required by the ODCM. Important sport or
~ commercial species are targeted, and only the fillets are sent to the laboratory for analysis.

~ Twenty-three fish samples were collected and analyzed: 13 indicator and 10 control samples.

The species were; lake trout, smallmouth bass, white perch, walleye, gizzard chad, redhorse

ssucker, common carp, white sucker, channel catfish, freshwater. drum, white bass, and
yellow perch. Only naturally-occurring potassium-40 was detected in these samples.
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DIRECT RADIATION'MONITORING B P T
Thermoluminescent Dosimeter (TLD) .
Environmental radiation is measured directly at 27 locations around the PNPP site and at two

- control locations.. The locations are positioned in two rings around the plant as'well as at the

site boundary. The inner ring is within a-one-mile radius of the plant site; the outer ring.is
four to five miles from the plant. The control locations are over ten miles from the plant in the
two least prevalent wind directions. Each location has three TLDs, \two of which are changed
quarterly, and one that is changed annually: O

A total of 277 TLDs were collected and analyzed. This “iﬁfdudéé 248 collected on a qdarterly

basis and 29 collected annually. Annual TLDs are not required per the ODCM and are used
for supplemental data only.: ' ' o o o

“The annual average dose for all indicatdr,locationé; was 58.9 mrem and 57.7 mrem for _"t:h/e

control locations.

The average quarteﬂy dose for the indicator locations’ (Nas- 12.9'mrem; énd 12;9. mrem for the
control locations (Q-6 and Q-24). Refer to Figure 8 for the average quarterly TLD dose rates
for both indicator and control locations. . .. .. T T

18
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. mrem/quarter

o N s o

2012

m Indicator ® Control - -

’ "Figure'BE Average Quarterly TLD Dose

CONCLUSION

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

7
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INTER-LABORATORY CROSS-CHECK COMPARISON PROGRAM f
Introduction

“ The purpose of the Inter-laboratory Cross-Check Comparison-Program is to provide an

-independent check on the vendor laboratory's analytical procedures. Samples with a known

concentration of specific radionuclides are provided to the vendor laboratory. The vendor
“laboratory measures and reports the concentration of specified radionuclides. The known

- values are then compared to the vendor results. Results consistently outside established
' acceptance criteria indicate a need to check instruments or procedures. Regulatory Guide
4.15 specifically requires that contractor laboratories that performed environmental
measurement participate in the EPA’s Environmental Radioactivity Laboratory
Inter-Comparison Studies Program, or an equivalent program. '

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

See Appendix A, for the vendor Inter-Laboratory Cross-Check Compa_risoh Program Results.

LAND USE CENSUS f
‘ introdu,ction

- Each year a Land Use Census is conducted to identify the locations of the nearest -
available milking animal, garden (of greater than 500 square feet), and residence in
each of the meteorological sectors that is over land. Information gathered during the
Land Use Census is used for off-site dose assessment and to update sampling
locations for the REMP. The census is conducted by traveling all roads within a five-
mile radius of the plant site and recording and mapping the locations of the nearest
resident, available milk animal, and vegetable garden. The Land Use Census was
conducted in August, 2019. The census identified the garden, and residence
locations identified in Table 17 and Table 18 and depicted in Figure 9. Note that the
W, WNW, NW, NNW, N, and NNE sectors extend over Lake Erie and are not
included in the survey. No location with an available milking animal was discovered. -

v
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'Discussions and Results ~ e o
In general, the predominant land use within the census area continues to be rural/

agricultural. In recent years, however, it has been noted that tracts of land once used

for farming are now being developed as mini-industrial parks and residential housing.

This is reflected in the loss of available milking animals within a five-kilometer radius

of PNPP to support the REMP. N , o T -

There were no changes to the REMP sampling locations compared to the 2018 Land

Use Census. Refer to Figure 3, Figure 4, and Figure 5 for the R_EMP sampling
locations. o e T L

Table 17 identifies the nearest residenceé,{by sector, to the PNPP. There wereno
changes from the 2018 Land Use Census.” Refer to Figure 9 for map locator -
numbers., . ' ‘ T '

Table 17: Nearest Residence,vB'y Sector

Sector Location Address Miles from ‘Map Loﬁator -
' ' : ‘PNPP _Numbery
NE | 4384 Lockwood 07 1
ENE | 4602 Lockwood 11 2.
E 2626 Antioch - 1.0 3
ESE 2836 Antioch | 1.1 4
SE 4495 North Ridge 13 5
SSE 3119 Parmly 0.9 6
s 3121 Center 09 7
'SSW | 3850Clark - - | 09 8
SW 2997 Perry Park 1.2 9
10

Wsw 3460 Parmly 1.0
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. Table 18: Nearest Garden, By Sector

‘Sector Locatlon Address Miles from Map Locator
PNPP_ Number
NE 2348 W. Hemlock 09 | 11
| ENE 2452 Anioch 1.1 12
| E | 2634 Antioch 11 3
ESE. . | 2836 Antioch 1.1 :
SE 4671 North Ridge 1.3 15
SSE 4225 Red Mill Valley 1.1 16
” S 3121 Center Rd. 0.9 7
ssw 3300 Ohio St. 23 17
swW 3021 Perry Park 1.3 13
WSW 3460 Parmly 1.0 14

2019 ANNUAL ENVIRONMENTAL AND EFFLUENT RELEASE REPORT

- Table 18 lists the nearest gardens by sector to the PNPP consustlng of at least 500
'square feet Refer to Flgure 9 for map Iocator numbers
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Annual Environmental Operating Report‘

|
\
The Nuclear Regulatory Commission (NRC) issued Amendment No. 178 to Facility

- Operating License No. NPF-58 on 10/19/17. This amendment revises the PNPP ‘
“Environmental Protection Plan (Nonradiological)” to clarify and enhance wording to |
remove duplicative or outdated program information, and to relieve the burden of - }
submitting unnecessary or duplicative information to the NRC. ;

|

|

|

As a result of the above Amendment issued in October 2017, redundant program
information is no longer required to be compiled and included in this report. This
includes the sections: Clam/Mussel Monitoring, Herbicide Applications, and Special
‘Reports which included NPDES Permit exceedances and the Environmental
Protection Plan from previous years. '

|
\
|
|
|
| ~ Page 42 , o
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Appendix A , / !

Interlaboratory/ Intralaboratory Comparison Proqrém Results - -

N

Environmental, Inc., Midwest Laboratory has participated in interlaboratory comparison (crosscheck)
programs since the formulation of it's quality control program in December 1971. These programs are
operated by agencies which supply environmental type samples containing concentrations of radionuclides
known to the issuing agency but not to participant laboratories. The purpose of such a program is to provide
an independent check on. a laboratory’s analytical procedures and to alert it of any possible problems.

Participant laboratories measure the concentration of specified radionuclides and report them to the issuing
agency. Several months later, the agency reports the known values to the participant laboratories and
specifies control limits. Results consistently higher or lower than the known values or outside the control
limits indicate a need to check the instruments or procedures used.

Results in Table A-1 were obtained through participation in the RAD PT Study Proficiency Testing Program
administered by Environmental Resource Assoclates, serving as a replacement for studies conducted
previously by the U.S. EPA Environmental Monitoring Systems Laboratory, Las Vegas, Nevada.

Results in Table A-2 were obtained throughvpartic':ipation in the New York Department of Health Environmental
Laboratory Approval Program.(ELAP) PT . ' -

Table A-3 lists results for thermoluminescent dosimeters (TLDs), via irradiation and evaluation by

the University of Wisconsin-Madison Radiation Calibration Laboratory at the University of Wisconsin
Medical Radiation Research Center. ‘

Table A-4 lists results of the analyses on in-house “spiked” samples for the past twelve months. All samples
are prepared using NIST traceable sources. Data for previous years available upon request.

" Table A-5 lists results of the analyses on in-house “blank” samples for the past twelve months. Data for
previous years available upon request.

Table A)-G lists analytical results from the in-house “duplicate” program for the past twelve

months. Acceptance is based on the each result being with 25% of the mean of the two results or
the two sigma uncertanties of each result overlap. ‘

The results in Table A-7 were obtained through participation in the Mixed Analyte Performance Evaluation
Program. :

~ Results in Table A-8 were obtained through participation in the MRAD PT Study 'Proﬂciency Testing Program
administered by Environmental Resource Associates, serving as a replacement for studies conducted
previously by the Environmental Measurement Laboratory Quality Assessment Program (EML).

Attachment A lists the laboratory acceptance criteria for various analyées.

Out-of-limit results are explained directly below the result.

o
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Attachment A

ACCEPTANCE CRITERIA FOR “SPIKED" SAMPLES

Analysis

Ratio of lab result to known value.

Gamma Emitters

Strontium-89,
Strontium-90

Potassium-40
Gros:s alpha
Gross beta
Tritium

Radium-226,
Radium-228

Plutohium

lodine-129,
lodine-131

Nickel-63,

Technetium-99, -

Uranium-238
Iron-55

Other Analyses

- 0.8101.2

08to1.2

08@12
05t01.5
qgwiz
0.8t  1' 2

0.710.1.3

0.8t01.2

0.8101.2

B 071013

0.8t01.2

08t01.2




TABLE A-1. Interlaboratory Comparison Crosscheck program, Environmental Resource Assoclates (ERA)2.

RAD study
: . . Concentration (pCi/L)
Lab Code Date Analysis = Laboratory © ERA Control
Result Result Limits Acceptance
'ERW-71 1/7/2019 Ba-133 97.9:45 99.5 84.1 -109 Pass
ERW-71  1/7/2019  Cs-134 454 1 3.1 0491  395-540 ~ Pass:
ERW-71 . 1/7/2019 - Cs-137 129+6 . 125 112 - 140 : " Pass
ERW-71 1/7/12019 Co-60 98.1 +4.1 - 964, 86.8 - 108 Pass
ERW-71 1/7/2019 Zn-65 804+78 774 69.5 +93.2 Pass
ERW-73 1/7/2019 Gr. Alpha 222+16 21.8 109 -29.5 Pass
ERW-73 1/7/2019 Gr. Beta 46414 5§5.7 38.1 -62.6 Pass
ERW-75 1/7/2019 Ra-226 7.19 £0.30 7.37 5.55 £8.72 Pass
ERW-75 1/7/2019 Ra-228 402 £0.70 4.28 2.48 - 5.89 Pass
ERW-75 1/7/2019 Uranium 50.2+29 68.2 §5.7 -75.0 Fail® ,
ERW-77 1/7/2019 H-3 . 2,129 + 158 2,110 1,740 - '2,340 Pass
ERW-397 2/11/2019  1-131 27210 ‘259 25.1 -30.6 . Pass
-ERW-1141 4/8/2019 Ra-226 7.58 £ 0.53 7.16 5.39 -848 Pass
ERW-1141 4/8/2019 Ra-228. = - 264 £0.79 294 154 -435 Pass
ERW-1141 4/8/2019 Uranium 67.0£09 55.9 456 -61.5 ‘ Fail®
ERW-2471 7/8/2019 Ba-133- 66.5+4.0 66.9 55.8 -73.6 Pass .
. ERW-2471 7/8/2019 Cs-134 296 +26 320 25.1-35.2 Pass
ERW-2471 7/8/2019 Cs-137 213 +£36 214 176 -26.7 Pass
ERW-2471 7/8/2019 Co-60 .999+44 95.1 85.6 - 107.0 Pass -
ERW-2471 7/8/2019 Zn-65 43.7 £6.2 41.2 353-514 Pass
ERW-2473 7/8/2019 Gr. Alpha 417 £2.1 70.6 371 -87.1 Pass
ERW-2473 7/8/2019 Gr. Beta 57016 63.9 4.2 -70.5 Pass
ERW-2477 7/8/2019 Ra-226 16.2 £ 0.5 18.5 13.8 -21.1 Pass
ERW-2477 7/8/2019 Ra-228 6.2+08 8.2 52-103 Pass
ERW-2477 7/8/2019 Uranium 63.8 £3.6 68.3 5§58 -75.1 » Pass
ERW-2479 7/8/2019 H3 8,630 + 200 16,700 14,600 - 18,400 Fail’

ERW-2475 7/8/2019 1-131 336+13 29.6 246 -34.6 Pass

2 Results obtained by Environmental, Inc., " Midwest Laboratory as a participant in the crosscheck program for proficiency
testing in drinking water conducted by Environmental Resource Associates (ERA).
® In order to get to the root cause of the above "Fail" resolution the U-232 tracer was standardlzed using a known concentration
of NIST U-238 solution. A duplicate analysis was performed and the results obtalned were well within the acceptance range
(Known value for Total Uranium‘BB 2 pC:/L acceptance range of (55.7-75 pCl/L) The results obtained were 63.3 pCi/L and
66.0 pCI/L respectively.
¢ The standardized U-232 value utilized on ERA sample ERW-1141 above was found to be estimated high dus to
interferences in the U-238 solution causing ERW-1141 to fail the study. After performing U-isotopic chemistry on the
NIST-Uranium solution to remove interferences a more accurate U-232 tracer concentration was obtained.
The Uranium result in the subsequent ERA PT study was acceptable. See ERW-2477 Uranium result above. .
9 EIML's routine H-3 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 effi clency was overestimated by a factor of 2.
This understated the calculated results by half. The result of reanalysis (17,400 pCi/L) is within the control limits for the study.
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TABLE A-2. Intertaboratory Comparison Crosscheck program, New York Department of Heaith (ELAP)®.

Concentration (pCi/L)

LabCode  Date/ Analysis - Laboratory  Assigned ' Acceptance .

‘ Result .Value _ Limits. .. :.: Acceptance

R " shipment427R . B

NYW-3472  917/2019 H-3 5250 £229 4991 '+ 4280 - 5490 . Pass
NYW-3476  9/17/2019 GrossAlpha = 180 £12 20.1 9.99-27.5 Pass
NYW-3476 ~ 9/17/2019 GrossBeta -~ 227210 272 17.1-381 Pass
NYW-3478  9/17/2019: 1-131 18718 156  128-193 ~ Ppass .-
NYW-3480 9/17/2019 Ra-226 502£037 . 441 .337-543 ' Pass.
NYW-3480 9/17/2019 Ra-228 16.0 £ 1.9 183 123-219 . Pass
NYW-3480 9/17/2019 Uranium 13709 139 10-157  Pass
NYW-3482 91772019 Co60 63940 630 - 567-718 ' Pass
NYW-3482  9/17/2019  Zn-65 08:9 ¢ 113 972-129. - Pass .
NYW.-3482 9/17/2019 Ba-133 - . 53343 619 = :514-.682 =~  Pass”
NYW-3482 9/17/2019  Cs-134  472:34 . 558 - 451-614 . Pass .
NYW-3482  9/17/2019  Cs-137 52046 . 538 . 484-620 . Pass

2 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 Laborétory Approval Program(NY ELAP).

il
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TABLE A-3. Thermoluminescent Dosimetry, (TLD, CaSOy,: Dy Cards).?

. . . ) --mrem :

LabCode .° Imradiation’ - Delivered Reported® ' Performance®
Date Description Dose _ Dose Quotient (P)

Environmental, Inc. Group 1 i,

2019-1, . 11/11/2019 - Spike 1. 126.0 128.3 . 002 .

20191 11/11/2019 Spike 2 126.0 122.2 -0.03

2019-1 11111/2019  Spike 3 126.0 1225 -0.03

2019-1 11/11/2019 ~  Spike 4 126.0 119.3 -0.05

2019-1 11/11/2019  Spike 5 126.0 116.9 -0.07

2019-1 11/11/2019  Spike 6 126.0 109.5 -0.13

2019-1 11/11/2019  Spike 7 126.0 1146 - - -0.09

2019-1 11/11/2019  Spike 8 126.0 121.8 -0.03

2019-1 . 11/11/2019 - Spike 9  126.0 1202 . 005

20191 11/11/2019 Spike 10 = 126.0 . 1264 . 0.00

2019-1 . 11/11/2019  Spike 11 126.0 125.0 -0.01

2019-1 11/11/2019  “Spike 12 ' 126.0 109.0 013

2019-1 11/11/2019 - Spike 13- 126.0 T 1234 -0.02

2019-1 11/11/2019  Spike 14 1260 ~ 118.2 -0.06

20191 11/11/2019  Spike 15 126.0 T 1343 007 -

20191 11/11/2019  Spike 16 126.0 . © 1200 005 '

20191 . 11112019  Spke17 1260 1313 004

20191 11/11/2019  Spike 18 126.0 120.4 -0.04

2019-1 11/11/2019  Spike 19 126.0 121.1 -0.04

2019-1 11/11/2019  Spike 20 126.0 T 1228 -0.03

Mean (Spike 1-20) 121.4 -0.04 Pass?

Standard Deviation (Spike 1-20) 6.2 0.05 Pass’

a TLD's were irradiated by the University of Wisconsin-Madison Radiation Calibration Laboratory following ANSI N13.37
protocol from a known air kerma rate. TLD's were read and the results were submitted by Environmental Inc. to
the University of Wisconsin-Madison Radiation Calibration Laboratory for comparison to the delivered dose.

b Reported dose was converted from exposure (R) to Air Kerma (cGy) using a conversion of 0.876. Conversion from
air kerma to ambient dose equivalent for Cs-137 at the reference dose point H*(10)K, = 1.20 . mrem/cGy = 1000.

¢ Performance Quotient (P) Is calculated as ((reported dose - conventially true value) + conventially true value) where fhe
conventially true value is the delivered dose. &

d Acceptance Is achieved when neither the absqlute value of the mean of the P values, nor the standard deviation of the P

values exceed 0.15. .



TABLE A-3. Thermoluminescent Dosimetry, (TLD, CaSO,: Dy Cards).’,

mrem

Lab Code Irradiation Delivered ,Reportedb Performance®
" Dpate . Description Dose ~ Dose Quotient (P)
Environmental, Inc. _: Group2 '
2019-2 11/11/2019  Spke21 . 79.0 - 788 .- 000
2019-2 - 11/11/2019 ~ Spike22 { 790 718 -0.09
L 2018-2 11/11/2019 ~ Spike 23 '79.0 © 758 004
2019-2  11/11/2019  Spike 24 79.0 73 -0.10
2019-2 11/11/2019 . Spike 25 79.0 74.5 006 .
2019-2 1111/2019  Spike26 ~ 79.0 716 009" [
20192 11/11/2019  Spike27 790 . 733 © 007 '
2019-2 11112019  Spke28 - 790 -~ . 740 . -0.06
2019-2 11/11/2019 . Spike 29 79.0 . 738 c 007
2019-2 111112019  Spike30 790 . 76.0 -0.04
2019-2  11/11/2019: Spike31  79.0 - 767 003
2019-2 11/11/2019  Spike 32 79.0 778 002
2019-2 11/11/2019  Spike 33 79.0 C 752 -0.05
20192 111112019 Spike34 790 69.1 043
20192  _11/11/2019  Spike 35 79.0 687 . .-0.13.
20192 .  11/11/2019  Spike 36 79.0 682 -0.14
2019-2 “'11/11/2019 ~ Spike 37 79.0 - 67.9 014
120192 1171172019 - Spike 38 79.0 © 7689 013
20192 111112019  Spike33  79.0 C 7841 ' 001
20192 11/11/2019 - Spike 40 79.0 686 013
Mean (Spike 21-40) FOEEE o 730 008 Pass’
Standard Deviation (Spike 21-40) R © 36 } 0.05 Pass®

a TLD's were irradiated by the Univérsity of Wisconsin-Madison Radiation Calibration Laboratory following ANSI N13.37
protocol from a known air kerma rate. ) TLD's were read and the results were submitted by Environmental Inc. to
the University of Wisconsm-Maduson Radiation Calibration Laboratory for comparison to the delivered dose
‘b Reported dose was converted from exposure (R) to Air Kerma (cGy) using 8 conversion of 0. 876. Conversnon from
8air kerma to ambient dose equivalent for Cs-137 at the reference dose point H*(10)K, = 1.20 . mrem/cGy = 1000. '
c Performance Quotient (P) is célculated as ((reported dose - conventially true value) + conventlally true value) where the
) conventlally true value is the dellvered dose.
d Acceptance is achieved when nerther the absolute value of the mean of the P values, nor the standard deviation of the P
values exceed 0.15. :
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Pass

TABLE A-4. In-House "Spiked" Samples s
- Concentration®
LabCode®  Date ) Analysis Laboratory results ~~ Known Control Ratio
' ] 2s, n=1¢ Activity Limits® Acceptance Lab/Known
_SPW-61 1/5/2019  Ra-226 134 +04 12.3 9.8-14.8 Pass 1.09
SPW-118 111412019 H-3 . 15,463 £ 369 16,507 13,206 - 19,808 Pass 0.94
SPW-178 1/16/2019  Ra-228 17.7 £21 15.1 12.10 - 18.14 Pass 117
SPW-199 1/18/2019  Sr-90 176+1.2 17.9 143-215 Pass -0.98
SPW-250 17242019 Ni-63 . 356.3 $445 465 326 - 605 Pass 0.77
SPW-256 /152019 Ra-226 120104 12.3 98-14.8 Pass 0.98
SPW-271 3/18/2019 H-3 22,035 + 450 21,700 . 17,360 - 26,040 Pass 1.02
SPW-281 1/25/2019 = Ra-226 116 0.4 123 0.8-148 Pass .0.94
W-012119 42012016  Cs-134 3731106 36.2 20.0 -43.4 Pass 1,03
W-012119 412012016  Cs-137 82.7 180 719 57.5-86.3 Pass 1.15
W-012319 4/20/2016  Cs-134 334 £10.1 36.2 25.3-47.1: Pass 0.92
W-012319 4/2012016  Cs-137 791196 719 57.5 - 86.3 Pass 1.10
W-012519 4/29/2016 . Cs-134 350277 ... 362 20.0 -43.4 Pass 0.97
W-012519 4/2012018  Cs-137 792179 719 57.5 -86.3 Pass 1.10
W-012919 4/29/2016 * Cs-134 32383 382 20.0 -43.4 " Pass -0.89
W-012919 4/20/2016  Cs-137 823183 . 718 57.5-883." ° Pass 1.14
SPW-370 3/19/2019  H-3 21,689 + 444. 21,700 17,360 - 26,040 Pass 100
SPW-400 1/31/2019  Ra-226 11.6 £ 0.4 123 8.6 -16.0 Pass 0.95
SPW-461 2/12/2019  Ra-226 1.1 +04 . 123 8.6 -16.0 Pass 0.90
W-020619 4/26/2016  Cs-134 350 £14.9 36.2 20.0 -43.4 Pass 0.97
W-020619 412012016  Cs-137 728 89 71.9 57.5 - 86.3 Pass 1.01
W-020819 4/26/2016  Cs-134 36.7 £ 8.6 382 200 -43.4 Pass 1.01
W-020819 412012016 -~ Cs-137 76.7 8.7 1719 57.5-86.3 Pass 1.07
SPW-568 2/21/2019  Ra-226 10.3 £0.3 12.3 8.6 -16.0 ‘Pass 0.84
W-021319 412012016  Cs-134 37.7 115 36.2 20.0 -43.4 Pass 1.04
W-021318 . 4/26/2016 Cs-137 758 £9.6 71.9 57.5 - 86.3 Pass 1.05
SPW-469 3/19/2019  H-3 21,696 + 447 21,700 17,360 - 26,040 Pass 1.00
SPW-600 3/6/2019  H-3 20,710 £ 425 21,700 17,360 - 26,040 Pass 0.95
SPW-837 3/21/2019  Ra-228 1.7 £15 15.1 10.58 - 19.66 Pass 0.78
SPW-709 3/19/2019 H-3 20,369 + 421 21,700 17,360 - 26,040 Pass - 0.94
SPW-818 3/19/2019 H-3 20,457 +424 21,700 17,360 - 26,040 Pass 0.94
SPW-845 3122/2019  U-234 15.1 £+ 0:5 136 95-17.7 Pass’ 1.11
SPW-845 3/22/2019  U-238 153 0.5 131, 9.2-17.0 Pass 1.17
SPW-934 3/19/2019  H-3 20,487 421 21,700 17,360 - 26,040 Pass 0.94
SPW-1061 3/12019  Ra-226 106 £0.3 123 8.6 -16.0 Pass 0.86
SPW-1091 4/1012019  H-3 20,323 + 421 - 21,700 17,360 - 26,040 Pass 0.94
" SPW-1093 4/8/2019  Ra-228 14919 154 10.6 - 19.6 :* Pass 0.98
SPW-1267 4/16/2019 " H-3 20,302 £421 21,700 17,360 - 26,040 Pass 0.94
SPW-1339 4/18/2019 H-3 ° 19,924 +417 21,700 17,360 - 26,040 Pass 0.92
SPW-1403°  4/25/2019 - . Gr. Alpha 56.7 £2.6 72.4 36.2 - 108.6 Pass 0.78
SPW-1403° 47252019  Gr. Beta 432114 . 54.8 438-658 Fail 0.79
SPW-1427  4/26/2019 H-3 20,119 £ 418 21,700 15,190 - 28,210 Pass 0.93
SPW-1537 . 5/6/2019  Sr-90 199 £1.2 179 . 143-215 Pass 1.11
W-050719 4/20/2016  Cs-134 385190 36.2 29.0 -434 . Pass 1.08
W-050719 4/26/2016  Cs-137 852185 71.9 57.5-86.3 Pass 1.18
SPW-1582 5/9/2019  H-3 20,492 + 423 21,700 15,190 - 28,210 as 0.94




TABLE A-4. In-House "Spiked” Samples

SPW-3571

9/27/2019- -

H3 .

21,026 1440 -

21,700

© 17,360 - 26,040 -

Pass

s “Concentration® .
Lab Code® Date Anadlysis Laboratory results - - Known' Contro! Ratio

S S _2s,n=1° Activity Limits® Acceptance Lab/Known
W-050919 - 4/29/2016  Cs-134 374 :89 © 36.2 20.0 -43.4 - " Pass 403
W-050919 - 4/26/2016 ~ Cs-137 815+78 ‘719 57.5-86.3 ". Pass 113
SPW-1596 5/8/2019 Ra-228 144 1.7 15.1 ©10.6 -19.6 Pass 0.84:
W-051419 4/2912016  Cs-134. 362 £11.7 36.2 20.0 -434 Pass 1.00 -
W-051419 4/26/2016 . .Cs-137 758 £10.0 719 - 575 -86.3 : Pass 4.05:
SPW-1676 5M17/2018 H-3 20,233'1 420 © 21,700 15,190 - 28,210 Pass 0.93-

- SPW-1799 3--5/20/2019 ** H-3 - 20,428 + 422 21,700 15,190 - 28,210 + Pass 1094
SPW-1858 °5/28/2019  H-3 20,367 + 522 21,700 15,180 - 28,210 ' . Pass 0.94
SPW-1880 5130/2019 - H-3 20,206 +'419 . 21,700 - 15,190 - 28,210 Pass 0.93
SPW-2014 . “5/31/2018 . Ra-226 11.9.£03 L1230 8.6 - 16.0 Pass 0.97
SPW-2030 - 6/12/2019 Ni-83 377 £45 464.8 325 - 604 Pass . 0.81
SPW-2093 . .6/18/2019 H-3 20,158 £ 418 21,700 17,360 - 26,040 ~ Pass 093
W-062419 4/29/2016  Cs-134 33.0+124 36.2 20.0 -43.4 Pass 0:91
W-062419 - 4/26/2016 . Cs-137 - 66.0 £ 10.4 20719 57.5 -86.3 . Pass . ..082 .
SPW-2338 6/26/2019 + H:3 20,032 £ 417 +-21,700 ° 17,360 -.26,040  Pass 0.92 -
SPW-2552 . -7/1/2019 Gr. Alpha . - 204 £1.5 - 218 10.9 - 32.7 Pass | *0.94'
SPW:-2552 71112019 Gr. Beta 46.1 1.3 : 85.T 44.6.-66.8 " Pass . :0.83
W-072619 © -4/29/2016  Cs-134 . 363192 382 29.0 -434 Pass - 7-1.00
W-072619 4/26/2016 - Cs-137 797 7.6 t-T1.9 57.5 -86.3 Pass 1.1

) SPW-3188 - 7/30/2019 Ra-226 11.9+03 ©12:3 .86 -16.0 ' Pass - 0.97
SPW-2047 8/9/2018 H-3 20,128 £ 425 . 21,700, 17,360 - 26,040 - Pass 0.93
SPW-3003 8/14/2019 H-3 20,588 435 21,700 17,360 - 26,040 Pass 0.95

. W-081519 4/26/2019  Cs-134 36.2£9.2 36.2 20.0 -43.4 Pass 1.00
W-081519 4/28/2019  Cs-137 78.1 £8.4 719 575 -86.3 Pass 1.09
W-082119 4/26/2019  Cs-134 328 £9.1 36.2 20.0 -434 Pass 0.91
W-082119 4/2612018  Cs-137 791 %79 719 57.5 -86.3 Pass 1.10
SPW-3151 8/26/2019 H-3 20,329 428 21,700 17,360 - 26,040 Pass 0.94
W-082619 4/26/2019  Cs-134 333+£17.8 36.2 29.0 -434 Pass 0.92
W-082619 4/26/2019  Cs-137 826 +13.2 71.9 575 -86.3 Pass 1.15
W-082719 4/26/2019  Cs-134 339170 36.2 29.0 -434 Pass 0.94
W-082719 4/26/2019  Cs-137 814 £6.0 719 57.5-86.3 Pass 1.13
SPW-3359 8/30/2019  Gr. Alpha 542 +0.3 724 36.2 - 108.6 Pass 0.75
SPW-3359 8/30/2019. Gr. Beta 59.7't0.2 54.8 438 -65.8 Pass 1.09
SPW-3323 9/6/2019 Ra-228 127 £1.8 16.1 -10.6 - 19.68 Pass 0.84
W-091019 4/26/2019 Cs-134 31.0+11.3 36.2 29.0 -43.4 Pass 0.86
wW-091019 4/26/2019  Cs-137 . 80.5+10.0 71.9 57.5-86.3 Pass 1.12
SPW-3349 - 9/10/2018 - H-3 19,851 £ 422 21,700 17,360 - 26,040 Pass 0.91
SPW-3410 9/13/2019 H-3 20,267 +431 21,700 17,360 - 26,040 Pass 0.93
wW-091719 4/26/2019  Cs-134 30.3£126 362 29.0 -43.4 Pass 1.08
W-001719  4/26/2019  Cs-137 1109 T T T8 575-883 - Pass 113
SPW-3450 :9117/2019  H3 - 20,036 +427 .- . 21,700 - . 47,360 - 26,040: Pass 0.92
W-091919 -9/19/2019 * Cs-134 > ¢ . 40.0:210.7 -38.2 20.0 -434 - - Pass 1.10
W-091919 .9/19/2019  Cs-137 710 £8.7 719 575-863 Pass -0.99

\ SPW-3569 8/28/2019  Ra-226 119103 12.3 © 86-16.0 - Pass . 097
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TABLE A-4. In-House "Spiked” Samples

Concentration®. .

Lab Code® Date Analysis Laboratory results .  Known Control. o Ratio
- ' ' 2s, n=1¢ Activity Limits® Acceptance Lab/Known

SPW-3615 10/1/2019  Ra-228 189125 . 149 104 -193 : Pass 1.27
SPW-3706 10/8/2019  H-3 20,082 + 427 21,700 17,360 - 26,040 - Pass 0.93
SPW-4093 - 10/14/2019  Gr. Alpha 208 0.1 w197 99-296 - . Pass 1.06
SPW-4093 .10/14/2019 Gr. Beta 63.2+£0.1 - 611 48.9 -73.3 Pass ©1.03
SPW-4095 -~ .- 10/24/2019 H-3 20,684 +432 21,700 17,360 - 26,040 . . Pass 0.95
SPW-4144 - 9/26/2019  Ra-226 128 £ 0.3 123 8.6 -16.0 - Pass 1.04
W:091719 © 3/19/2018 H-3 . - 22,201+ 470 21,700 17,360 -'26,040 - Pass 1.03
SPW-4239 10/30/2019 Ra-228 - 12418 T 149 104 -19.3 Pass - 084
SPW-4254 11/8/2019  H-3 20,187 + 427 21,700 - 17,360 - 26,040 - Pass = 093

" SPW-4368 11/14/2019 H-3 ; 20,386 + 429 21,700 17,360 - 26,040 © "'Pass 0.94
SPW-4370 10/30/2019 Ra-226 128 £ 04 123 ' 86-16.0 Pass 1.04
SPW-4472 - 11/21/2019 H-3 20,479 +432.0 21,700 17,360 - 26,040 Pass . 094
SPW-4474 = 11/22/2019 Sr-90 189 +1.2 .. 179 143 -215 © + Pass. - 1.06
SPW-4602 12/5/2019  H-3 20,187 £ 429 .- 21,700 17,360 - 26,040 - Pass . 093
W-121119 .3/19/2018 H-3 22,734 + 477 21,700 17,360 -26,040 . - Pass - 1.05.
SPW-4663 12/11/2019 Ra-228 1121186 14.9 104 -19.3 Pass 0.76
SPW-4688 - 12/13/2019 H-3 . 20,508 + 431 © 21,700 17,360 - 26,040 © Pass = 094
SPW-4734 11/15/2019 Ra-226 126 £0.3 T 123 8.6-.16.0 Pass = ' .1.02~
SPW-4743 12/5/2019 Ra-226 , 10.0 £ 0.3 : 12.3 8.6 - 160 Pass -~ 0.81
SPW-4745 - .12/19/2019 H-3 20,067 +427 21,700 17,360 - 26,040 Pass - 0.92
SPW-4889 12/19/2019 Ra-226 93103 12.3 8.6 -16.0 Pass - .0.76 -
SPW-4636  12/27/2019 Tc-99 843 182 90.3 722 -108.4 Pass 1.04

SPW-4899 1/3/2020 H3 . 20,386 432 -~ 21,700 17,360 - 26,040 Pass - 0.94

® Liquid sample results are reported in pCilliter, air filters ( pCi/m3), charcoal (pCi/charcoal canister), and solid samples (bCi/l\(g).

® Laboratory codes W & SPW (Water), Mi (milk), AP (air filter), SO (soil), VE (vegetation), CH (charcoal canister), F (fish), U (urine).

¢ Results afe based on single determinations. . ! ' : '

¢ Control limits are listed in Attachment A of this report. . ‘ , :

¢ The LCS sample was prepared from an Environmental Resource Associates (ERA) sample of known activity. While the analysis did satisfy the
acceptance criteria of the ERA study from which it was sourced, it did not satisfy EIML's internal LCS acceptance criteria. An investigation is
in process to determine the reason for the low bias and to evaluate the acceptance criteria.

NOTE: Fg_)t_ fish, gelatin is used for the spike matrix. For vegetation, cabbaga is used for the spike matrix.
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TABLE A-5. In-House "Blank” Samples. -

Concentration® .
Lab Code® Sample Date - Analysis® - Laboratory results (4.66c) Acceptance
Type , LLD Activity’ Criteria (4.66 o)
SPW-5449  Water 1/7/2019 Gr. Alpha 0.76 -0.30 £ 0.52 2
SPW-5449  Water 172019 Gr. Beta 0.42 0.19 1 0.31 4
SPW-34 Water 1712019 131 036 0.13+0.18 1
SPW:60 Water 11/5/2018 Ra-226 . 0.03 0.15 £ 0.03 2
SPW-119 Water 1/14/2019 H3 148 42 £ 80 200
, SPW-177 Water 116/2019 Ra-228 0.93 20.10 £ 0.42 2
SPW-198  Water 1/18/2019 Sr-89 0.67 0.25 £ 0.50 5
SPW-198 Water 1/18/2019 Sr-90 0.67 -0.16 £0.29 1
SPW-249 Water . 112412019 Ni-63 67 . 31 41 200
SPW-255 Water 1/15/2019 Ra-226 0.04 0.16 £0.03 2
SPW-280 Water 12512019 Ra-226 0.06 -0.09£0.14 2
SPW-399 Water © 13112019 Ra-226 0.03 0.15 £ 0.03 2
SPW-460 Water 2/12/2019 Ra-226 0.03 0.15 £ 0.02 L2
SPW-567 Water 212112019 Ra-226 0.03 0.13 £ 0.02 L2
SPW-844 Water 3/22/2019 U-234 . 0.19 0.04 £ 0.14 1
SPW-844 Water 3/22/2019 U-238 019 0.00 +0.11 S
SPW-836 Water 3/21/2019 Ra-228 074, 053:041 2
SPW-1060  Water 3/31/2019 Ra-226 004  -0.02:0.03 2
SPW-1090  Water 4/10/2019 H-3 155 S 14172 200°
SPW-1092  Water 4/8/2019 Ra-228 0.82 0.75 £+ 0.46 L2
SPW-1266  Water " 4/16/2019 ~H-3 152 67 +74 200
SPW-1338  Water 4/18/2019 H-3 152 ° 66 79 200
SPW-1386  Water 4/8/2019 Ra-226 0.03 0.09 +0.03 .2,
SPW-1426  Water . 4/26/2019 H-3 156 3475 200
SPW-1536  Water 5/6/2019 Sr-89 0.66 -0.07 £045 5
SPW-1536  Water 5/6/2019 Sr-90 0.59 ° -0.10 £ 0.26 ’ T
SPW-1581  Water | | 5/9/2019 H-3 147 73477 200
SPW-1644  Water 4/22/2019 Ra-226 0.02 0.15 £ 0.02 2
SPW-1675  Water . 51712019 H3 154, 3071 200
SPW-1798  Water 5/20/2019 H-3 149 24 ¢£73 7200
SPW-1857  Water 5/28/2019° H-3 150 ‘54374 " 200
SPW-1889  Water 5/30/2019 H-3 152 45+73 200
SPW-2013  Water 5/31/2019 Ra-226 0.01 0.13 £0.02 2
SPW-2029  Water 6/12/2019 Ni-63 66 10 £ 40 200
SPW-2092  Water 6/18/2019 H-3 154 42 +70 200
SPW-2237  Water .6/26/2019 H-3 150 9169 200
SPW-2107  Water 6/18/2019 1131 "0.16 0.04 £0.09 1
-SPW-2152  Water . 6/19/2019 131 0.16 0.04 £ 0.09 ’ 1-
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TABLE A-5. In-House "Blank” Samples

SPW-4898

.

Concentration®
LabCode®  Sample Date Analysis® Laboratory results (4.66c) Acceptance
Type LLD Activity® Criteria (4.66 o)

SPW-3187 Water _ 7/30/2019 Ra-226 0.02 0.17 +0.02 C 2
SPW-2924 Water 8/6/2019 Sr-89 0.7 -0.06 £ 0.57 5
SPW-2924 Water 8/6/2019 'Sr-90. 0.59 0.08 £0.28 1
‘SPW-2946 Water . 8/9/2019 - H-3 152 33172 200
SPW-3002 Water " 8/14/2019 ‘H-3 152 22 +74 200
SPW-3150 Water 8/26/2019 H-3 161 115277 200
SPW-3358 Water 8/30/2019 Gr. Alpha 0.44 -0.08 +0.30 2
SPW-3358 Water 8/30/12019 Gr. Beta. 072 . -0.31 £0.49 4
SPW-3568 Water 8/28/2019 Ra-226 0.03 0.16 £0.03 2
SPW-3322 Water 9/6/2019 Ra-228 0.82 0.46 £ 0.43 2
SPW-3348 Water 9/10/2019 H-3 150 107276 200
SPW-3409 Water ©9/13/2019 H-3 164 13379 .200
SPW-3449 Water = 9/17/2019 H-3 147 102 £ 79 200 .
SPW-3570 Water 9/27/12019 H-3 151 70277 200
SPW-3614 Water 10/1/2019 Ra-228 1.29 1.03 t'0.7§ 2
SPW-3705 Water 10/8/2019 H-3 147 107 £ 77 200
SPW-4238 Water 10/30/2019 Ra-228 0.99 0.58 +0.52 2
SPW-4253 Water - 11/8/2019 H-3 151 80 £76 200
SPW-4367 Water 11/14/2019 H-3 . 154 42 +74 200
SPW-4369 Water 10/30/2016 Ra-226 0.03 0.14 £0.03 2
SPW-4471 Water 11/21/2019 H-3 165 81177 200
SPW-4474 Water 11/21/2019‘ C-14 12 07 ' 200
SPW-4476 Water 11/2212019 Sr-89° 0.62 0.23 £0.45 5
SPW-4476  Water 112212019 Sr-90 057 - -0.16:0.24 1
SPW-4601  Water 12/512019 H-3 155 28+74 1200
SPW-4635 Water 12/9/2019 Tc-99 12 617 20
SPW-4662  Water . 12/17/2019 Ra-228 0.77 0.55 + 0.42 2
SPW-4687 Water . 12/13/12019 H-3 . 160 143 £ 78 ' 200
SPW-4733  Water " 11/15/2019 Ra-226 0.03 .. .. 0.1310.03 2
SPW-4742  Water 12/5/2019 Ra-226 0.04 0.10 £ 0.10 2 -
SPW-4744 Water 12/19/2019 . H-3 151 119 £ 81 200
SPW-4888 Water 12/19/2019 Ra-226 0.03 0.15 £0.02 2

Water 1/3/2020 H-3 159 . 1978 200

® Liquid sample results are reported in pCilLiter, air filters { pCifm?), charcoal (pClicharcoal canister), and solid samples (pCi/g).

b Laboratory codes : W & SPW (Water), Mi (milk), AP (air fiiter), SO (soil),
¢ 1-131(G); iodine-131 as analyzed by gamma spectroscopy.

¢ Activity reported s a net activity result, \
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TABLE A-6. In-House "Duplicate" Samples

Concentration® _

we e — : N - Averaged e
Lab Code® " Date Analysis First Result Second Result Result Acceptance
AP-5499,5500 1/2/2019 Fe-55 941 +£220 1027 £226 984 t 168 Pass
AP-5499,5500 1/2/2019 Sr-89:- 20273 14957 - 175 +47 Pass
AP-5499,5500 " 1/2/2019 Ni-63 12.1 £85 15.6 £8.5 138160 -~ Pass
CF-20,21 1/2/2019 Gr: Beta 10.0 £0.2 10702 . 103 +0.2 Pass .
CF-20,21 1/2/2019 Sr-90 0.005 £ 0.002 0.005 £ 0.002 0.005 +0.001 Pass’
CF-20,21 11212019 Be-7 . 0.27 £0.09 029 +0.08". 0.28 + 0.06 . Pass =
CF-20,21 * 1/2/2019 K-40 6.69 £ 0.34 ° 6.83 £0.34 6.76 £ 0.24 *Pass.,
$G-211,212 "1/21/2019. Ra-226 7.94°+1.15 8.50 £1.11 9.79 £0.19 Pass
$G-211,212 -1/21/2019  Ac-228. 446 £0.37 - - 4631043 4,55 £0.28 Pass
WW-324,325 " 2/4/2019 Gr. Alpha 068 £0.44 . 0.49 £ 0.46 . 0.59 £0.32 Pass -
WW-324,325 2/4/2019 Gr. Beta 1.80 £0.55° 295+ 0.63 2.37 £ 042 Pass .\
W-345,346 2/4/2019 H-3 245 + 84 277 +85 261 £60 Pass
WW-797,798 - ~3/5/2019  H-3 165 + 80 222 +83 193 £ 58 -Pass :
WW-648,649 3/8/2019 H-3: 587 + 101 630 £ 102 608 £ 72 Pass
SW-713,714 3/14/2019 - H-3 . 326 £ 90 254 £ 86 290 1 62 Pass
AP-1241,1242 4/2/2019 Be-7 . 0.097 £ 0.018" 0.108 4 0.020- 0.103 £ 0.013 Pass’
AP-1285,1286 “4/3/2019 Be-7 - 0.080 £0.014 = 0.078 £0.012 +0.079 £ 0.009, -Pass.
AP-1308,1307 4/3/2019 Be-7 0.085 + 0.009 0.096 £ 0.011: .0.090 £+0.007 . Pass
AP-1327,1328 4/3/2019 Be-7: 0.078 £0.010 0.079 £ 0.01% -0.078 £ 0.007 * Pass
AP-1327,1328 © 4/3/12019 k40 0.012 £ 0.007. 0.021 £ 0.010" . 0.017 £ 0.006 - Pass
AP-2119,2120 4/3/2019 Be-7 0.276.1 0.098 0.265 £ 0.116 -~ 0.270 £ 0.076 Pass
AP-2225,2226 4/3/2019 Be-7 0.231 £0.128:- = 0.208 £0.123 0.220 1 0.089 Pass
CF-820,821 . 4/3/2019 K-40 6.39 £0.30 6.63 £0.37 6.51 1£0.24 - Pass
WW-648,649 4/5/2019 H-3 - 587 £ 101 . 630 £ 102" 608.1 72 Pass
WW-1043,1044 - 4/5/2019 H-3 666 £ 121 -- 662 + 121 664 + 86 Pass
SW-1087,1088 - 4/8/2019 H-3 9,997 +300 - 10,330 + 305 10,164 1 214 Pass
WW-1198,1199 - 4/9/2019 H-3: ‘ 562 £ 99 640 + 102 601 £ 71 Pass
LW-1503,1504 4/25/2019  Gr:Beta . 1.09 £+0.55 1.46 £+ 0.57. 1.27 £0.39 Pass - -
WW-1789,1790  5/7/2019 H-3 . .- 366 +90 - 400 £ 92 . 383:64 Pass
SG-2269,2270 . 5712019 Pb-214 . 39.1+0.5 403 +0.5 ~ 397 £04 Pass
$G-2269,2270 5/7/2019 Ac-228 53.2+10 . 571 +1.0 - 552107 Pass -
DW-10049,10050 . 5/7/2019 Ra-226. . 1.31 £0.13 1.66 £ 0.15 149010 . Pass
DW-10049,10050  5/7/2019 Ra-228 1.24 £ 0.52 1.33£0.53 1.29 £ 0.37 Pass
WW-1690AB 5/8/2019 H-3 - 325 +89 303 £93 314 1 64 Pass
$-1812,1813 . 5116/2019  K-40 220+09 . 233110 - 226307 Pass
$-1812,1813 5/16/2019 = Cs-137 0.05\10.03 - 0.07 £0.04 ;. 0.06+£0.02 - Pass
DW-10053,10054 5/22/2019  Gr. Alpha 0.93+£063. . 1.14 £0.72 -1.04 048 - Pass
DW-10053,10054 - 5/22/2019  Gr.Beta . 1.43 £ 0.62 © 1132059 . 1.28 1043 - -Pass
W-20563,2054 5/29/2019  H-3 1572 £ 135 1470 £ 131 - 1521 294 Pass
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"~ TABLE A-6. In-House "Duplicate” Samples

Coricentration®

L : Averaged '
Lab Code® Date Analysis FirstResult’ = 'Second Result Result  Acceptance.
G-1989,1990 6/3/2019 Be-7 0.80 £0.18: - 0.72 £0.15 0.76 £0.12 - Pass
G-1989,1990 . - 6/3/2019 K-40 6.15 £ 0.51 598 +0.46 6.07 £ 0.34 Pass
G-1989,1990 6/3/2019 Gr. Beta 7.24 £0.19 7.00 £0.19 . 712 £0.13 PasS
WW-2204,2205 - '6/6/2019 H-3 3861 +194 3722 £+ 191 3792 £+ 136 Pass
S$-2031,2032 6/10/2019 Pb-214 516 £0.19 « 475 £0.22 496 +0.15 Pass
S-2031,2032 6/10/2019 Ac-228 3.81 +0.31 3.63 £0.33 - - 3721023 Pass
S$-2010,2011 - 6/10/2019 Pb-214 148 £ 0.10 1.05 £0.11 - 1.27 £0.07 . -Pass
F-2140,2141 ‘ 6/12/2019 K-40. 1.01 £0.28 1.39 £0.32 1.20 £0.21 ’ PQSS‘ C
S-2162,2163 6/12/2019 Pb-214 0.65 £ 0.06 0.54 £0.05 0.60 £ 0.04 Pass
S-2162,2163 6/12/2019 Ac-228 0.46 £0.10 0.44 £0.08 0.45 £0.07 Pass
S-2162,2163 © 611212019 K40 4.22 £0.49 3.81 £041 4.02 £0.32 Pass
S-2162,2163 6/12/2019 TI-208 0.09 £0.02 0.10 £ 0.02 ©.0.09 £0.01 Pass -
S$-2162,2163 6/12/2019 Pb-212 0.34 £ 0.03 0.26 £0.03 0.30 £0.02 Pass
SWT-2355,2356 6/25/2019 Gr. Beta 1.12 £ 0.57 1.24 £ 0.56 1.18 £ 0.40 Pass
AP-2689,2690 6/28/2019 - Be-7 0.089 £ 0.020- 0.075 £ 0.018 +0.082 £ 0.013 . Pass
AP-2710,2711 71112019 Be-7 0.091 £0.010 0.097 £ 0.010 0.094 + 0.007 Pass
AP-2731,2732 © . 7/2/2019 Be-7- 0.073 £0.013 0.072 £ 0.011 0.072.£0.009 - ° Pass
DW-10062,10063  7/5/2019 Ra-226 4.10 £ 0.30 4.03 £0.30 . 407 £0.21 Pass
DW-10062,10063  7/5/2019 Ra-228 1.95 £0.60 231 +0.62 213043 .Pass
AP-70818,70819 7/8/2049 Gr. Beta 0.021 £ 0.004 0.023 +0.004 0.022 +0.003 Pass
XW-2459,2460 7/10/2019 H-3 304 £92 234 + 89 269 £ 64 Pass
VE-2516,2517 7/10/2019 Be-7 0.63 £0.16 0.52 £+0.19 0.58 +0.12 - Pass .-
VE-2516,2517 " 7/10/2019 K40 . 6.50 £ 0.47 6.81 £ 0.54 6.66 £ 0.36 Pass "
AP-71518A,B 7/15/2019  Gr. Beta 0.022 £ 0.004 0.025 + 0.004 0.023:+ 0.003° Pass
VE-2668,2669 7/16/2019 K-40 -~ 3841027 3.74 £0.26 3.79 £0.19 Pass -
DW-10076,10077  7/16/2019 Gr. Alpha 3.01+092 - 413 £0.91- -3.57-20.65 Pass -
DW-10073,10074 - 7/16/2019 Ra-226 1.57 £0.18 151 £0.21 154 +0.14 Pass .
DW-10073,10074  7/16/2019 Ra-228 1.29 £ 0.56 1.48 £+ 0.57 1385 +0.40 . Pass -
AP-72218A.,B 7/22/2019 Gr. Beta 0.013 £ 0.004 0.016 £ 0.004 0.015-£ 0.003 . Pass
G-2752,2753 7/23/2019. K-40 453 £042 447 £ 0.46 4.50 £ 0.31 Pass
G-2752,2753 \ 7/23/2019 Be-7 1.98 £0.29 1.96 £ 0.29 1.97 £0.20 ’Pass
AP-2800,2801 712512019 Be-7 © 0.208 £ 0.090 0.321 £ 0.147 ~0.264 +0.086 “Pass
AP-72918A,B 712912019 Gr. Beta 0.026 £ 0.005 0.025 +0.005 0.025 £ 0.003 " Pass
VE-2840,2841 ' 7131/2019 K-40 3.94 £0.38 399 £047 - 3.96 +0.30 ‘Pass -
AP-2903,2904 8/1/2019 Be-7 0.198 £ 0.102 0.228 £ 0.102 0.213 £ 0.072 Pass
P-2882,2983 8/1/2019 ‘H-3 265 £ 85 327 £+ 88 296 + 61 Pass
S$G-2926,2927 8/5/2019 Pb-214" 9.07 £0.39 8.82 £0.39 8.95 £0.28 - Pass
S5G-2926,2927 8/5/2019 ©  Ac-228 9.00 £ 0.76 8.58 £0.72 8.79 £ 0.52 Pass. -
AV-2993,2994 " 8/9/2019 Gr.Beta 122 £+0.19 . 1.28 £ 0.21 125 £0.14 Pass
AV-2993 29384 8/9/2019 K-40 3.12+0.36 3.14 £0.35 3.13+0.25 Pass
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TABLE A-6. In-House "Duplicate” Samples

_ Concentration®

. Averaged

~ Lab Code® - Date Analysls . First Result - Second Result -Result Acceptance
DW-10088,10089  8/9/2019 Ra-228 - 0.60 £0.50 1.20 £ 0.50- 0.90 £ 0.35 Pass
DW-10088,10089  8/9/2019 Ra-226. ° 1.40 £,0.20 0.94 £ 0.20 117 £0.14 Pass
VE-3016,3017 8/12/2019  Be7. 0.39 £0.12- 0.47 0.28 0.43 0.15 . . Pass
VE-3016,3017 ©  8/12/2019 K40 . 6.13 £ 0.41 6.24 0.64 ., 6.180.38 - - Pass .
G-3600,3601 8/12/2019  Be:7 442 1033 4.35 0.27 439021 Pass
WW-3100,3101 _ 8(14/2019  H-3 480 96 - 401£92 © ;. 441::66 Pass
MI-3211,3212. 8/27/2019 K40 - 1862 £131. 1923 +136° . 1893 94 Pass
MI-3211,3212. 8/27/2019  Sr-90 0.90 £.0.33 0.56 +0.29 0733022 - Pass
LW-3512,3513 8/30/2019  Gr.Beta 0.79 1 0.50 139 £0.58 1.09+038- . Pass.
DW-10100,10101  9/5/2019 = Ra-226 0.50 £0.11 0.57 0.12 _0.54:008 - - Pass
DW-10100,10101 . 9/5/2019 Ra-228. . 3.38 £0.82 2.54 1.03 296+066 .  Pass
DW-10111,10112  9/23/2019  Gr. Alpha . . 1.72£0.73 1.41 0.68 157 £050 . - Pass
DW-10115,10116  9/25/2019°  Ra-228 365 £0.80 2.76 0.68 3211052 Pass
DW-10115,10116  9/25/2019  Ra-226 2.99 £0.23 274 0.25 2.87 £0.17 Pass
WW-3793,3794  10/8/2019 ~ Gr.Beta =~  3.75%1.18 " 4.341.20 4,05 £0.84 “Pass
BS-3879,3880  10/9/2019 - Pb-214 . . . 0.60.£0.03 0.65 1 0.05 . 063:003  Pass
BS-3879,3880 10/9/2019  Ra-226 1.27 £0.14 . 1.15 £0.14 ~ 121:010 _  Pass’
BS-3879,3880 10/9/2019  K-40 11.05$029 ~ 1069$030 10.87 £021 ~  Pass
BS-3879,3880 10/9/2019 ~ Pb-212 " 058£002 0551002 " 0.56.£0.01. Pass
BS-3879,3880 10/9/2019 'T-208 . 0.21£002 0.21 £0.01 0214001 Pess
BS-3879,3880  10/9/2019  Bi-212 0.75£0.17 062017 | 068:012 -~ Pass
BS-3879,3880 .. 10/9/2019  Bi-214 0.57 £0.02 . 0521006 "'0.54£003 < ' Pass
BS41614162  10/29/2019 K40 153106 " 153107 15305 = Pess
BS-4161,4162 10/29/2019 Ra-226 . 216 £0,35 2.27 £0.78 2.22 £0.43 Pass
DW-10126,10127  10/22/2019  Ra-228 0.85 £ 0.58 1.19 £0.62 1.02 £ 0.42 Pass
DW-10129,10130  10/22/2019  Gr. Alpha 1.44 £0.96 3.06 £0.95 2.25 +0.68 Pass
SG-4071 10/22/2019  Ac-228 2,10 £0.16 2.16 £ 0.20 2.1310.13 Pass
SPSG-4071,4072  10/22/2019  Pb-214 16110.10 1.29 £ 0.08 - 1.45 £0.06 Pass
$5-3900,3801 - 10/15/2019  Bi-212 0.29 £ 0.14 0.19 £ 0.12 0.24 £0.09 Pass -
WW-4291,4292  11/5/2019 ~ H-3 481 £ 97 528 + 97 505 ¢ 68 Pass
DW-10139,10140  11/6/2019  Ra-228 2.61£062 2.26 +0.63 2.44 £0.44 Pass
DW-10139,10140  11/6/2019  Ra-226 149 £0.17 1.32£0.19 1.41£0.13 Pass
WW-4270,4271 11/6/2019  H-3 112178 165 £ 81 139 £ 56 Pass
S-4312,4313 11712019 K-40 202 £08 230109 216106 Pass
AP-4379,4380 11/12/2019  Be-7 0.133 £ 0.075 0.134 £ 0.073 0.134 1 0.052 Pass
$-4422,4223 11/13/2019 . Pb-214 1.22 £0.09 1.28 £0.10 1.25 £ 0.07 Pass
$-4422,4423 111312019 Ac-228 114 £0.15 1.21 £0.17 1.18 £ 0.11 Pass
WW-4556,4557  11/13/2019 H-3 438 £ 96 482 £ 98 460 £ 69 Pass
$0-5024,5025 111142019 K-40 6.60 £ 0.54 6.26 £ 0.58 6.43 £0.40 Pass.
MI-4443,4444 11/18/2019  K-40 1304 £ 114 1340 + 109 132279 Pass
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TABLE.A-6. In-House "Duplicate” Samples

Concentration®
. . ' Averaged

Lab Code® Date Analysis First Result Second Result - Result Acceptance
SW-4492 4493 11/19/2019 H-3 188 + 87 264 + 97 © 226 £ 65 Pass
WW-4577,4578 - 11/21/2019 H-3 212 +83 232 £84 - 222 £59 _ Pass
AP-4514,4515 11/21/2019  Be-7 0.130 £0.055 - 0.193 +0.112 0.162 + 0.062 Pass
SWT-4598,4599 11/26/2019 Gr. Beta 1.43 £ 0.57 1.14 £0.54 "1.28 £0.39 - Pass
AP-120218A,B 121212019 Gr. Beta 0.009 + 0.004 0.013 £ 0.004 0.011 £ 0.003 Pass
S-4644,4645 12/4/12019 Pb-214 1.01 £+0.09 0.91 +£0.09 0.96 +0.06 Pass
S-4644,4645 12/4/2019 Ac-228 0.85 £0.15 0.96 £ 0.16 0.91 £ 0.11 Pass
AP-121618AB-  “12/16/2019  Gr. Beta 0.028 £ 0.005 0.030 + 0.005 0.029 1 0.003 Pass
$-4735,4736 12/16/2019  Pb-214 9.33 £0.38 9.45 + 027 9.39 £0.23 Pass
S-473$.4736 12/16/2019  Ac-228 134 £0.7- 149107 14.1 05 Pass
AP-122318A.B 12/23/2019  Gr. Beta 0.034 1 0.005 0.035  0.005 - 0.035 +£0.003 Pass
AP-1’23018A.B Gr. Beta

12/30/2019

0.037 +0.005

0.037 + 0.005

0.037 £ 0.004

Pass

Note: Duplicate analyses are performed on every twentieth sample received in-house. Results are not listed for those:
_ analyses with activities that measure below the LLD.

2 Results are reported in units of pCi/L, except for air ﬁlters (pCilFiner or pCi/m3), food products vegetation
soil and sediment (pCi/g).

b CH (Charcoal Canister), DW (Drlnking Water), E (Egg). F (Fish), G (Grass), LW (Lake Water), P {Precipitation),
PM (Powdered Milk), S, (Solid), SG (Sludge). SO (Soil), SS (Shoreline Sediment), SW (Surface Water), -
‘SWT (Surface Water Treated), SWU (Surface Water Untreated), VE (Vegetation), W Water (Water), WW (Well Water).
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TABLE A-?. D__egat‘;rnent of.Engrgzsv Mixed Analyte Performance Evaluation Program (MAPEP).

0.56 0.08

Concentration®

Reference R Known Control
Lab Code®  Date Analysis . Laboratory result Activity Limits ¢ « Acceptance
MAAP-608  2/1/2019  Gross Alpha 0.16 £ 0.03 0.528 . " 0.158 -0.808 . . Pass
MAAP609  2/1/2019  Gross Beta 1.09 £0.07 0.948 0.474 - 1.422 Pass
MAW-550 2/4/2019  Gross Alpha 0.73 £0.06 0.84 0.25-1:43 Pass
MAW-550 2412019  Gross Beta 2.26 £0.06 2.33 147 -3.50 - Pass
MASO-605  2/1/2019°  Am-241 38892502 499 349649 * Pass
MASO-605 . 2/1/2019 - Cs-134 0.45 £252 0.0 NA® ‘Pass
MASO805  2/1/2019  Cs-137 1273.1 £13.0 1164, 815 -1513 Pass
MASO-605  2/1/2019 - Co-57 046 £1.1 - 0.0 . NAS Pass’
MASO-605  2/1/2019" ° Co-60 857.96 + 852 855.0 599 - 1112 Pass
MASO-605 2/1/2019  Mn-54 1,138.0 £ 135 . 1027 719 - 1335 Pass
MASO-605  2/1/2019  Zn-65 730.92 £ 16.48 668 468 - 868 Pass
MASO-605  2/1/2019 © K-40 676 +47 585 410 - 761 " Pass
MASO-605 - 2/1/2019  Sr-90 0.0007 £0.0007 0.000 NAC Pass
MASO-605  2/1/2019  Pu-238 78.15 £.6.11° 7.0 49.7 -92.3 Pass:
MASO-605  2/1/2019  Pu-239/240 65.00 £5.4 59.8 C49-T17 Pass:
MASO-605  2/1/2019  U-234 65 +13 56 39-73 Pass
MASO-605-  2/1/2019  U-238 237:23 205 144 - 267 _Pass .
MAW-613 21172019  Am:241 046$003 0582 0.407 -0.757 . Pass
MAW-613 2/1/2019  Cs-134 549 +0.18 5.99 419-7.79 Pass
MAW-613 211/2019  Cs-137 0.089 # 0.080 0 NAS . _Pass-
MAW-613 2/1/2019 - Co-57 10.87 £ 0.24 10.00 - : 7.0-13.0 . Pass
MAW-613  2/1/2019.  Co-60 6.78 +0,19: 6.7 47:87.. Pass
MAW-613 2/1/2019  Mn-54 898 +0.17 . 84 59-10.9 Pass -
MAW-613-  21/2019  Zn-65 0.096 £ 0.141 0 NA®. Pass -
MAW-613 21112019  Fe-55 0.004 £4.00 0 NA€ Pass.
MAW-613 2/1/2019  Ni-63 554 +1.52 5.8 41-75 " Pass
MAW-613 2/1/2019  Sr-80 602+053 . 835 - 4.45-8.26, -Pass
MAW-813  2/1/2019  Pu-238 0.315 £ 0.088 0.451 0.316 - 0.586 Fail®
MAW-813  2/1/2018  Pu-239/240. 0.07 £ 0.07 0.005 . NAYL Pass
MAW-613 21112019 U234 0.98 +0.07 0.800 056 +1.04 Pass
MAW-613 211/2010  U-238 0.84 £0.07 0.810 0.57 £1.05 Pass,

- MAAP611 2172019 Cs-134 0.185 +0.025 0.216 0.151 - 0.281 - Pass
MAAPB11  2/1/2019 - Cs-137 0.288 + 0.045 0.290 0.203 - 0.377 _Pass
MAAP-611  2/1/2019  Co-67 0.369. £ 0.033 0411 0.288 - 0.534 Pass .
MAAP-611-  2/1/2019  Co-60 0.333 £ 0.045 0.340 0.238-0442 . Pass
MAAP-611  2/1/2019 ~ Mn-54 0.546 0.058 0.547 0.383 - 0.711 Pass

T MAAP-611 " 2/1/2019 " Zn-85 0.025 '+ 0.0348 0 NA© © “Pass
MAAP-611  2/1/2019  Sr-980 1.34 £0.13 0.662 0463 -0861 . Fail
MAAP-811  2/1/2019  U-234 . 4142097 0.106 0074 -0138 Fall
MAAP-611  2/1/2019 . U-238 3893094 0.110 0.077-0.143 . Fail
MAW-601 ~  2/1/2019 1129 0.616 ' 0.431 -0.801 Pass
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i

TABLE A-8. Department of Energy's Mb@d Analyte Perfomlance Evaluation Program (MAPéP).

Zn-65

200-371

Concentration®
Reference . - Known Control
LabCode®  Date Analysis * Laboratory result Activity .Limits © Acceptance
MAVE-607  2/1/2019  Cs-134 2.33£0.10 244 1.711 -347 Pass
MAVE-607  2/1/2018 . Cs-137 2621013 2.30 . 1.61-2.99 Pass
MAVE-607  2/1/2019  Co-57 239 £0.11 2,07 1.45 - 2.69 -, Pass
MAVE-607  2/1/2019  Co-60 0.046 £ 0.04 0 NA ¢ Pass
MAVE-607  2/1/2019  Mn-54 0.031 +.0.04 0 NA® Pass
MAVE-607  2/1/2019  Sr-90 0.013 £ 0.022 © 0 NAS Pass
MAAP-3299  8/1/2019°  Gross Alpha 0.13 £0.03- 0.528 0.158 - 0.898 Fail®
MAAP-3299  8/1/2019,  Gross Beta 1.08 +0.07 0.937- - 0.469-1408 - Pass
MAW-3252  8/1/2019  Gross Alpha 0.93 +0.08 1.06 0.32-1.80 - Pass
MAW-3252  8/1/2019  Gross Beta 3.03 £0.07 3.32 1.66 - 4.98 Pass
MASO-3207  8/19/2019 Cs-134 881.98 £ 9,03 1020 714 - 1326 Pass
MASO-3297  8/19/2018 . Cs-137 871.50 + 10.83 789 552 - 1028 Pass
MASO-3297  8/19/2019  Co-57 -1.72 £ 3.01 o NA® Pass
-MAS0O:3207  8/19/2018 Co-60 783.69 £8.21 760 532 - 988 Pass”
MASO-3207  8/19/2019 Mn-54 834.48 +11.29 745 522 - 969 Pass .
MASO-3297  8/19/2019 Zn-65 3.01+527 0 NA€ Pass
MASO-3207  8/19/2019  K-40 662.91 £ 42,65 555 389 -722 Pass -
MAW-3240  8/1/2019  Cs-134 .08 +0.08 0, NA € " Pass
MAW-3240  8/1/2019  Cs-137 18.48 £ 0.90. 18.4 129 -239 . Pass
MAW-3240  .8/1/2019  Co-57 1468 £0.52° 156 - 10.9 - 20.3 Pass
MAW-3240  8/1/2019° Co-60 8.67 £0.39 ° 8.8 62-11.4 Pass
MAW-3240  8/1/2019  Mn-54 20.72'+0.93 206 - 14.4-268 Pass
MAW-3240  8/1/2019  Zn-85 20.52 £1.05 1203 14,200 - 26.400 Pass
MAW-3240  8/1/2019  K-40 511 +£0.68 0 NA¢ " Fail
MAW-3240  8/1/2019 H-3 179.52 £ 3.32 175 123-228 - Pass
MAW-3240  8/1/2019  U-234 1.1 £0.04 1.07 0.75 - 1.39 - -Pass
MAW-3240  8/1/2019  U-238 1.08 £0.04° 1.05 0.74 - 1.37 " Pass’
MAVE-3205  8/1/2019°  Cs-134 0.02 £ 0.02 0 NA© " Pass
MAVE-3295  8/1/2019  Cs-137 3.38 £0.32 328 2.30-4.26 Pass
MAVE-3295  8/1/2019  Co-57 4.99 +0.51 457 320-594 ' Pass
MAVE-3205  8/1/2019  Co-80 5.29 +0.30 5.30 3.71 -6.89 Pass”
{MAVE-3295  8/1/2019  Mn-54 473 £045 4.49 314 -584 Pass_
MAVE-3295  8/1/2019" 3.10 £ 0.31 2.85 Pass

° Resuﬁs are reported In units of Ba/kg (soll), Bg/L (water) or Bgftotal sample (filters, vegetation).

° Labotalory codes as follows: MAW (water), MAAP (alr ﬂner). MASO (soll) and MAVE (vegetation).
¢ MAPEP results are presented as the known values and expected labaratory 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

serles as a "false positive®. MAPEP does not provide control limits.’

9 Provided In the serles for "sensitivity evaluation®. MAPEP does not provide control limits.

° Past results have been acceptable so will watch to see If a trend develops.

! An erroneous volume conversion caused some Incomect values to be submitted. If the conversion had been performed property

the results in Bg/sample would have been (Sr-90: 0.671 1 0.066 ) and (U-234: 0.163 £ 0. 038) and (U-238: 0.144 2 0.035).

This result had been Included in the Uranium Investigation. See footnote "C” on Table A-1.

9 The tab will adopt a MAPEP specific gross alpha/beta fliter calibration as discussed in the MAPEP test instructions.
Utllizing a MAPEP speclfic calibration, the result In Ba/sample ( 0.39  0.09 Bg/total) which passes the MAPEP acwptanoe

criteria, |
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TABLE A-8. Interlaboratory Comparison Crosscheck Program, Environmental Resource Associates (ERA).
MRAD-30 Study
Concentration ®

Lab Code ® Date Analysis Laboratory - ERA Control
' ' Result ; Value® Limits Acceptance

ERAP-846 3/18/2019  Am-241 19.1 18.7 133 -249 Pass
ERAP-846 3/18/2019 Cs-134 . 612 721 468 - 884 Pass
ERAP-846 3/18/2019  Cs-137 679 634 521 - 832 Pass
ERAP-846 . 3/18/2019 Co-60 93.7 938 . 79.7 -119 Pass
ERAP-846 3/18/2019 Fe-55 612 718 262 - 1150 Pass
ERAP-846 3/18/2019 Mn-54 <05 <50.0 0.00 - 50.0 Pass
ERAP-846 3/18/2019  Zn-65 1500 1380 1130 - 2110 Pass
ERAP-846 3/18/2019  Pu-238 34.0 338 255-415 _ Pass
ERAP-846 - 3/18/2019 Pu-239 64.9 67.0 50.1 -80.8 - Pass
ERAP-846 3/18/2019  Sr-90 199 181 114 - 246 Pass
ERAP-846 ’ 3/18/2019  U-234° 29.0 18.2 “135-213 Fail
ERAP-846 3/18/2019  U-238° 28.6 18.1 137 -216 Fail
ERAP-848 3/18/2019  Gross Alphe 484 50.3 26.3 -82.9 Pass
ERAP-848 3/18/2019  Gross Beta 95.5 78.6 47.7 -119 Pass

3 Results obtained by Environmental, Inc., Midwest Laboratory (EIML) as a participant in the crosscheck program for
proficiency testing administered by Environmental Resource Associates, serving as a replacement for studies

conducted previously by the Environmental Measurements Laboratory Quality Assessment _Program (EML).
® Laboratory code ERAP (air filter). Results are reported in units of (pCiFilter). \ .

¢ The ERA Assigned values for the air filter standards are equal to 100% of the parameter present in the
standard as determined by the gravimetric and/or volumetric measurements made during standard preparation

as applicable.

‘4 The acceptance limits are established per the guidelines contained in the Department of Engrgy (DOE):
report EML-564, Analysis of Environmental Measurements Laboratory (EML) Quality Assessment Program (QAP)

Data Determination of Operational Criteria and Control Limits for Performance Evaluation Purposes or ERA's
SOP for the generation of Performance Acceptance Limits. ’

¢ Failure traced to an over-estimated U-232 fracer value. Tracer has been re-standardized. (See footnote "c*
on Table A-1).
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. Environmental Radiological Monitoring Program Annual Summary

Perry Nuclear Power Plant

i ~ Docket Number 50-440/50-441
Lake County, Ohio ~ Reporting Period: 2019

' . . : : N Cocati P p ‘Number of
Pathway | Type and, Lower Limit | Mean for All Locations r:;’:i;‘l’:sl"d'cam’ Location with Highest Annual Mean reqr:.for Control Non-routine
Sampled | Total Number ion--| Defocted J ] .| Locations Reported _ ..
p of Analyses vozgjetectuon DetectquCollected Detected/Collected | Location # gel?n thected/ Detécted/Collected | Measurements
Units Performed (LLD) Range y Distance & oliecte Range ' o
S S Range Direction Range g v
N bo7 0.070 0.072 4 0.078 0.078 0
g e- . . N
i 25 N/A 28/28 24124 07 a4 YIS
pCifm '
; 0.049 - 0.089 0.049- 0.089 0.069-0.085 . |  0.069-0.085
A c s <LLD <D -© _<LLD 0
\g 0- .
s 2 N/A 0/28 024 — - /4 '
pCilm : . :
A cos0 <LLD <LLD <uD 0
Ug .
- 28 N/A 0/28 0124 - = 0/4
pCi/m 28 : : ’
ar corss <LLD <LLD <LLD 0
ir S- . e
. 25 0.037 0/28 0/24 ' . - 0/4 ;
pCi/m
A corsr ' <LLD <LLD ' <LLD 0
ir s »
. o 0.045 0/28 0/24 — - 0/4
pCi/m
A Gross Beta ‘ 0.024 0.023 4 0.025 0.025 0. .
r ross Be
i et 0.0075 364/364 312/312 T 07 52/52 52/52
fm .
P 0.006 - 0.055 0.006 - 0.055. s 0.011-0.055 0.011 - 0.055
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. Environmental Radiological Monitoring- Program Annual Summary

Perry Nuclear Power. Plant

Docket Number 50-440/50-441
Lake County, Ohio.  Reporting Period; 2019

¢
) . » ) . . . . X ﬁumber of
Pathway | Type and Lower Limit | Mean for All Locations [Aoiaar:';?.'rslndlcator +| Location with Highest Annual Mean Mean for Control | Non-routine
Sampled” - | Total Number | ~OWer Lim : : | Locations Reported
npiee of Analyses of Detection | Detected/Collected . Detected/Collected | Location # - Mean Detected/ | petected/Collected Measurements
Units (LLD) : #© Distance & Collected : ‘
S Performed Range R istance Range ’
ange Direction Range
) : <LLD <LLD <LLD 0
Air 1-131 :
0.05 0/364 0312 . - - 0/52
pCi/m? 364 :
Broadieal | o - 390.2 3233 70 737.8 7378 0
- e~ .
Vegetation o N/A 31/41 26/36 17.1 5/5 5/5.
pCilkg wet | 124 - 2555 124 - 622 . SSwW 252 - 2555 252 - 2555
2 . - 2 .
Broadieal | .o 4739.4 4636.2 70 5482.0 5482.0 0
Vegetation o ' N/A 41/41 36/36 17.1 5/5 5/5
pCifkg wet 2833 - 8257 2833 - 8257 SSW 4196 - 6968 4196 - 6968
Broadieaf | o .o <LLD <LLD <LLD o
N 0-! :
Vegetation N/A 0/41 0/36 — — 015
pCilkg wet 41 _ _ _ v
Broadleaf Co60 <LLD <LLD <LLD 0
. -Co
Vegetation N/A 041 0/36 — — 0/5
pCikg wet 4 ] — — — )
Broadieaf | | ... <LLD <LLD <LLD 0
Vegetation 45 0/41 0/36 — - o5 -
pCifkg wet 4 ) ’




—~
!
. v
‘EnvironmentalRadiological Ménitoring Program Annual Summiary
Perry Nuclear Power Plant  Docket Number 50-440/50-441
Lake County, Ohio.  Reporting-Period: 2019
R Y o Meén for Indicator -Location vv(l’ith Highest Annual Mean . Number of
Pathway Typeand - Mean for All Locations .|.|" . AR bkl ' | Mean for Control | Non-routine -
Sampled’ Total Number Loger Limit ‘ ! ocations T | Locations, - | Reported-
S of Analyses ?EL;;QC“O" ‘| Detected/Collected . | ‘petectediCollected | Location # .fg;?:czztected/w Detected/Collected | Measurements
Units Performed . Range e ) D!staqce& Range AR
T Rénge ' | Direction Range o
Broadieal | < qa4 <LLb <lD ’ < 0
Vegetation 45 041 0/36 — - 0/5
pCilkg wet M — — _ . P
Broadieaf | o 4a- <LLb <LLD <LLD ) )
Vegetation - 60 0/41 0/36 — — 0/5
pCilkg wet 1 ' — . — o= .
it ko 1663.1 17912 25 1791.2 | 14966 . 0
ish . ; ! @
C'lk‘ ) ¢ |23 N/A 23/23 1313 -~ 0.6 13113 10/10 .
pCilkg we ’ P
9 ..885-3260 885 — 3260 S NNW 964- 3195 . 964-3195
e o M54 <LLD <LLD <LLD .0
is n- . ’ s :
Clk ¢ |23 . 94 0/23 0/13 _ —_ ' 0110 . '
pLilkg wet . ' ; o ‘
Fish Fe-59 <LLb <UD - Ceup 0
1S e- - . g C
Cilk ¢ |23 195 0/23 0/13 - -_ —_ - 0/10 ;
pCilkg we - . P . :
-~ coss <LLD <D - <LLD S0
IS . o -
oCikgwet | 23 a 97 0/23 013 - — 010
i el . et
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Environmental Radiological Monitoring Program Annual Summary.

Perry Nuclear Power Plant
Lake County, Ohio

Docket Number 50-440/50-441
Reporting Period: 2019

- o ) B . " - ‘ Number of
Pathway - | Typeand : Lower Limit | Mean for All Locations tﬂoe ;l:i;c:l;lndlcator Location with Highest Annual Mean I_Mear:ifor Control Non-routine
Sampled . | Total Number o i N ocations Reported -

: P . | of Analyses of Detection | Detected/Collected Detected/Collected | Location # Mean Detected/. Detected/CoIIected‘ Measurements: |. .

Units Performed (LLD) Range ! ) Distance & Collected - Range B

L - Range Direction Range 9

Fish Co-60 <o <tb <tlb 0 4w
is 0-60, ;

C'}k " ‘23 0/23 0/13 0/13 —_ —_ 0/23

pCilkg we . v

Fish 265 <LLD <LLD <LLD 0 <LLD

Fis| n )

é‘/k ¢ | as 0/23 0/13 0/13 — - 0/23

pCifkg wet | 2 ,

Fieh ce1sa <LLD . <LLD <LLD ; o LD .
is s- :
Citkg wet - | 23 gz ~ons ons o= - 0/23

pCilkg we! )

Fish Cs-137 <LLo <uo . ) 0
isf s-

Cifkg wet | 23 "z . o3 013 - - oMo

pCifkg we ‘ ;

Sediment K 40 10530.0 . 10530.0 64 112005 ONA 0
edimen -

Cilk . 4 N/A " 4/4 4/4 04 2/2 N/A
ifkg we ,

pHg 9581 - 11716 9581 - 11716 WNW 10685 - 11716 | N/A ¢

Sediment | Co-58 ) <LLb <LLb : N/A 0
edimen o-
ke wet | 4 50 o4 . - 0/4 - — N/A

we
pLikg ‘ _ _ NA
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Environmental Radiological Monitoring Program Annual Summary

' Perry Nuclear Power Plant

" Docket Number 50-440/50-441
: Lake County, Ohio'  Reporting.Period: 2019

i . C o o o tndicate o with Hi Number of
pathway. | Typeand - [ s Mean for All Locations Mean‘for Indicator . Location with Highest Annual Mean | apean for Control . Non-routine
Sample)((i Total Number | Lower Limit ) Locations . T - — Locations . - . | Reported
Units Performed Bt Range : L D!sgar'!ce & e . Range [ S

: L Range - Diréction Range ~
v
Sediment Co60 <LLb * <LLD N/A 0
imen 0 . ) . ‘
Cikawet | 4 40 0/4 0/4" — — N/A
ilkg we .
p‘; 9 : - . . N/A
: <LLD <LLD N/A 0
Sediment Cs-134 ) ’
cikawet | 4 112 0/4 0/4 - - © N/A
ilkg we .
e . — - _N/A
<LLD <LLD N/A 0
Sediment Cs-137 ! . : B
: 135 0/4 o4 - — N/A
pCilkg wet | 4 % :
: = - . N N/A . .
TLD (E) birect 125 125 33 18.5 123 0
mR/91 6" 1.0 116/116 - 108/108 4.7 44 8/8
days > 53-183 .85-18.3" S ~ . 17.1-2041 9.0-15.3
Lo (@) Dot 12.9 129 ' 31 169 12.9 0.
mR/91 ;|16 1.0 116/116 108/108 ' 4.8 4/4 8/8
days 9.1-174 9.1-174 SE 16.5-17.1 11.7-13.8
TLD Direct 58.8 58.9 29 . 74‘3 57.7 0
mR/365 29 1.0 29/29 27/27 45 0 22
_days 477-743 . 47.7-743 SSE 74.3-74.3 57.0-584




Environmental Radiological Monitoring Program Annual Summary

Perry Nuclear Power Plant
- Lake County, Ohio

Docket Number 50-440/50-441
Reporting Period: 2019

/

. - L o Number of
Pathway | Type and o= Mean for All Lécations. nﬂeart\_for Indicator Locatloq with Highest Annual Mean Mean for Control Non-routine .
Sampled * | Total Number | (OBSILINL | cted/Collected ocetions ; Medn Detected/ - | poaoon . ecreg | REPOTED

o " | of Analyses (LLD) ste olle Detected/Collected | Location # C:I?:ctez ected/ - | Detected/Collected | Measurements
Units Performed ' Range ﬁange g!stac;\_ce& seiee ‘Range -
. Ra irection Range
. 1.3 13 . 36 1.5 1.2 0

Water Gross Beta ) .

cilL 54 3.0 42/54 32/42 3.9 9/12 10/12
pCi : .

09-19 09-19 wsw 10-19 09-14
Wat He3 <LLD <LLD <LLD 0
ater - .

C'IL 18 1500 0/18 014 . - —_ 0/4
pCi
Wat ) Mn-54 <LLD <LLD . <LLD 0 \

ater n- ;

Gl 54 1 0/54 0/42 —_ — 0/12
pCi :
Wate r Fe-55 <LLD - <LLD ,  .<LLD -0

~ :

ciL 54 22 0/54 0/42- — — 0/12 ’
pCi
Water Co58 <LLD <LLD <LLD 0

or

CilL 54 11 0/54 0/44 — —_ 0/12
p ;
Wa ‘Co—60 <LLD <LLD - <LLD 0

ater

il 54 11 0/54 0/42 _ - — © 012
P : ;

~




Environmental Radiological Monitoring Program Annual Summary

Perry Nuclear Power. Plant”

Docket Number 50-440/50-441
. Lake County; Ohio~ - Reporting Period: 2019

. . o P o ot with M ° ; Number of
Pathiway | Type and Lower Limit *| Mean for All Locations roiaar:i(f;rslndmator Location with Highest Annual Mean LMea’:ifOV Control .. | Non-routine .
, ‘ ! ) - ocations . )
Sampled If:fr"a"l;’s"e‘?’ of Detection’ | Detected/Collected Detected/Collected | Location # Meah Detected! | Detocted/Collected - ':A‘:‘;‘;ﬁf:mems
Unit {LLD) Bands ; | Distance & Collected - ' .
its Performed ;. Range ' . | Distance . Range
o Range -Direction Range ,
<LLD '« - <LLD 0
Water Zn-65 ) s ;
X 22 0/54 0/44 —_— - 0/12
pCi/lL 54 '
<LLD <LLD <LLD 0
Water Zr-85
22 0/54 0/42 - - 0/12
pCiL 54
<LLD <LLD <LLD 0
Water Nb-85
11 0/54 0/42 —_ —_ 0/12
pCill 54
, _ — —
<LLD <LLD <LLD 0
Water Cs-134
X 1 0/54 0/42 . — —_ 0/12
pCilL 54
Wat Co37 <LLD. <LLD N <LLD 0
ater s-
13 0/54 0/42 —_ — 0/12
pCilL 54 N
Wat : Ba-140 Lo <LLD | Lo °
ater a-
45 0/54 0/42 — — 0/12
pCilL 54
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Environmental Radiological Monitoring Program Annual Summary

Perry-Nuclear Power Plant
Lake County, Ohio

Docket Number 50-440/50-441 .
Reporting Period: 2019

. . ) . . : " Number of
'Pathway Typeand Lower Limt ‘Mean for All Locations LMoecaar:i;?-l; Indicator | . Location with Highest Annual Mean Mean‘for Control Non-routine

Sampled | Total Number mi . ; Locations Reported
e of Analyses | of Detection | Detected/Collected Detected/Collected | Location # Mean Detected/ | petected/Collected Measuremerits

Units Performed (LLD) Range : Distance & Collected Range '

1 Range Direction Range 9
<LLD <LLD ’ <LLD ]
Water La-140 .
11 0/54 0/42 - — 0/12
pCit 54
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. PERRY NUCLEAR POWER PLANT

1.0 INTRODUCTION -

“The following constntutes the current 2019 report for the Radlologrcal Envrronmental Monrtonng
.. Program oonducted at the Perry Nuclear Power Plant m Perry. Ohio. Results of completed
" analyses are presented in the attached tables.

The data obtained in the program were wrthm ranges prevuously encountered and to be expected in the

: envrronmental medra sampled

<Al concentratlons except gross beta are dewy corrected to the time of collectron Arrborne rodme is
. dewy oorreoted to the mldpomt of the collectron period. »

AN samples were collected wrthm the scheduled period, unless noted otherwise in Table 2. 0 Llstlng of
t Mrssed Samples .



2.0 LISTING OF MISSED SAMPLES

3

Saimple Type

l.m:i'_c_)n‘

) Expected

* Collection -~ . i
. Date

" Reason . -

D ow

W

W
kW

Caw

P60
P59
Peo
P59

P2

01-25-18 i
01-25-18 -
022719
022719,

032819, ..
032819

0820119 T,

T~

No sample sént. Water frozen.
No sample sent. Water frozen.
No sample sent, Water frozen.
- No sample sentWater frozen.
. No sample sent. Water frp‘zén.
No.sample sent. Water frozen.

" Nosamplesent




Table 1. Direct Radiation (TLDs), Quanedy Exposure
Umts mR/91 days

PNPP

Date Placed
Date Removed

E-1
E-3
E4
E-
E-6
E-7
E-8
E-9
E-10
E-11
E-12
E-13
E-14
E-15
E-21
E-23°
E-24
E-29
E-30
E-31
E-33
E-35
E-36
E-53
E-54
E-55
E-56
E-57
E-58 -

Mean & s.d.

E-Controf 1.
E-Control 2

2nd Qtr.

1st Qtr. 3rd Qttr. 4th Qtr.
01-08-19, 04-04-19 07-10-19 10-31-19
04-04-19 07-10-19 10-30-19 © 02-10-20
1.0+1.2 112+24 111108 130+18
9.1 107 91123 9.0+05 102 +1.1
116 +0.9 11.0$22 121106 135+11
10.1 £ 0.8 85122 1051205 104 +1.1
120+12 106 +2.2 120107 128 +1.2
11.7 £+ 08 10.7 +2.3 11.7 08 124113
85106 105 +2.2 108 +05 12010
97108 9.7 £22 10.3 £ 06 114 1.1
115107 11.3$22 115+06 '118+1.2
11.7 £ 09 122 +23 125108 135113
11.3 109 11.1+23 121 0.7 137 +1.3
111 £09 11322 115108 128 +1.3
116 08 115 £2.2 123 £09 12.7+1.1
10.3 0.7 10.7 £ 2.2 10.4 + 0.6 120+1.1
120 +08 127 £2.2 146 +0.7 147 £11
148 £1.0 13223 148 +06 154 £1.3
132 +09 114 $£23 125 +06 127 £1.3
163 +1.3 155 £2.2 16.6 +0.9 173+13
142:08 14.1+23 143107 15.7 £1.3
15.7 £1.0 170 £22 16.210.8 16.7 +1.2
16.3 £+ 0.6 162123 18.3 +08 176 +1.3
112 +10 106 +23 115109 120 +1.1
16.4 +0.8 136 +22 15.9 £ 0.7 153+ 1.1
108 +0.8 9.8+23 139110 124 £12
13.0+08 107 £ 2.2 129 £+ 0.7 122 +1.2
116+13 121 ¢25 134115 138+14
1.7 £10 14 1:24 12.1 £ 09 13115
13510 129 +23 147 £08 142 +1.4
9.1+10 851+23 10.1 £ 06 105 £ 1.2
121 £22 1.7 +21 127 222 133119
5406 6423 64 +08 73113
72108 53+22 64113

7.7 +06

11



Q0 0 S 129+08 o 1094100 - 13007 S 109109

. Q33

Q3 ... ... 160+08; . .- 144210 . 170206 . 14.7£08

e

PNPP

' Table 1. Dlrect Rad;atuon (TLDs) Quartedy Exposure
Umts mR191 days .

| ng"’t.g w0 2ndQtr, gdate. . 4haQw
~ Date Placed . 011518 . 040419 - 0710419 © 103119
 DateRemoved . 040419 071019 . - 103019 .. 021020 .

Q1 136413 10816 122411 : 122 £1.7
Q3 ‘ . 110108 , 91%13 : 98107 , 83110
Q4. oo . 130205 - . 11.8#15 L 118207 - ‘112109
Q5 - . 17407 - 110212 . 113106 . 102211
Q-6 : .. 137106 _ 124 £1.1 132106 117109
Q7. L 42607 L. 120%12 . . 127406 - - 115208
a8 . 12110 . 116210 - 116106 ’ 11.3+09

Q-9 118210 97112 _ 11.7£0.9 k 109 £1:2 -

Q-1 - 139109 . 133212 148210 130110 -
Q-12 - o209 MT7217 0 ¢ 135 £0.6 o 1141209
Q13" 0 Sw 124308 121 2140 0 124%07. - 0 7128214
Q14 - 125108 121211 123108 11531
Q15 . . .129#09° . M211 . 122206 BRI TR
Q21 . . 7 1441£080 0 135%140. 0 148308 - 136212
o Q23 147 3130 . 148114 S 149112 S 141214
LoQ28 ‘ o 124120 . 13 L 127£13
Q29 T . , 158 1.1
Q-30 > 13110 . 163108 © 132109
Q3. 470212 . 171206, - 1683212
e : T 1692117 o 17.0208 S 160210
Q-35 5 _ 124106' 10710 12,1 £ 086 10.7£0.9 .

Q53 el 0 124140 © 135108 S 134310
Q-54 - 136108 C 125111 . 139106 126108 _
Q56 . . L 139%10° 0 . 41110 - . 135 +09° o 11.1208 .
Q86 . 13414 12412 128410 122210 -

. Q57 . . 128+13 . S122$1.0 S 137211, 129109

. Q-58: 1{[1fﬁﬂ:;96109j: Sh40441.007 e 101:08 . 102109

Mean £ s.d. _;f.ji§:17ff . 1zas19 . 134220 y.1gg;1pf'

 QComali . 77105 6711 7405 . 6809
QComol2 - 74306 6609 - - 73205 =~ 85208




Table 1. Direct Radiation (I’LDs) Annual Exposure.

Unds mR/365 days

PNPP

A-23
A-24
A-29
A-30

. A-31
A-33
A3S
A-36
A-53 -
‘A54 -
A-55

~ AS6
AT
: Asa*

Mean't s.d.
A<Control 1
A-Control 2

. 709 £27

584 £39
. 743431
62028

67.7 +2.5

725134
1527424

U701 4.3

. 600%28 .
695841 -

UE61£17

g *59 9 +3.6° T

 sB8i67

T 2463177

_ _,2019 :
. Date Placed HI 01-0&19 T

- Date Removed : 02—10-20 o
A1 530 3.1
A-3 477 £23
A4 53.7 +2.1
A5 - 526.%24
A6 57.0+18
AT 552 +2.8
A8 * 528123
A9 543129
A-10 - 530+22 -
A-11 59.7 £1.9
A-12 . .57.1122
A-13 ©68.3 £3.2
A-14 56.2 +3.6
A-15 532 4.4
A-21 64:4 +4.1 j




Table 2.

Location: P-1

Units: pCifm® .

Collechon Contlnuous weekly exehange -

Airborne partlculates and charooal wmsters, analyses for gross beta and iodine-1 31 t

PNPP

Date

Collected .

Volume o

G(oss Beta. |

" Date

" Volume

-Gross Beta

1131,

Requied LD

01:10-19
01:15-19°

©01-2319

101-20:19

02-06-19
021319

02-20-19
02-27-1 9.

'03-06 19?
0313197
03-20-19 -
03-27-19 "
04-03-19

606", .-

395
.601
455

604
st
525

504

' 565
539
537

m) h
00075 @

©-0.023 £0.004 - <
10.020 $£0.003 <

©0.635 0,003 <
-.0.017 £0.003
10.029 £0.003-

0.028 £0.003 * <

0.028 £0.004 ' <

0.040 £ 0,004 " <.

©0.029 £0.003 - < 0.0
1.0.042 $0.003°'<0.00
:0.026 £ 0.003 <0,
*70.017'£0.003 "
", -0.021 :0003,‘,,_

04-10:49

04-1 7-19

04-24-19°
05-01-19; :

. 05-0&-19 :
05-16-19 -
05-23-19-

05-29-19. . -

06:06:19
06-12-19

06-19-19
06-26-19

07-02-19, -

5%, .

- -537
- 616
. 532
470

603 -
474
-530 . -
548 . .

0.021 £0.003"

001120003 -

0,011 £0.003
L. 0.017 £0.003

0013 £0. 003:

~0.015.30.003 -
©0.016 £0.003: -
~0.016 £0.003 -
- 0.022 £0.003 .-

<0010

0.015-£.0.003 . - <0.007

<0.003
<0.005
0.018 £ 0.003 = <0.007
7 < 0.009

0.0152 0. 003
- <0.009
<0.007
<0.007
<0.006

<0.004

... Collected -

"~ 07-10-19 | - 639 -

7 08-14-19 560

B 080418 '8
091119 - 54
7091819

100219

7 10:30-19

071719 557

07-24-19 = '* 642

©07-31-19 - 545

0821419 545
08-28-19 539

09-25-19 -

)

0 0075

0‘022‘ * 0.003

0.016 £ 0.003
0.019 £0.003

-+ 0.031£0.003

0,025 £0.003
" 0.026 0.003

0.027 +0.003
0.016 +0.003

0029 0.003

" 01030 £0.004

0.039  0.003
0.026 +0.003

<0.007
<0.010
<0.010

<0008
<0.009

< 0.004

<0.010

'<0.007: -
1 <0.007
/< 0.006
< 6;005

302019 ‘ Meant sd.

" 100319 550

10-16-19 . 519.
110-23-19

14-05-19 42

111319 - 58
'11-20-19 - 578

112819 1636

: 12-04-19 149
S 12-10-19 473
$12-18-19 , 648

122519 ..
01-01-20 - 5

0026 20008 <0

0.024 +0.003
0.025 + 0.003
0.027:10.003

002640003 <0.

10,021 +0.004

0.021 +0.003
0.037 £0.003

0.031 £0.003 <

0.039 £ 0.003

.0.042 £ 0.003
0039 10003,_

0.016 £ 0.003 <0011 -
- 0.031£0.004 <0011

e

Meantsd. .

0016 20003

<0010

42019

. Cumulative Average

Meanzsd.

0.029 £0.008

Y. 0.025




B . o ~ PNPP
Table 2. Aurbome partlculates and charcoal umsters analyses for gross bela and |od|ne-1 31
Location: P-3 ' ‘ , . Coe
Uniits: pCifm® ' " : ‘
» Collectlon Continuous, weekly exchange

_ . Date _ "\{_olurhe S R Date Volumie f S o
v Collected . ,“(m‘.’)l_ Gross Beta .31 Collected (m") Gross Beta l-131

'.Regunred uo . oors oo 00075 ooso,

01-10-19 ~ 643 . 0030%0003 <0010 . 071019 . 692 0.022 +0003 . <0.004
01-15-19 448 . 0.0200.003 <0.008 07-17-19 . 614 . 0.016 + 0.003 <0006 -
01-23-19 630 - 00230003 <0.005 -07-24-19 . 591 0.017 £0.003 <0.009 -
01-29-19 492 . 0.030+0.004 < 0.006 07-31-19 614 - 0.026 +0.003 <0.009

02-06-19 * < 648 . = 0.029:0003 <0003 .  0807:19 618 0.024 +0.003 <0.007
02-13-19 .  584- . 001640003 <0005 - 08-14-19 624 0.022 +0.003 <0.008
022019 - ‘557 . . 0.030 +0.003 <0.006 08-21-19 ~ 600 - 0.026 +0.003 < 0.004
02-27-19. . 552, 0.038 +0.004 - <0.005 08-28-19 . . 606 0.015+0.002 <0.009

030619 - - 585 - 0.030 +0.003 . <0.007 .~ - 09-04-19 - - 602 - 0.025+0.003 <0.006
031319 578 0.041£0.003 - <0.007 - 091119 . 617 0.024 $+0.003 <0.006
- 032019 562 - 00240003 <0005 @ 091819 - 565 - 0.027 £ 0.003 <'0.006
03-27-19 - 585 - 0.01910.003 - <0010 . 09-25-19 588 0.034 +0003 <0005
040319 598 . . 00170003 <0008  10-02:19 . 61 0.025 £ 0.003 <0.005

10 2019 "'"Méan_'t's.'d'_. 002740008 <0010 302019 Meantsd. - 0.023£0005 <0009

04-1(»19 581 - 002440003 <0010 - . 100919 = 632 : 0.019 + 0.003 - <0.005
04-17-19 - .. 581-. 0.016 £ 0.003 < 0.007 101619 . 602 - 0.020 £0.003 <.0.005

042419 . 642 001240002 <0003 ~ 102319 .. 599 . 00240003 <0007 .
. 05-01 19 . 618" 0.019+0.003 '<0.008 1"0-3019 639 ¢ 0.021 £0.003 <0005 .

950&19 | 608 0009 +0.002 <0003 '110519 498,  0.023+0.003 <0007
051619 739 0015£0002 <0005 =~ 111319 672 . - 0.021:0003 <0006
05-2319.°  605° 00160003 <0006 - .. 112019 . 626  0.034+0003 <0.008
052919 - 525  0.011:0003 <0.008 1122819 701.  0.03110.003 <0.005

. 06-06-19 - 713 001530002 <0004 - - 12-04-19 - 612 - 0.017 £+0.003  <0.011

0612419 542 - 0015+0003 <0008 12-10-19 510 0.027 +0.003 <0.010
061919 - 623 - 0006+0002 <0006 . 121819 731 - 0033 £0.003 < 0.003
062619 600 - 0.015:0003 <0006 . 122519 - 606 0.036 £ 0.003 < 0.006
07-02-19." 510" ' 0022+0003 <0006 01-01-20 ~ 594 0037 £0.003 <0.005

202010 Mesnssd  0015£0005 <0010 402019 Meantsd 00260007 <0011

-Cumulative Average -~ 0.023.




n

Table 2: ’

Dot Volume

1131, Collected = (m) _ GrossBeta

_ Collected

Requied LLD ~ | o050 . 00078 0080
011019 649 ’:0027 $0003 <0009  07-10-19 622 . . 0.019£0.003  <0.005
01-15-19 . 450 - 0021 £0.003 <0.008 07-17-19 547 .. 0.019 £0.003  <0.007
012319 638  0021£0003 <0.005 07-24-19 536 . 001940003 <0.010
01:20-19 . 497 . 0.031£0.004 <0006 073119 55 .- 0.028 £0003 <0010

' 02-06-19 - 655. - . 0.039+0.003 <0.003 08-07-19 534 0.026 +0.003 <0.008
02-13-19 ~ 585 - 0.016£0.003 < 0.005 08-14-19 - 548  0.027 £0.003 < 0.009
02-20-19 561  0.033 +0.003 <0.006 08-21-19 545 ~  0.029 £0.003 <0.004
02-27-19 522 ... 0.040.£0.004 = <0.005 © 08-28-19 .- 523 . 0016 £0.003 <0010

030619 . 564 '~ 0030£0003 <0007 09-04-19 525 .  0.030£0003 < 0.007
03-13-19 596 - '0.040£0.003 < 0.007 09-11-19 534 . 0.024 £0.003 . <0.007
03-20-19 . | 545 - ~.0.025+0003 <0005 . 091819 489 . -0.030 £0.004 <0.007
032719 . 552" - 0.01930.003 <0010 09-25-19- 510 < . 0.055 + 0.004 <0.006
04-03-19 548 - 0.016 10003 <0009 - 100219 - §23 0028 :ooos < 0.006

2

102019 Mean:t <0010 3q2019 002740010 <0010
tooste f' 0.003 - < 0,006
101619 511 8 : 3 <0005 -
: :0.003 < 0.00: 10:23-19 ,[fffl' 0,028 -~';,,.‘-'=<°'°°3' a
: 0'018"&0003- - <0.007 110-30-19° . 1'0.025 + 0.003 - <0.006

04-10-19 g
04-17-19

04-24-19 :
050119 . 537

05-08-19 = 540 ,0011 10003 <0.003 110519 462 .. 00 '<ooo7
051619 ~ 625 ° 00160002 <0.005 11-13-19 . 601 0,024 10003 .<0.006
052319~ 639 . . 0,017 £0.003 “<0.007 - 11-20-19 538~ 0.040 £ 0.004 <0.009_
| 05-29-19 <* 461 0.013£0.003- <0.009 11-28-19 616 - 0. 031 +0.003. <ooos

06-06-19 = 608 '30015 $0003 <0004 12-04-19 446 | - 0.017 £ 0.003 <0.013
06-12-19 470 - 0.016£0.003 <0.009 12-10-19 452~ 0.031£0.004 <0.011
06-19-19 526 ' . 0.014$0003 <0007 121819~ 631~ 0.044 $0.003 <0.004 '
06-26-19 546 - 0.01510.003 " <0.007 - 12-2519 520 ° 0.044 £0.004 <0.007
07-02-19 = 469 = 0.024 £0.003 <0.006 01-01-20 = 524 0.039 +0.004 <0.005

202019 Meantsd.  0016£0004 <0011 422019 Meanssd. 00300009 <0.013.




0343419

T

061219

202019 Meantsd.

Tate2.

Collection: Contmuous weekly exchange

Almome pamcuiates and charcoal camsters ana!yses for gmss beta and aodme-131

Location: P-5
- Units: anIm

e

" Date

Collected e (mo) 7

) Volume '

' Gross Beta

l-131

T oae
. '__“Collected

Volume

Gross Beta

k3

' .01-10-19 635
011519 ,
012319 612
. 01-2899
o 02:08-19 613
©02-13:49 553

| 0220119 537
- 518

S 02-27-19
" 03:08.19 542

032019

032719 5777,
595

040319

425

a60 -

819
©70.018 £ 0.003
. 0.017 £0.003 .

QiOOZ

0029 £ o.ooa _

0.020 + 0.004

0022 £0.003 .
10.033£0.004 ,

. 0.030£0.003
0.015+0.003 -
0.032 +0.003
'+ 0.036.:$0.004

-0.029 £0.003
10.043 £0.003
0.025 +0.003 . ° :
- <0.010
<0.008 -

0050

<0.010 -
<0.008 .
<0005
<0.007

<0.003 -

:<0.005
<0006 .
<0005 .

<0.008
<0.007

<0.005

041019

04-24-19

~ 05-08-19
052319 544
052019

060619
061919

. 06-26-19
S 07:02419

' 528

emzsa 0
S 0410419 568 -

041719 .. 568

o 05'01'19 549
620

. 434
g7
519. -

0,027 £0. ooa_j'f‘

10.021£0.003
0:014 £ 0,003
0.012 £ 0.003
© 0.017 £0.003

Qooos tooos,
0.014  0.002
.~ 0.016 +0.003
0.012 £0.003 .

0.014 % 0.003 -

0.017 £ 0.003

" 0.015 £ 0,003
~0.016 £ 0.003
,oowtoooa ‘

ff_<oo1o‘, :

"<0010;,
<0007
<0004
{<0007 B

‘~<oooa.‘
: <0°05 _l
.}<ooo7' :

<0004
.<0.010 -
<0.007
<0.008 -

0.015 £0.003

<0010

07-24-19

073119 ¢

- .08-21-19

. 09-25-19

071019
0717419

o -
08-14-19
082819
fred
- 09-18-19

R

(m°)

681 -
608
§90 -

574

,: .57'3. -

0017 & o.ooé

603

- 578
61

§85 001420003

604
851

0 OOZ

0.015 £ 0.003
0.013 + 0.003
0023 :o ooa

0.020 ':ooos
. 0.021 £0.003

0.022 1 0.003

0.021'£0.003 -
- 0.021 £0.003
'0.023 £ 0.003
- 0,031 £0.003 -
0,020 £0.003

0080,

‘<0:.004

<0.007
<0.009
'<0.009

<0.008
<0.008

< 0.004

RS

<0009 .

<0.006

<0.006 .
<0006
%0008 .
<0005

© 100819 -
"10-16-19
102319
10-30-19

- 12-10-19
12-18-19

L 11-05:19

1113419
1120419 ¢
'51'_»1,‘_-2_'8-19_:

12:04-19

122519
- onotz0

Meanzsd.

576

418

. 882
1450 .
460

73
53
534

a6
575 .

0020 ¢ 0005

10.023 £ 0.003
© 0.020 £ 0.003
0.023 '+ 0.003
0.022 0,003

0.016 ¢ o 003 -
©.0.021 £ 0.003 .
0.035 £ 0.004
0.028 + 0.003 -

0.012 £ 0.003 -
~ 0.027 £ 0.004
+:0.034 £ 0.003
- 0.041 £ 0.004
+ 0.035 0,004

<opos

<0006 T
<0.005
<0008
<0006' : R
<.0-.°_075, :
<0007 =
<0010 . - -
<0007

<0013
<0012

<0.004

<0008
<0008 -

Cumulative Average

42019

Mean £ 5.d.

10.026 £0.008

,‘<_.9_.01:3'_ SRR




" .:Taib‘l"e 2.

Lownon P-6
. Umts pClIm

Collectlon Coriﬂnuous. weeklyexchange . :, :’_‘; e

:éNp97 vv'”‘

“oate ‘:. vO!ume
Collected

g :.(mf‘) » Gross Beta

1-131 et

Date “Volume e
GrossBeta

l’131

SR :.01 10-19"}.'_:' 861 .

' _-.01 1519 - 1443,

Lo 0123190 - 685 -
0129190 - 491

.02-06-19 . 1658

021319 684

. 02:2019 . 565
022719 S

o309
. 031319

20327419
040349

el

g 9075

03-20-19 .

‘goozuooos <
.0.024 £0.004 " <0.
10023 £0.003 <
00290003

003120003 > <0

. 0.014 20003 <
002840003 <(
004020004

.« ;‘3;002910003.‘;,.@';
27 -10.042£0.003 . <0.007 . .
- 0:023£0.003 -~ 50.005
0018 £0.003°

. 04-17-49 581
042419
1050119

,__ ; 05-16-19 f‘f*iﬁ 667

gl 3507-02-19

10 2019

04-1019",,:: .

05-08-19 - . 673
0,012 4 0.002

oo s000
0,014 £0.003"
3001120002

i T:.,30015 10003:'

0,008 0. 0031

0.015+0.003-
0.015.£0.003

'0.016 10002- g
.17 0,016 $0.003
77 ' 1..0.014 £0.003,
0 0.014 $0.003
0021 40.003

< 0,003'4 .
<0005 o
<0007 .
-::-<-’o’ 00'8',',4 s

v<0004,»\_v-
'<0008;'fi_“
<0007fj‘
<0007
<0003 S

202019

0015£0003 <0010 -

. 5 Collected . 5‘ (m")

'-'-07-10-19 -_' 683
07-17-19.- " 570 . .

o 07-24-19 | 664"
07}-31-;1‘9}: . 646 .

L 080719 541
- 110814195 . 548" -
- 08-21- 19"-" 495"

08289

o ’f-f»:.o&oa 19" 470

094119

foozz:ooos

0017 10003

0,018 £0.003 -
10025:£0.003-

; 0.02,4_ : 0.003,-

0.022£0003
270,031 £0.003 .-
0 017 £0. 003

| “"-1.10031 10004
0020 £0004
- 0.044 £.0.004.

'”1-,'0028 t0004'

<0007

<0.009

<0010 s

1< 0.008
<0.009 -
<0005j
<0.011

< 0.‘00_6 |

<0007
<0007
<0007
<0006 =

'<ooo7 L1041
<0004 '
~,<0006f,"' :

121108419

- 1113419
11-20-19 586 .
'.[11-28—19 _ ‘

- 1 2-04»1 9

12-18-1!
. }_12-25-1

312-10-19 508 -
~-.0.048 £0.003 -

~"0.048 £ 0.004
0,044 0.003

0, oza %0, 007“ i

,.,-,.'.0026:0004
7. 0/026 1 0.004°
770,028 £ 0.004
-;o 028 10004
o 5-0024 t0004
.. 0,028 £0.004.
~*..70,043 2 '0.003 -
0,033 £0.003, "<

0,019 £0.003

0.034 £0.004

<,o.‘oo7}‘ S
€0008 ¢ -
<0010 - o
< 0.,0,08:;

<0.0_08,; SRR

<0010

<0.004

.<0007.' ..-_:' SR
<0005

sd. o 033 £0. 010 -

<o'o11f;;_{ﬁ R




~ Table2.

Anrbome pamculates and charcoal camstevs anatyses for gross beta and todme—131

: Locatson

Umts pCi/m

P-7

~Co|lection Cominuous weekty exchange -

_ Date .
s vCoﬂected

Volume -
(m )

' Grqés Beta’

131

Date

Volume

_Gross Beta

3

' Rguned LLD

B '-01 1019w
S 01-15-19
11101:23-19"

* 2.27-19_

030619 -
' .. 868
032019
103-27-19 -

0031349

620 o
408 -
.

01289 -

w ‘.-02-06"1‘9_ L
0213119
' '02-20-19"-: g -
' - 623

T g

eoe:
4547

593
493
519

528
543

Csa3l
v.'f' 551_. S

- 0.029 £ 0.003
- 0.021-£0.004

10020 £ 0.003

-0.032 £ 0.004 -.

- 0.031 £.0.003

© 0,018 £ 0.003
0.030 +£0.003 :

" 0. 038 $0.004 -

'o 029 3 o 003
1 0.046 £ 0.003
-0.023 £ 0.003
£ '0.020 £ 0,003 -
1002140003

<0008
<0007~
€0.,005°

<0.010

102019 Mean:t sd

: 1'04-1019

. 044719

7 04-24-19 ¢

B "_,-ifos»m 19:—-'

050818

051618

052349 ¢

052919

L Gadoeqe.

0812419

062619

s

556
575
585
580
635
- 544

475

612,
540
- 554"

oo z008

0.021 £ 0,003

. 70,017 £0.003
. 0.014 £0.003
10,018 +0.003

1 0.008 + 0.003- ﬁ

. 0.014£.0.002..
- 0.019.$0.003: -
0.016 t 0. 003n '

0.016 :ooos;f
10017 4 0,003
10.016 £ 0.003°

0.014 £ 0.003

10,023 £0.003

_,<ooos
- €0.005 '
<0.007 -
<0009 -

5<0004
W<0009

<0.007

Meansd.

0016 £0004

 '.': Cumulaﬁve Average o

<0010 -
<0009 .
<0.005

<0007

<0004 -
.<°r°°6 o
- <0.007
<0.005

<0009 © "

<0010

- <0.010 .i ‘
'<0.007 -
'<0.004 -
.'<0006

10519

;12-04.19
+©12:10-19

12-18-19

12-25-19

<0007 [
01-01:20 -

<0010 :

" Collected
0080 - -

- 07-10-19 -

07-17-19

. 072419
1 07-31-19

. 08-07-19
© - 08-14-19-
L.08-21419. .
‘J.’oa‘za.w‘

E 09-04-19{“
091119
£ 09-18-19
- 09-25-19
10-02-19

571
556
- 587

560

538

553,

665

549

- 656

eoms

0.021 £0.003

0.017 £ 0.003

0,019 £0.003
0,027 £0.003

- 0.027 £ 0.003

- 0.025 £ 0.003 .
0.028 £ 0.003°
0017 zooos

0. 025 +0.003
.. 0.025 £0.003
-'0.025 1 0.003

10.040 £ 0.003 -
~.70.023. 0.003 .

<0004 -
<0.007 -
<.o.010,2 AR
<0009
<0.008 -’ o

< 0009 i s
<0004 =
<0010

<0007

<0006

©<0006
<0006 -
<0005 .

30 2019

10-09-19 P
'10-16-19 . -
©10-23:19 -
e 10:30-19 ¢

11-13-19

112019
112819

/

e ‘Mean £ s.d.

535
471
615 -

837
1606

538

562 7

831

450
630

0.024 £0.003
10.024 £0.003
. 0.023£0.003 :
0024 20,003

"0, 022 $0. 003-'
“. 00224 0.003
©. 0,037 £ 0.003
. ooso :ooos

o. 015 £0. 003
10.029 +.0.004 -
~ 0036 £0.003
10041 £0.004
- 0.038 £0.003

'<0,008 -
<:0.005-.
<”00048' ;.";

<0.007. s
'<0.006 -
<0009
<0006 -

<0012
<0.011

.:.<0004
<0007 -

» 4Q 2019

Mean t S. d

0028100084'

0050



PNPP

Tab!e 2 Ain)ome pamculates and oharcoal canisters analyses for gross beta and iodtne—i 31
‘ “Location:: P-35. : S : ‘ BANSANAE
Units: pCim® .+ | S

o Collecbon Continuous week!y exchange

o Date ;i VO!ume
. -_Collected (m’) GmS'S._»B%*,a{j_iv-

‘_‘;-{«.;-'0024 zoooai <0.019 -
oo.aezoooe',so.ms_‘ SR

70014 £0.003 <0011 -

70022 £0.003 - <0.015 -

01410419 614 {,;,:'0031 zooos:; <oo11;,s.;.,-.» 07-10:19 : -

703159 - 410 - 0023 £0004 <0026 - - .07-17-19 .
012319 612, ¢ 0.021%0.003 <0010 07-24:19 . .
01-29-19 413 ,003110004 <0014, .. 07-31 19

' , '-0.020£0.003 <0.009 -
708414419 8617 - 0.019£0.003 <0008 . . .
. 08:21-19 547 . 0023£0003 :<0.009 . .

-.-103-28-19 conn 10;003: <0016 - -

2 ggy

voz-oe»ts.._«;:ess_ o031 :ooos-%:;' ).012 ~08-07-19

S 021319 676 - -0.01640.003 <
022019 533 . 0.031£0.003 <0.013 "
: -'-__,“,02-27-19 Coos1a ;ooauoomﬂ

| '.’-‘”-.;0012 :ooos-z,fff.f.f,_'..';f-
©.0020:20.003 <
21002340003 <0011 - -
10.031:£0.003 . <0016 -

- 0.018 £ 0003 < 0.01

09-18-19 480

u,;_'iﬂos-os—19i_ 18687 ,0Q29:|:0003v <0.016°
031319 - 1580 - 0/043£0.003.".<0.010
032019 " .559 - 10.02640.003 - <0.012
100327190 5673 . 018'20.003 < 0.013

e 01950003 <0014

o 4’1&09—19._; 0017 zooos,_s 0012 . .
©710-16419 7526 10.021£0.003 <0015 1
' v,v,i!9f23.-.1,9r.-:57575305-7,’}‘0024 10003':f? 0011 .

o 04-10:19 7 000 v":"002710003_“ <.0.01
0817419 558 - 0.015%0.003  <0.01
0424190579 0.011£0002 <0012
050119 584" 002020003 <0016

S .1-0019 aooos{:_;éoms*
001920003 <0011 -
0027 £0.003 <0017

_,'0026 :ooos; <0014 -

N ;'0009:0003 <0016
. -.0.016 £0.002  <0.005
' ©.0.018 £0.003 . < 0.012 :
7001120003 - <0015

050819 581"
051619 -
L 05'23-19':

- . 1120119
: :-05-29-19;.‘;7

‘7“11-28-191; 598

.;,,os-osqs: .'-,-';f.;'653{?',--"-1‘-'.j001810003.1-._.:,f_ ;,;.,:.‘g,124>4-19'.5; ._457,:,.;_‘-,;,_,0011xooos <0011

. 08:12-19 488 - .0.01610.003 <0008 12-10-19 .- 444 - °0.02240.004 <0016 .
£06-19-19° 578" . 0.015 £0.003 " <0.01 © 121819 /626 . 0.030£0.003 <0009 .- -
£ 06-26-19° 655~ -0.012 £0.003° < 0.013 71226149629 71 002940.003 <0014 .
- ;:_07-02-19: 418 oozs :ooos <0020 ©-:t . 01-01-20 519 j;‘,oozstoooa_"y;jo.mz:» SR

N reason given for the lower volume.




U cs34 -
L c;s.-_1.31;_:v |

e f‘-"t.abcwe
- ”Vol (m")

e Lab Code

Table 3 Airbome pamculates analyses for gamma—emmlng isotopes
g Collectzon Quarkerly Composate -

Unlts pCUm

-3

o PaeR.

Lowtion

- pE.

 Quaner :",fj{ 1star

2nd Qtr

- Lab Code »j'f '-"‘:_PEAPo 1321
~Vol. (m“) 6942

' B,e,-‘_l‘ 0084: 0.011
; < 0.0008
< 0.0003
- <00007 =
 1<.00006 . -

 Cos8

PEAP— 2725

0071 + 0.009

PEAP- 4045
6951 . o 7108

< 00005 .
<00003 .
< 0.0005 .
<10,Opo33 ;

Q.
- PEAP- 5086

0089t 0.012
. < 00004
© <00005
< 0.0008
 <00003

4m ar.

7021

0062 t 0010

<oooos,
< 00003 -
. < 0.0004
g<oooos_

__Req.LLD

.0.045

- Locatlon

PE-3

o BeT P oo75: 0012 {_5
. Co88 ot <0000 .
Cs-134
'~:_.-"~_-st-137

PEAP- 2726 o

7452 :' ‘

ooss: 0010

- N ooooa;.,;j-

-_£'~< 00008 ..
< 00005

T S < 00005 0
e oooos'_-;:.;.:

< ooooa-.ﬁ-"f"‘f.-, .

‘PEAP- 4046

< 0.0002

| -‘7942 =

00660 0009
- <0003 .' T

<0000
< 00002

7922 ‘

0054: ooos BRI LT
< 0.0003
< 00002
:0005

"< 0.0005
<0004

[o 045

" -:' Locat:on

“--PE#@

':\.

- Be_-, . 00691: 0008
 Co60

S Cs3a o :
" ','_Cs-137

_',PEAP,js.z's. © .. PEAP-2727 . ..
00851 0014
< 00004': :
. <00003
< 00003__-,';_"..;
<00003 -

e 00006

E':< oooo.s o

' '¢EAi5;'4'04i
6990

< 00003 o

< 00007

00851 0011 ‘,

. < 00006_ . ‘
. <0.0004
<00008 -

. PEAPSOBS

| ".'i.‘szg:qs:;:-::! SRR

00721 0,009
< 00004

< 0.0004

< 00005
<:0.0005

0. oos

0005

0.045. _’5f;~'.,'f':

PE-S g

Vol 7199
B S A :;. ' 0081 + 0010
TCoS8 . 7 <00002

' ?, ;PEAP 1324 PEAP- 2728

0 076 EY 0012

:'< 00002
- <00005
- <0.0004

, _<ooooz;*j
~.<00005

sy _»< 00003 -

6982

< 00008 '

PEAP 4048 ‘

,} oossz ooos

o .<00005
< 00004‘}.»
- <00005 - ¢ .

00551 0010
< 00004 -
... <00003 . .
© . <10.0005 -

sz

0005
0045



CoCsM3
_-cwz

;fQuarter -
. }'Lab Code' ok

- Collection: Quarteny Composnte R
Unlts pCl/m o

.Table3_ Aubome pamcuiates analyses for gamma-emmmg |sotopes - e

~ .f,.beéé,;,ff’ >

1st Qtr 2nd Otr

B smotr ath Qtr {.

-PEAP‘ 1325 PEAP- 2729, . PEAP 4049

7594 7534 6832

007110011 ' oosu 0011
< oooos;_?;_‘v

‘Be7. T oosu 0009
: Co—58 o ,<ooooa T
- C0o-60 S 0.0003 = .
<0 0002

: _"QPEAP 5090

< 00004~‘: o
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- <70.0003: . <0G

6775

00771 0012
< ooooz'
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©<0.0005

R

<0.0004
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\ 2

L0005

‘Location__

ooau 0011
e oooos‘f;; 1 7% 0.0004
. <00005 .+ % 0.000:

o 073 :’_-o 013 .

< 00003
- <00008
oo

7021

< 00005 e
: 0005
1:0-035 R

7382

PEAP 4052

0072 + oo11 &

0068:t 0011
: -.,; .< 000037:"',_"1_
7 <00003
400008
F 00002._:,‘:_

& em |

0049: oo1o S
< oooozl C
< 00003
©* £00005 0.
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Table 4. Lake water analyses for gross beta and gamma emming tsotopes

o Locauon P-34

Collechon Monthw composnes

~ Units: pCi.

" PNPP

Lab Code
’ Stan’p'ate.
"“End Date
o Grossbeta, -

e C°'58
o CO-GOH'

CBatd0’
, .La-1.40 S

Zn65 ...
295

"Nb-95 "

Cs-137

Fes9

.Cs:134

'LabCO(le

- End Date -

" Start Date

'_'.-‘.':‘;_Grossbeta -
whse

PELW- 337
12:2718
- 01-31:19°

13:06.

<23
<49
<17

<23

"7.";.'57‘550»'
,.;<21
T 181
o< 1..9

PELW- 2006
042519
053019
10:05 i

gy
<24

".;-: Zn-65,.
C 285 ]
Nb9s T

CCsar

Cs-i34 7

Ba- 140

;_.'Lab Code
“Start Date

:”'7f.EndCBﬂa

Grossbeta " . ..

s

 Feso

" Co-80

Zn65

zees
Nbg5
+Cs-134.

Codar

"* "?La 140;‘?_: S

PELW-3882 '
08-30-19
09-27,19*' '
<28
<87 .
fe25

<27

<42 .

.",v" <3.7

<29 .
L% 3s

M2
< 48 '

01-31-19

PELW- 62.3

- 02:27-19

16:06_4

. ‘25 ,".:
. <56 -

‘<28
<29

<26

<64

‘<39

<34

<142

PELW- 2429

05-30-19!

‘f< 32'

< 17_:: o
e F
BN Iy RS

<38

A7<247

,..<3.2> |

10-31-19

082819
<09 .

k28
<31~*

PELW- 4437
. 092719 .

15106:

<11‘,".”
<35

<14

<18

<17

'<14,

EPRITE

  '<28

<10

PELW- 9,59 '

02-27-19

g 03-28:19
”,12106

<28

T <4
<15? .
<26

<48

.<25-'

,<38

<207 -
<29

PELW- 2832

06-28-19

07-25-19:’ g
,< 09,
eis f' |
<42
D88

<55

3 33-

<31 R

: I<203
<87

' PELW-4581
- 10-31-19
CoN2749 -

10205

<18
<29

; <'2s_'

<17

<27”

 <34':..‘

‘<40 .

<220
.‘.‘?»3;.

 PELW-"1502 - ;

.03-28:19

042519
<098 .

o < 3.2

<60 -
<32
<24
<63

<68

- <28
<41
<38

<178
) _.<50

PELW-3512 R
08_30_19 e TEET
‘14406
€37 .
-.-1‘<86 '.:;,..1
<870
<31
<64 .
. %48
<56
<41
<29 .

07-25-1 9

<296

' PELW- 5010
112719
123149
< 091

Q<323
<74
<23
<28' S
<47
. .< 63',1_:":‘
<24
€32
<29
<239 ..
L ,<39 v_v::

<83

Reg LD

30

BT

S
AN

22

o
1

BET

13
45
11

Req LLD

22

S IR

PEES

gyl

A’s.d 2
2

n




2 Lomuon P—36 - Collects

veta ' nd gamma emrtung usotopes ENE
fMonthvycomposues S

CPNPP

- uh;.taé:ﬁ oo

- ‘LabCode
- StartDate
S EndDate
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: 12-27-131‘,‘ S L 0131219 ¢ - 02:27-19
013119 - 022719 1.;1}'7' 03-'28—'19' RN

fAfﬁ‘29 f.iE;.. SR

e3s

PELW- 1503 S
032819 Req '-LD
'04‘.‘2‘5-‘191,‘ .
15¢ 06 3° :
< 29{;;;[--- ) L

SNICR I SRS [T




5 Téble 4. Lake water, analyses for gross beta and gamma emitting isotopes. -
S - Gollection: - Monthly. composites

o eweR
":'-Uni’ts’ij‘:bCil"l.i_"A L

11

" LabCode -
: StanDate L
. End Date .
. Crossbeta
M54
: F&ss*a’v
..,-,,;_,z”.asj;.i-_:
LS e
Nb-95
L Cs134
S Cs137
Ba140 .

5 ’,'-_”'L{abjcoqe“..?;f:

. StanDate

- End Date i
Gmssbeta -

L Mese
o Fesd o

Lozrgs
S Nb-95 RSN
L Cs134

"l :';05-137 e

CBa1e0 e

'ffﬁif-,LabCoae
.+ Start Date ..
" EndDate
» "ﬁGrossbeta

L 2085,

: "'»’-Zr-95f','v v
- 3Nb-95-',“'-,:"
“.'Cs~134 o

Cs—137?

eate0 o
 bage i
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12:2748
013119

1o*osg»“”

. <30" -
. <585
<30
<45
<66

<32
<43
> <25.{

o oe 149
':1_< 39

PELW- 2099
042519 -
- 05-30-19
13: 06
_; >< 30.,,' ]
<55 ,
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<29 -
<83

<29
<28

< 29"-.
< 267 ¢

 ';<38

PELW- V- 3884

0840—1 9

092719 -

13106:1

z.za<1e*;1
e 740
s ‘<19
<4o :
,,  .1'< 3’9".
<192 :
€53 :

: PELW- 625

01-31-19; ,
02:27-19

<09

<27

<45

<19
<18
<258
<83

<35
o <26@
v_<28..

:"2,'5

PELW- 2431 g
05-30-19 - -
082819
13106?'

. €20
‘f.;<74_"_.‘
'<1,5-

<44

<268

L 28

PELW-4439
©09-27:19 :
103119
113:0,6 -

S <42
<19

<37

<28
ST

 '<257 _
e 44

. <54
<38

<38 -
'<35: 

PELW- Jo62
02-27-19 .
032819

14:06

<82
<53
<44

<120
<65

<69 .
,_'<53
. <54
<308

‘~;<49__

' PELW- 2634
. 07-25-19 .
10: 05 .

C< 321_'5
<28
PR X BEEERR
<37
- <38
.<39 S

' ,<35

pELW- 814 o

10-31 19 .

S 11-30119 ':tfe :
14t 06"
R 3 - R
<38
€14
<15
Se23
oed2n o
LT
<18 -
<18
ClE2n
€360

o PELW- 1505

03-28-1 9 o

: _' 04-25-19 .
;: 174 :I:_0.6 ‘
<19

C <24

. ’2'35'1‘_.
<24

<205

. ':<.3_4 S

PELW-3515
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2019 ANNUAL ENVIRONMENTAL AND EFFLUENT RELEASE REPORT

APPENDIXD
Corrections to Previous Annual Environmental and Effluent Release Reports

There were no corrections from the previous reports.
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2019 ANNUAL ENVIRONMENTAL AND EFFLUENT RELEAS/E REPORT -

APPENDIX E

Abnormal Releases

Residual radioactivity remains in the Nuclear Closed Cooling (NCC) system due to past
leakage from the reactor coolant system. This radioactivity will continue to be monitored,
and any detectable activity measured from the NCC system to Emergency Service Water is
tracked and recorded as a continuous abnormal release.

Residual raduoactnvnty was detected in the NCC system the months of June, July, August,
September, and October (Quarters 2, 3, and 4) and were recorded as a continuous abnormal
release. Cobalt-60 in the range of 3.19E-07uCi/mL to 6.91E-07uCi/mL was detected June
through September. Gross alpha activity was detected in the September, and October
monthly composites.

Quarter 1 Quarter2 | Quarter3 | Quarter 4

Total time period for continuous release, min _0.00E+00 4.32E+04 | 1.32E+05 4.46E+04

Total volume released, liters ' 0.00E+00 | 1.26E+04 | 3.87E+04 1.30E+04
Average quarterly flow fate, L/min - 1.67E+05 1.51E+05- | 2.32E+05 1.44E+05
Quarter 1 | __ Quarter 2 | Quarter 3 Quarter4 Annual

A. Fissibri and Activated Products (Ci) ‘

Cobalt-60 . <5.0E-07 ' 3.80E-07 1.47E-06 <5.0E-07 ' 1.85E-06 .

B. Tritium (Ci) — <LLD | <LLD <LLD ' <LLD __<LLD

C. hioble Gases (Ci) <LLD <LLD <LLD . <LLD <LLD

D. Gross Alpha (Ci) <LLD <LLD ' 2. 37E-08 2.45E-08 4.82E-08

1-(<) Less than the ODCM- -required lower limit of detection, units in pCi/mL

<LLD - Less than the ODCM required lower limit of detection

There were no abnormal gaseous releases in 2019.
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- ODCM Non-Compliances

2019 ANNUAL ENVIRONMENTAL AND EFFLUENT RELEASE REPORT

APPENDIX F

There were no ODCM non-compliances for 2019.
Anomalies

Enwronmental Monltorlng

Shoreline water sampling (#59 and #60) was not obtained in the months of January,
February, and March of 2019 due to the shoreline being frozen and, or unsafe conditions to
obtain the sample. This is normal for this tlme of year, and sampling resumed when
conditions changed..

On 5/8/19 groundwater well MW-2C was not sampled due to insufficient sample volume
available. Piezometer tube N-3-83 detected 325 pCl/L of tritium on 5§/7/19. These results are
below the reporting level of 2000 pCi/L

REMP broadleaf vegeta'tion participant (#70) did not have samples available for July.

-Excessive rains in June coupled with health issues resulted in immature plants that were

insufficient in quantity to obtain a sample. This is the control location located 16.2 SSW from
PNPP. Location #70 is at a higher elevation and vastly different weather compared to the
plant. Two to four samples were obtained from the four indicator partucnpants around the site.
This was the first month to obtain samples in 2019.

On 7/17/19 Antioch (#35) air sampler was found with no flow on the keypad. indicating a
turbine failure. Time and flow as found was: 127:27 hrs and 44 ft* and the air filter paper was
discolored, indicating proper run time. The turbine was placed on an air flow meter to check
flow and read 1.25 ft3. The turbine was replaced, and it was recalibrated satisfactorily. The
total volume of air sent to the lab was changed to 9,558.75 ft® (mstead of 44ft%), which is the
flowrate of 1.25 ft¥/min x 127:27 hrs.

REMP brdadleaf vegétation panibipant (#2) on 8/20/19 had insufficient growth and no
vegetation samples were able to be collected. This missed sample was captured on the field
form and documented in the monthly report issued by the vendor.
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2019 ANNUAL ENVIRONMENTAL AND EFFLUENT RELEASE REPORT

APPENDIX G

ODCM Changes .
Revnsmn 23 Effective October 8 2019
Scope of Revnsnon

Re Updated Tables A- 2, A-3, and A-4 with new calculated x/Q and DIQ values. These
" changes occurred on pages 79-81 of CHI- ODCM with clearly identified marklngs
2. Deleted data in Table A-3 and A-4 at distances not used in MIDAS or the USAR.
These changes occurred on pages 80 and 81 of CHI-ODCM with clearly identified
markings.

3. Reworded Section 4.1 to comply with the requlrements of 40 CFR 190 for Total Dose.
These changes occurred on page 67 of CHI-ODCM with clearly identified markmgs

4. Updated old references to 10CFR20.405¢ to 10CFR20.2203 in section 4.1. These
changes occurred on page 67 of CHI-ODCM with clear/ly identified markings.

5. Removed reference to G50-K805A/B and G50-K926/7 from Section 2.1.1.3.
Indication was removed as part of the digital upgrade per ECP-05-0147-003. These
changes occurred on page 4 of CHI-ODCM with clearly identified markings.

JUSTIFICATION FOR CHANGE

Meteorological conditions change over time. An evaluation is necessary as to whether the
changes are significant enough to warrant updates to data used for dose projections.

The periodic review of site meteorological data from 2006 to 2016 indicated that site
meteorology had changed significantly from the 1972 - 1982 data originally used to develop
the atmospheric dispersion (x/Q) and deposition parameters (D/Q). ODCM Tables A-2, A-3,
and A-4 were updated with new calculated x/Q and D/Q values as recommended by the
2016 study that examined the meteorological data from 2006 to 2016. Deletion of data in
ODCM Tables A-3 and A-4 aligns the ODCM with the distances and data in the USAR. The
data removed is not used within the MIDAS program for release calculations

Section 4.1 was reworded to comply with the requirements of 40 CFR 190 for Total Dose.
Editorial changes removed the non-conservative “twice” factor. Old references were also

updated in section 4.1 from 10CFR20.405c to 10CFR20.2203. 10CFR20.405¢ no longer

exists. ' '

G50-K805 is no longer a valid component number. G50-K926 was removed from service as
part of ECP-05-0147-003 when the supply lead was lifted. This was performed as part of a
conversion of portions of the radwaste system from analog control logic to digital logic.
Section 2.1.1.3 was updated to remove references to G50-K805A/B and G50-K926/7
equipment that is no.longer in service.

'G-1
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CHANGE DETERMINATION

No change in intent or methodology was made that would change the level of radloactrve
effluent control. Meteorology data was updated based on historical data between the years of
2006 to 2016. The update to the meteorology data will improve the accuracy of the effluent
calculations based on fact that the dispersion data is more representative of current
meteorological conditions. The data was updated from original USAR data generated
between 1972 to 1982 to more recent and representative current data generated between
the years of 2006 to 2016 Therefore there is no adverse impact.
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v APPENDIX H
Process Control Program Chénges

There were no bhanges to the Process Control Program duﬁng this reportiné period.:
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INTRODUCTION

This Offsite Dose Calculation Manual (ODCM) contains information and methodologies to be used
by the Perry Nuclear Power Plant (PNPP), Unit 1, to ensure compliance with PNPP Radiological
Effluent Technical Specifications. The Technical Specifications and this ODCM are written to
satisfy-10CFR20, 10CFR50.36 and Appendix |, 40CFR190 and 10CFR72.104 requirements. This
ODCM applies to doses from radioactivity and radiation from the Perry Nuclear Power Plant, which
is considered to include the onsite Independent Spent Fuel Storage Installation (ISFSI).

Sections 2 and 3 of this manual deal with liquid and gaseous radiological effluents, respectively.
Each of these sections contain alarm setpoint determination, radiation dose and dose rate
calculation methodologies, as well as limits and requirements. Section 4 covers uranium fuel cycle
related radiation dose limits including direct dose from the Perry Nuclear Power Plant, including the
ISFSI. . :

Also included in this manual, in Section 5, is information relating to the Radiological Environmental
Monitoring Program (REMP). The figures and tables contained therein designate specific sample
types and locations currently used to satisfy the Technical Specification requirements for the REMP
as well as sampling reporting and detection capability limits. The sample types and locations are
subject to change based on factors including the results of the annual Land Use Census.

 The ODCM has been prepared, as generally as possible, in order to minimize future revisions.
However, any such changes will be reviewed and approved as per the Administrative Control

Section of the PNPP Technical Specifications.

Supplemental information needed to support calculations is contained in the appendices at the end
of this manual. . Appendix A contains atmospheric dispersion and deposition parameters and
Appendix B presents the methodology for determining the lower limit of detection (LLD).

Appendix C of the ODCM was prepared based on guidance of NUREG-1302, “Offsite Dose
Calculation Manual Guidance: Standard Radiological Effluent Controls for Boiling Water Reactors,”
Generic Letter 89-01, Supplement No. 1. This appendix along with plant procedures will be used

by plant personnel to demonstrate compliance with Specification 5.5.4 (Radioactive Effluent
Controls Program) of the PNPP Technical Specifications.



ODCM
Page: 2
Rev.. 23

2.0 LIQUID EFFLUENTS
2.1 Batch Releases =~ S

A b'atch release is the discharge liquid radioactive waste of a discrete volume. Batch releases from
the liquid radwaste system'may occur from any of the following tanks: waste sample tank, floor
drain sample tank, chemical waste distillate tank, and detergent drain tank (see Figure 2.1-1). The
maximum release rate possible, due to pump capacity, is 200 gallons per minute from all release
tanks except the detergent drain tanks, which have a maximum release rate of 50 gallons per
minute: All of the above liguid radwaste releases go to the Emergency Service Water discharge
which is then released through the discharge tunnel after mixing with Service Water effluent and/or-
" "and blowdown from Circulating Water system, if present. = > S e

Figure 2.1-1

Liquid Radioactive Waste (LRW) Discharge System
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- The type and frequency of sampling and analysis required by the ODCM is given in Appendix C,

Table 4.11.1.1.1-1. Prior to sampling for analysis, each batch should be isolated, and thoroughly
mixed to assure representative sampling. For mixing, the contents of the tank are recirculated by
isolating the tank and turning on equipment that takes suction from and discharges back into the
tank. Recycle lines are provided with one or more mixing eductors located near the bottom of the
tanks to promote better mixing as well as reducing recirculation time. This ensures that the water in
the tank will be mixed and will be representative of the activity in the tank. The minimum .

-recirculation performed is the equivalent of two volumes of the-tank contents. .

- Monitor alarm sétpoi‘nts will be determined in order to ensure compliahce with 10CFR20. The

radioactive content of each batch release will be determined prior to release in accordance with
ODCM, Appendix C, Table 4.11.1.1.1-1. Concentrations for tritium and other non-gamma emitting
isotopes will be those most recently determined in the previous month/quarter. If there are no
tritium results from the most recent month the most recent steam cycle value may be used as this
will be a conservative number used for calculating batch releases. If there is sufficient time prior to
a planned release, a composite of samples that are expected to be representative of the release
may be analyzed for the tritium and other non-gamma emitting isotope values. - '

Monitor Alarm Setpoint Determination

The following methodology is used to calculate the setpoints for the Radwaste Discharge Radiation
Monitor - ESW Discharge and Liquid Radwaste Adjustable High Flow Trip Unit to ensure that liquid
radwaste effluent releases from the site to unrestricted areas are below the limiting effluent
concentrations (EC) specified in 10CFR20, Appendix B, Table 2, Column 2 for radionuclides other
than noble gases. An EC of 2.0E=4 uCi/ml has been established for dissolved and entrained noble
gases. The Radwaste Discharge Radiation Monitor - ESW Discharge provides alarm and automatic
termination of releases prior to exceeding these limits. '

NOTE: Liquid radwaste discharge flow rate shall be verified at least once pér four hours,
whenever the flow rate measuring device(s) is inoperable during actual releases.
2111 Minimum Acceptable DiI‘ution Factor Determination:
= DF—Zi . | @y
° ™ (&cy o ‘ - (21-1)

‘Where:

DFo = the minimum acceptable dilution factor determined from analysis of the liquid
effluent to be released;- -
Ci = the concentration of radionuclide “i” in the batch to be released, pCi/ml. If the
- concentration of a radionuclide is below the lower limit of detection, the
radionuclide shall not be included as a source term in the setpoint calculation.
ECi . = the effluent concentration of radionuclide “i", from 10CFR20, Appendix B,
- Table 2, Column 2, in uCi/ml. (2.0E-4 pCi/mi for noble gases).

- DF '=10DFo : - o 212)

Where: ' ’

DF = the conservative dilution factor used by PNPP to calculate the maximum
release rate prior to release in order to ensure compliance with 10CFR20;

DFo = the minimum acceptable dilution factor, as per equation 2.1-1;

10 = afactor of ten less than 10CFR20, Appendix B, Table 2, Column 2, limits;

which represents an order of magnitude of conservatism for liquid radwaste
releases from PNPP.
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been establishéd for dissolved and entrained noble gases in liquid effluents.
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Maximlfm Allowable Radwaste Tank Discharge Flow Rate .
(0.64)MDF o
- 2.1-
Fnax =" o - @19
Wheré:
" Fmax = the maximum allowable radwaste tank dischaige flow rate for the batch to be
released, gpm; ' S . . -
DF = the conservative dilution factor, per equation 2.1-2; . .
MDF = the minimum dilution flow - supplied by the Service Water system, Emergency
Service Water system, or Circulating Water system blowdown, gpm;
0.64 = anengineering factor to prevent spurious alarms o0

" Liquid Radwaste Discharge Flow Monitor Alarm Setpoint <_L0043;1>

-~ Monitor alarm séfpoir'itsga}e determined to ensure that the concentration of radionuclides in

the liquid radwaste effluent released from PNPP to unrestricted areas does not exceed the
limits specified in 10CFR20, Appendix B, Table 2, Column 2, for radionuclides other than
dissolved and entrained noble gases. A limiting effluent concentration of 2.0E-4 pCi/ml has

been established for'dissolved and entrained noble gases in liquid-effluents. '

SP=128(Fe) : (2.1-4)
Where:
; SP: = liquid radwaste adjustable high flow trip unit alarm setpoint, gpm;
" Fa = actual allowable radwaste tank discharge flow rate for the batch to be
W released, not to exceed the maximum al!0wable radwaste discharge flow rate
""" Fmax as defined in equation 2.1-3, gpm; _
1.25 = an engineering safety factor to prevent spurious alarms

The liquid radwaste tank discharge flow should be maintained at or below this Fact value by -
proper regulation of the high or low volume discharge throttle valves, (G50-F153 or G50-F155,

respectively). .

Liquid Rédwaste Discharge Raﬁr:liétit;n‘v qu’itor]AIar'n)[l' _ri“b Setpoint

Monitor alarm/trip setpoints are determined t ensure that the concentration of radionuclides
in the liquid radwaste effluent released from PNPP to unrestricted areas does not exceed the
limits specified in 10CFR20, Appendix B, Table 2, Column 2 for radionuclides other than

dissolved or entrained noble gases. A limiting effluent concentration of 2.0E-4 pCi/ml has

o

CR. = 3(C)) (E}) ‘ R ' (2.1-5)
‘Where:

CRc = the calculated monitor count rate above background, cpm;

Ci = the concentration of radionuclide “i" in the batch to be released, uCi/mt;

E. = the detector efficiency of the monitor for radionuclide “i", cpm/pCi/ml.

10/2019
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CR« =  (Ro)(Fa)(C) - . S A X )
Wheré_: ot
.CRx = the cross-calibrated monitor count rate above badkground, cpm;
Fx = the cross-calibration factor is used to ratio the liquid radwaste discharge
radiation monitor actual response to the Cs-137 calibrated response;
Rs = the response of the Liquid Radwaste Discharge Radiation Monitor to a Cs-137
calibrated standard, cpm/(uCi/ml). - . : ;
_ Fmax . . A
CSP= 125 (_pact)CRn + B | o @1
Where: |

SPr = the Radwaste Discharge Radiation Monitor - ESW Discharge alarm/trip
: setpoint, in cpm; ' o :

BG = background count rate due to internal contamination and radiation levels in
the area of the monitor, cpm; o ' :
CRn = monitor net count rate, either CRc or CRy, per equation 2.1-5 or 2.1-6, cpm:
. . 1.25 = an engineering factor to prevent spurious alarms; ,
Fmax/Fact = an adjustment factor (to account for the difference between an actual
~ radwaste discharge flow rate to be used for the discharge and maximum
allowable radwaste discharge flow rate) to allow operational flexibility and to
minimize spurious alarms;
- Where:

"~ Fact = actuél radwaste diééharge flow rate, this value mustvalways be less than or

- equal to Fmax, gpm; ‘ g .
Fmax = maximum allowable radwaste discharge flow rate, per equation 2.1-3, gpm.

10CFR20 Compliance - Liquid Effluent Co_ncentra_tionr

In order to show compliabnce\ with 1OCFR20, the concentrations of radionuclides"in liquid

. effluents will be determined and compared with the limiting effluent concentrations as defined

in 10CFR20, Appendix B, Table 2, Column 2, (2.0E-4 uCi/ml for dissolved and entrained
noble gases). Concentrations of radioactivity in effluents prior to dilution will be determined. - -
Concentration in diluted effluent will be calculated using these results prior to-each batch
release, and following each batch release. ' '

Concentration of Radionuclides in Prerelease
The radioactivity content of each batch release will be determined prior to release. PNPP will
show compliance with 10CFR20 in the following manner:

The concentration of the various radionuclides in batch releases prior to dilution is divided by
the minimum dilution flow to obtain the concentration at the unrestricted area. This
calculation is shown in the following equation:

v
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MDF

I

Conci = the concentratlon of radionuclide “l” at the unrestrieted area, uCi/ml;

Ci the concentration of radionuclide “1” in the batch to be released pCi/ml;

f the radwaste tank discharge flow rate for the batch to be released, gpm
MDF the minimum dilution flow, per equatlon 2.1-3, gpm

The projected radionuclide concentratlons in the unrestricted area are compared to the
limiting effluent concentrations in 10CFR20, Appendix B, Table 2, Column 2 (2.0E-4 uCi/ml
for dlssolved and entrained noble gases) in order to glve a final 10CFR20 compliance check, .
i.e., the following equatlon must be met:

Conc, i ' ‘ '
> <1 , o - (2.1-9)
EC, S
_ Where!,
; Conci“ = the conc'e'ntration of(radlon'uclide “p at the ‘unrestricted area, pCi/mI;
_ EC, = the I|m|t|ng effluent concentratlon of radronuclrde ‘", from 10CFR20,

S e e Appendpr Table 2, Column2(2 0E-4 pCt/mIfor dlssolved and entralned
Sl T noble gases) uCI/m| . t

PR

The actual radnoactrvrty content of each batch release wnll be determmed followmg release to
show fmal compllance with 1OCFR20 :

The concentratlon of the vanous radlonuclldes in batch releases pnor to drlutron is dnvrded by

the actual dilution to obtain the concentratlon ‘at the unrestrlcted area Th|s calculatron is
shown in the following equation:

(€)r)

Conc;=~—2002 o R 4 o (2.1-10)
. . M - d[I L . S ) ) ; S
- Wheré: - , :
"Conc, = the actual concentration of radionuclide “i" at the unrestricted area for the
release pCr/mI ' B
P 'C,- T the concentratron of radlonuchde i" in therhatshﬂreleased pCi/rnI"
,'1,1\ = the actual volume of dilution water durmg the release (total plant d|scharge

- flow, including Service Water, Emergency Service Water, and cooling tower
blowdown), in gallons;
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( .
Vl,, = the actual volume of the liquid radwaste tank discharged for the batch, gal.

The concentrations in the unrestricted area are compared to the limiting effluent
concentrations in 10CFR20, Appendix B, Table 2, Column 2 (2.0E-4 uCi/ml for dissolved and
entrained noble gases). In order to demonstrate final compliance with 10CFR20, the
following equation must be met:

Conc;
EC, |

1

x

Where:
. Con,
- EC

concentration of radidnuélid,e “i’; ét the uhrestricted area, uCi/rﬁI;

i ' limiting effluent éoncentration of radionuclide “i", from 10CFR20,
Appendix B, Table 2, Column 2, pCi/ml.

2.2 Continuous Releases

A continuous release is the discharge of fluid wastes of a non-discrete volume, i.e., from a volume
or system that has an input flow during the continuous release. Potential sources for a continuous
release at Perry are RHR heat exchanger leakage into the Emergency Service Water system,
tritium activity in the M35 Supply Plenum drain into storm drains, and Alternate Decay Heat
Removal (ADHR) heat exchanger leakage into Service Water.

Potentially contaminated discharges from the ESW are monitbred by an installed radiation
monitoring system. This system consists of two channels, one for monitoring downstream of
equipment in Emergency Service Water System Loop A and the other for Emergency Service
Water Loop B. If radiation is detected, the affected Emergency Service Water line can be manually

- isolated. The decision of whether to isolate or not is dependent upon other conditions. The PNPP

staff will take appropriate action to limit release. :

The Emergency Service Water discharged will be sampled and analyzed in'accordance with ODCM

Appendix C, Table 4.11.1.1.1-1. To show compliance with 10CFR20, the sum of the concentrations '

of radionuclide “i” in unrestricted areas due to both continuous and batch releases divided by that
isotope’s limiting effluent concentration must be less than 1. ‘ s :

During the summer months, the Turbine Building Supply Plenums (1M3580001A, B, C) are used as

a cooling source; condensation from the cooling coils is collected in the M35 plenum drain pans.
Moisture from the outside air is condensed and flows into the drain pan. The potential exists for the
outside air to contain tritium from the plant vents, thus the M35 Turbine Building Supply Plenums
could also contain tritium. During the summer months, the M35 drains are routed to storm drains
due to the large quantity of condensation. Grab samples are obtained in accordance with ODCM

- Appendix C Table 4.11.1.1.1-1.

The ADHR system has an installed radiation monitor on the Service Water line that prbvideé
cooling to the AHDR heat exchanger. The Service Water (ADHR) system will be sampled and
analyzed in accordance with ODCM Appendix C, Table 4.11.1.1.1-1. If radiation is detected, the

"= ADHR system can be isolated. The decision of whether to isolate or not is dependent upon other

conditions. The PNPP staff will take appropriate action to limit release.

<1 T el . (2.1-11)
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2.2.1 Monitor Alarm Setpoint Determination

The following methodology is-used to calculate the alarm setpoints for the Emergency
Service Water loops A & B and Service Water (ADHR) Radiation Monitors. This
methiodology ensures.an alarm will-be received prior to exceeding the limiting effluent
concentration listed in-10CFR20, Appendlx B, Table 2, Column 2. ‘

2211

2212

2213

2214

Minimum Allowable Backgrounds. .

Alarm-Setpoint . R . y
CRc = (BG + MR) (0.75)

Where:

{

‘CRc = thecalculated monitor count rate in cpm;
BG = - the background count rate due to internal contammahon and
- radiation levels in the area of the monitor in cpm;
MR = expected monitor. response due to 1.0 EC of a typical reactor water
‘ : isotopic mix; - . L ‘
- 0.75 engrneerlng safety factor

BGmin =CRc -‘MR

Where
BGmin = minimumn allowable background to ensure monrtor will alarm prior to
o exceeding 1.0 EC; ,
CRc = the calculated monitor count rate in cpm
MR = expected monitor response due to 1.0 EC of a typical reactor water
isotopic mix; h o A
NOTE: |f calculated value is negatlve then O Cpm wull be used as the mmlmum

allowable background
Expected Monitor ReeponSe Based on the Reecfer Water Source Term -
MR = £ (ECi x %: X Eff)

Where:

- MR = expected monitor response ¢ due to 1 0 EC of a typical reactor
Tt  water isotopic mix;
C % = . percent of isotope (i) in a typical reactor water isotopic mixture;
- Effi = radlatlon monitor detector efficiency for isotope (i);
= Effluent concentration value for isotope (i), Appendlx B,

"ECi
: Table2 Co|umn 2, 1OCFR20

Minimum Allowable Setpoint Based on Monitor Background )

CRpin =BG t( 286 / ?2Tc) |
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Where:
" CRmin T Minimum allowable setpoint for.a given monitor .
« background (BG); - S -
BG .= the background count rate due to internal contamination and
T radiation levels in the area of the monitor in cpm; =
2 = 95% confidence level;
2TC = two times the instrument time constant where

c= (L°<31OBG - LOglOLOCPm) (Tchicpm - Tclocpm),

(Logl oHicpm — LogloLocpm) + TC1ocpm v
Time Constants: = ) 3 , ‘
HilLo cpm . ' TC HilLo cpm
__10cpm =~ | 1.25 min i
100 ecpm 1.25 min
1,000 cpm - ‘. 1.25 min
10,000 cpm .. o . 0.2 min
100,000 cpm B : 0.042 min
1,000,000 cpm _ ~ .0.0033 min - -

For Backgrounds less than 400 cpm, the following values will be used:

Locpm =100 cpm - TClocpm = 1.25 min
Hicpm = 1000 cpm TCHicpm = 1.25 min

For Backgrounds > 400 cpm and less than 1,000 cpm, the following valﬁes will be used:

Locpm =1,000cpm -~ TCjoepm=1.25min
Hicpm = 10,000 cpm TCHicpm = 0.2 min

2.3 10CFR50, Appendix | Compliance - Liquid Effluent Dose =

Doses resulting from liquid effluents will be calculated at least monthly to show compliance with
10CFR50, Appendix I. A cumulative summation of whole body and organ doses for the current

quarter and year will be maintained. Additionally, doses due to liquid releases are projected
monthly. ) ‘

2.3.1 Dose Calculations.

Radiation doses due to liquid radioactive effluents from PNPP are calculated based on three
- main.dose pathways: potable water, aquatic foods (namely fresh water fish ingestion), and
exposure to shoreline deposits. . Irrigated food pathways, as discussed in Regulatory
- Guide 1.109, will not be of concern at PNPP as little or no water from Lake Erie is used for
irrigation in the nearby Ohio counties of Lake, Ashtabula, Cuyahoga and Lorain. Nursery
businesses and other agricultural activities that require supplemental water generally rely on
water drawn from small ponds and streams. L . S

Radiation dose to members of the public for liquid radioactive releases from PNPP will be
_ calculated for the potable water, aquatic food, and'shoreline deposit pathways using the
following equations: ' '
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Potable Water
o ' thap T e e o I
"Rizwn = 1100 —==— X (Q1):(Daip-) exp (~A{ tp) . . o o (2.31)
TP S My e T Y SR
‘ 'Aguafiyc' Foods ‘
Ragp = 1100 —2P— 3 (03) (Bip) Daipj) exp (A1 tp) o (232)

Shoreline Deposits

Rajp = 110,000‘(Uap))<(W) 2 Q1) (Ti) Paipj) [e_x_p(- xitp)] [L- exE(‘[?‘itb)] (2.3-3)

Where:
Rajp

Bip

Daipj

Mg |

1100 -
110,000

(MP F)

the dose to individuals of age group a'to organ “j’ from all the radionuclides in

pathway “p”, in mrem;
the equnllbnum bioaccumulation factor for radlonucllde “|" in pathway “p”, expressed

as the ratlo of the concentration in biota (pCl/kg) to the radlonucllde concentratlon

* in water (pC|/|) from Table 2.34, Ikg; =

the dose factor, specific to a given age group “a”, radlonucllde i”) pathway P’ and

]

organ “j", which can be used to calculate the radiation dose from an intake of a
radionuclide (mrem/pCi); or from exposure to a given concentration of a radio-
nuclide in sediment, expressed as a ratio of the dose rate (mrem/h), and the areal
radionuclide concentration, (pCi/m?), from Tables 2.3-5 through 2.3-9;

* the flow rate of the liquid effluent, ft?/sec;

NOTE: The normal minimum dilution flow will be 30,000 gpm -
" (USAR 11.2.3.2). : S

the dllutnon factor at the mldpomt of exposure (or the pomt of wnthdrawal of drinking

_“"water, point of harvest of aquattc food or shorehne) from Table 2 3-10,
-~ dimensionless; R .

the release of radlonucllde i’ C|
the period of time for which the sed|ment or soil i is exposed to the contaminated

water, 1. 75 x 105 hr (20 yrs)

the half-life of radionuclide “i", days;
the average transit time required for radionuclides to reach the point of exposure,

from Table 2.3-11; for internal dose, tp is the total time elapsed between release of

the radlonuclndes and the mgestnon of food or water, hr;

the usage factor that specifies the exposure time or mtake rate for an individual of

age group a assomated with pathway p from Table 2. 312, hriyr, 1/yr or kglyr,
the shoreline. W|dth factor, 0.3 (from Regulatory Gu1de 1.109);
radioactive decay constant of radlonuchde i", bt .

a factor to convert-from (Cifyr)/(ft%/s) to pCifl; -

a factor to convert from (Cifyr)/(ft¥/s) to pCi/l and to account for the proportlonahty
constant used in the sediment radioactivity model.
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2‘.3.2 Cumulation of Doses

. The dose contribution from liquid effluents will be calculated at least monthly. Calculations
will be performed to determine the maximum whole body as well as the maximum organ dose

ito an individual. These dose calculations will be summed for comparison with quarterly and
annual limits. These results will be summed with the doses cumulated from the other months
in the quarter of interest and in the year of interest. To assure compliance with the dose
limits of 10CFR50, Appendix | the following relationships shall hold:

for the quarter:

Dose < 1.5 mrem whole body;
- Dose ‘<5 mrem any organ;
for the year: o : | o
Dose  <3mrem wh§le_body; :
Dose ‘ <10 mrem ahy organ.

The quarterly limits given above represent one-half of the annual design objective. If these
quarterly or annual limits are exceeded, a special report will be submitted to the NRC, in
accordance with ODCM Appendix C controls, stating the reason and corrective action to be
taken.

2.3.3 Projection of Doses -

Anticipated doses résulting from the release of liquid effl_uents will be projected monfhly. The
doses calculated for the present month will be used as the projected doses unless
information exists indicating that actual releases could differ significantly in the next month.

If the projected dose, when averaged over 31 days, exceeds 0.06'mrem to the whole body or
0.2 mrem to any organ, the liquid radwaste system will be used to process waste. The -
values for the projected dose impact levels correspond to approximately one forty-eighth of
the 10CFR50, Appendix | design objective. If continued at this rate for one year, the
projected impact would correspond to less than one-fourth of the 10CFR50, Appendix | limit.
The projected doses will be calculated using equations 2.3-1, 2.3-2, and 2.3-3.

- Inthis case, the source term will be adjusted to feflect this inforrriation and the justification for
the adjustment noted. This adjustment should account for any radwaste equipment which
was operated during the previous month that could be out of service in the coming month.

2.3.4 Population Dose = - . .

PNPP’s Annual Radioactive Effluent Release Reports, as required by Regulatory Guide 1.21,
will include total population dose and average individual doses calculated for radioactive
effluent releases. The total population dose and average individual doses will be calculated
using average individual transit times and usage factors, Table 2.3-12, (as compared to
maximum exposed individual factors used for'individual doses). The total population dose «
will be calculated by dose pathway and organ, with pathway doses being corrected for the
fraction of the population assumed to be in each age group (adult, teen, child and infant:
0.71,0.11,0.18, 0.0 respectively). PR ~ T
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Organs Used for Liquid Effluent Dose Calculations
1.

3

[

Age Groups Used for Liquid Effluent Dose Calculations

1.

2

- 3.

Whole Body

Table 2:3-1

Bone
Gl Tract
Kidney

Liver

* Lung

~ Thyroid

Skin

Table 2.3-2

Adult (17 yrs. and older)

Teen (11 - 17 yrs)

~ Child (1-11 yrs)

Infant (0 - 1 yr)

Table 2.3-3

" Liquid Effluent Dose Pathways

1.

2.

3.

Water Ingestion
Shore Exposure

Fresh Water Fish Ingestion
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Table 2.3-4
Bio-Accumulation Factors (Bip) (pCi/kg per pCilliter)
Element ~ -+ Fish
H 9.0E-01
C 4.6E+03 )
Na - . 1.0E+02
P 1.0E+05
Cr ~ 2.0E+02 ,
Mn , 4.0E+02 K
Fe : 1.0E+02
Co 5.0E+01
Ni , 1.0E+02
Cu 5.0E+01
Zn _ o 2.0E+03
Br 4.2E+02
Rb 2.0E+03
Sr : 3.0E+01
Y - - 2.5E+01
Zr 3.3E+00
Nb 3.0E+04
Mo o 1.0E+01
Te 1.5E+01
"Ru -~ ) 1.0E+01
Rh ' 1.0E+01
Sb L o - 1.0E+00
Te 4.0E+02
| o 1.5E+01
Cs 2.0E+03
Ba o © © 4.0E+00
La - 2.5E+01
Ce | - 1.0E+00
Pr 2.5E+01
Nd _ 2.5E+01
Ta 1.0E+00
w 1.2E+03
Re 7 » - 1.0E+00
Au " 1.0E+00

Np , .t 1.0E+01
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Table 2.3-5
Ingestion Dose Factors for Adult (mrem/pCi ingested)
_ o _ WHOLE . o o

ISOTOPE  BONE LIVER BODY THYROID ~ KIDNEY LUNG GI-LLI
H-3 0.00E+00 . 1.05E-07  1.05E-07 1.05E-07 1.05E-07 1.05E-07 1.05E-07
C14. °  284E-06° 568E-07 = 568E-07- 568E-07  568E-07° 568E-07 - 5.68E-07
Na-24 - . 1.70E-06 . 1.70E-06 ' 1.70E-06 1.70E-06 170E-06 © 1.70E-06  1.70E-06
P32 "*  193E-04  120E-05  7.46E-06°  0.00E+00-  0.00E+00- 0.00E+00"  2.17E-05
Cr51- * ° O0.00E+00  0.00E+00 - 2.66E-09 ~ 1.59E-09° - 5.86E-10 353E-09 = 6.69E-07
Mn-54 0.00E+00 - 4.57E-06 .~ 8.72E-07 ' 0.00E+00 : 1.36E-06 - O0.00E+00 = 1.40E-05
Mn-56 ° 0.00E+00  1.15E-07 - 2.04E-08° : 0.00E+00  1.46E-07 0.00E+00 - 3.67E-06 |
Fels5 -~  2756-06° 1.90E-06 * 4.43E-07 ' 0.00E+00 ~ 0.0CE+00  1.08E-06 = 1.09E-06. ‘
Fe-59 4.34E-06 102E-05  3.91E-06" = 0.00E+00 - 0.00E+00  2.85E-06 ° 3.40E-05
Co-58 - 0O00E+00  7.45E-07 = 167E-06 - 0.00E+00  0.00E+00  0.00E+00 ~ . 1.51E-05
Co60 = - 0.00E+00  2.14E-06  4.72E-06° 0.00E+00  0.00E+00  0.00E+00 : 4.02E-05
Ni-63 . 1.30E-04 - 9.01E-06  4.36E-06 0.00E+00- . 0.00E+00  O0.00E+00 ' 1.88E-06
Ni-65 = 5.28E-07  6.86E-08 = 3.13E-08 - O000E+00  0.00E+00  0.00E+00 : 1.74E-06
Cu-64 - 0.00E+00 - 8.33E-08 3.91E-08°  0.00E+00° °~ 2.10E-07 0.00E+00 - - 7.10E-06
Cu67 °~ 295E-07 8.41E-07 0.00E+00 . 2.24E-07 262E-07  227E-07 - 1.07E-05
' Zn-65 . 4.84E-06 - 1.54E-05' 6.96E-06  0.00E+00  1.03E-05 0.00E+00  9.70E-06
Zn69 ~  1.03E-08 197E-08 - 1.37E-09-. 0.00E+00° 1.28E-08- 0.00E+00  2.96E-09
Br-83 0.00E+00°  0.00E+00  4.02E-08 0.00E+00 . 0.00E+00 0.00E+00 - 5.79E-08
Br-84 0.00E+00°. 0.00E+00  5.21E-08 . 0.00E+00  0.00E+00:  0.00E+00 - 4.09E-13
Br-85 0.00E+00  0.00E+00  2.14E-09 ~ O0.00E+00  0.00E+00  0.00E+00  0.00E+00 |
Rb-86 0.00E+00  2.11E-05 9.83E-06 © 0.00E+00  0.00E+00  0.00E+00 : 4.16E-06. ' |
Rb-88 . 000E+00' 6.05E-08 = 3.21E-08  0.00E+00  0.00E+00: - 0.00E+00" . 8.36E-19. |
Rb-89 0.00E+00  4.01E-08 ~ 2.82E-08 0.00E+00 ° 0.00E+00  0.00E+00 ~ 2.33E-21- °
Sr-87TM 1.52E-08 ~ 1.77E-08 0.00E+00 296E-09  2.58E-08 - 6.92E-09 2.15E-07
Sr-89 - - 3.08E-04 000E+00 -~ 8.84E-06°  0.00E+00 - 0.00E+00°  0.00E+00 ~ 4.94E-05
Sr-90 758E-03  0.00E+00 - 1.86E-03 ° 0.00E+00  0.00E+00°  0.00E+00 - "2.19E-04 "
Sr-91 °  567E-06- 0.00E+00 = 2.29E-07 0.00E+00  0.00E+00 = 0.00E+00  2.70E-05
Sr-92 215E-06° 0.00E+00  9.30E-08  0.00E+00- _ 0.00E+00 0.00E+00° = 4.26E-05 ~
Y-90 - 962E-09. O0.00E+00  258E-10 - O0.00E+00  0.00E+00  0.00E+00 . 1.02E-04
Y-91M 9.09E:11". - 0.00E+00 - 3.52E-12 0.00E+00  0.00E+Q0  0.00E+00 © 2.67E-10
Y91 - 1.41E-07 -~ '0.00E+00  3.77E-09 0.00E+00  0.00E+00 - O0.00E+00  7.67E-05
Y92 ° 84B5E-10° 0.00E+00  2.47E-11  0.00E+00  0.00E+00 '~ 0.00E+00 - 1.48E:05
Y-93 °  268E-09- 0.00E+00  7.40E-11 0.00E+00 - 0.00E+00' 0.00E+00  8.50E-05
295 3.04E-08  975E-09 . 6.60E-09 ° 0.00E+00  1.53E-08 0.00E+00 * 3.09E-05
Zr-97 - 1.68E-09°  3.39E-10 1.55E-10 0.00E+00  5.12E-10- 0.00E+00 = 1.05E-04 -
Nb-95 - 6.22E-09  346E-09 - 1.86E-09- = 0.00E+00  3.42E-09 - O0.00E+00  2.10E-05 -
Mo-99 - 0.00E+00  4.31E-06° -~ 8.20E-07 0.00E+00  9.76E-06 ~ 0.00E+00 ~ 9.99E-06

Tc-99M 2.47E-10 6.98E410 . 8.89E-09 0.00E+00 1.06E-08 3.42E-10  4.13E-07

\
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Table 2.3-5 (Cont.)
Ingestion Dose. Factors for Adult (mrem/pCi ingested)
‘ . WHOLE - : ST , ,
ISOTOPE  BONE LIVER BODY THYROID - KIDNEY LUNG GI-LLI
Tc-101 2.54E-10.  3.66E-10 3.59E-09:  0.00E+00 ; 6.59E-09 1.87E-10°  1.10E-21
Ru-103 . 1.85E-07 0.00E+00 = 7.97E-08 - 0.00E+00.  7.06E-07 0.00E+00  2.16E-05
,Ru-105 - ° 1.54E-08 -  0.00E+00  6.08E-09° .. 0.00E+00 1.99E-07 0.00E+00  9.42E-06
Ru-106 = . 2.75E-06 0.00E+00 3.48E-07 0.00E+00 = 5.31E-06 0.00E+00 - 1.78E-04
Ag-110M 1.60E-07.  1.48E-07 8.79E-08 . 0.00E+00 2.91E-07 - . 0.00E+00 - 6.04E-05
Te-125M 2.68E-06 9.17E-07 3.59E-07  8.06E-07 1.09E-05 0.00E+00 1.07E-05 ..
. Te-127M 6.77E-06 2.42E-06 - 825E-07 . 1.73E-06 2.75E-05 0.00E+00 2.27E-05
Te-127 1.10E-07-  3.95E-08.. ' 2.38E-08 8.15E-08 4.48E-07 0.00E+00  8.68E-06
Te-120M . 1.15E-05 4.29E-06 1.82E-06 3.95E-06 .  4.80E-05 0.00E+00  5.79E-05
Te-129 3.14E-08 1.18E-08 7.65E-09 2.41E-08 =~ 1.32E-07 0.00E+00- .. 2.37E-08
Te-131M 1.73E-06 8.46E-07 7.05E-07 .. 1.34E-06 8.57E-06 0.00E+00  8.40E-05
Te-131 1.97E-08..  8.23E-09 6.22E-09 162E-08. - 863E-08  0.00E+00  2.79E-09
Te-132." * 2.52E-06. 1.63E-06 1.53E-06 1.80E-06 1.57E-05 - 0.00E+00°  7.71E-05
130 - -+ 7.56E-07 2.23E-06, 8.80E-07  1.89E-04 3.48E-06 0.00E+00 1.92E-06
-131 - 4.16E-06 5.95E-06 - 3.41E-06 . . 1.95E-03 1.02E-05 0.00E+00 1.57E-06
1-132 2.03E-07 5.43E-07 1.90E-07 1.90E-05 8.65E-07 0.00E+00 1.02E-07 . |
1133 1.42E-06.  2.47E-06 7.53E-07 . 363E-04  4.31E-06 0.00E+00  2.22E-06 . -
1134 1.06E-07 2.88E-07 1.03E-07 499E-06  4.58E-07 0.00E+00  2.51E-10 .
1-135- - 4.43E-07 1.16E-06 4.28E-07 7.65E-05 1.86E-06 0.00E+00 1.31E-06 .
Cs-134 .. 6.22E-05 1.48E-04 1.21E-04 0.00E+00°  4.79E-05 1.59E-05 2.59E-06
Cs-136 .-  6.51E-06. 257E-05. 1.85E-05 0.00E+00 1.43E-05  1.96E-06 2.92E-06
Cs-137 - 7.97E-05 1.09E-04 . 7.14E-05 0.00E+00 3.70E-05° . 1.23E-05 2.11E-06..
| Cs-138- 5.52E-08 . 1.09E-07 5.40E-08 0.00E+00  8.01E-08 7.91E-09 4.65E-13
Ba-139- = 9.70E-08 6.91E-11 _  2.84E-09 0.00E+00  6.46E-11 3.92E-11, 1.72E-07
Ba-140 . 2.03E-05 2.55E-08 1.33E-06 . 0.00E+00 8.67E-09 1.46E-08 4.18E-05
Ba-141 4.71E-08 3.56E-11 1.59E-09 0.00E+00 -~ 3.31E-11 2.02E-11 - 2.22E-17
'Ba-142. . 213E-08.  2.19E-11 1.34E-09  0.00E+00  1.85E-11 1.24E-11. | 3.00E-26
- La-140 - . 2.50E-09 1.26E-09 3.33E-10 0.00E+00 - 0.00E+00 - 0.00E+00 9.25E-05 |
La-142 1.28E-10.  5.82E-11 1.45E-11  0.00E+00°  0.00E+00 0.00E+00  4.25E-07 -
Ce-141 9.36E-09 6.33E-09 7.18E-10 0.00E+00 2.94E-09 0.00E+00 2.42E-05 -
- Ce-143 . 1.65E-09 1.22E-06 . 1.35E-10 0.00E+00 5.37E-10 0.00E+00 - 4.56E-05
' Ce-144.. 4.88E-07: 2.04E-07 2.62E-08 0.00E+00.  1.21E-07 0.00E+00 - 1.65E-04
Pr-143 .- 9.20E-09 3.69E-09 4.56E-10 0.00E+00 - 2.13E-09 . 0.00E+00  4.03E-05
Pr-144 3.01E-11°  1.25E-11- 1.53E-12 0.00E+00  7.05E-12 . 0.00E+00 . 4.33E-18
Nd-147 6.29E-09- - 7.27E-09 4.35E-10 0.00E+00.  4.25E-09 0.00E+00  3.49E-05
Ta-183 4.77E-11-  2.92E-10 2.39E-11 0.00E+00  1.66E-10 - 0.00E+00 . 1.76E-04
W-187 - 1.03E-07. -~ 8.61E-08 - 3.01E-08 0.00E+00  0.00E+00-  0.00E+00  2.82E-05
Re-188 2.42E-07 1.90E-07 5.37E-07 1.26E-05 0.00E+00  0.00E+00 1.56E-05
Au-198 0.00E+00  1.12E-08 1.90E-08 0.00E+00  3.42E-08 0.00E+00  8.67E-06
Au-199 0.00E+00  7.00E-08 5.89E-08 0.00E+00  2.74E-07  0.00E+00  1.13E-05
Np-239 1.19E-09 1.17E-10 6.45E-11 0.00E+00 3.65E-10 0.00E+00 2.40E-05
Sb-124 ' 2.80E-06 5.29E-08 1.11E-06 6.79E-09 0.00E+00  2.18E-06 7.95E-05
| Sb-125 1.79E-06 2.00E-08 4.26E-07 1.82E-09 0.00E+00 1.38E-06 1.97E-05
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- Table 2.3-6
lhgestion Dose Factors for Teenager (mrem/pCi ingested

, - WHOLE

ISOTOPE*. BONE® . LIVER BODY THYROID - KIDNEY. LUNG GI-LLi
H-3 "1 0.00E+00  1.06E-07 1.06E-07 ' - 1.06E-07 1.06E-07 1.06E-07 . 1.06E-07
Cc-14 - 4.06E-06 8.12E:07 8.12E-07 - 8.12E-07 8.12E-07 8.12E-07°  8.12E-07
Na-24 . 2.30E-06 ' 2.30E-06°  2.30E-06 2.30E-06 - 2.30E-06 2.30E-06 . 2.30E-06 -
P-32° ¢ 2.76E-04 171E-05-  1.07E-05  0.00E+00  0.00E+00 . O0.00E+00  2.32E-05
Cr-51  0.00E+00  0.00E+00- - 3.60E-09 - 2.00E-09 7.89E-10 5.14E-09 6.05E-07
Mn-54 - 0.00E+00  5.90E-06-- 1.17E-06 = 0.00E+00 ' 1.76E-06 0.00E+00 - 1.21E-05
Mn-56 - - 0.00E+00.  1.58E-07 = 281E-08 0.00E+00  2.00E-07 0.00E+00  1.04E-05
Fe-55 - 3.78E-06 2 68E-06  6.25E-07° 0.00E+00  O0.00E+00  1.70E-06 = 1.16E-06 -
Fe-59 - 5.87E-06 1.37E-05 520F-06 ' 0.00E+00  0.00E+00  4.32E-06 = 3.24E-05
Co-58 . 0.00E+00 - 9.72E-07 2.24E-06  0.00E+00 = 0.00E+00  0.00E+00  1.34E-05
Co80- - - 0.00E+00  2.81E-06 -~ 6.33E-06 - O0.00E+00  0.00E+00  0.00E+00' 3.66E-05 °
Ni-63 1.77E-04  1.25E-05 6.00E-06 . 0.00E+00 - 0.00E+00  0.00E+00 1.99E-06
Ni-65 " 7.49E-07 9.57E-08 4.36E-08 0.00E+00  0.00E+00  O0.00E+00  5.19E-06
Cu-64’ 3.54E-07 1.07E-06-- 0.00E+00- - 2.74E-07 3.19E-7 2.81E-07- = 1.32E-05
Cu-67 * 0.00E+00° 1.15E-07° 541E-08 ~ 0.00E+00 2.91E-07 0.00E+00  8.92E-06
Zn65 5.76E-06 2.00E-05 9.33E-06°  0.00E+00 ~ 1.28E-05 0.00E+00  8.47E-06
Zn-69 1.47E-08 2.80E-08 1.96E-09 0.00E+00 = 1.83E-08 0.00E+00  5.16E-08
‘Br-83 -  0.00E+00 = 0.00E+00 - 5.74E-08 0.00E+00 © 0.00E+00- . 0.00E+00°  0.00E+00
Br-84 - 0.00E+00  0.00E+00 7.22E-08 0.00E+00. 0.00E+00  0.00E+00  0.00E+00
Br85 ' 0.00E+00 0OOE+00  3.05E-09. 0.00E+00 - 0.00E+00  0.00E+00  0.00E+00
Rb-86 0.00E+00  2.98E-05 - 1.40E-05 0.00E+00 - 0.00E+00 ~ 0.00E+00 - 4.41E-06
Rb-88 0.00E+00 = 8.52E-08 - 4.54E-08:  0.00E+00 0.00E+00  0.00E+00  7.30E-15
Rb-89 -  0.00E+00  5.50E-08 3.89E-08 0.00E+00° 0.00E+00  O0.00E+00  8.43E:17
Sr-87M  2.81E-8 | 2.18E-08 0.00E+00  4.40E-9 3.00E-08 9.91E-09 2.42E-07
Sr-89 . 4.40E-04 - 0.00E+00 1.26E-05° 0.00E+00  0.00E+00 = 0.00E+00  5.24E-05
Sr-90 8.30E-03 - O0.00E+00 2.05E-03  0.00E+00  0.00E+00  0.00E+00  2.33E-04
Sr-91  807E-06  0.00E+00  3.21E-07. = 0.00E+00-  0.00E+00 0.00E+00 - 3.66E-05 -
Sr-92 ' 3.05E-06 0.00E+00  1.30E-07. 0.00E+00  0.00E+00  0.00E+00  7.77E-05
Y-80 1.37E-08 0.00E+00  3.69E-10¢ 0.00E+00  0.00E+00  0.00E+00  1.13E-04
Y-91M - 1.29E-10 0.00E+00 4.93E-12 - 0.00E+00  0.00E+00  0.00E+00  6.09E-09 |
Y91 201E-07 © O00OE+00 5.39E-09  0.00E+00 = O0.00E+00  0.00E+00 - 8.24E-05 -
Y92 - 1.21E-09 0.00E+00  3.50E-11 © 0.00E+00  0.00E+00  0.00E+00  3.32E-05
Y93 - 3.83E-09 0.00E+00  1.05E-10 0.00E+00 * O.00E+00  0.00E+00  1.17E-04
Zr-95 4.12E-08 1.30E-08 8.94E-09  0.00E+00  1.91E-08 0.00E+00 =~ 3.00E-05
Zr-97 " 2.37E-09 469E-10 © 216E-10. 0.00E+00  7.11E-10 = 0.00E+00  1.27E-04
Nb-85 - 8.22E-09 456E-09 251E-09-  0.00E+00 - 4.42E-09 0.00E+00  1.95E-05
.Mo-99 - 0.00E+00 ~ 6.03E-06 115E-06  0.00E+00  1.38E-05 0.00E+00  1.08E-05

1.20E-08 - 5.14E-10

Tc-99M - 3.32E-10

9.26E-10

0.00E+00

1.38E-08

6.08E-07
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Table 2.3-6 (Cont.)
Ingestion Dose Factors for Teenager (mrem/pCi ingested)
WHOLE i

ISOTOPE BONE - LIVER BODY . THYROID. KIDNEY LUNG - GI-LLI
Tc-101 3.60E-10 5.12E-10 - - 5.03E-09 0.00E+00 9.26E-09 3.12E-10 - - 8.75E-17
Ru-103" 2.55E-07 0.00E+00 1.09E-07 0.00E+00 8.99E-07 0.00E+00- 2.13E-05
Ru-105 2.18E-08 0.00E+00 8.46E-09 0.00E+00 2.75E-07 0.00E+00 1.76E-05
Ru-106 3.92E-06 0.00E+00 4.94E-07 0.00E+00 7.56E-06 0.00E+0Q0 1.88E-04 -
Ag-110M. 2.05E-07 1.94E-07 1.18E-07 0.00E+00 . 3.70E-07 0.00E+00 5.45E-05

. Te-125M . .. 3.83E-06 1.38E-06 5.12E-07 1.07E-06 0.00E+00 0.00E+00 '1.13E-05
Te-127M 9.67E-06 . 3.43E-06- 1.15E-06. 2.30E-06 3.92E-05 0.00E+00 ~ 2.41E-05 -
Te-127. -+ 1.58E-07 . 5.60E-08 3.40E-08 1.09E-07 6.40E-07 0.00E+00 1.22E-05
Te-129M 1.63E-05 6.05E-06 2.58E-06 5.26E-06 6.82E-05 0.00E+00 . 6.12E-05
Te-129 448E-08 - 1.67E-08 1.09E-08 3.20E-08  1.88E-07 0.00E+00 2.45E-07
Te-131M . 2.44E-06 1.17E-06 9.76E-07 - 1.76E-06. - 1.22E-05 0.00E+00 9.39E-05
Te-131 - 2.79E-08 . 1.15E-08. 8.72E-09 = 2.15E-08 1.22E-07 0.00E+00 2.29E-09
Te-132. 3.49E-06 2.21E-06 2.08E-06 .. 233E-06 - 2.12E-05: 0.00E+00 7.00E-05
1-130 - 1.03E-06 - 298E-06 = 1.19E-06 2.43E-04 459E-06 - 0.00E+00 2.29E-06
1-131 5.85E-06 . 8.19E-08' 4.40E-06 2.39E-03 1.41E-05 0.00E+00 1.62E-06
1-132 . 2.79E-07 7.30E-07 2.62E-07 2.46E-05 1.15E-06 0.00E+00 3.18E-07 .
1-133 2.01E-06 3.41E-06 " 1.04E-06 4.76E-04 5.98E-06 0.00E+00 2.58E-06
1-134 1.46E-07 3.87E-07 1.39E-07 6.45E-06 6.10E-07 0.00E+00- 5.10E-09
1-135 6.10E-07 - 1.57E-06 5.82E-07 1.01E-04 248E-06 © 0.00E+00 . 1.74E-086
Cs-134 8.37E-05 1.97E-04 9.14E-05 - 0.00E+00 6.26E-05 .  2.39E-05 2.45E-06
Cs-136 8.50E-06 . 3.38E-05 2.27E-05 - 0.00E+00. 1.84E-05 2.90E-06 ., 2.72E-06
Cs-137 1.12E-04 1.49E-04 5.19E-05 0.00E+00 5.07E-05 1.97E-05-  2.12E-06
Cs-138, 7.76E-08 1.49E-07 - 7.45E-08 0.00E+00 . 1.10E-O7. 1.28E-08 6.76E-11
Ba-139 . 1.39E-07 -. 9.78E-11 4.05E-09 0.00E+00 - 9.22E-11 - 6.74E-11.. 1.24E-06
Ba-140" 2.84E-05 3.48E-08- 1.83E-06 . 0.00E+00 - 1.18E-08 2.34E-08- 4.38E-05 -
Ba-141 6.71E-08 5.01E-11 2.24E-09 . .0.00E+00 4.65E-11 3.43E-11 1.43E-13
Ba-142 2.99E-08 2.99E-11- 1.84E-09 0.00E+00 2.53E-11 1.99E-11 9.18E-20
La-140 3.48E-09 1.71E-09 4. 55E-10 0.00E+00 0.00E+00 0.00E+00 9.82E-05
La-142 1.79E-10 7.95E-11" 1.98E-11 0.00E+00. 0.00E+00 0.00E+00 2.42E-06
Ce-141 1.33E-08 8.88E-09 1.02E-09 0.00E+00 4.18E-09 0.00E+00 . 2.54E-05

- Ce-143 2.35E-09  1.71E-06 1.91E-10. 0.00E+00 7.67E-10 0.00E+00 5.14E-05
Ce-144 6.96E-07 2.88E-07 - 3.74E-08 0.00E+00 1,72E-07 0.00E+00 = 1.75E-04
Pr-143. 1.31E-08 . 5.23E-09 6.52E-10 0.00E+00 3.04E-09 0.00E+00 4.31E-05

- Pr-144 '4.30E-11 1.76E-11 2.18E-12 - 0.00E+00 1.01E-11 0.00E+00 4.74E-14
Nd-147 9.38E-09 1.02E-08 6.11E-10 -~ 0.00E+00 5.99E-09 0.00E+00 3.68E-05 .
Ta-183 6.81E-11 4.15E-10 3.42E-11 0.00E+00 2.37E-10 0.00E+00 1.86E-04.
W-187 . 1.46E-07 1.19E-07 4.17E-08 0.00E+00 0.00E+00 0.00E+00 . 3.22E-05
Re-188 3.45E-07 2.70E-07 7.66E-07 1.68E-05 0.00E+00- 0.00E+00 2.33E-05 |
Au-198 ~  0.00E+00 1.60E-08 2.72E-08 ' 0.00E+00 4.88E-08 0.00E+00 9.84E-06
Au-199 0.00E+00 9.92E-08 8.41E-08 0.00E+00 3.92E-07 0.00E+00 1.17E-05

' Np-239 1.76E-09 1.66E-10 9.22E-11 0.00E+00 5.21E-10 0.00E+00 2.67E-05
 Sb-124 3.87E-06 7.13E-08 1.51E-06 8.78E-09 0.00E+00 3.38E-06 7.80E-05
Sb-125 2.48E-06 2.71E-08 5.80E-07 2.37E-09 2.18E-06 1.93E-05
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' Table2.3-7
Ingestion Dosé Factors for Child (mrem/pCi indested
WHOLE e ‘
ISOTOPE BONE.** LIVER © ~ BODY * THYROID *~ KIDNEY' * LUNG - @ GRLLI
H3 " 000E+00. 203E:07° 2.03E-07 ' 203E-07 ° 203E-07 - 2.03E-07 2.03E-07
C-14  121E05  242E06  242E-06 -  242E-06 242E-06' © 242E-06  2.42E-06
Na-24  580E-06- 5.80E-06  580E-06 - 5.80E-06" 580E-06 = 580E-06  5.80E-06"
P32 .. 825E-04  3.86E-05  318E-05 ° 0.00E+00  0.00E+00 0.00E+00  2.28E-05
Cr51  ° 0.00E+00° 0.00E+00 ' 890E-09 =~ 4.94E-09  135E-09  9.02E-09 - 4.72E-07
Mn-54 0.00E+00- 1.07E-05 ' 285E-06  0.00E+00 " 3.00E-06' - 0.00E+0Q _8.98E-06 -
Mn56 ' 000E+00  3.34E-07 = 7.54E-08- ~ 000E+00"  4.04E-07 0.00E+00"  4.84E-05
Fe55 ~ /1.15E-05 - 6.10E-06  1.89E:06  000E+00 ~ 0.00E+00  3.45E-06 1.13E-06
Fe59 * ~ 165E:05 267E05  1.33E-05" 0.O00E+00  0.00E+00-  7.74E-06 = 2.78E-05 -
Co58 ~~ 000E+00 ' 180E-06  551E-06 - 0.00E+00 - 0.00E+00 - 0.00E+00'  1.05E:05-
Co60 - - 000E+00 ~ 520E-06 = 1.56E-05  0.00E+00  0.00E+00 - 0.00E+00  2.93E-05 -
Ni63 -~ 538E-04 ~ 288E-05 * 183E-05 ~ 0.00E+00  0.00E+00 - 0.00E+00 © 1.94E-06 |
Ni-65 © 1 220E-06 ' 200E-07 - 1.22E:07° 0.00E+00  0.00E+00' ~ 0.00E+00 - 2.56E-05 -
Cu-4 =~ 921E-07 - 252E-06 - OO00E+00' = 7.83E-07 " 874E-07 ~ 7.81E-07 ° 3.89E-05
Cu67  O0OQ0E+00  245E-07  148E-07  0.00E+00 - 5092E-07  0.00E+00 = 1.15E-05 -
Zn-65 - 1.37E-05  365E-05 = 2.27E-05  0.00E+00 © 2.30E-05  0.00E+00  6.41E-06
Zn69- 4.38E-08 6.33E-08  5.85E-09 ' 0.00E+00  3.84E-08 . 0.00E+00 © 3.99E-06
Br-83 °  000E+00-' 000E+00 : 171E-07  0.00E+00  0.00E+00  0.00E+00  0.00E+00 |
Br-84 ~  0OQ0E#00' 0.00E+00  188E-07  0.00E+00 = 0.00E+00 * 0.00E+00.  0.00E+00 |
Br85 000E+00 = O0.00E+00 ~ 9.12E-09° 0.00E+00  0.00E+00~ 0.00E+00 ~ 0.00E+00 -
'Rb-86 - 0.00E+00 * 670E-05 = 4.12E-05 ° 0.00E+00  0.00E#00 ° 0.00E+00  431E-06
Rb-88 ° 000E+00° 1.90E-07  1.32E-07 ~ 0.00E+00 ~ 0.00E+00 ~ 0.00E+00 ° 9.32E-09
'Rb-89 = 0OQ0E+00  1.7E-07  1.04E-07 ' 000E+00  0.00E+00 ~ 0.00E+00 - 1.02E-09 '
Sr-87M 547608 © 678E-08  0.00E+00  1.34E-08 ~ 665E-08 ' 257E-08  6.66E-07
Sr-89 1.32E-03  0.00E+00 ~ 3.77E-05' * 0.00E+00 . 0.00E+00 0.00E+00 : 5.11E-05-
Sr-90 1.70E-02  0.00E+00  4.31E-03  0.00E+00  0.00E+00 = 0.00E+00  2.29E-04
Sr91. ~ 240E-05 = O000E+00 = 9.06E-07  0.00E+00 ° 0.00E+00 ° O0.00E+00 ~ 5.30E-05
Sr-92 9.03E-06  0.00E+00  3.62E-07 ° 0.00E+00  0.00E+00 ~ 0.00E+00  1.71E-04 -
Y90 -  441E-08  O0O00E+00  1.0E-00 = O0.00E+00  O0.00E+00 - 0.00E+00 ' 1.17E-04
Y9IM ~  3.82E-10 - 0.00E+00  1.39E-11  0.00E+00 0.00E+00 © 0.00E+00  7.48E-07
Y91 6.02E-07-  0,00E+00 ~ 1.61E-08  0.00E+00 ' 0.00E+00  0.00E+00  8.02E-05
Y92 - = 360E-09 - O000E+00 - 1.03E-10  O0.00E+00 . 0.00E+00 - 0.00E+00 - 1.04E-04
Y93 ' 114E-08 ~ O0OQ0E+00  3.13E-10  000E+00 - 0.00E+00 0.00E+00 -~ 1.70E-04 °
zr95  116E-07  2.55E-08  227E-08 ~ 0.00E+00 ' 3.65E-08 0.00E+00  2.66E-05
797 - 699E-09  101E-09 - 596E-10°  O0.00E+00  145E-09 ~ 0.00E+00 - 153E-04.
Nb95 ~  225E-08  B8.76E-09°° 6.26E-09  000E+00  8.23E-09 ' 0.00E+00  1.62E-05
Mo99 - 000E+00  1.33E-05 - 329E-06  0.00E+00  2.84E-05 = 0.00E+00  1.10E-05

Tc:oM  923E-10  181E-09  300E-08  O0OOE+00. 263E-08  919E-10  1.03E-06
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Table 2.3-7 (Cont.)
Ingestion Dose Factors for Child (mrem/pCi ingested)
~ . WHOLE
ISOTOPE . BONE LIVER - BODY THYROID - KIDNEY LUNG Gl-LLI
Tc-101- 1.07E-09 1.12E-09 1.42E-08 0.00E+00 - 1.91E-08 5.92E-10 3.56E-09
Ru-103. 7.31E-07 0.00E+00  2.81E-07 0.00E+00  1.84E-06  0.00E+00°  1.89E-05-
Ru-105- - 6.45E-08: 0.00E+00  2.34E-08 0.00E+00 . 567E-07 " 0.00E+00. - 4.21E-05 .
Ru-106: 1.17E-05. - 0.00E+00' 1.46E-06 . 0.00E+00 . 1.58E-05 0.00E+00 1.82E-04.
Ag-110M 5.39E-07 3.64E-07 2.91E-07 0.00E+00. 6.78E-07 0.00E+00. 4.33E-05
Te-1256M 1.14E-05. . 3.09E-06 1.52E-06 . 3.20E-06 0.00E+00  0.00E+00 1.10E-05 .
Te-127M 2.89E-05 . 7.78E-06 343E-06  6.91E-06 = 8.24E-05  0.00E+00 - 2.34E-05
Te-127 - : 4.71E-0T 1.27E-07 1.01E-07 3.26E-07  1.34E-06 0.00E+00 - 1.84E-05
Te-129M . 4.87E-05 1.36E-05 - 7.56E-06 . - 1.57E-05 143E-04  0.00E+00- 5.94E-05
Te-129 - 1.34E-07 3.74E-08 . 3.18E-08 9.56E-08 3.92E-07 0.00E+00 8.34E-06
Te-131M 7.20E-06 2.49E-06 2.65E-06 5.12E-06. 2.41E-05 0.00E+00 - 1.01E-04 -
Te-131 8.30E-08 . 253E-08- 247E-08° 6.35E-08  251E-07  0.00E+00 ~ 4.36E-07. .
Te-132 1.01E-05 4.47E-06 5.40E-06 6.51E:06  4.15E-05 0.00E+00  4.50E-05..
1-130 2.92E-06. = 5.90E-06 3.04E-06 6.50E-04-  8.82E-06 0.00E+00 - 2.76E-06 .
1-131 1.72E-05 . 1.73E-05 9.83E-06 5.72E-03 2.84E-05 0.00E+00 * 1.54E-06. -
1-132 8.00E-07 - - 1.47E-06 6.76E-07 .. 6.82E-05 2.25E-06 0.00E+00 1.73E-06
1-133 592E-06 .. 7.32E-06 27706 = 1.36E-03 1.22E-05 0.00E+00  2.95E-06
1-134 4.19E-07. 7.78E-07 3.58E-07 1.79E-05 1.19E-06 0.00E+00  5.16E-07
135 1.75E-06 3.15E-06 1.49E-06 2.79E-04 4.83E-06 0.00E+00 . 2.40E-06
Cs-134 2.34E-04 = 3.84E-04 8.10E-05 .  0.00E+00 1.19E-04 4.27E-05 2.07E-06 -
Cs-136 2.35E-05 '  6.46E-05 4.18E-05 0.00E+00- - ~ 3.44E-05 5.13E-06 2.27E-06 . |
.| Cs-137 - 3.27E-04 3.13E-04 4.62E-05 0.00E+00-  1.02E-04 3.67E-05 1.96E-06
Cs-138 2.28E-07 3.17E-07 2.01E-07 0.00E+00- - 2.23E-07 2.40E-08 -  1.46E-07
Ba-139 4.14E-07 2.21E-10 1.20E-08 0.00E+00 1.93E-10 1.30E-10 .. 2.39E-05 -
Ba-140 8.31E-05 7.28E-08 4.85E-06  0.00E+00 2.37E-08 4.34E-08 4.21E-05. |
Ba-141 2.00E-07 1.12E-10 6.51E-09 0.00E+00  9.69E-11 6.58E-10 1.14E-07 ‘
Ba-142 - 8.74E-08 - 6.29E-11 4.88E-09 0.00E+00 5.09E-11 . 3.70E-11  1.14E-09 .
La-140 "~ 1.01E-08 - 3.53E-09 1.19E-09 0.00E+00 0.00E+00 0.00E+00.. 9.84E-05.
La-142 '5.24E-10- - "1.67E-10 - 5.23E-11 0.00E+00 0.00E+00 0.00E+00 3.31E-05.
Ce-141 3.97E-08 1.98E-08 . 2.94E-09 '0.00E+00 8.68E-09 0.00E+00 2.47E-05 -
Ce-143 | 6.98E-09 3.79E-06 5.49E-10 0.00E+00 ~ 1.59E-09  0.00E+00 - 5.55E-05
Ce-144 2.08E-06 6.52E-07 1.11E-07 0.00E+00  3.61E-07 0.00E+00 1.70E-04-
Pr-143 3.93E-08 1.18E-08 1.95E-09 - 0.00E+00 . 6.39E-09 0.00E+00 - 4.24E-05
Pr-144 .- 1.29E-10 3.99E-11 6.49E-12.  0.00E+00  2.11E-11 0.00E+00  8.59E-08
Nd-147 - 2.79E-08 2.26E-08 1.75E-09 0.00E+00 .  1.24E-08 0.00E+00.  3.58E-05 ..
Ta-183 . 2.04E-10 9.40E-10. 1.02E-10 0.00E+Q0  4.98E-10 0.00E+00  2.07E-04 .|
W-187 .- 4.29E-07 = 2.54E-07 1.14E-07 0.00E+00 . 0.00E+00  0.00E+00 - 3.57E-05
Re-188. 1.03E-06- 6.12E-07 2.29E-06 5.03E-05 0.00E+00  0.00E+00  4.12E-05
Au-198 0.00E+00  3.61E-08 8.12E-08 0.00E+00 1.02E-07 0.00E+00 1.20E-05
Au-199 0.00E+00  2.25E-07 2.51E-07 0.00E+00  8.23E-07 0.00E+00 1.27E-05
Np-239 5.25E-09 3.77E-10 2.65E-10 0.00E+00 1.09E-09 0.00E+00 2.79E-05
Sb-124 1.11E-05 1.44E-07 3.89E-06 2.45E-08 0.00E+00  6.16E-06 6.94E-05
Sb-125 7.16E-06 5.52E-08 1.50E-06 6.63E-09 0.00E+00  3.99E-06 1.71E-05
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4. Table2.3-8
_ Ingestion Dose Factors for Infant (mrem/pCi ingested
. - WHOLE ,
ISOTOPE ~ BONE®  LIVER * ' BODY ~ * THYROID KIDNEY'  LUNG . - GILLI-
H-3 - 0.00E+00  3.08E-07  3.08E-07 3.08E-07 - 3.08E-07 . -3.08E-07 3.08E-07
C-14- .+ « 2.37E-05 ' 5.06E-06 5.06E-06 5.06E-06° 5.06E-06 . 506E-06 '5.06E-06. -
Na-24 - 1.01E-05- ° 1.01E-05  1.01E-05 1.01E-05 1.01E-05 - 1.01E-05  1.01E-05 -
pP-32 170E-03 ° 1.00E-04  6.59E-05  0.00E+00  0.00E+00 ° 0.00E+00 . -2.30E-05
-Cr-51 0.00E+00 0.00E+00 - 1.41E-08 ' 920E-09  2.01E-09 1.79E-08 ° 4.11E-07 -
Mn-54 - 0.00E+00 - 1.99E-05  4.51E-06  0.00E+00  441E-06: 0.00E+00 ' 7.31E-06
Mn-56 - 0.00E+00 - 8.18E-07 1.41E-07  ~ 0.00E+00  7.03E-07  0.00E+00.  7.43E-05
Fe-55 < - 1.30E-05 898E-06 - 240E-06  0.00E+00  O0.00E+00. - 4:39E-06"  1.14E-06
‘Fe-59 - ° . 3.08E-05 ~ 538E-05  2.12E-05 ~ 0.00E+00  0.00E+00 ° 1.59E-05  2.57E-05
Co-58 0.00E+00  3.60E-06  8.98E-06 0.00E+00 - 0.00E+00 = 0.00E+00: = 8.97E:06 -
Co-60 0.00E+00 = 1.08E-05- 2.55E-05 0.00E+00. 0.00E+00 * 0.00E+00 =~ 2.57E-05 -
Ni-63 "' - 6.34E-04° 3.92E-05. 220E-05  0.00E+00 0.00E+00 -~ 0.00E+00 , 1.95E-06 .-
Ni65 . 470E-06  5.32E-07 -° 242E-07  0.00E+00. 0.00E+00 - 0.00E+00: 4.05E-05
Cu64 . 526E-06  1.42E-05°  000E+00 - ‘4.93E-06  498E-06  4.87E-06 . 1.36E-05
Cu67- ' 000E+00 ~ 6.09E-07°  2.82E-07 - 0.00E+00  1.03E-06 - 0.00E+00 - 1.25E-05.
Zn65"--  1.84E-05 6.31E-05° 291E-05 . 000E+00  3.06E-05 -~ 0.00E+00 - 5.33E-05
Zn-69 9.33E-08 1.68E-07 1.25E-08-  0.00E+00  6.98E-08 ' 0.00E+00.  1.37E-05 .
Br-83 0.00E+00  0.00E+00  3.63E-07 0.00E+00 /0.00E+00 - 0.00E+00 - 0.00E+00
Br-84 ~ 0.00E+00  0.00E+00  3.82E-07 0.00E+00 = 0.00E+00 - 0.00E+00 -~ 0.00E+00°
Br-85 ' 0.00OE+00  0.00E+00 - 1.94E-08 = O0.00E+00  0.00E+00  0.00E+00 . 0.00E+00
Rb-86 . O00OE+00 1.70E-04  840E-05  O0.00E+00  0.00E+00  0.00E+00:  4.35E-06
.Rb-88° « ° 0.00E+00 = 4.98E-07 - 2.73E-07 0.00E+00.° 0.00E+00 - 0.00E+00  4.85E-07
'Rb-89 0.00E+00  2.86E-07 197E-07- - 0.00E+00 - 0.00E+00 = 0.00E+00  9.74E-08
Sr-87TM ' 2.22E-07 156E:07°  0.00E+00" °© 4.70E-08  1.37E-07 .. 7.71E-08.  1.49E-06
Sr-80 ° © 251E-03  0.00E+00  7.20E-05 0.00E+00 . 0.00E+00  0.00E+00 ° 5.16E-05
. Sr-90 - 185E-02 ° O0.00E+00 4.71E-03 = 0.00E+00  0.00E+00  0.00E+00-  2.31E-04
Sr-91 5.00E-05 ° 0.00E+00  1.81E-06: . 0.00E+00  0.00E+00  0.00E+00:  592E-05 -
Sr-92 1.92E-05  0.00E+00 - 7.13E-07 " 0.00E+00  0.00E+00 = 0.00E+00  2.07E-04
'Y-90 - 869E-08 ' 0.00E+00  2.33E-09 -° 0.00E+00 - 0.00E+00°  0.00E+00  1.20E-04
Y-91M - 810E-10  0.00E+00 =~ 2.76E-11 ° O0.00E+00  O0.00E+00 ~ 0.00E+00 ° 2.70E-06
Y91 113E-06 ' 000E+00 : 3.01E-08  0.00E+00 0.00E+00 = 0.00E+00  8.10E-05
Y-92 765E-09 = O0O0OE+00 4 2.15E-10.  0.00E+00° .0.00E+00 - 0.00E+00 = 1.46E-04 -
Y-93 2.43E-08  0.00E+00°  6.62E-10 0.00E+00: - 0.00E+00  0.00E+00 ° 1.92E-04
Zr-95 . 2 0BE-07  502E-08  356E-08 - 0.00E+00 541E-08°  000E+00  2.50E-05
7r.97 - 148E-08 - 254E-09 = 1.16E-09  0.00E+00  2.56E-09° - 0.00E+00  1.62E-04.
Nb-95 = 420E-08 - 173E-08°- 100E-08 ' O0.00E+00  124E-08 = 0.0CE+00 - 1.46E-05
Mo-99 ° O0.00E+00  340E-05  663E-06  0.00E+00 ° 5.08E-05 - 0.00E+00 1.12E-05

Tc99M  1.92E-00  396E-09  510E-08 | 0O00E+00 ' 426E:08  207E-09  1.15E-06
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Table 2.3-8 (Cont.)
Ingestion Dose Factors for Infant (mrem/pCi ingested)
WHOLE - ) :
ISOTOPE ~ BONE LIVER . BODY THYROID  KIDNEY- =~ LUNG GI-LLI,
Tc-101. 2.27E-09 = 2.86E-09 2.83E-08 . 0.00E+00. 3.40E-08 1.56E-09  4.86E-07-
Ru-103 -~ 1.48E-06- 0.00E+00  4.95E-07 0.00E+00 . 3.08E-06 ' 0.00E+00 1.80E-05
Ru-105 - . 1.36E-07 0.00E+00 4.58E-08 . 0.00E+00. 1.00E-06 . 0.00E+00 541E-05 .
Ru-106. 2.41E-05 0.00E+00 3.01E-06 = - 0.00E+00  2.85E-05 0.00E+00 1.83E-04 .
Ag-110M .- 9.96E-07 -  7.27E-07 481E-07 * - 0.00E+00 - 1.04E-06 ' 0.00E+00 3.77E-05
- Te-125M 2.33E-05 7.79E-06 3.16E-06°.  7.84E-06 0.00E+00. 0.00E+00  1.11E-05 . .|
Te-127M 5.85E-05.  1.94E-05 7.08E-06 - 169E-05.  1.44E-04 0.00E+00 2.36E-05
Te-127 1.00E-06 . 3.35E-07 2.15E-07 - 8.14E-07 2.44E-06 0.00E+00 . 2.10E-05
Te-129M - 1.00E-04 3.43E-05 1.54E-05 3.84E-05 . 2.50E-04 0.00E+00 597E-05 |-
Te-129- . . 2.84E-07. 9.79E-08 - 6.63E-08 2.38E-07 7.07E-07 0.00E+00. . 2.27E-05
‘Te-131M . 1.52E-05 6.12E-06° . 5.05E-06 1.24E-05 4.21E-05° * 0.00E+00 1.03E-04
Te-131 1.76E-07 - 6.50E-08°  4.94E-08 1.57E-07 4.50E-07 0.00E+00, - 7.11E-06
Te-132 - 2.08E-05  1.03E-05° 961E-06  1.52E-05  6.44E-05 0.00E+00 . 3.81E-05
1-130". 6.00E-06 1.32E-05 5.30E-06 ~  1.48E-03. 1.45E-05 0.00E+00 - 2.83E-06 -
1-131 3.59E-05.  4.23E-05 1.86E-05 1.39E-02 4.94E-05 0.00E+00 1.51E-06 -
1-132 1.66E-06 3.37E-06 1.20E-06 1.58E-04 3.76E-06 0.00E+00  2.73E-06
-133 125E-05 - 1.82E-05 5.33E-06 3.31E-03 2.14E-05 0.00E+00  3.08E-06 -
1-134 8.69E-07 1.78E-06 6.33E-07 4.15E-05. - 1.99E-06 0.00E+00 1.84E-06
1-135 3.64E-06 7.24E-06 2.64E-06 6.49E-04 8.07E-06 0.00E+Q0 2.62E-06..
,Cs-134 3.77E-04 7.03E-04 7.10E-05 0.00E+00 1.81E-04 7.42E-05 - 1.91E-06
Cs-136 - 4.59E-05 1.35E-04 5.04E-05 0.C0E+00  5.38E-05. 1.10E-05 .- 2.05E-06
Cs-137 ©~ . 5.22E-04 6.11E-04 4.33E-05 0.00E+00" = 1.64E-04 6.64E-05 1.91E-06 .
Cs-138 -4.81E-07 7.82E-07 - - 3.79E-07 0.00E+00 . 3.90E-07-  6.09E-08 - 1.25E-06. : |
.Ba-139 . 881E-07 = 5.84E-10 2.55E-08 0.00E+00  3.51E-10 3.54E-10 5.58E-05
Ba-140- 1.71E-04 1.71E-07 881E-06  0.00E+00  4.06E-08 ' 1.05E-07 4.20E-05
' Ba-141 4.25E-07-  2.91E-10 1.34E-08. 0.00E+00 1.75E-10 1.77E-10 5.19E-06 _ |
Ba-142 . 1.84E-07 1.63E-10 9.06E-09 -~ 0.00E+00 - 8.81E-11 . 9.26E-11 7.58E-07 -
La-140° -~ - 211E-08. 8.32E-09  2.14E-09 0.00E+00 - 0.00E+00 0.00E+00 9.77E-05
La-142 . 1.10E-09 : 4.04E-10 - 9.67E-11 0.00E+0Q0 0.00E+00 0.00E+00.  6.86E-05
Ce-141 - 7.87E-08: ~ 4.80E-08 5.65E-09 0.00E+00° = 1.48E-08 0.00E+00 2.48E-05
Ce-143 - 1.48E-08 9.82E-06.  1.12E:09°  0.00E+00 2.86E-09 0.00E+00 - 5.73E-05 |
Ce-144 - 2.98E-06 = 1.22E-06 1.67E-07-  0.00E+00  4.93E-07  0.00E+00 1.71E-04,
Pr-143 . 8.13E-08 3.04E-08 ° 4.03E-09 . 0.00E+00 1.13E-08 0.00E+00  4.29E-05
Pr-144 2.74E-10 . 1.06E-10 1.38E-11 ~ 0.00E+00  3.84E-11.. 0.00E+00 = 4.93E-06-..
Nd-147" -5.53E-08"  5.68E-08 -. 3.48E-09 0.00E+00  2.19E-08 0.00E+00  3.60E-05..
Ta-183 4.33E-10 2.49E-09 2.17E-10. 0.00E+00 = 9.05E-10 = 0.00E+00  2.10E-04
W-187 =~ 9.03E-07 6.28E-07°  217E-07 . 000E+00  0.00E+00  0.00E+00  3.69E-05
Re-188 - 2.20E-06°  1.62E-06 4.86E-06 1.25E-04 - 0.00E+00 : 0.00E+00  4.72E-05 -
Au-198- 0.00E+00  9.56E-08 1.73E-07  0.00E+00  1.86E-07" ~ 0.00E+00  1.25E-05
Au-199 0.00E+00  5.91E-07 5.32E-07 0.00E+00 1.49E-06 0.00E+00 1.28E-05
Np-239 1.11E-08 9.93E-10 5.61E-10 0.00E+00 1.98E-09 0.00E+00 2.87E-05
Sb-124 2.14E-05 3.15E-07 6.63E-06 5.08E-08 0.00E+00  1.34E-05 6.60E-05
1.23E-05 1.19E-07 2.53E-06 1.54E-08 0.00E+00  7.72E-06 1.64E-05

Sb-125 -



~ Table 2.3-9

External Dose Factors for Standing on Contaminated Ground

Element

H3 .
C-14
Na-24
P-32.
.Cr-51 -
~Mn-54
Mn-56
Fe-55
‘Fe-59
- Co-58
“Co-60
-Ni-63

Nr65

Cu-64
Cu-67.
Zn-65 -
Zn-69
. Br-83
’Br=84

Br-85 .

Rb-86
Rb-88 .
Rb-89 °
Sr-87TM
- Sr-89
Sr-91
~8r-92 -
Y-=90"
Y-91M
- Y-91
Y-92
. Y-93
. Zr-95
Zr-97. .
Mo-95.
Mo-99
Tc-99M

Tc-101"

" Ru-103
" Ru-105
“Ru=106

“(mrem/h per pCi/m?)

" Whole Body

0.0
0.0 .
2.50E-08
0.0, - -
2.20E-10
5.80E-09 .
1.10E-08
00 . .
- 7.00E-09 "
' 1.70E-08°
00 -
3.70E-09
1.50E-09 -
1.40E-09
4.00E-09-
.00 -
6.40E-11
1,20E-08
6.30E-10
3.50E-09
1.50E-08 -
4.05E-09
5.60E-13-
7.10E-09
9.00E-09
2.20E-12
3:80E-09
2.40E-11
1.60E-09
5:70E-10
5.00E-09
5.50E-09
510E-09
1.90E-09
9.60E-10
2.70E-09
3.60E-09
4 50E-09
1.50E-09

Skin

0.0

0.0

2:90E-08

00

- 2.60E-10

6.80E-09
1.30E-08
00 .
9.40E-09
8:20E-09
2.00E-08
00 7
4.30E-09
1.70E-09
2.14E-9
4 60E-09
0.0. .
9.30E-11
1.40E-08
0.0.
7.20E-10
4.00E-09
1.80E-08
5.36E-09

6.50E-13 -

8.30E-09
1.00E-08
2.60E-12
4.40E-09
2.70E-11
1.90E-09
7.80E-10
5.80E-09
6.40E-09
6.00E-09

' 2.20E-09

1.10E-09
3.00E-09
4.20E-09
5.10E-09
1.80E-09
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External Dose Factors for Standing on.Contaminated Ground

Element

Ag-110M
Te-125M
Te-127M
Te-127

Te-129M

Te-129
Te-131M
Te-131
Te-132
Sb-124
Sb-125
1-130
1-131
1-132
1-133
1-134 ~
135
"Cs-134
Cs-136
Cs-137
CS'138
Ba-139
Ba-140
Ba-141
Ba-142
La-140
. La-142
. Ce-141
 Ce-143
Ce-144
Pr-143
Pr-144

'Nd-147

Ta-183
-W-187
- Re-188
Au-198
-Au-199
Np-239

Table 2.3-9 (Cont.)

(mrem/h per pCi/m?)

Whole-Body
- 1.80E-08
3.50E-11
" 1.10E-12
1.00E-11
7.70E-10
7.10E-10
- 8.40E-09
2.20E-09
1.70E-09
2.28E-08
5.67E-09.
1.40E-08
2.80E-09:
1.70E-08
3.70E-09
1.60E-08 -
1.20E-08
1.20E-08
1.50E-08
4.20E-09
2.10E-08
2.40E-09
2.10E-09-
4.30E-09
7.90E-09
1.50E-08
1.50E-08
5.50E-10
2.20E-09
3.20E-10
0.00E+00
2.00E-10
1.00E-09.
3.76E-09
3.10E-09
7.86E-10
5.33E-09 .
1.13E-9
9.50E-10

-~

- 2.10E-08

4.80E-11
1.30E-12
1.10E-11
9.00E-10
8.40E-10
9.90E-09
2.60E-06

2.00E-09.

6.93E-08
7.96E-09
1.70E-08
3.40E-09
2.00E-08
4.50E-09
1.90E-08
1.40E-08
1.40E-08

. 1.70E-08

4.90E-09
2.40E-08
2.70E-09
2.40E-09
4.90E-09
9.00E-09
1.70E-08
1.80E-08
6.20E-10
2.50E-09
3.70E-10
0.00E+00

'2.30E-10
1.20E-09

7.30E-09
3.60E-09
1.18E-07
3.36E-08
1.39E-09
1.10E-09
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Table 2.3-10

Liquid Effluent Dilution Factors (M)

Maximum Individual Dilution Factors

Pathway " Location

Potable Water Ingestion 3.9 miles WSW of site
Fresh Water Fish Ingestion ‘ Near Discharge Structure
Shoreline Exposure 0.7 miles ENE of Site

Population Dose Dilution Factors”

Pathway ' | Location

Potable Water Ingestion - Population Weigh'_(éd Average
'Fresh Water Fish !ngéstion Catch Weighted Average
‘Shoreline Exposure - ‘ 7.7 miles WSW of site

*for total population an'd:averagé individual dose calculations R

~ Table 2.3-11

( Transit Times Required for Nuclides to Reach the

‘Point of Exposure (to)

Maximum Average
Exposed Exposed
Individual Individual*
Eventual transit time for water ingestion 12h 24 h
" Eventual transit time for fish ingestidn 24 h 168 h
Eventual transit time for shore exposure - Oh Oh

i

*for total population and average individual dose calculations
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322
10.9

14.5

4’

_ 314
77.4

162




Water ingestion (L/yf) Adult
Water i’ngestiohﬂ (Lyr) Teen
Water ingestion (L/yr) Child
Water ingeétion (L/yr) Infant
F resh water fish ingestion (kg/yr) Aduilt
Fresh water fish ingestion (kg/yr) Teen

Fresh water fish ingestion (kg/yr) Child

Fresh water fish ingestion (kg/yr) Infant

Shore ekposure (h/yr) Adult
Shore exposure (h/yr) Teen
Shore exposure (h/yr) Child

Shore exposure (h/yr) Infant

*

Table 2.3-12
Usage Factors (v Uap) -
‘ Maximum
Exposed
Individual
730
510
510
330
21
16
6.9
12
67
14

for total population and average individual dose calculations
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. Average

Exposed
Individual*

370

260

260

69

52

22

83

47

9.5
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Table 2.3:13

-. Dilution Factors for Each of the Potable Water Initakeés -
within 50 Miles of PNPP v

The total population dilution factor of 314 is 'population' weighted using dilution factors for each of the

potable water intakes within 50 miles of PNPP. - -~ - = ¢
S Weighted
Dist. ' _Fractionof *~  Dilution Dilution
Intakg (Mi) Dir Population Population Factor Factor
Ohio American g : B
Water Serv. Co. 20+ ENE 38,500 | 212E-02 187.7° 3.98E+00 )
Conneaut -~ 33 ENE ~ 13,500 " 7.43E-03 - 2382 1.77E+00
Avon Lake 50  Wsw 99,500 - 5.48E-02 . 388.5 - 2.13E+01
Cleveland 35 sw 1,437,000 7.92E-01 13267 2.59E+02
~ Fairport Harbor 7 WSwW 3,200 1.76E-03 - 1542 2.71E-01
Lake County-East 35 WSW 10,258 " 5.65E-03 107.4 6.07E-01
Lake County West 15 WSW 85,000 -4.68E-02 220.0 1.03E+01
Ohio Water Serv. 10 WSW 60,000 - 3.30E02 . 1819 6:00E+00
Painesville - 75 WSW 27,000 1.49E-02 . 1593 -~ 237E+00
Kent County Water : : 4 PN S
Supply - 50 NW 42,000 -2.31E-02 388.5 8.97E+00
TOTALS : 1,815958 . 1.00E+0  TOTALDF 3.14E+02

" Dist, Dir Popu'lati_ori = distance, direction, and population values obtained from the 1989 Engineéring
Report “Lake Erie Potable Water Facilities and Intakes within 50 Miles of PNPP" (Ref. SO-11552 “E’).

Fraction of Population = The ratio of the population receiving drinking water from that intake to the total
population number for all drinking water intakes located within 50 miles of PNPP.~ - -~

Dilution Factor = Values obtained from the Perry-Environmental Report - Operating License Stage,

Table 5.1-10 “Annual Average Dilution Factors for Lake Water intakes within 50 Miles of PNPP” and Q&R

Page 2.1-2. Lake County West dilution factor per interpolation. Kent County Water Supply dilution factor

was estimated. : LT S e e

The Weightéd Dilution Factor = (Fraction of Population) x (Dilution Factor), based on the population for
each drinking water intake; the sum of which is to be used as'the potable water total population dilution
factor for radioactive liquid effluent releases from PNPP.
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Table 2.3-14

Dilution Factors for the Fish Ingestion Pathway Individual

‘Grid Locations

The total population dilution factor of 77.4 is catch distance and volume weighted using dilution factors at
those locations.: Fish harvest is based on Ohio Department of Natural Resources the total angler catch
(1987 annual) values for Lake Erie within 50 mile of PNPP. - ‘ . : :

-Grid No. of Fraction- Distance Dilution (Frac Fish)x
Fish - of Fish (mi) ‘Eactor (Dil Factor)
617 52823 3.91E-02 29 92 "~ 3.60E+00
618 76004 - 563E-02 36 100 - 5.63E+00
. 714~ 102522 7.59E-02 9 s, B2 3.96E+00
715 10743 -.7.95E-03 -9 52 4.13E-01
. 716 19817 _1.47E-02 11 . 56 . 8.21E-01
717 73401 543E-02 - 24 . 83 . 4 51E+00
718 - 118676 . "8.78E-02 33 95 8.34E+00
- 809 0 0.00E+00 48 <. 115 0.00E+00
- 810 3953 2.93E-03 -39 .. 105 3.07E-01
. 811 13648  1.01E-02 30 92 © 9.29E-01 .
- 812 33923 2.51E-02 - 22 .. 78 1.96E+00
813 182663 1.35E-01 13 61 8.25E+00
814. 164369 1.22E-01 4 34 414E+00
909 80753 5.98E-02 50 116 6.93E+00
910 43800 3.24E-02 42 10 3.57E+00
911 117430 8.69E-02 33 95 - 8.26E+00
912 . 256529 . - 1.90E-01 24 . 83 1.58E+01

TOTAL 1351054 - 1.00E+00 . TOTALD.F. *  7.74E+01

Grid No. and No. of Fish = Total angler catch (1987 annual) for each grid location; per letter from
Michael R. Rawson, Fairport Fisheries Research Station, Ohio Department of Natural Resources to
Richard Cochnar (6/20/88). Commercial harvest data were not used as they were differentiated by -
harbor location only, not by geographical grid location. =~ - . - ‘ :

Fraction of Fish = The r:-;tio of the fish caught in ‘that'gﬁd to the total number of fish caught in all grids
located within 50 miles of PNPP.

Distance = Distance to fhe éenter of that grid from_PNPP, in miles. '; i

Dilution Factor = Derived, for the appropriate distance (center of each grid), from annual aVérage dilution
factor data (non-adjusted), per Perry Environmental Report - Operating License Stage, Table 5.1-10
‘Annual Average Dilution Factors for Lake Water Intakes within 50 Miles of PNPP.” v

(Fraction of Fish) x (Dilution Factor) = The weighted dilution factor, based on catch, for each grid; the sum
of which is to be used as the fish ingestion total population dilution factor for radioactive liquid effluent
releases from PNPP.
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Table 2.3-15

Dilution Factors for the Shore Exposure Pathway
. MAXIMUM EXPOSED INDIVIDUAL DILUTION FACTOR

The point of exposure assumed for this pathway'is the shoreline at'the PNPP site boundary 0.7 miles
down shore from the plant discharge structure. Interpolation of the data presented in the Perry
Environmental Report - Operating License Stage, Table 5.1-10, “Annual Average Dilution Factors for
Lake Water Intakes within 50 Miles of PNPP” yields a maximum individual dose dilution factor of 14.5 ‘
(dilution factor unadjusted for current frequency). _ T :

TOTAL POPULATION DILUTION FACTOR "+ "¢

The total population dilution factor of 162 is that of the Headlands Beach State Park, 7.7 miles WSW of
PNPP (interpolated, adjusted WSW dilution factor). This location was selected because of its lake site
location and it has, by far, the highest attendance of any park located in vicinity of PNPP (Perry
Environmental Report - Operating License State, Table 2.1-2"“Major Camps and Parks within 10 Miles of
the PNPP"). B R

\

o
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30 GASEOUS EFFLUENTS

3.0.1 Batch Releases

A batch release is the discontinuous discharge of gaseous radioactive effluents of known
radionuclide concentration(s) and flowrate taking place over a finite period of time, usually
hours or days. A batch release to the environment.may occur as a result of an effluent
flowpath that bypasses treatment or monitoring. Since radioactive releases approaching .
- 10CFR20 limits are not anticipated, an.ODCM Control is not entered for batch releases. 1
Every reasonable effort will be made to maintain the levels of radioactive material in the .
gaseous effluents ALARA. 4 - - :

The radioactive gaseous effluent release flowpath is monitored for principal gamma emitters
(noble gases, particulates, and halogens) as if the inoperable radioactive effluent monitor
requirements of Table 3.3.7.10-1 had been entered. This action ensures the dose to a
‘member of the general public is within.the limits of Controls 3.11.2.2 and 3.11.2.3. If :
radioactivity is detected, the radionuclide concentration(s) is added to the dose calculations
for the appropriate radioactive gaseous effluent continuous release point. Administrative - .
instructions are employed to establish minimum monitoring requirements for these batch
releases to ensure compliance with all regulatory requirements. The administrative
instructions shall also ensure that the specific activity that will cause a batch release has
been reviewed for the requirements of 10 CFR 50.59.

3.0.2 Continuous Releases

There are four environmental release points for gaseous effluents used for Unit 1 operation of
the Perry Nuclear Power Plant: Turbine Bldg/Heater Bay Vent, Off-Gas Vent, Unit 1 Vent,

- and Unit 2 Vent (see Figure 3.0-1). The Unit 1 and Unit 2 Vents are located on the top of the
Intermediate Building, Elevation 753'9". The Turbine Bldg/Heater Bay Vent is located on the
top of the Heater Bay Building, Elevation 722'0”. The Off-Gas Vent is located on the top of

- the Off-Gas Building, Elevation 723'0". Site ground level elevation is 620’0". Radiological
releases from each vent are monitored by a noble gas radiation monitor.

All gaseous effluent releases from PNPP via these vents will be continuous releases, and are
considered to be long-term (i.e., greater than 500.hours per year) and ground level.
Containment/drywell purges and vents will be considered periods of increased radiological

release as they are vented through the Unit 1 Vent, concurrent with normal, continuous
releases. '

(%
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Monitor Alarm Setpoint Determination

The following calculation methods provide a means of determining the High Alarm Setpoint (HSP)
and the Alert Setpoint (ASP) to ensure compliance with the regulatory dose rate limit to areas at or
beyond the site boundary of 500 mrem/yr for the following noble gas monitors:

1. Unit 1 Vent radiation monitor (1D17K0786)

2. Unit 2 Vent radiation monitor (2D17K0786)

3. Off-Gas Vent radiation monitor (1D17K0836)

4.  Turbine Building/Heater Bay Vent radiation rhonjtor (1 D17K0856)

The Unit 2 Vent radiation monitor is included for the operation of Unit 1 of the Perry Nuclear Power
Plant because the second train of the Unit 1 Annulus Exhaust and the Control Complex and
Intermediate Bwldmg ventllatlons are exhausted through the Unit 2 Vent

The High Alarm Setpoint (HSP) for each release point radiation monitor will be set at 70% of the

annual dose rate limit (350 mrem/yr) and the Alert Setpoint (ASP) will be at 10% of the annual dose
rate limit (50 mrem/yr). ' ; , :

'NOTE: These values are set as a small fraction of the total activity that may be released via.

the monitored pathways to ensure that the site boundary dose rate limits are not

-exceeded. Any single ASP can be exceeded without exceeding the 500 mrem/yr dose
rate limit. .

a. = Upon receipt of a valid alert alarm, a sample from the alarming effluent path will be obtained
and analyzed. If two or more effluent monitors exceed the ASP or if any one effluent monitor
exceeds the HSP, the potential exists that the 500 mrem/yr dose rate limit may be exceeded.
In this case, all four effluent paths will be sampled and analyzed with the approprlate actions
initiated to limit gaseous releases to below the annual dose rate Iumlt

b. If a single high alarm setpomt continues to be exceeded verification shall be made at least"
once per 4 hours, via the gaseous effluent radiation monitors, that plant releases are below
the ODCM Appendix C 3.11.2.1 dose rate limits. Sampling and analysis shall be performed
on the four gaseous effluent release points at least once per 12 hours:

This procedure determines the monitor alarm setpomts that indicate if the dose rate beyond the site
boundary due to noble gas radionuclides in gaseous effluent released from the site exceeds
500 mrem/year to the whole body, or 3000 mrem/year to the skin.

\
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Determination of “Mix™ (Noble Gas Radlonucllde Composntlon) of Gaseous Effluents Ty

. The gaseous source terms that are representatnve of the mix” of the gaseous effluent are

v

determined. Gaseous source terms are the concentrations of the noble gas radionuclides in
the effluent as determined by analysis of the various sources of gaseous effluents. During
the early period of plant operation, before a sufficient operational effluent source term data
base has been obtained, source terms will be those generated by the GALE code, Revision 0
for PNPP (FSAR Tables 11.3-9 and 11.3-10).

-~

. _ Determination of the fraction of the total radloactlwty in the gaseous effluent for each noble

gas radnonucllde in the gaseous effluent
-

S_ _EAl - . s , | (3.1-1)
Where:

;the fractlon of the total for: radnonucllde “i”in the effluent,
the activity of radlonucllde “|" in the gaseous effluent

L8
- A

NOTE: If the activity of a noble gas radlonucllde is below the Iower limit of
detection the noble gas.radionuclide is not included as a source term in this
setpoint calculation.

Determination of the Maximum Acceptable Total Activity Release Rate of Noble Gas

- Radionuclides in Gaseous Effluent Based on Whole Body Dose Rate Limit

. .
R

-~ 500

Qb _ /. ‘IL .V - ) e . B (3'1-2)
%)z t)6) » |
Where: S
e . \ .
op . = the maximum acceptable total activity release rate of all noble gas
- radionuclides in the effluent (for whole body exposure) uCifs; [
k; = thewhole body ‘dose factor for a semi-infinite cloud of radionuclide ‘i’
: (includes 5g/cm? tissue attenuation) from Table 3.1-1, (mrem/yr)/(uCi/m3);
si. = thefraction of the total for radionuclide “"; as per equation 3.1.1;
x/Q = the annual average dlsperSIon factor in s/m3 (see Appendlx A) ‘
NOTE: ; The dispersion parameters (x/Q) used in these calculatuons are the highest

calculated site boundary values for any of the land-based sectors only. At
PNPP the site boundary locations in the following sectors are totally over
water: N, NNE, NNW NW, W, WNW. .
. /
500 = the whole body dose rate limit, in mrem/yr.
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.Determination of the Maximum Acceptable Total Activity Release Rate of Noble Gas
Radionuclides in Gaseous Effluent Based on Skin Dose Rate Limit )
3000, .

R P

Where:
0s =

Li =

<3
firn
1]

1.1
3000

@i +1

Radionuclide

Kr'-83.m
Kr-856m
Kr-85
Kr-87
Kr-88

K89

Xe-131m
Xe-133m -
Xe-133
Xe-1 35
Xe-135m
Xe-137 -
Xe-138
Ar-41

(3.1-3)

B

‘the maximum acceptable total activity release rate of all noble gas .

radionuclides in the effluent (for skin exposure), in p,CI/S

the beta skin dose factor for a semi-infinite cloud of radionuclide “i” (includes

attenuation by the outer “dead” layer of skin), in (mrem/yr)/(uCi/m3);

the gamma air dose factor for a uniform semi-inﬁnite cloud of radionuclide “i",
in (mrad/yr)/(uCi/m?3); : -

the fraction of the total for radionuclide “i’, per equation 3.1.1;

the annual average dispersion factor in s/m3 (see Appendix A);

the air dose to.tissue dose equivalent conversion factor in mrem/mrad

the skin dose rate limit, in mrem/yr

L11 Mi) values are«s'hown' in Table 3.1-’1. I

Table 3.1-1

Whole Bodv and Skm Dose Factors

Whole Body Dose Factor (Ki) Skin Dose Factor

(Li+1.11 M)
(mrem/yr/uCi/m3) . (mrem/yr/uCi/m3) -

7.56E-02 2.14E+401
1.17E+03 . 2.83E+03
1.61E+01 © 1.36E+03
5.92E+03 7 166E+04
. 147E+04 . 1.92E+04
. 1.66E+04 . 2.93E+04
9.15E+01 " B.49E+02
251E+02 1.36E+03

294E+02 . BOTE+02.
1.81E+03 , 3.99E+03
“312E403 " 4.44E+03
1.42E+03 . 1.39E+04
8.83E+03 ' 1.44E+04
8.84E+03 1.30E+04
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Determination of the Maximum Acceptable Total Radloactlwty Concentratlon of all Noble Gas
Radionuclides in the Gaseous Effluent SRRV .

(2.12 x io‘3) (o)

Ce =

WhereE

'Ct

C Q¢

2.12E-03

. (3.14)

= the maximum acceptéblé total radioactivity c()ncent'ration of all noble gas

radionuclides in the effluent, in pCi/cc;

" = the flow rate for the release point from the respectlve flow rate_recorders, in

ft3/min; design flow rates, which incorporate a 10% flow rate inaccuracy
correction, may be- used in lieu of actual flow rates (refer to flow rates in
" Table 3.1-2).

.‘= the smaller of . Q and Qs+ calculated in equatlons 3.1-2 and 3.1-3,

" respectively, uCifs; ‘
the conversion factor to convert (uC|/s)(ft3/m|n) p.CI/CC

Table 3.1-2 -

Flow Rates and Effluent Monitor Efficiencies

“Effluent Pathway Flow Rate
o (cfm)
** Unit1Plant Vent " 140,000
‘Unit 2 Plant Vent* - — 60 000
Off Gas Vent Pipe = 16,700
I 400,000 (summer)

- Turbine Building/Heater Bay 220,000 (winter/reduced summer)

o
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31.5. - . Determination of the Maximum Acceptable Monitor Count Rate Above Background Attributed
to Noble Gas Radionuclides : ~
cRe = (0.8)(ce) (Em) : ) | (3.1-5)

Where: PR

crc = the calculated monitor count rate above backgrouhd attributed to noble gas
radionuclides, in cpm;

ce = the maximum acceptable radioactivity concentration, per equation 3.1-4,
o uCilcc;
.. . Eg .= the detector efflcnency of the momtor for the “mix” of noble gas radionuclides

in the effluent, in cpm/(uCilcc);

- = the total uCi/cc concentration divided into the net monitor count rate taken at

the time the sample was taken; during the early period of operation, before a
" sufficient operational effluent source term data base has been obtained, the
value will be calculated using monitor calibration data;
0.8 . = an engineering safety factor.

3.151 Determination of the Monitor High Alarm Setpoint
Hse = (0.70)(CRc) + B& ..~ (3.1-6)

Where:

k]

HSP
BG

the hlgh -alarm setpoint (including background), in cpm;

the background count rate due to internal contamination and radiation levels
in the area in which the monitor is installed when the monitor chamber is filled
with uncontaminated air, in cpm;

crc = the calculated monitor net count rate, per équation 3.1-5, in cpm;

- 0.70 the fraction of the maximum acceptable activity that may be released from the
‘ vent to ensure that the site boundary dose rate limits are not exceeded during
“concurrent releases from several pathways.

3152 Determination of the Monitor Alert Setpoint
asp = (0.10) (CRe) + BG (3.1-7)
* Where:

ASP
BG

the alert setpoint (including background), in cpm;

the background count rate due to internal contamination and radiation levels
in-the area in which the monitor is installed when the monitor chamber is filled
with uncontaminated air, in cpm;

cre = the calculated monitor net count rate, per equation 3.1-5, cpm;

0.10 the fraction of the maximum acceptable activity that may be released from the
vent to ensure that the site boundary dose rate limits are not exceeded during
concurrent releases from several pathways
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1OCFR20 Compliance - Gaseous Effluent Dose Rate -

‘Dose rates resulting from the release of noble gases, radioiodines, tritium, and radionuclides in

particulate form must be calculated to show compliance with 10CFR20. The limits of 10CFR20 are
conservatively applied for the release period at the controlling location.

| - Noble Gases

“The dose rate in unrestricted areas resulting from noble gas effluents is limited, by ODCM
Appendix C controls, to 500 mrem/yr to the whole body and 3000 mrem/yr to the skin. Only
the external dose pathway will be considered for noble gases. Because all gaseous effluent
releases from PNPP are considered ground level, the controlling location for these dose rate
limits is the site boundary location (see Figure 3.3-1) with the highest relative dispersion
factor (x/Q). (See Appendix A for elaboration on atmospheric dispersion.) o

The alarm setpoint determinations discussed in the previous section should ensure
compliance with these dose rate limits. However, if any one high alarm or two or more alert
alarms occur, the dose rates in unrestricted areas resulting from the release of noble gas
radionuclides from all vents will be calculated. The calculations will be based on the results
of analyses obtained pursuant to the ODCM, Appendix C, CONTROLS. -

Radioiodines, Particulates, and Other Radionuclides

‘The dose rate in unrestricted areas resulting from the release of iodine-1 31, iodine-133,
tritium, and all radionuclides in particulate form with half-lives greater than eight days is
~ limited, by ODCM Appendix C controls, to 1500 mrem/yr to any organ. The calculation of
'dose rate from these radionuclides will be performed based on results of analyses obtained
- pursuant to those Appéndix C controls. The controlling location for this limit is the location of
the highest relative deposition (D/Q) for the period of release as well as the actual receptor
pathway. The receptor pathway locations will be reviewed once per year following the
performance of the Land Use Census to include consideration of nearest residences, garden,
" and.farm animal locations in each sector. B

.Dose Rate Calculations T

"The foIIowihg is the eqdéfioh used to calculate the dose rate resultant from the release of
radioactive materials in gaseous effluents to areas at or beyond the site boundary for the
purpose of showing compliance with ODCM Appendix C controls as related to 10CFR20.

Dajp = (3.15x101) (% or %) z (DFaijp)(Qi) - - (3.2-1)

Where:
Dajp .= the organ ‘|’ dose rate as a function of age group “a” and pathway
“p’, mrem/yr; ' ‘ ‘
DFaijp - the dose factor for organ type ‘|, age group “a”, pathway “p” for isotope
o “i" (see Tables 3.2:1 through 3.2-3); units and equations used
_ (equations 3.2-2 through 3.2-6) are provided later in this section;
x/Q or D/Q = the normal or depleted relative dispersion factor (x/Q) in s/m3, or relative

deposition (D/Q) in m2, at the receptor distance (see Appendix A);
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3.1sx10t = conversion factor to convert (mrem*uCi)/(Ci*s) to mrem/yr;
Qi = release rate of isotope “i” (@annualized), uCif/s
' = (472)(c1) () '
Where:
c; = theconcentration of radionuclide “7" in the gaseous effluent,
‘ .. inpCilcc; . * ‘
" f = the gaseous effluent ﬂow rate durlng the release, ft/min;
472 = conversion factor, (cc/ft3)/(s/mm) o -~ =

The followmg relatlonshlps are used to derive the dose factors (Dfa,,p)for noble gases tritium,
‘ raduouodlnes and particulates used in equation 3.2-1.

o a, Who[s Body Dose Factors from Exposure to a Semi-Infinite Plume

= WF/ Wi/ WPrei o . ’ A 2-
DF ; = (5) (1) (oFe; ) o | | (3.2-2)
Where: ]

DF ; = the whole body factor due to immersion in a semi-infinite cloud of

radlonucllde ‘P, (mrem m3)/(Ci*s); .
DrFB; = the whole body gamma dose factor fora seml |nf|n|te cloud of

radionuclide “i” which includes the attenuation of 5 g/cm2 of tissue from
. Table 3.2-4, mrem/yr per pCi/m3,
s = the attenuation factor that accounts for the dose reductlon due to the

shielding provided by residential structures, optional, dimensionless:
= maximum exposed individual = 0.7, population dose 0.5 (Regulatory
Guide 1.109), if calculating dose rate = 1.0;
"xs = the annual average concentration of radionuclide “i” in air (pCi/m?3), for a

umt release rate (Cifyr) and a umt x/Q (s/m3), (pCt/m3)/(C|/yr)(s/m3)

b. Skin Dose Factors for Exposure to a Semi- Inf nlte Plume S
DFY = (Xi) [(1 : 11) (s¢) (DFiV ) + (oFs; )] | | (3.2-3)
Where:

S
DF . = the skin dose factor due to immersion in a semi-infinite cloud of
radionuclide “i", (mrem * m3)/(Ci * s); |
DF Z = the gamma air dose factor for a uniform semi-infinite cloud of

raqionucliqs ", fro_m Table 3.2-4, mrad/yr per pCi/m3;
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- psE; = ‘the beta skin dose factor for a- semi-infinite cloud of radionuclide ‘7

.. (includes attenuation by the outer “dead” Iayer of skin), from
Table 3.2-4, mrem/yr per pCi/m3;:
sp = the attenuation factor that accounts for the dose reduction due to the

shielding provided by residential structures, optional, dimensionless:
= maximum exposed individual = 0.7, population dose 0.5 (Regulatory -

Guide 1.109), if calculating dose rate = 1.0;
y; = theannual average concentration of radionuclide “i" in air (pCi/m3), for a

unit release rate (Ci/yr) and a unit x/Q (s/m?3), (pCi/m3)/(Cilyr)(s/m?3),
1. 11 = the air dose to tissue dose equnvalent conversron factor, mrem/mrad.

Dose Factors from External Irradiation from Radlonuchdes Deposned onto the Ground
Surface :

G G — ; ‘
DF ;= (8760) (c i) (DFGij) (s¢) o (3:24)
Where:
G .
DF .. = the dose factor for radionuclide “i" to organ “" resulting from

’ exposure to radlo,nuclrdes deposrted onto the ground surface,
(mrem * m2)/Ci;

C i =t the ground plane concentratlon (pCi/m2) of radlonuclrde i” for a unit
§ release rate (Ciryr) and a unlt D/Q relative ground deposition (m-2),
A (pCi/m2)/(Cilyr)(m-2);
. DFGij ‘ = the open field ground plane dose conversion factor for organ “j” from !

radionuclide “i", from Table 3.2- 5, mrem/yr per pCi/m?;
s - = the attenuation factor that accounts for the dose reduction due to the

shielding provided by residential structures, optional, dimensionless:
.= maximum exposed individual = 0.7, population dose 0.5 (Regulatory
.Guide 1.109), if calculating dose rate = 1.0;
the number of hours per. year.

8760
Dose Factors from Inhalation of Radionuclides in Air

A N ‘ ' .
pr = [ragis) Ra) (i) (3.2:6)
aij N .

Where:

A . . .
-DF aij = = the dose factor for radlonucllde i to organ “i” of an individual in age

group “a” due to inhalation, (mrem m3)/(C| s) [equivalent to
(mrem/yr)(yr/Cr)(m"/s)]
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DFAL;j = the inhalation dose factor for radionuclide “i", organ ‘j”, and age

group “a” (the value for skin is-assumed to be 0), from Tables 3.2-6
through-3.2-9, mrem/pCi;

'Ry = theannual air intake for individuals in age group “a”, from
' Table 3.2-14, m3yr; -
X L= the annual average concentratlon of radionuclide “i” in air (pCi/m?3),

for aunit release rate (Cl/yr) and-a unit /Q (s/m?3),
w57 (pCiim3)/(Cilyr)(s/m3).

: é. Dose Factors from the Ingestion of Atmbsphericélly Released Radionuclides in Food

'; F alia : DFI&“ijl [(U f\)(c i) .+» (U Izi) (f LJ (C If) + ;(U Z) (c If) + (u ‘a’) (f Vj (CY)J ‘(3.2—5) i

Where:

. : ,
DF , i3 = the dose factor for radionuclide ‘i" to organ “j” of an'individual in age

group “a” from the ingestion of méat leafy vegetables, milk, and
produce (non-leafy vegetables, fruits, and grains) in (mrem * m2)/Ci,
or in the cases of H-3 and C-14 in (mrem * m3)/(Ci * s);

C;, €4, C4 Cyi .=  theconcentrations of radionuclide ‘" in meat, leafy vegetables,

- milk, and produce, respectively (pCi/kg or pCi/L) for a unit release
rate (Ci/yr) and a unit D/Q, relative ground deposition (m2), or in
cases of H and C-*4, a unit x/Q, relative ground-level concentration
(s/m3) in (pCl/kg)(Cl/yr)(m 2) or (pCi/kg)/(Cilyr)(s/m?) or
(pCilL)/(Cilyr)(m-2) or (pCilL)(yr/Ci)(s/m?3); :

DFIaiq = the ingestion dose factor for radionuclide “i”, organ *j”, and age group

: : “a’, from Tables 3.2-10 through 3.2-13, mrem/pCi;
" fr., £y = the respective fractions of the ingestion rates of leafy vegetables and

“produce that are produced in the garden of interest, 1.0 and 0.76
respectively (Regulatory Guide 1.109); = °

Y a, Y a, U a, U_  =theannual intake (usage) of meat, leafy vegetables, milk and

produce respectively, for individuals in age group “a”, from Table
3.2-14, kglyr or Wyr. :

/
f. Dose rate example problem:

1) For the purpose of this sample problem, the following assumptions are utilized: a
release of Xe-133 at 1.0E-5 uCilce, a flow rate of 1.0E5 ft*/min, and a whole body
dose factor of 2.94E-4 mrem/yr per pCi/m3. Dose rate and 1 hour cumulative
dose are calculated

2)  Whole Body Dose Factor per ODCM equation 3.2-2.
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For final dose calculation:
; 1E + 12pCi/m® . o3
DT = (0.7)|2. 948 — 04 REST/YE < pCi/m |- g2 DT
, pCi/m (ci/yr) (3 .15E + 07 sec/m ) ~ Cisec
For dose rate:
' 1E + 12 pCi/m® 3
DET = (1.0)[2. 948 - 04 ZESM/YE B+ 12pCI/MT | _ g 33 REemT
pCi/m (ci/yx) (3 .15E + 07 sec/m ) Ci sec

3) Dose Rate per ODCM equation 3.2-1.

For final dose calculation:

-, | ¥
m m [o] n ]

(3.15E1)(5.8E - 63—93‘5) 6.52 ST || g7 2200 (l.OSE— 5&) 185 15| = 0.590 20

m Ci sec ft” sec cc min | 8

For dose rate:

(3.15E1)(5.8E— sﬁ) 9.33 DESRI |1 49 SE D (1.05}: - 55c—1) 185 15 | L g.g45 22T
m Ci sec ft” sec ’ cc min . yr

Final dose calculation:

0.590 2™ | (1 hr)| —2=—| = 6.74E - 5 mrem
yr - “\8760hr ‘




Organ Used for Gaseous Effluent Dose Calculations
1. '

2.

© 3.

Age Groups Used for Gaseous Effluent }Dose Calculations
‘ 1

2.
3.

4.

Table 3.2-1

- Bone -
Gl Tract
Kiéney
Liver
.Lun.g

- Thyroid ..
Whole Body
.Skin

;

Table 3.2-2

“Adult (17 yr and older)
Teen (11-17 yr)

Child (1-11 yr)

Infant (0-1 yr)

Table 3.2-3

Gaseous Effluent Dose Pathways

1.

2.

Plume -
Ground Shine
Vegetables |
Meat

Cow Milk
Goat Milk

Inhalation
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Nuclide

Kr-83m

Kr-85m .

Kr-85
Kr-87
Kr-88
Kr-89
Kr-90

Xe-131m

Xe-133m

Xe-133

Xe-135m .

Xe-135
Xe-137
Xe-138

Ar-41

‘Table 3.2-4

Dose Factors for Exposure to a Semi-Infinite - -

- Cloud of Noble Gases

Whole Body* Beta Skin*
‘Gamma Dose Dose Factor

‘Factor (DOFB) - " (DFS)

- 7.56E-08 e

1.17E-03 ) 1.46E-03

- 1.61E-05 1.34E-03
5.92E-03 | 9.73E-03
1.47E-02 L 237E03
1.665-02 e 1101&-02
1.56E-02 o 7.29E-03

' "9.15E-05 4‘;76‘_is-o4
2.51E-04 9.94E-04
2004 306E04
. 3.12E-03 | 7.11E-04
" 181803 . 1.86E-03
142603 122602
"“7"‘2??8.‘83E-03 .~4.'1.'3E-03 ,
. '8.84E-03 . 269E-03

* mrerﬁ/yr 'per pCi/m?3
> mrad/yr per. pCi/m?3 \

N

Gamma Air**

Dose Factor
(OF)
1.93E-05
1.236-03

| :_11.%2}:-05
6.47E-03
1 :527E-02
1.73E-02
| 1 .,6'3E-02:
1.56E-04
3.27E-04
3.53E-04
. 3.36E-03
1,.92,,E-03
1.51E-03
9.21E-03

9.30E-03
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Table 3.2-5

External Dose Factors for Standing’ on Contaminated
. Ground

(mrem/h per pCi/m?2)

Element Whole Body . _ Skin
H-3 : - 0.00E+00 _ 0.00E+00
C-14 0.00E+00 : 0.00E+00
Na-24".  2.50E-08 2.90E-08
P-32 0.00E+00 . "0.00E+00
Cr-51 2.20E-10 2.60E-10
Mn-54 _ " 5.80E-09 ~  6.80E-09
Mn-56 1.10E-08 1.30E-08
‘Fe55 0.00E+00 ~ 0.00E+00
Fe-59 8.00E-09 . 9.40E-09
Co-58 7.00E-09 8.20E-09
. Co-60 ~ 1.70E-08 - 2.00E-08
Ni-63 0.00E+00 0.00E+00
~ Nr-65 : 3.70E-09 " 430E-09
~ Cu-64 ~ 1.50E-09 *1.70E-09
Zn-65 4.00E-09 " 4.60E-09
Zn-69 0.00E+00 . 0.00E+00
Br-83 6.40E-11 © 9.30E-11
Br-84 1.20E-08 ‘ 1.40E-08
Br-85 0.00E+00 ~ 0.00E+00
Rb-86 ~\6.30E-10 . - 7.20E-10
Rb-88 3.50E-09 4.00E-09
- Rb-89 . 1.50E-08 " 1.80E-08
Sr-89 5.60E-13 6.50E-13
" Sr-91 ~ 7.10E-09 ' 8.30E-09
. Sr-92 ~ 9.00E-09 1.00E-08
Y-90 2.20E-12 "~ 2.60E-12
Y-91M -~ 3.80E-09 . 4.40E-09
Y-91 2.40E-11 2.70E-11
Y-92 1.60E-09 .~ 1.90E-09
Y-93 5.70E-10 7.80E-10
2r-95 5.00E-09 5.80E-09
Z2r-97 5.50E-09 6.40E-09
Mo-95 5.10E-09 6.00E-09
Mo-99 “ 1.90E-09 2.20E-09
Tc-99M 9.60E-10 ‘ 1.10E-09
Tc-101 2.70E-09 3.00E-09
Ru-103 3.60E-09 ’ 4.20E-09
Ru-105 4.50E-09 5.10E-09
Ru-106 1.50E-09 1.80E-09

Ag-110M 1.80E-08 2.10E-08
{
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Table 3.2-5 (Cont.)

External Dose Factors for Standing on Contaminated

" “Element =

" Te-125M .
CoC Te-127TM

Te-127

- Te-129M .
- Te-129

Te-131M
Te-1 31
Te-132 -

S 300
131

1-132 .

14133
134
T35

- Cs-134 -

Cs-136

- Cs-137
© Cs-138

Ba-139

Ba-140
Ba-141.: -
Ba-142

' La“140

La-142
Ce-141
Ce-143 -
Ce-144 .
Pr-143°

Pr144’

Nd-147
W-187
Np-239

Ground
(mrem/h per pCi/m?) -

" Whole Body -

-3.50E-11"
- 110E12.
1.00E-11°
© 7.70E-10
- 7.10E-10
© 8.40E-09
2.20E-09
‘¥ 1.70E-09
' 1.40E-08
" 2.80E-09
. 170E-08 ..
"'3.70E-09 ~ T -
- *1.60E-08
.1.20E-08
1.20E-08 .
. 1.50E-08 -
 420E-09" -
210E-08  °
240E-09.
- 210E-09 . -
- 4.30E-09 -
 7.90E-09
' 1.50E-08 -
""1.50E-08
. 5.50E-10 . .
- 2.20E-09.
3.20E-10.
'0.00E+00 "
2.00E-10
1.00E-09
3.10E-09
9.50E-10

.- Skin
480E-11 -

1.30E-12

1.10E-11
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L 900E10

8.40E-10
.+ 9.90E-09 " - |

'2.60E-06 ©

2.00E-09

170608

340E-09
. 2.00E-08. .

4.50E-09

1.90E-08 © -

1.40E-08
1.40E-08
1.70E-08

" 4.90E-09 .

' 2.40E-08

| 270E-00

240E-09 -
4.90E-09

© 900E09 ..

1:70E-08
1.80E-08

~ 6.20E-10

~ 2.50E-09

© -3.70E-10
~.0.00E+00
- 2.30E-10
1.20E-09
3.60E-09
1.10E-09
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. -Table3.2-6 b
‘Inhalation Dose Factors for Adult (mrem/pCi inhaled)
, _ WHOLE , -
NUCLIDE BONE LIVER BODY  THYROID  KIDNEY .LUNG GI-LLI
H-3 NO DATA 1.58E-07 1.568E-07 1.58E-07 1.68E-07 1.58E-07 1.58E-07
C-14 2.27E-06 4.26E-07 4.26E-07 4.26E-07 4.26E-07  4.26E-07 4.26E-07
Na-24 1.28E-06 1.28E-06 128E-06 . 1.28E-06  1.28E-06" 1.28E-06 1.28E-06
P-32 1.65E-04 9.64E-06 6.26E-06 NODATA NODATA  NODATA  1.08E-05
Cr-51 NO DATA  NO DATA 1.25E-08  7.44E-09 2.85E-09 1.80E-06 4.15E-07
Mn-54 NO DATA  4.95E-06 7.87E-07 " NO DATA 1.23E-06 1.75E-04 9.67E-06
Mn-56 NO DATA  1.55E-10 2.29E-11 NO DATA  1.63E-10 1.18E-06 2.53E-06
Fe-55 3.07E-06 ' . 2.12E-06 4.23E-07 NO DATA  NODATA  9.01E-06 7.54E-07
Fe-59 1.47E-06 . .= 3.47E-06 1.32E-06 NO DATA  NO DATA 1.27E-04 2.35E-05
Co-58 NO DATA  1.98E-07 2.50E-07 NODATA  NODATA . 1.16E-04 1.33E-05
Co-60 NO DATA  1.44E-06 1.85E-06 NODATA  NODATA  7.46E-05 3.56E-05
Ni-63 5.40E-05 3.93E-06 1.81E-06 . NODATA NODATA  2.23E-05 1.67E-06
Ni-65 1.92E-10  "262E-11  1.14E-11 NODATA  NODATA - 7.00E-07 1.54E-06
Cu-64 NO DATA 1.83E-10 7.69E-11 = NODATA  5.78E-10 8.48E-07 6.12E-06
Zn-65 4.05E-06 1.29E-05 582E-06° NODATA  8.62E-06 1.08E-04 6.68E-06
Zn-69 . 423E-12  8.14E-12 5.65E-13- NODATA  527E-12 1.15E-07 2.04E-09
Br-83 NODATA NODATA  3.01E-08 NODATA  NODATA  NODATA  2.90E-08
Br-84 .. NO DATA ~ NODATA  3.91E-08 NODATA NODATA NODATA _ 2.05E-13
Br-85 NO DATA . NO DATA 160E-09 - NODATA NODATA NODATA LTE-24
Rb-86 NO DATA = 1.69E-05 7.37E-06- NODATA NODATA NODATA  2.08E-06
Rb-88 NO DATA. . 4.84E-08 . 2.41E-08 NODATA NODATA  NODATA  4.18E-19
Rb-89 NO DATA  3.20E-08 2.12E-08 NODATA NODATA NODATA  1.16E-21
Sr-89 3.80E-05 'NO DATA 1.09E-06 - NODATA = NO DATA 1.75E-04 4.37E-05
Sr-90 1.24E-02 NODATA  7.62E-04 - NODATA  NO DATA 1.20E-03 9.02E-05
Sr-91 7.74E-09 NO DATA 3.13E-10 - NO DATA NO DATA  4.56E-06 2.39E-05
Sr-92 8.43E-10 NO DATA  3.64E-11 - NODATA  NODATA - 2.06E-06 5.38E-06
Y-90 261E-07 .. NODATA  7.01E-09 NODATA NODATA  2.12E-05 - 6.32E-05
Y-91M 3.26E-11 -~ NO DATA 1.27E-12 NO DATA  NODATA  2.40E-07 1.66E-10
Y-91 5.78E-05 - NODATA, 1.55E-06 @ NODATA NODATA  213E-04 4.81E-05
Y-92 1.29E-09 NO DATA  3.77E-11 NO DATA  NO DATA 1.96E-06 9.19E-06
Y-93 1.18E-08° NODATA  3.26E-10 NODATA  NODATA ' 6.06E-06 5.27E-05
Zr-95 1.34E-05 * 4.30E-06 2.91E-06 NO DATA  6.77E-06 ' 2.21E-04 1.88E-05
Zr-97 1.21E-08 2.45E-09 1.13E-09 ~ NODATA  3.71E-09 9.84E-06 6.54E-05
Nb-85 1.76E-06 .. 9.77E-07  5.26E-07 NO DATA  9.67E-07 6.31E-05 1.30E-05
Mo-99 NO DATA  1.51E-08 '2.87E-09 NO DATA  3.64E-08 - 1.14E-05 3.10E-05
1.29E-13 3.64E-13  463E-12 NO DATA _ 5.52E-12 5.20E-07



ODCM

Page: 46
Rev.: 23
: Table 3.2-6 (Cont.)
. Inhalation Dose Factors for Adult (mrem/pCi irihaled) -.
WHOLE
NUCLIDE  BONE .~ :i LIVER BODY THYROID = KIDNEY - . LUNG Gl-LLI
Tc-101  5.22E-15 ° 7.52E-15 7.38E-14 NODATA  1.35E-13 ' 4.99E-08  1.36E-21
Ru-103 ©~  1.91E-07° NODATA': 823E:08"° NODATA  7.29E-07 ~ 6.31E-05 1.38E-05
Ru-105 ~ - 9.88E-11:: NODATA. 3.89E-11  NODATA.  _1.27E-10 1.37E-06.  6.02E-06 -
Ru-106 864E-06 = NODATA - 1.00E-06  NO'DATA*~ 167E-05 . 1.17E-03 - 1.14E-04 -
Ag-110M = 1.35E-06 - 125E-06-  7.43E-07 - NODATA .. 246E-06  5.79E-04 3.78E-05- -
Te-125M .- 4.27E-07 . 1.98E:07° _ 5.84E-08 -+ 1.31E-07 - 1.55E-06  3.92E-05  8.83E-05 -
Te-127M 1.58E-06 7.21E-07 1.96E:07 " 4.11E-07.  5.72E-06 1.20E-04 - 1.87E-05.
Te-127 1.75E-10 ©  8.00E-11 387E-11.° 1.32E-10° . 6.37E-10  8.14E-07 7.17E-06 @
Te-129M .. 1.22E-06 - 5.84E-07 - 1.98E:07 . 4.30E-07 457E-06  1.45E-04  4.79E-05
Te-129 - 6.22E-12  2.99E-12 155E-12  4.87E-12 - 2.34E-11 . 2.42E-07 . 1.96E-08
Te-131M - 8.74E-09 - 545E:09.  363E-09  6.88E-09 - 3.86E-08 1.82E-05 - 6.95E-05
Te-131- . 1.39E-12  7.44E-13  449E-13 ~  1.17E-12 - . 5.46E-12 1.74E-07 ~ 2.30E-09 -
Te-132 * 3.25E-08 2.69E-08 2.02E-08 ~ 2.37E-08 1.82E-07 = 3.60E-05: - 6.37E-05
I-130 - - 5.72E-07-  1.68E-06 6.60E-07 - 1.42E-04 ~ 261E-06 . NODATA  9.61E-07
1-131 -3.15E-06 * - 4.47E-06. . 2.56E-06 1.49E-03 - 7.66E-06  NODATA  7.85E-07
[-132 1.45E-07 -+ 4.07E-07-  1.45E-07 1.43E-05 6.48E-07 NO.DATA"  5.08E-08
1-133 1.08E-06 ~~ 1.85E-06 5.65E-07 2.69E-04 323E-06. NODATA  1.11E-06
1-134 8.05E-08 - 2.16E-07 7.69E-08 . 3.73E-06°  3.44E-07 - NODATA - 1.26E-10 -
1-135 3.35E-07 - 8.73E-07 3.21E-07 © 5.60E-05 - 1.39E-06 - NODATA - 6.56E-07-
Cs-134 466E-05 * 1.06E-04 - 9.10E-05  NODATA  3.59E-05 1.22E-05 * . 1.30E-06 -
Cs-136 4.88E-06 1.83E-05 1.38E-05 _ NODATA _ 1.07E-05. "~ 1.50E-06 - - 1.46E-06 -
Cs-137 598E-05. - 7.76E-05- 535E-05° NODATA 278E-05 ° 9.40E-06 1.05E-06
Cs-138 4.14E-08 7.76E-08 4.05E-08 NO DATA  6.00E-08 6.07E-09 2.33E-13
Ba-139 117E-10 8.32E-14 342E:12° NODATA  7.78E-14.  470E-07 1.12E-07
Ba-140 4.88E-06-  6.13E-09 3.21E-07 NO DATA  2.09E-09 1.59E-04 2.73E-05
Ba-141 125E-11 - 9.41E-15  4.20E-13 - NODATA  875E-15 : 242E-07 . 145E-17
Ba-142 : 3.29E-12 3.38E-15 ' . 2.07E-13 NO DATA - 2.86E-15 1.49E-07 . 1.96E-26
La-140- - 430E-08- 2.17E-08 = 573E-09 - NODATA NODATA . 1.70E-05  5.73E-05.
La-142° * - 854E-11  3.88E-11 * 965E-12 © NODATA ©~ NODATA  7.91E-07 © 264E-07
Ce-141 - 249E-06  169E-06- : 1.91E-07 . NODATA _ 7.83E-07  4.52E-05.  1.50E-05
Ce-143 2.33E-08 172E-08 ° 191E-09 ° NODATA = 7.60E-09 9.97E-06 : 2.83E-05
Ce-144 . 420E-04 . 1.79E-04 - 2.30E-05: NODATA  1.06E-04 9.72E-04 1.02E-04
Pr-143 ~ 1.17E-06 - - 4.69E-07 .. 5.80E-08 NO DATA _ 2.70E-07 3.51E-05 2.50E-05
Pr-144 " 3.76E-12 1.56E-12 191E-13 © NODATA  881E-13"° ~1.27E-07"  2.69E-18
Nd-147- 6.59E-07 - 7.62E-07' - 4.56E-08 NODATA  445E-07°  2.76E-05  2.16E-05
W-187 1.06E-09° . 8.85E-10 3.10E-10 NODATA NODATA ~ 3.63E-06-  1.94E-05 .
Np-239 2.37E-08 2.82E-09 1.55E-09 NO DATA  8.75E-09 4.70E-06 1.49E-05
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. . Table.3.2-7 -
Inhalation Dose Factors for Teenager (mrem/pCi inhaled)

WHOLE o
NUCLIDE. . BONE LIVER-: BODY . * THYROID _ KIDNEY - . LUNG . GI-LLI
H-3- NODATA - 1.59E-07  1.59E:07 - 1.59E-07 . 1.59E-07 1.59E-07 - 1.59E-07
C-14 3.25E-06 - 6.09E-07  6.09E-07. 6.09E-07 . 6.09E-07 6.09E-07 . 6.09E-07
Na-24- - 172E-06- 1.72E-06. 1.72E-06 _ 1.72E-06 _ 1.72E-06 . 1.72E-06 - 1.72E-06
P-32 2.36E-04  1.37E-05 895E-06° NODATA NODATA NODATA  1.16E-05
Cr-51 NODATA - NODATA  169E-08 '~ 937E-09  3.84E-09 2.62E-06 .. 3.75E-07
Mn-54 . NODATA  6.32E-06 -~ 1.05E-06 NODATA  159E-06 - 2.48E-04  8.35E-08
Mn-56 NODATA  212E-10 = 3.15E-11.  NODATA  224E-10  1.90E-06 = 7.18E-06
Fe-55 - 4.18E-06- 298E-06  693E-07 - NODATA NODATA - 155E-05 | 7.99E-07
Fe-59 120E06  462E-06 . 1.79E-06 - NODATA - NODATA  1.91E-04  2.23E-05
Co-58 ~ NODATA = 259E-07  347E-07 NODATA NODATA  168E-04  1.19E-05
Co60. . NODATA  189E-06 . 248E-06 NODATA: NODATA = 1.09E-03 . 3.24E-05
Ni63 ~ 725E05 5/43E-06 . 247E-06° NODATA NODATA  3.84E-05 ~ 1.77E-06 .
Ni-65 -~ = 273E-10 = 366E-11. 159E-11 . NODATA NODATA 1.17E-06. 4.59E-06
Cu-64 NODATA  254E-10 © 1.06E-10. NODATA  801E-10  1.39E-06  7.68E-06
Zn65  482E-06  1.67E-05 - 7.80E-06 NODATA  1.08E-05 ° 1.55E-04  5.83E-06 ...
Zn-69 6.04E-12 . 1.15E-11 8.07E-13  NODATA  753E-12 = 1.98E-07  3.56E-08
Br-83 NODATA: NODATA 430E08 NODATA NODATA NODATA LTE-24
Br-84 NODATA . NODATA 541E-08  NODATA NODATA NO.DATA LTE-24-
Br-85 NO.DATA . NODATA 229E-09 - NODATA NODATA NODATA LTE24 _
Rb-86 NODATA  238E-05 = 1.05E-05 =~ NODATA NODATA NODATA  221E-06
Rb-88 NODATA  6.82E-08.  3.40E-08 . NODATA NODATA _ NODATA  3.65E-15
Rb-89 NODATA = 440E-08  291E-08 NODATA. NODATA NODATA  422E-A7.-
Sr-89 543E-05 NODATA 156E-06 NODATA - NODATA 302E-04  4.64E-05
Sr-90 . 1.35E-02 NODATA 835E-04 NODATA. NODATA 206E-03 - 9.56E-05
Sr-91 110E-08 NODATA  439E-10 - NODATA NODATA  7.59E-068  3.24E-05. .
Sr-92 1.19E-09 NODATA  5.08E-11 NODATA NODATA  3.43E-06°  1.49E-05
Y-90 - 3.73E-07 _ NODATA  1.00E-08 = NODATA NODATA _ 3.66E-05 . 6.99E-05
Y-91M 463E-11  NODATA~ 177E-12 NODATA = NODATA  4.00E-07 . 3.77E-09
Y-91 826E-05 NODATA  221E-06 NODATA NODATA _ 367E-04 - 511E-05.
Y92 ° 1.84E-09 NODATA - 536E-11°  NODATA - NODATA 3.35E-06 2.06E-05.
Y-93 , . . 169E-08 NODATA 465E-10 NODATA NODATA 1.04E-05  7.24E-05
Zr-95. . 182E-05 = 573E-06 - 3.94E-06 NODATA - 842E-06 3.36E-04  1.86E-05
Z2r-97 .~ 172E-08 - 340E-09  1.57E-09 . NODATA 515E-09 - 162E-05  7.88E-05.
'Nb-95 2.32E-06  1.29E-06  7.08E-07 NODATA 1.25E-06 8.39E-05 = 1.21E-05
Mo-99 NODATA  214E-08  4.03E-09 NODATA : 514E-08 = 1.92E-05 - 3.36E-05

6.24E-12

Tc-99M ‘

1 73E-13

4.83E-13

NO DATA

7.20E-12,

1.44E-07

7.66E-07 - -
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, Table 3.2-7 (Cont.)
Inhalation Dose Factors for Teenager (mrem/pCi inhaled)
WHOLE
NUCLIDE BONE - LIVER. - BODY THYROID  KIDNEY:.. . LUNG - GI-LLI .-
Tc-101 7.40E-15 . 1.05E-14 1.03E-13 NO DATA. 1.90E-13' "~ 8.34E-08 1.09E-16
Ru-103 * -} 2.63E-07 - NO DATA " 1.12E-07 NO DATA 9.29E-07 = 9.79E-05 ~ 1.36E-05 .
Ru-105- -: 1.40E-10" :- NO DATA  5.42E-11 NO DATA. 1.76E-10 227E-06 ©° 1.13E-05
Ru-106  ° 1.23E-05 . NO DATA 1.85E-06 ~ NO DATA  2.38E-05 2.01E-03 1.20E-04

Ag-110M - 1.73E-06 1.64E-06 9.99E-07 . NO DATA - 3.13E-06: 8.44E-04- 3.41E-05
Te-125M . -6.10E-07 2.80E-07 8.34E-08 : 1.75E-07 NO-DATA  6.70E-05 9.38E-06

Te-127M - 225E-06 - 1.02E-06  273E-07 ° 5.48E-07 8.17E-06 2.07E-04 -~ 1.99E-05

Te-127 2.51E-10 1.14E-10 - 552E-11 - 1.77E-10 9.10E-10 1.40E-06 1.01E-05

Te-120M' . 1.74E-06° ' 8.23E07 ~ 281E-07  572E-07 - 649E-06 - 247E-04  5.06E-05
Te-129° 887E-12 . 422E-12  220E-12 = 648E-12 332E-11  4.12E:07  2.02E-07"
Te-131M  1.23E-08 ~ 7.51E-09 = 503E-09  9.06E-09  549E-08° 297E-05  7.76E-05
Te-131 197E-12  1.04E-12 - 6.30E-13 ~ 155E-12 ~ 7.72E-12  297E-07 _ 1.89E-09
Te-132 - 450E-08  3.63E-08 .  274E-08 ~ 3.07E-08  244E-07  561E-05 - 579E-05 .
11130 7.80E-07  224E-06° 8.96E-07- 1.86E-04 - 344E-06 = NODATA  1.14E-06
1-131. 443E:06  6.14E-06-  3.30E-06  1.83E-03  1.05E-05 ' NODATA  811E-07-
1-132 " 1.99E-07 547E-07  197E-07  189E-05 ' 865E-07 . NODATA  1.59E-07
1133 . 152E-06  2.56E-06 7.78E:07 - 3.65E-04  4.49E-06 -~ NODATA  1.29E-06
1134 - 1.11E:07 _ 2.90E-07 - 1.05E-07 - 4.94E-06 ' 4.58E-07 . NODATA 255E-09
1-135 °  462E-07 - 1.18E-06  4.36E-07  7.76E-05  1.86E-06 * NODATA' . 869E-07
Cs-134 6.28E-05 - 141E-04 ~ 686E-05 ~NODATA  469E-05 = 1.83E:05  1.22E-06
Cs-136 6.44E-06  2.42E-05 © 1.71E-05 NODATA  1.38E-05  222E-06  1.36E-06
Cs-137 8.38E-05  1.06E-04  3.89E-05  NODATA. 3.80E-05  151E-05  1.06E:06
Cs-138 5.82E-08- 1.07E-07 * 558E-08. NODATA  828E-08  9.84E-09 . 338E-11
Ba-139  167E-10°  1.18E:13. 4.87E-12- NODATA  1.11E-13 - 808E-07  8.06E-07 .-
Ba-140° - 6.84E06  8.38E09 =~ 440E-07 NODATA  285E09  2.54E-04 - 2.86E-05
Ba-141 ~.  1.78E-11 - 1.32E-14 ¢ 593E-13 - NODATA  123E-14  411E-07 = 9.33E-14"
Ba-142  ‘462E-12  463E:15 - 2.84E-13  NODATA  392E-15  2.39E-07  5.99E-20 °
La-140 -~ 5099E-08 - 2.95E-08 .7.82E-09 =~ NODATA - NODATA  268E-05  6.09E-05-
La-142' © - 1.20E-10  5.31E-11 1.32E-11  NODATA NODATA  1.27E-06  1.50E-06
Ce-141 3.55E-06 - 2.37E-06 ' -2.71E-07 _ NODATA  1.41E-06 ' 7.67E-05 _ 1.58E-05
Ce-143. 3.32E-08  242E-08 \ 270E-09 NODATA  1.08E-08 - 163E-05  3.19E-05
Ce-144°  6.11E-04  2.53E-04  328E-05 =~ NODATA  151E-04  167E-03  1.08E-04 -
Pr-143 -~ 167E-06  6.64E-07  8.28E-08  NODATA  3.86E-07 - 6.04E-05 = 267E-05
Pr-144" 537E-12  220E-12  2.72E-13  NODATA  1.26E-12 . 219E-07 - 2.94E-14
Nd-147* 9.83E-07  1.07E-06 6.41E-08- NODATA 6.28E-07  465E-05  2.28E-05
W-187 - 1.50E-09  1.22E-09° . 429E-10 = NODATA NODATA - 592E-06  221E-05

Np-239 4.23E-08 3.99E-09 2.21E-09 NO DATA  1.75E-08 8.11E-06 1.65E-05
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Table 3.2-8 -
Inhalation Dose Factors for Child (mrem/pCi inhaled)
WHOLE ) :
NUCLIDE _ BONE .. _ LIVER BODY. THYROID __ KIDNEY LUNG . - GI-LLI
H-3 .. NO DATA -~ 3.04E-07 3.04E-07 3.04E-07  3.04E-07 3.04E-07  3.04E-07
C-14 9.70E-06- - 1.82E-06  182E-06 - 1.82E-06 1.82E-06 1.82E-06 -  1.82E-06
Na-24 " 4.35E-06 4.35E-06 4.35E-06 4.35E-06 4.35E-06 4.35E-06 4.35E-06
P-32° 7.04E-04 ©~ 3.09E-05 267E-05 . NODATA NODATA  NO DATA 1.14E-05
Cr-51 NODATA  NODATA  417E-08 . 2.31E-08 6.57E-09.  4.59E-06 2.93E-07 .
Mn-54 NO DATA ~ 1.16E-05 257E-06° NODATA  2.71E-06 4.26E-04  6.19E-06
Mn-56 NO DATA  4.48E-10 8.43E-11. NO DATA  4.52E-10 3.55E-06 3.33E-05
Fe-55 1.28E-05  6.80E-06 2.10E-06 NO DATA  NODATA  3.00E-05 7.75E-07
Fe-59 - 5.59E-06 9.04E-06 451E-06. NODATA NODATA  343E-04.. 1.91E-05
.Co-58 NO DATA  4.70E-07 8.55E-07 . NODATA  NODATA  2.99E-04 = 9.29E-06
Co-60 NO DATA  3.55E-06 6.12E-06 NODATA . NODATA  191E-03-  2.60E-05
Ni-63 2.22E-04 . 1.25E-05 7.56E-06 NODATA  NODATA _ 7.43E-05 1.71E-06
Ni-65 8.08E-10 .7.99E-11 4.44E-11°  NODATA NODATA . 221E-06 . 2.27E-05
Cu-64 NO DATA, . 5.39E-10 2.90E-10 NO DATA  1.63E-09 2.59E-06 . 9.92E-06
Zn-65 1.15E-05  3.06E-05 1.90E-05 NO DATA ~ 1.93E-05 2.69E-04 4.41E-06
Zn-69 " - 1.81E-11 2.61E-11 2.41E-12° . NODATA  1.58E-11 3.84E-07 2.75E-06
Br-83 . NODATA  NODATA  1.28E-07- NODATA NODATA NODATA LTE-24
Br-84 NO DATA  NODATA  1.48E-07 NODATA NODATA NODATA - LTE-24
Br-85 - NO DATA  NODATA  6.84E-09 NO DATA NODATA  NODATA = LTE-24
Rb-86 - NO DATA  5.36E-05 3.09E-05 - NODATA NODATA NODATA  2.16E-06
Rb-88 NO DATA _ 1.52E-07 9.90E-08 NO DATA . NODATA = NODATA  4.66E-09
Rb-89 NO DATA  9.33E-08 7.83E-08 - NODATA NODATA NODATA 511E-10
Sr-89 1.62E-04 NODATA  466E-06 . NODATA NODATA  5.83E-04 4.52E-05
Sr-90 2.73E-02 NO DATA 1.74E-03 -~ NODATA . NODATA  3.99E-03 9.28E-05 -
Sr-91. .- 3.28E-08 NO DATA 1.24E-09 NO DATA NODATA - 1.44E-05 4.70E-05
Sr-92 3.54E-09 NO DATA | 1.42E-10 NO DATA - NODATA  6.49E-06 6.55E-05
Y-80 1.11E-06 NO DATA  2.99E-08. NO DATA - NODATA _ 7.07E-05 - 7.24E-05
Y-91M 1.37E-10 . NODATA: 498E-12- NODATA NODATA  7.60E-07 4.64E-07
Y-91 2.47E-04. - NODATA  6.59E-06 NO DATA  NODATA  7.10E-04 4.97E-05
Y-92 5.50E-09 NO DATA 1.57E-10 NO DATA  NODATA  6.46E-06 6.46E-05 .
Y-93 5.04E-08 © NO DATA 1.38E-09 NODATA  NODATA - 201E-05 - 1.05E-04
Zr-95 5.13E-05- . 1.13E-05°  1.00E-05 NO DATA  1.61E-05 & 6.03E-04. 1.65E-05
Zr-97 5.07E-08.  7.34E-09 432E-09 -~ NODATA  1.05E-08 3.06E-05 9.49E-05
Nb-85 6.35E-06 2.48E-06 1.77E-06 NO DATA  233E-06  1.66E-04 1.00E-05
Mo-99 .- NO DATA  4.66E-08 1.15E-08 NO DATA  1.06E-07 3.66E-05 3.42E-05-.»
9.41E-13 1.56E-11 - NODATA  1.37E-11 2.57E-07 1.30E-06 -

_481E-13 .
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Table 3.2-8 (Cont.) v
.Inhalation Dose Factors for Child (mrem/pCi inhaled) .
: WHOLE e
NUCLIDE ' BONE . LIVER - BODY.:' - THYROID : KIDNEY . LUNG.t ° GKLLI®
Te-101 - 2.19E-14 = 2.30E-14 2.91E-13 '~ NO DATA 3.92E-13 1.58E-07-- 4.41E-09 .
Ru-103 - 7.55E-07 =~ NODATA - 2.90E-07 NO DATA 1.90E-06 1.79E-04 = 1.21E-05
Ru-105 = 4.13E-10 NO DATA - 1.50E-10 NO DATA  363E-10-  4.30E-06 - 2.69E-05
Ru-106° ~ 3.68E-05 -~ NODATA-  457E-06 - NODATA - 497E-05.  3.87E-03 1.16E-04

Ag-110M~  4.56E-06 -. 3.08E-06 2.47E-06 NO VDA"TA‘ " 574E-06°  1.48E-03" - 2.71E-05
Te-125M °  1.82E-06 6.20E-07-  2.47E-07 520E-07 " NODATA - 1.29E-04. 9.13E-06 -

Te-127TM~  6.72E-06 . 2.31E-06: 8.18E-07 1.64E-06- 1.72E-05 = 4.00E-04 . 1.93E-05 -

Te-127 7.49E-10 2.57E-10 . 1.65E-10 530E-10  1.91E-09° ~ 2.71E-06- - 1.52E-05
Te-12M  5.19E-06 1.85E-06 822E-07  1.71E-06 ' 1.36E-05: 4.76E-04 4.91E-05
Te-129 2.64E-11 . 9.45E-12°° 6.44E-12 © 1.93E-11 6.94E-11 . 7.93E:07 - 6.89E-06
Te-131M.  3:63E-08 .  1.60E-08 1.37E-08 - 264E-08° - 1.08E-07  5.56E-05 ° 8.32E-05 -
Te-131:-°  5.87E-12 2.28E-12 1.78E-12: - 4.59E-12 1.59E-11 - ~ 555E-07. . 3.60E-07 .
Te-132 1.30E-07°  7.36E-08 - 7.12E-08 8.58E-08 4.79E-07 1.02E-04 = 3.72E-05
11130 - 2.21E-06 4.43E-06 228E-06. 499E-04°  6.61E-060 NODATA"" 1.38E:06-
131~ 1.30E-05 1.30E-05. - 7.37E-06 4.39E-03 2.13E-05 -~ NO DATA - 7.68E-07 .
-132 572E-07°  1.10E-06c  5.07E-07 5.23E-05 1.69E-06 = NODATA . 8.65E-07 -
1-133 . 4.48E-06  5.49E-06 ' 2.08E-06 - 1.04E-03 9.13E:06 - ©° NO DATA 1.48E-06 -
1-134 . 3.17E-07.  5.84E-07 ‘= 2.09E-07 1.37E-05 "~ B8.92E-07 - - NODATA ' 258E-07
I-135 . 1.33E-06 < 2.36E-06 : 1.12E-06 214E-04-: 3.62E-06.© NODATA  1.20E-06
'Cs-134 : ~ 1.76E-04  2.74E-04  6.07E-05 - NODATA - 8.93E-05 3.27E-05 ~ 1.04E-06
Cs-136 1.76E-05 4.62E-05 - 3.14E-05 NODATA  258E-05  3.93E-06 - - 1.13E:06 :
Cs-137  245E-04 . 223E-04-' 347E:05° NODATA 763E-05 . 281E-05  9.78E:07
Cs-138 - 1.71E-07 227E-07 ° 1.50E-07 ~ NODATA . 168E-07 -~ 1.84E-08 . 7.29E-08
Ba-139  4.98E-10 ° 266E:13  1.45E-11 - NODATA  2.33E-13-- 1.56E-06 . _ 1.56E-05
Ba-140 - - 2.00E-05 1.75E-08 ~ 1.17E-06 NO DATA = 571E-09. 4.71E-04 = 2.75E-05
Ba-141 = - 5.29E-11 205E:14 | 1.72E-12 ° NODATA  256E-14- 7.89E-07°  7.44E-08
Ba-142 - 1.35E-11° = 273E-15 _ 7.54E-13  NODATA _ 7.87E-15 ' 4.44E-07 7.41E-10
La-140' 1.74E-07 © 6.08E-08 - - 2.04E-08 = NODATA  NODATA 4.94E-05  6.10E-05
La-142 - 3.50E-10 1.11E-10 3.49E-11 - NODATA ~ NODATA  2.35E-06  2.05E-05
Ce-141 - 1.06E-05 528E-06 - 7.83E07 NO'DATA. 2.31E-06:- 1.47E-05  1.53E-05
Ce-143" - 9.89E-08 537E-08 - . 7.77E-09° NODATA  226E-08 ~ 3.12E-05 @ 3.44E-05
Ce-144 1.83E-03  572E-04  9.77E-05 NODATA . 3.17E-04 3.23E-03 = 1.05E-04 -
Pr-143 °  499E-06 - 150E-06 | 247E-07 ' NODATA  811E-07 ' 1.17E-04  263E-05 .
Pr144 - 161E-11  4.99E-12° - 810E-13 - NODATA  264E-12 ° 4.23E-07  5.32E-08
Nd-147°  2.92E-06 ' 2.36E-06 1.84E-07° NO'DATA - 1.30E-06 8.87E-05 ' 2.22E-05
W-187 - : . 4.41E-09 261E-09  117E-09° NODATA . NODATA  1.11E-05 ~ 2.46E-05

Np-239 .1.26E-07 9.04E-09 6.35E-09 NO DATA = 2.63E-08 1.67E-05 1.73E-05
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- Table 3.2-9
* Inhalation Dose Factors for Infant (mrem/pCi inhaled) -/
WHOLE
NUCLIDE - BONE LIVER ‘BODY - ©  THYROID __ KIDNEY LUNG Gl-LLI
H3 . NODATA  462E-07 = 4.62E-07 ' 4.62E-07 462E-07  462E-07  4.62E-07
C-14 1.89E-05  3.79E-06  '3.79E-06 = 3.79E-06 . 3.79E-06  3.79E-06  3.79E-06
Na-24 7.54E-06 7.54E-06- 7.54E-06° 7.54E-06  7.54E-06  7.54E-06  7.54E-06
P-32 1.45E-03- -~ 803E-05 553E-05 NODATA NODATA NODATA  1.15E-05
Cr-51 NO DATA. - NODATA ' 6.37E-08  4.11E-08  945E-09  9.17E-06  2.55E-07 .
Mn-54 .~ NODATA 181E-05  3.56E-06 .. NODATA 3.56E-06  7.14E-04  504E-06 -
Mn-56 *.. NODATA  1.10E-09  158E-10 NODATA  7.86E-10 = B8.95E-06  5.12E-05 -
Fe-55 ‘1.41E-05  8.39E-06 - 2.38E-06 NODATA NODATA : 621E-05  7.82E-07.
Fe-59 969E-06 . 1.68E-05  6.77E-06  NODATA  NO.DATA ' 7.25E-04  1.77E-05
Co-58 NODATA - 871E-07  130E-060 NODATA NODATA 555E-04  7.95E-06
Co-60 . NODATA - 573E-06 841E-06 NODATA NODATA  322E-03  228E-05 -
Ni-63 . .~ 242E-04  146E-05 8.29E-06 NODATA ~ NODATA  1.49E-04  1.73E-06
Ni-65 . 171E-09 . 203E-10 - 879E-11  NODATA NODATA 580E-06  3.58E-05
Cu-64 - NODATA  1.34E-09  553E-10 NODATA * 2.84E-09  6.64E-06 ~ 1.07E-05
Zn65 ~  138E-05 -~ 447E-05 2.22E-05  NODATA  232E-05  4.62E-04  3.67E-05
Zn-69 3.85E-11  6.91E-11  513E-12  NODATA  287E-11  1.05E-06  9.44E-06
Br-83 - NODATA  NODATA  272E-07 NODATA NODATA NODATA LTE-24
Br-84 NODATA NODATA. 2.86E-07:. NODATA . NODATA =~ NODATA LTE-24
Br-85 NODATA NODATA  146E-08 NO.DATA NODATA NODATA LTE-24
Rb-86 NODATA  1.36E-04  6.30E-05 - NODATA - NODATA NODATA - 2.17E-06
Rb-88 - NODATA 398E-07  2.03E-07 NODATA NODATA. NODATA  2.42E-07.
Rb-89 NODATA  229E-07 * 147E-07 NODATA NODATA NODATA  4.87E-08
Sr-89 2.84E-04 - NODATA 8.15E-06.. NODATA NODATA  145E-03  4.57E-05
Sr-90 292E-02  NODATA - 185E-03° NODATA NODATA _ 8.03E-03  9.36E-05
Sr-91 6.83E-08  NO.DATA  247E-09 - NODATA ~ NODATA 3.76E-05  5.24E-05,
Sr-92 7.50E-09° NODATA . 2.79E-10 NODATA NODATA = 1.70E-05  1.00E-04 -
Y-80 . 2.35E-06 NODATA 6.30E-08 'NODATA NODATA  1092E-04  7.43E-05
Y-91M. ~ 291E-100 NODATA 990E-12 . NODATA - NODATA  199E-06  1.68E-06
Y-91 420E-04  NODATA . 1.12E-05 NODATA NODATA 1.75E-03  5.02E-05
Y92 1.17E-08  NODATA  3.29E-10 _NODATA NODATA - 1.75E-05  9.04E-05
Y-93 1.07E-07  NODATA  291E-09 NODATA NODATA 546E-05  1.19E-04
Zr-95 824E-05  1.99E-05  145E-06 = NODATA 222E-05  125E-03  1.55E-05 °
Zr-97 1.07E-07  183E-08  8.36E-09 NODATA  1.85E-08  7.88E-05-  1.00E-04
Nb-95 - 112E-05 4.50E-06 270E-06 NODATA 337E-06  3.42E-04  9.05E-06
Mo-99 NODATA = 118E-07  231E-08 = NODATA  1.89E-07  9.63E-05  3.48E-05
NODATA  222E-11  5.79E-07 .

1.45E-06 -
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Table 3.2-9 (Cont.)
"Inhalation Dose Factors for Infant (mrem/pCi inhaled)
WHOLE
'NUCLIDE __ BONE ~_ - - LIVER BODY THYROID ~ KIDNEY -/ LUNG GI-LLI
Tc-101 465E-14  558E-14  580E-13  NODATA  6.99E-13  4.17E-07  6.03E-07
Ru-103 -: 1.44E-06 © NODATA ' 4.85E-07  NODATA 3.03E-06  3.94E-04 - 1.15E-05
Ru-105 8.74E-10 - NODATA _ 2.93E-10 NODATA ~ 6.42E-10 ~ 112E-05  3.46E-05 .
Ru-106 620E-05 NODATA 7.77E-06. NODATA  761E-05 - 8.26E-03  1.17E-04
Ag-110M  7.13E-06 ~ 5.16E-06 = 357E-06  NODATA - 7.80E-06 = 262E-03.  2.36E-05
Te-125M ~ 340E-06  142E-06  4.70E-07  1.16E-06 -~ NODATA _ 3.19E-04  9.22E-06
Te-127M -~ 119E-05 - 4.93E-06  148E-06  348E-06  268E-05  9.37E-04 - 195E-05
Te-127 ~ 159E-09 ~ 681E-10  349E-10° 132E-00° 347E-09  7.39E-06 ' 1.74E-05
Te-120M  1.01E-05  4.35E-06 ° 159E-06 - 3.91E-06  227E-05  1.20E-03. 4.93E-05
Te-129 - 563E-11  248E-11  1.34E-11  482E-11 125610  2.14E-06 ~ 1.88E-05
Te-131M°  7.62E-08  393E-08 ~ 259E-08  6.38E-08  1.89E-07°  1.42E-04 B8S51E-05
Te-131. 124E-11 - 587E-12.  357E-12°  113E-11  2.85E-11 - 147E-06  5.87E-06
Te-132 266E-07  169E07  126E-07. 1.99E-07  739E-07  243E-04  3.45E:05 -
1130 454E-06°  9.91E-06  398E-06 - 1.14E-03  1.09E-05  NODATA = 1.42E-06 -
11131 171E-05 ~ 3.17E-05  1.40E-05 _ 1.06E-02  370E05 NODATA  7.56E-07 -
1132 1.21E-06°  2.53E-06 8.99E-07 1.21E-04 .~ 2.82E-06 NODATA  136E-06°
-133 046E:06  1.37E-05  400E-06  254E-03  160E-05 NODATA  1.54E-06
1-134 6.58E-07  1.34E-06  4.75E-07 _ 318E-05  1.49E-06 _ NODATA - 9.21E-07
1135 276E-06  543E-06  198E-06  4.97E-04  605E-06 NODATA  1.31E-06°
. Cs-134 283E-04 5.02E-04 532E05 NODATA  136E-04  569E-05  9.53E-07
Cs-136  345E-05 961E-05  3.78E-05 ~ NODATA 4.03E-05 840E06  1.02E-06
. Cs-137 °© 392E:04  437E-04 ~ 325E-056 NODATA  1.23E-04 5.09E-05 = 9.53E-07
Cs-138 361E-07  558E-07  284E-07 = NODATA  293E-07  467E-08° 6.26E-07
_Ba-139 1.06E:09  7.03E-13 * 3.07E-11  NODATA  4.23E-13 ° 425E-06  3.64E-05
Ba-140 400E-05  4.00E-08 =~ 207E-06 NODATA  959E-09  1.14E-03 = 2.74E-05
Ba-141 . 1.12E-10  7.70E-14  3.55E-12 NO DATA  4.64E-14 2.12E-06 3.39E-06
Ba:142 .. . 2.84E-11  2.36E-14 _ 1.40E-12  NODATA  1.36E-14° 1.11E-06  4.95E-07
La-140 361E-07  143E-07  368E-08 NODATA NODATA  120E-04  6.06E-05
La-142 7.36E-10  -2.69E;10 = 3.46E-11  NODATA  NODATA  587E-06 4.25E-05
Ce-141 1.98E-05  1.19E-05 ~ 1.42E-06 NODATA  3.75E-06  369E-04  1.54E-05
 Ce-143’ 209E-07 = 1.38E-07  158E:08 NODATA  403E-08  830E-05  3.55E-05.
Ce-144 228E-03  865E-04  126E-04 NODATA  384E-04  7.03E-03  1.06E-04
* Pr-143 1.00E-05 374E-06  499E-07  NODATA 141E-06  3.09E04  266E-05
Pr-144  342E11 132611 172E-12  NODATA  480E-12  1.15E-06 . 3.06E-06
Nd-147 567E-06 . 5.81E-06  3.57E-07  NODATA  225E-06 . 2.30E-04  2.23E-05 .
W-187  026E-09  6.44E-09  223E-09 NODATA NODATA  283E-05 . 254E05
Np-239 265E-07  2.37E-08 . 1.34E-08 = NODATA  4773E-08- 4.25E-05 = = 1.78E-05
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Table 3.2-10
_Ingestion Dose Factors for Adult (mrem/pCi ingested)
. WHOLE . :

ISOTOPE ~ BONE LIVER BODY THYROID.  KIDNEY. LUNG -GI-LLI -
H-3 . - 0.00E+00 .  1.05E-07 1.05E-07 1.056-07°  1.05E-07  1.05E-07 . 1.05E-07
C-14 '2.84E-06  5.68E-07 568E-07 568E-07 568E-07 ' 568E-07  5.68E-07
Na-24 1.70E-06 ~ 1.70E-06 = 1.70E-06  1.70E-06 1.70E-06 - 1.70E-06  1.70E-06
| P-32 .. 193E-04  1.20E-05 746E-06 0.00E+00  0.00E+00  0.00E+00  2.17E-05
Cr-51 0.00E+00  0.00E+00  2.66E-09 1.69E-09  586E-10. 3.53E-09  6.69E-07 -
Mn-54 0.00E+00  4.57E-06.  8.72E-07 0.00E+00  1.36E-06.  0.00E+00  1.40E-05
Mn-56 .- 0.00E+00 - 1.15E-07  204E-08  0.00E+00  146E-07  0.00E+00  3.67E-06
Fe-55 275E-06  1.90E:06  4.43E-07  0.00E+00 = 0.00E+00  1.06E-06  1.09E-06
Fe-59 4.34E-06 - 1.02E-05  391E-06 - 0.00E+00  0.00E+00  2.85E-06 -  3.40E-05
Co-58 0.00E+00  7.45E-07 167E-06  0.00E+00  0.00E+00.  0.00E+00. - 1.51E-05
Co-60 0.00E+00  2.14E-06  4.72E-06  0.00E+00  0.00E+00 . 0.00E+00  4.02E-05
Ni-63 © 1.30E-04 . 9.01E-06  436E-06  0.00E+00  0.00E+00  0.00E+00 . 1.88E-06
Ni-65 5.28E-07  6.86E-08 ~ 3.13E-08 - 0.00E+00  0.00E+00  0.00E+00.  1.74E-06 .
Cu-64 0.00E+00  8.33E-08  3.91E-08  0.00E+00  2.10E-07  0.00E+00  7.10E-06
Zn-65 484E-06 = 154E-05 6.96E-06  0.00E+00  1.03E-05  0.00E+00.  9.70E-06
Zn-69 . 103E-08  1.97E-08  137E-09. 0.00E+00  1.28E-08.  0.00E+00  2.96E-09
Br-83 .- 0.00E+00. 0.00E+00  4.02E-08  0.00E+00  0.00E+00  0.00E+00 = 5.79E-08
Br-84 0.00E+00 . 0.00E+00. 5.21E-08 - 0.00E+00 ~ 0.00E+00  0.00E+00  4.09E-13'
Br-85- 0.00E+00  0.00E+00  2.14E-09 . O0.00E+00  0.00E+00 = 0.00E+00  0.00E+00
Rb-86 0.00E+00 - 2.11E-05  9.83E-06 . 0.00E+00  0.00E+00  0.00E+00 ~ 4.16E-06
'Rb-88 0.00E+00 ~ 6.05E-08 ~ 3.21E-08  0.00E+00  0.00E+00  0.00E+00  8.36E-19
Rb-89 - 0.00E+00  4.01E-08  2.82E-08  0.00E+00  0.00E+00  0.00E+00 . 2.33E-21
Sr-89 3.08E-04  0.00E+00  8.84E-06  0.00E+00  0.00E+00 = 0.00E+00 ' 4.94E-05
Sr-90 7.58E-03.  0.00E+00 =~ 1.86E-03 ~ 0.00E+00  0.00E+00  0.00E+00 = 2.19E-04 -
Sr-91’ 567E-06 = 0.00E+00  229E-07 . 0.00E+00  0.00E+00  0.00E+00  2.70E-05
Sr-92 2.15E-06  0.00E+00  9.30E-08 . 0.00E+00  0.00E+00  0.00E+00 . 4.26E-05
Y-90 . 962E-09  0.00E+00  2.58E-10 . 0.00E+00  0.00E+00  0.00E+00 - 1.02E-04
Y-91M. ~ 9.09E-11 0.00E+00  3.52E-12 : O0.00E+00  0.00E+00  0.00E+00  2.67E-10
Y-91 - 1.41E-07  0.00E+00  3.77E-09  0.00E+00  0.00E+00  0.00E+00 = 7.67E-05
Y-92 8.45E-10  0.00E+00  2.47E-11 0.00E+00  0.00E+00  0.00E+00  1.48E-05
Y-93 268E-09 ~ 0.00E+00  7.40E-11 . O0.00E+00  0.00E+00  0.00E+00  .8.50E-05
Zr-95 3.04E-08  9.75E-09  6.60E-09 - 0.00E+00  1.53E-08  0.00E+00  3.09E-05
Zr97 168E-09 - 339E-10  1.55E-10 - O0.00E+00  512E-10  0.00E+00 -. 1.05E-04 -
Nb-95 6.22E-09  3.46E-09  1.86E-09  0.00E+00  3.42E-09  0.00E+00 * 2.10E-05
Mo99 = 0O00E+00  4.31E-08  8.20E-07  000E+00 9.76E-06  0.00E+00 = 9.99E-06 °
Tc-99M 2.47E-10  6.98E-10 1.06E-08

4.13E-07
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Table 3.2-10 (Cont.) ,
- Ingestion Dose Factors for Adult (mrem/pCi ingested) ."
: ~ WHOLE 2
ISOTOPE "~ BONE -’ LIVER BODY THYROID  KIDNEY " LUNG- - GI-LLI = -
Tc-101° 254E-10 - 366E-10' 3.59E-09° 0.00E+00’' 6.59E-09 1.87E-10 1.10E-21
Ru-103 1.85E-07 - 0.00E+00 = 7.97E-08 - 0.00E+00  7.06E-07 - 0.00E+00" * 2.16E-05
Ru-105" - 1.54E:08- 0.00E+00  6.08E-09 ~ O0.00E+00 - 1.99E:07 -~ 0.00E+00  9.42E-06
Ru-106 -~ 2.75E-06- 0.00E+00 - 3.48E-07 ~ 0.00E+00 ' 531E-06  0.00E+00 = 1.78E-04
Ag-110M- ~ 160E-07- ~ 148E-07  879E-08  0.00E+00  2.91E-07 0.00E+00 - . 6.04E-05
Te-125M  268E-06 - 9.17E-07 ~ 359E-07  8.06E-07 - 1.09E-05  0.00E+00  1.07E-05
Te-127M ~ 6.77E-06 ¢ 242E-06 ° 825E-07  173E06  275E-05° 0.00E+00. - 2.27E-05
Te-127':.  1.10E-07 ~ 3.95E-08 - 238E-08 ' 815E-08° 4.48E-07  0.00E+00 868E-06
Te-120M7 - 1.15E-05°  4.20E-06 ~ 1.82E;06 = 395E-06  4.80E-05  0.00E+00  5.79E-05
Te-129 3.14E-08- - 1.18E:08 . 7.65E-09  241E-08 -~ 1.32E-07 - 0.00E+00:  2.37E-08
Te-131M" - 1.73E-06° : 8.46E-07 ~ 7.05-07  134E-06 ~ 857E-06 = 0.00E+00 - 8.40E-05
Te-131°°  1.97E-08- 823E-09' 6.22E-09° ~ 162E-08 ' 863E-08  0.00E+00 279E-09 ' |
Te-132  252E-06  163E-06° - 153E-06 = 1.80E-06 - 157E-05  0.00E+00  7.71E-05
11130 7.56E-07 ' 2.23E-06- 8.80E-07  189E-04 - 3.48E-06 ' 0.00E+00 - 1.92E:06:
31 . 416E:06° 5.95E:06 - 341E-06. -~ 195E-03 - 102605 = 0.00E+00  157E-06 -
1132 & 2.03E-07 . 543E07 ' 1.90E-07-  190E-05  865E-07  0.00E+00 - 1.02E-07
1133 -~ 142E-06  247E-06' - 7.53E-07  3.63E-04  431E-06  0.00E+00 ' 2.22E-06
1134 " 1.06E-07 . 2.88E-07- © 103E-07  499E-06. 458E-07 '~ 0.00E+00: 2.51E-10
1-135 4.43E-07 1.16E-06 ' 4.28E-07 ~ 7.65E-05 - 1.86E-06 = 0.00E+00:  1.31E-06
Cs-134 6.22E-05' ~ 148E-04 - 121E-04: 000E+00 4.79E-05 = 1.59E-05 - 2.59E-06
Cs-136 - 651E-06 : 257E-05 - 1.85E-05 ~ 0.00E+00° 143E-05  1.96E-06: - 2.92E-06
Cs-137: '~ 7.97E-05 * 109E-04  7.14E-05- - 0.00E+00' 3.70E-05 ~ 123E-057° 211E-06
Cs-138°  5.52E-08  1.09E-07 = 540E-08 - 0.00E+00 8.01E-08 + 7.91E-09 - 4.65E-13
‘Ba-139 9.70E:08 ~ 6.91E-11  284E-09°  0.00E+00  6.46E-11- = 3.92E-11 . 1.72E-07
Ba-140' -~ 203E-05° 255E-08° |1.33E-06 © 0.00E+00  867E-09  146E-08 - 4.18E-05
Ba-141 ~ 471E-08  356E-11 = 159E-09 = 000E+00  331E-11 ° 202E-11- 2.22E-17 -
Ba-142 - = 213E-08 219E-11" 1.34E-09  0.00E+00  1.85E-11 - 1.24E-11. 3.00E-26 °
La-140 = 2.50E-09" = 126E-09  3.33E-10  0.00E+00°  O0.00E+00 = 0.00E+00 ' 9.25E-05
La-142 128E-10° - 5.82E-11  145E-11 - 0.00E+00  0.00E+00 - 0.00E+00:~  4.25E-07
Ce-141 9.36E-09- 6.33E-09": 7.18E-10'  O.00E+00 = 2.94E-09-  0.00E+00"  2.42E-05 -
Ce-143 1.65E-09 = 1.22E-06 = 1.35E-10  0.00E+00  5.37E-10 ~~ 0.00E+00 ‘ 4.56E-05 -
Ce-144 488E-07  2.04E-07 ~ 262E-08 ~ 000E+00  1.21E-07  0.00E+00:  1.65E-04
"Pr-143 920E-09 ~ 3.69E-09  456E-10  0.00E+00  2.13E-09  0.00E+00°  4.03E-05
Pr-144 " 3.01E-19° 1.25E-11. 1.53E-12-  0.00E+00 7.05E-12  0.00E+00  4.33E-18
Nd-147 =~ 629E-09 = 7.27E-09  435E-10 . 0.00E+00  4.25E-09 ' - 0.00E+00.  3.49E-05
W-187 . 1.03E-07" *. 861E-08 -* 3.01E-08 - 0.00E+00  0.00E+00 : 0.00E+00  2.82E-05 - .
Np-239 119E-09 _ 1.17E-10  6.45E-11  0.00E+00  3.65E-10  0.00E+00 ' 2.40E-05
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Table 3.2-11
Ingestion Dose Factors for Teenager (mrem/pCi ingested)
. o WHOLE y :
ISOTOPE BONE LIVER . BODY THYROID . KIDNEY LUNG . GI-LLI - -
H-3 0.00E+00- 1.06E-07 .. 1.06E-07 . 1.06E-07 . 1.06E-07 1.06E-07 1.06E-07
C-14 4.06E-06 - 8.12E-07 . . 8.12E-07 . 8.12E-07 8.12E-07 .. 8.12E-07. - 8.12E-07
Na-24 - 2.30E-06 2.30E-06- 2.30E-06 - 2.30E-06 2.30E-06 2.30E-06© 2.30E-06 .
| P-32 2.76E-04 1.71E-05 . 1.07E-05 :. 0.00E+00 0.00E+00 0.00E+00- - 2.32E-05
Cr-51 * 0.00E+00 0.00E+00 3.60E-09 - 2.00E-09 7.89E-10 5.14E-09 6.05E-07
_Mn-54 0.00E+00, 5.90E-06 1.17E-06 0.00E+00 1.76E-06 0.00E+00 - 1.21E-05
Mn-56 0.00E+00 - 1.58E-07 2.81E-08 0.00E+00 - 2.00E-07 0.00E+00: - 1.04E-05
Fe-55 3.78E-06 2.68E-06 6.25E-07 - 0.00E+00 0.00E+00 1.70E-06 . 1.1_6E-06
Fe-59 5.87E-06 1.37E-05.. '529E-06 - 0.00E+00 0.00E+00 4.32E-06. = 3.24E-05 .
Co-58 0.00E+00, 9.72E-07 2.24E-06. 0.00E+00.  0.00E+00 0.00E+00 = 1.34E-05
Co-60 0.00E+00 2.81E-06 6.33E-06 0.00E+00 0.00E+00 0.00E+00. = . 3.66E-05 .
Ni-63 . 1.77E-04 1.25E-05 6.00E-06- . - 0.00E+00 . 0.00E+00 0.00E+00°  1.99E-06.
Ni-65 7.49E-07 9.57E-08 4 36E-08- 0.00E+00 0.00E+00 : O0.00E+00 - 5.19E-06
Cu-64 0.00E+00  1.15E-07 541E-08 ** 0.00E+00 2.91E-07 0.00E+00 8.92E-06
Zn-65. - 5.76E-06 2.00E-05 9.33E-06 - 0.00E+00 1.28E-05  0.00E+00 - 8.47E-06
-Zn-69 1.47E-08 2.80E-08 1.96E-09 0.00E+00 1.83E-08" - 0.00E+00 5.16E-08 - -
Br-83 . 0.00E+00 0.00E+00 5.74E-08 0.00E+Q00 0.00E+00 . 0.00E+00 0.00E+00
Br-84 0.00E+00 0.00E+00 7.22E-08. 0.00E+00 0.00E+00 0.00E+00° 0.00E+00
Br-85 0.00E+00  0.00E+00 3.05E-09 . 0.00E+00-  0.00E+00 0.00E+00 0.00E+00
"Rb-86 0.00E+00 - 2.9§E-05' 1.40E-05 0.00E+00 . 0.00E+00 0.00E+00 . 4.41E-06
Rb-88 .. 0.00E+00 . 8.52E-08 4.54E-08 0.00E+00 - 0.00E+00 0.00E+00 7.30E-15
Rb-89 0.00E+00 5.50E-08 3.89E-08 . 0.00E+00 - 0.00E+00- 0.00E+00 -, 8.43E-17
Sr-89 . 4.40E-04 -0.00E+00 1.26E-05 = 0.00E+00 0.00E+00 ' O0.00E+00 . 5.24E-05
Sr-90 8.30E-03 0.00E+00 2.05E-03 - 0.00E+00.  0.00E+00 0.00E+00 2.33E-04
Sr-91 - 8.07E-06 0.00E+00 3.21E-07 0.00E+00 0.00E+00 ©~ 0.00E+00:-', 3.66E-05 .- |-
Sr-92 3.05E-06 ‘0.00E+00 1.30E-07  0.00E+00 . 0.00E+00 0.00E+00 7.77E-05
Y-90:. 1.37E-08 - 0.00E+00 3.69E-10 - 0.00E+00 0.00E+00 . 0.00E+00..  1.13E-04...
Y-91M . 1.29E-10 0.00E+00 4.93E-12 0.00E+00 0.00E+00. 0.00E+00 - 6.09E-09 -
Y91, .. - . 2.01E-07 0.00E+00  5.39E-09, 0.00E+00 0.00E+00 0.00E+00.  8.24E-05
Y-92 1.21E-09 - 0.00E+00 3.50E-11 0.00E+00 0.00E+00 - O0.00E+00 . 3.32E-05
Y93 - 3.83E-09 - 0.00E+00. 1.05E-10 - 0.00E+00 .- 0.00E+00 0.00E+00 . 1.17E-04
Zr-95. 412E-08 . . 1.30E-08 8.94E-09 ~ 0.00E+00 1.91E-08 0.00E+00 3.00E-05
2r-97 - 2.37E-09 = 4.69E-10 2.16E-10 0.00E+00. 711E-10 ~ 0.00E+00 . 1.27E-04 :
Nb-95 8.22E-09 4.56E-09 2.51E-09 0.00E+00 4.42E-09~ . 0.00E+00 1.95E-05 - ,
Mo-99 0.00E+00 6.03E-06. 1.15E-06.  0.00E+00 - 1.38E-05 0.00E+00 1.08E-05 -.
Tc-99M 9.26E-10 - 1.20E-08 0.00E+00 6.08E-07
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~ Table 3.2-11(Cont) .
Ingéstion Dose-Factor for Teenager (mrem/pCi ingested
| WHOLE » _
ISOTOPE = BONE:- - LIVER BODY *~ THYROID . KIDNEY. LUNG - © GI-Lu T
Tc-101 7. -360E-10 © 5.12E:10 - 5.03E-09 ' 0.00E+00 9.26E-09' "~ 3.12E-10 - 8.75E-17
Ru-103 - 2.55E-07 0.00E+00 - 1.09E-07 * . 0.00E+00- ~ 8.99E-07 0.00E+0Q0 2.13E-05
Ru-105 2.18E-08 _ 0.00E+00-.. 846E-09  0.00E+00° ~ 2.75E-07 -~ 0.00E+00  1.76E-05.
Ru-106 *. 3.92E-06 - 0.00E+00 4.94E-07 ° 0.00E+00 - 7.56E-06 0.00E+00" 1.88E-04 .

Ag-110M - 2.05E-07  1.94E-07 - 1.18E-07 0.00E+00 * 3.70E-07 0.00E+00  5.45E-05
Te-125M - 3.83E-06 - - 1.38E-06 - - 5.12E-07 “® 1.07E-06 -~ 0.00E+00. 0.00E+00. 1.13E-05 -
Te-127M .~ 967E-06 ~ 3.43E-06 ' 1.15E-06 = 2.30E-06:- 3.92E-05.  0.00E+00 2.41E-05

Te-127 ' 158E-07 ~ 560E-08 ~ 3.40E-08 . 109E-07 - 6.40E-07 0.00E+00" - 1.22E-05
Te-129M 1.63E-05"  6.05E-06 258E-06° 526E-06- 6.82E-05  0.00E+00° - 6.12E-05
Te-129 4.48E-08 1.67E-08° ~ 1.09E-08 3.20E-08 - 1.88E-07 0.00E+00~ - 2.45E-07.
Te-131M 2.44E:06- 1.17E-06 =~ 9.76E-07 176E-06 - . 1.22E-05 ° 0.00E+00 ~ 9.39E-05 . -
Te-131 - - 279E-08 ° 1.15E-08" 872E:09. 2.15E-08 ‘' 1.22E-07- 0.00E+00 -~ 2.29E-09
Te-132 -  3.49E-06  2.21E-06  2.08E-06 ' 233E-06 2.12E-05°  0.00E+00-.° . 7.00E-05
1130 ., 1.03E-06- 2.98E-06 1.19E-06 : 2.43E-04* 459E-06° 0.00E+00  2.29E-06'.
1131~ - 5.85E-06 8.19E-06 4.40E-06 239E-03°  1.41E-05- ' 0.00E+00  1.62E-06 *
11132 279E-07 ~ 7.30E-07 = 262E-07 - 246E-05 - 1.15E-06 = 0.00E+00 - 3.18E-07
133 - 201E-06 = 341E-06  1.04E-06 © 4.76E-04 ' 598E-06 - 0.00E+00  2.58E-06 .
11134 °  1.46E-07 3.87E-07 1.39E-07 .. 6.45E-06  6.10E-07 0.00E+00 = 5.10E-09 +
1135 6.10E-07 1.57E-06 5.82E-07 .- 1.01E-04 = 2.48E-06 0.00E+00 = 1.74E-06 ~
Cs-134 - = 837E-05 - 1.97E-04 = 9.14E-05 0.00E+00  6.26E-05 2.39E-05 - 2.45E-06
Cs-136° ~ 8.59E-06 338E-05 . 227E-05 - 0.00E+00  1.84E-05 °~ 2.90E-06 ' 2.72E-06 '
Cs-137 ©  1.12E-04  149E-04  519E-05  0.00E+00  5.07E-05 = 1.97E-05 - 2.12E-06
.Cs-138 ° 7.76E-08 _ 1.49E-07 745E-08: 0.00E+00 - 1.10E:07 1.28E-08° ' B.76E-11 -
Ba-139 - 1.39E-07° - 9.78E-11 405E-09 '  0.00E+00 - 9.22E-11 6.74E-11  1.24E-06 -
Ba-140 - - 2.84E-05 3.48E-08. 1.83E-06  0.00E+00 = 1.18E-08. . 2.34E-08" = 4.38E-05"
Ba-141 6.71E-08 ~ 5.01E-11-  2.24E-09.° 0.00E+00  4.65E-11 3.43E-11 1.43E-13
Ba-142 -« 2.99E-08 2.99E-11° ~ 1.84E-09 . : 0.00E+00 ° 2.53E-11 1.99E-11°  9.18E-20
La-140  3.48E-09. - 1.71E-09- . 4.55E-10 * 0.00E+00 - O0.00E+00  0.00E+00-  9.82E-05
La-142 °+ 1.79E-10 - 7.95E-11. 1.98E-11- 0.00E+00  0.00E+00  0.00E+00 - 2.42E-06
‘Ce-141 1.33E-08 8.88E-09 " - 1.02E-09 - 0.00E+00 ' 4.18E-09  0.00E+00  2.54E-05
Ce-143 ' 2.35E-09 1,71E-06 . 1.91E-10 0.00E+00  7.67E-10 0.00E+00  5.14E-05
‘Ce-144 ' = B.96E-07 2.88E-07°  3.74E:08  0.00E+00  1.72E-07 - 00OE+00  1.75E-04 "}
Pr-143 > 1.31E-08 ~ 523E-09-: 6.52E-10  0.00E+00 : 3.04E-09 0.00E+00  4.31E-05
‘Pr-144 . 4.30E-11 1.76E-11 - 2.18E-12-  0.00E+00 ~ 1.01E-11 0.00E+00 . 4.74E-14
'Nd-147 ° 9.38E09  1.02E-08 - 6.11E-10- " 0.00E+00  5.99E-09 =~ 0.0OE+00:  3.68E-05-
‘W-187 " 1.46E-07 1.19E-07 4.17E-08° 0.00E+00-° 0.00E+00' _ 0.00E+00 = 3.22E-05 -

Np-239 1.76E-09 1.66E-10 9.22E-11 0.00E+00 5.21E-10 0.00E+00 2.67E-05
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- Table 3.2-12. -
. -Ingestion Dose Factors for Child (mrem/pCi ingested)
A ~ WHOLE
ISOTOPE  BONE. . LIVER, BODY THYROID  KIDNEY -~ LUNG . - Gl-LLI
H-3 . 0.00E+00°  2.03E-07- - 2.03E-07 2.03E-07 2.03E-07 2.03E-07 - = 2.03E-07
C-14 121E-05 . 2.42E-06 2.42E-06 2.42E-06 242E-06  2.42E-06.  2.42E-06 .
Na-24 5.80E-06 . 5.80E-06 5.80E-06.. 5.80E-06 5.80E-06 5.80E-06 . _ 5.80E-06. |:
P-32 8.25E-04 3.86E-05 - 3.18E-05 0.00E+00  0.00E+00 = 0.00E+00 = 2.28E-05 . -
Cr-51 . 0.00E+00 0.00E+00 - 8.90E-09 4.94E-09 1.35E-09 - 9.02E-09 4.72E-07 . -
Mn-54 0.00E+00 1.07E-05 - 2.85E-06 0.00E+00 = 3.00E-06 .  0.00E+00.: 8.98E-06 .
Mn-56 - 0.00E+00. 3.34E-07 7.54E-08: 0.00E+00 : 4.04E-07  0.00E+00 .- 4.84E-05
Fe-55\ . 1.15E-05 6.10E-06 1.89E-06 0.00E+00  0.00E+00 - 3.45E-06 = 1.13E-06
Fe-59 - 1.65E-05. 2.67E-05 1.33E-05-  0.00E+00°  0.00E+00 . 7.74E-06 2.78E-05
Co-58 . 0.00E+00 -~ 1.80E-06.. 5.51E-06 0.00E+00  0.00E+00.  0.00E+00 1.05E:05 .
Co-60 . - 0.00E+00' ' 5.29E-06.  1.56E-05 0.00E+00. 0.00E+00-  0.00E+00  2.93E-05 .
Ni-63 - - 5.38E-04 2.88E-05. - 1.83E-05 0.00E+00  0.00E+00. = 0.00E+00 1.94E-06 ;.
Ni-65. " . 2.22E-06 2.09E-07 1.22E-07 0.00E+00  0.00E+00  0.00E+00  2.56E-05
Cu-64 0.00E+00 - 245E-07_  1.48E-07  -0.00E+00 5.92E-07.. - 0.00E+00 1.15E-05
|2n65 . . 137E-05  365E-05° 227E05 = 000E+00  230E-05 . 0.00E+00. . 6.41E-06
Zn-69 ' .. 438E-08. 6.33E-08 5.85E-09 0.00E+00: . 3.84E-08 0.00E+00 . 3.99E-06
Br-83 0.00E+00"  0.00E+00 =~ 1.71E-07 0.00E+00 = 0.00E+00  0.00E+00 - 0.00E+00 .
‘Br-84 ' 0.00E+00  0.00E+00 1.98E-07 .. 0.00E+00 0.00E+00  0.00E+00  0.00E+00.
Br-85 | 0.00E+00  0.00E+00  9.12E-09 0.00E+00, '0.00E+00 - 0.00E+00  0.00E+00
Rb-86 0.00E+00 - 6.70E-05 4.12E-05 0.00E+00 ~ 0.00E+00"  0.00E+00 4.31E-06
‘Rb-88 - . 0.00E+00 1.90E-07" 1.32E-07 - 0.00E+00  0.00E+00  0.00E+00 9.32E-09
Rb-89° .-+ 0.00E+00  1.17E-07 . 1.04E-07 0.00E+00. = 0.00E+00 . 0.00E+Q0 1.02E-09
'Sr-89 .. - 1.32E-03 0.00E+00,  3.77E-05 . 0.00E+00  0.00E+00  0.00E+00 : 5.11E-05 -
Sr-90 - 1.70E-02 0.00E+00  4.31E-03 0.00E+00  0.00E+00" .. 0.00E+00 = 2.29E-04 -
Sr-91 2.40E-05 0.00E+00  9.06E-07 . 0.00E+00 0.00E+00 * 0.00E+00 - 5.30E-05 ..
. Sr-92 9.03E-06 0.00E+00 3.62E-07 . 0.00E+00 0.00E+00 - 0.00E+00, . 1.71E-04 -
'Y-90 4.11E-08 0.00E+00°  1.10E-09 0.00E+00 0.00E+00 - 0.00E+00 . 1.17E-04
Y-91M 3.82E-10 -, 0.00E+00 1.39E-11 0.00E+00 0.00E+00. 0.00E+00. .~ 7.48E-07.
Y91 . 6.02E-07 . 0.00E+00 1.61E-08 0.00E+00”  0.00E+00 - 0.00E+00° . 8.02E-05
Y-92 3.60E-09 .. 0.00E+00  1.03E-10 0.00E+00  0.00E+00 . 0.00E+00 1.04E-04
Y-83 - 1.14E-08 0.00E+00 3.13E-10 0.00E+00.  0.00E+00 0.00E+00 1.70E-04 '
Zr-95 . 1.16E-07 2.55E-08 2.27E-08 .  0.00E+00 -~ 3.65E-08 0.00E+00  2.66E-05. -
Zr97 . 6.99E-09 1.01E-09 5.96E-10 0.00E+00 1.45E-09 0.00E+00 1.53E-04 -
Nb-95 - - 2.25E-08 8.76E-09 6.26E-09 . 0.00E+00  8.23E-09 0.00E+00° = 1.62E-05 .|
Mo-99 .. 0.00E+00 1.33E-05 3.29E-06 0.00E+00 . 2.84E-05 0.00E+00 - 1.10E-05"
- Tc-99Mm 9.23E-10 - 1.81E-09 3.00E-08 0.00E+00 9.19E-10
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Table 3.2-12 (Cont.)
Ingestion Do's’_e‘Factor‘s-»for Child (mrem/pCi ingested
WHOLE : |

ISOTOPE - BONE * LIVER" BODY - THYROID ' KIDNEY * * LUNG = GI-LLI’
Te-101 ° 1.07E-09  1.12E-09°  1.42E-08 "  0.00E+00 - 1.91E-08 - 5.92E-10 * 3.56E-09
Ru-103 “7.31E-07-  0.00E+00 281E-07 ~ .0.00E+00 = 1.84E-06 "~ 0.00E+00 ~ 1.89E-05 -
Ru-105 = - 6.45E-08:  0.00E+00- * 2.34E-08> - 0.00E+00 ' 567E-07- - 0.00E+00 = 4.21E-05 "
Ru-106  1.17E-05. ° 0.00E+00  1.46E:06°  0.00E+00  1.58E-05 0.00E+00-.  1.82E-04

Ag-110M  539E-07 * 3.64E-07 -~ 291E-07 . 0.00E+00  6.78E-07 - 0.00E+00  4.33E-05-
Te-125M - 1.14E-05 ' 3.09E-06 * 152E-06- 320E-06  0.00E+00  0.00E+00 1.10E-05 -
Te-127M- ~ 2.89E:05- 7.78E-06 ~ 3.43E-06  6.91E-06  824E-05  0.00E+00  2.34E-05:-

Te-127° ~ 471E-07- - 1.27E-07 -~ 1.01E-07 - 3.26E-07" -~ 1.34E-06 -~ 0.00E+00- - 1.84E-05
Te-129M-  4.87E-05 1.36E-05 7.56E-06 = 1.57E-05 1.43E-04 -~ 0.00E+00  5.94E-05 -
Te-129 134E-07 ~ 3.74E-08  3.18E-08 - 9.56E-08 ~ 3.92E-07 ' 0.00E+00 . 8.34E-06
Te-131M ~ 7.20E-06 = 249E-06 - 2.65E-06 512E-06 - 2.41E-05 - 0.00E¥00 = 1.01E-04 -
Te-131 = B8.30E-08 . 2.53E-08 ~ 247E-08 ~ 6.35E-08°  251E-07  0.00E+00  4.36E-07
| Te-132 - 1.01E-05 - 4.47E-06 ° 540E-06 - 6.51E-08  4.15E-05 0.00E+00-  4.50E-05 -
130 © °© 292E-06  5.90E-06 ~ 3.04E-06- 6.50E-04 8.82E-06  0.00E+00° - ,2.76E-06 -"|.
1131 - 172E-05. 1.73E-05: 983E-06 - 572E-03 ' 2.84E-05 ° 0.00E+00" 1.54E-06
1-132 8.00E-07°  147E-06  6.76E-07'  6.82E-05  225E-06  O0.00E+00  1.73E-06
1-133 - " 5.92E-06 7.32E-06© 277E-06. 1.36E-03 °~ 1.22E-05  0.00E+00  2.95E-06
-134 - 4.19E-07 7.78E-07 ~ 3.58E-07- : 1.79E-05 1.19E-06 '~ 0.00E+00 ' 5.16E-07 -
1-135 - 1.75E-06 - 3.15E-06 1.49E-06 2.79E-04 483E-06° 0.00E+00  2.40E-06
Cs-134°  2.34E-04 3.84E-04 - 8.10E-05 ' 0.00E+00  1.19E-04 = 4.27E-05 - 2.07E-06
Cs-136 -~ 2.35E-05 = 6:46E-05 - 4.18E-05 0.00E+00  3.44E-05- 5.13E-06 - 2.27E-06
Cs-137 - - 327E-04 ' 3.13E-04  462E-05 ' 0.00E+00  1.02E-04" - 3.67E-05 ' 1.96E-06
Cs-138 228E-07  3.17E-07 @ 201E-07 =~ 0.00E+00 = 2.23E-07 - 240E-08. . 146E-07 |
Ba-139 4.14E-07 2.21E-10 ' 1.20E-08 0.00E+00 °~ 1.93E-10°  1.30E-10" " 2.39E-05 -
‘Ba-140 8.31E-05 = 7.28E-08  4.85E-06 0.00E+00  2.37E-08  4.34E-08 = 4.21E-05°. |
Ba-141 ~  2.00E-07 1.12E-10 6.51E-09© 0.00E+00  9.69E-11- 6.58E-10- = 1.14E-07
Ba-142 - B8.74E-08. - 6.29E-11° =~ 4.88E-09° 0.00E+00 - 509E-11 * 3.70E-11 = 1.14E-09
‘La-140° °° 1.01E-08: 353E-09 ~ 1.19E-09 ' 0.00E+00 0.00E+00  0.00E+00 ~ 9.84E-05
La-142 = 524E-10 - 167E-10  5.23E-11 0.00E+00  0.00E+00 - 0.00E+00 = 3.31E-05
Ce-141 - 3.97E-08 198E-08"'° 294E-09- - 0.00E+00  8.68E-09 - 0.00E+00  2.47E-05
Ce-143 6.99E-09 379E-06 - 549E-10  0.00E+00  1.59E-09 = 0.00E+00  5.55E-05'
‘Ce-144-  2.08E-06 - 6.52E-07- 1.11E-07 0.00E+00 - 3.61E-07 0.00E+00  1.70E-04 .
Pr-143. ~ 393E-08 - 1.18E-08"~ 1.95E-09 ~ 0.00E+00. 6.39E-09 ' 0.00E+00  "4.24E-05
Pr-144 <. 1.29E-10 3.99E-11.  6.49E-12 0.00E+00  2.11E-11 0.00E+00.. ' 8.59E-08
Nd-147-  2.79E-08  2.26E-08° 1.75E-09 ~ 0.00E+00  1.24E-08° 0.00E+00 = 3.58E-05
W-187 . ° 4.29E-07  2.54E-07 1.14E-07 0.00E+00  0.00E+00  0.00E+00 . 3.57E-05
Np-239 5.25E-09 3.77E-10 2.65E-10 0.00E+00  1.09E-09 0.00E+00  2.79E-05
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Table 3.2-13-
Ingestion Dose Factors for Infant (mrem/pCi ingested) .
WHOLE v
ISOTOPE .. BONE LIVER BODY THYROID  KIDNEY . LUNG - GI-LLI,
H-3 . 0.00E+00  .3.08E-07:  3.08E-07 3.08E-07 . + 3.08E-07 3.08E-07 3.08E-07
C-14 2.37E-05 '~ 5.06E-06. 5.06E-06 5.06E-06.° 5.06E-06 5.06E-06 - 5.06E-06 .-
Na-24 . 1.01E-05, 1.01E-05 1.01E-05 1.01E-056 1.01E-05  1.01E-05 1.01E-05.
P-32, 1.70E-03 - 1.00E-04 6.59E-05 0.00E+00 0.00E+00. - 0.00E+00 2.30E-05
Cr-51 ... - 0.00E+00°  0.00E+00 1.41E-08 9.20E-09.,  2.01E-09 1.79E-08 4.11E-07 ..
Mn-54 - 0.00E+00 1.99E-05 451E-06 ~ 0.00E+00  4.41E-06 0.00E+00- . 7.31E-06
Mn-56 0.00E+00 8.18E-07 1.41E-07  0.00E+00 7.03E-07 - 0.00E+00 ' 7.43E-05
Fe-55 1.39E-05°  8.98E-06 2.40E-06° 0.00E+00  0.00E+00  4.39E-06 1.14E-06
Fe-59 3.08E-05 '5.38E-05 .  2.12E-05- - 0.00E+00° - 0.00E+00- 1.59E-05 . 2.57E-05
:Co-58 - - 0.00E+00  3.60E-06 8.98E-06  0.00E+00  0.00E+00 - O0.00E+00  8.97E-06
-Co-60. 0.00E+00°  1.08E-05 _ 2.55E-05- 0.00E+00 - 0.00E+00 - O0.00E+00  2.57E-05
:Ni-63 - 6.34E-04 3.92E-05 2.20E-05 0.00E+00  0.00E+00 ° 0.00E+00. . 1.95E-06
Ni-65 - 4.70E-06- 5.32E-07 . 2.42E-07 0.00E+00 = 0.00E+00  0.00E+00. 4.05E-05
-| Cu-64. 0.00E+00 . 6.09E-07 - 2.82E-07 0.00E+00 1.03E-06 - 0.00E+00 1.25E-05
-Zn-65 1.84E-05 . 6.31E-05 2.91E-05 - = 0.00E+00 - 3.06E-05 0.00E+00 - 5.33E-05
Zn-69 9.33E-08©  1.68E-07 - 1.25E-08 0.00E+00  6.98E-08- - 0.00E+00. - 1.37E-05 -
Br-83 .- 0.00E+00 0.00E+00 3.63E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 - *
Br-84 . 0.00E+00  0.00E+00 3.82E-07  0.00E+00. ~0.00E+00 - 0.00E+00  0.00E+00 |
Br-85. 0.00E+00 0.00E+00 1.94E-08 0.00E+00 0.00E+00 0.00E+00 - 0.00E+00 |
Rb-86 0.00E+00 1.70E-04 8.40E-05 0.00E+00 0/00E+00 . 0.00E+00 . 4.35E-06
Rb-88 - 0.00E+00 = 4.98E-07 2.73E-07 0.00E+00 0.00E+00 0.00E+00 - 4.85E-07
Rb-89 - 0.00E+00 = 2.86E-07 1.97E-07 0.00E+00  0.00E+00 - O0.00E+00 - 9.74E-08 -:|
Sr-89 . . 2.51E-03 0.00E+00 7.20E-05. 0.00E+00  0.00E+00  0.00E+00  5.16E-05
Sr-90 1.85E-02 0.00E+00  4.71E-03- 0.00E+00. 0.00E+00  0.00E+00 ~ 2.31E-04
. Sr-91 5.00E-05:  0.00E+00 1.81E-06 0.00E+00 0.00E+00  0.00E+00. . 5.92E-05
Sr92 . 1.92E-05 0.00E+00 7.13E-07 0.00E+00 - 0.00E+00 0.00E+00 - 2.07E-04
-Y-90 8.69E-08 .- 0.00E+00- ~ 2.33E-09 0.00E+00 . 0.00E+00  0.00E+00 1.20E-04
Y-91M - 8.10E-10,  0.00E+00 2.76E-11 0.00E+00 0.00E+00 0.00E+00 = 2.70E-06
Y-91 | 1.13E-06 . 0.00E+00  3.01E-08 : 0.00E+00 0.00E+00 - 0.00E+00 8.10E-05
Y92 7.65E-09 0.00E+00 2.15E-10 0.00E+00 0.00E+00 0.00E+00 1.46E-04. .|
. Y-93 2.43E-08:  0.00E+00 ' 6.62E-10 - 0.00E+00 . 0.00E+00 0.00E+00 1.92E-04 -
Z2r-95 - 2.06E-07 5.02E-08 3.56E-08 . 0.00E+00  541E-08 0.00E+00  2.50E-05
L Zr-97 . 1.48E-08.  2.54E-09 1.16E-09  0.00E+00  2.56E-09 0.00E+00  1.62E-04
- Nb-95 4.20E-08 . 1.73E-08. . 1.00E-08. 0.00E+00 1.24E-08 0.00E+00 = 1.46E-05
Mo-98. 0.00E+00  3.40E-05  6.63E-06 0.00E+00  5.08E-05 0.00E+00 1.12E-05-
Tc-99M 3.96E-09 5.10E-08 0.00E+00 1.15E-06 .
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~ Table 3.2-13 (Cont.)
. Ingestion Dose Factors for Infant.
B WHOLE

ISOTOPE  BONE " LIVER BODY THYROID KIDNEY - - LUNG . GI-LLI
Tc-101 - 227E-09  2.86E-09 ' 2.83E-08 - 0.00E+00 - 340E-08  156E-09  4.86E-07
Ru-103 148E-06  0.00E+00  4.95E-07 ° O0.00E+00  3.08E-06  0.00E+00 - 1.80E-05
Ru-105 136E-07  0.00E+00  4.58E-08 . 0.00E+00  1.00E-06  0.00E+00-  5.41E-05
Ru-106 2.41E-05  0.00E+00  3.01E-06  0.Q0E+00  2.85E-05 ~ 0.00E+00  1.83E-04
Ag-110M  ‘996E-07  7.27E-07  481E-07 - O00O0E+00  1.04E-06  0.00E+00 = 3.77E-05
Te-125M  2.33E-05  7.79E-06° 3.15E-06 = 7.84E-06  0.00E+00  0.00E+00  1.11E-05
Te-127M  5.85E-05  1.94E-05  7.08E-08 1.69E-05 1.44E-04  .0.00E+00 ' 2.36E-05
Te-127 1.00E-06 = 3.35E-07  2.15E-07  814E-07  244E-06  0.00E+00  2.10E-05
Te-129M 100E-04  343E-05 154E-05 - 3.84E-05 250E-04  0.00E+00  5.97E-05 -
Te-129 ‘2:84E-07 'O.79E-08  6.63E-08  2.38E-07 7.07€E-07  0.00E+00 - 2.27E-05
Te-131M 152E-05  6.12E06  5.05E-06 . 1.24E-05  421E-05  0.00E+00  1.03E-04
Te-131 ©  1.76E-07 ~ '6.50E-08°  4.94E-08 ~ 157E-07 = 4.50E-07 -~ 0:00E+00  7.11E-06
Te-132 2.08E-05  1.03E-05 961E-06 152E-05 . 6.44E-05  0.00E+00  3.81E-05
1-130 6.00E-06  1.32E-05  5.30E-06  1.48E-03 1.45E-05  0.00E+00  2.83E-06
1-131 3.59E-05  4.23E-05 186E-05 ~ 1.39E-02  4.94E-05  0.00E+00  1.51E-06
1-132 166E-06  3.37E06  1.20E-06 158E-04  3.76E-06  0.00E+00  2.73E-06
1-133 1.25E-05 1.82E-05  5.33E-06  3.31E-03 ' 2.14E-05  0.00E+00  3.08E-06
1-134 8.69E-07 1.78E-06  6.33E-07 - 4:15E-05 1.99E-06  0.00E+00  1.84E-06
1-135 364E-06  7.24E-06 . 2.64E-06 - ~6.49E-04  807E-06  0.00E+00  2.62E-06
Cs-134 377E-04  7.03E-04  7.10E-05  0.00E+00  1.81E-04  7.42E-05 1.91E-06
Cs-136 459E-05  1.35E-04  504E-05  0.00E+00 -538E-05 ' 1.10E-05  2.05E-06
Cs-137 522E-04 6.11E-04  433E-05 000E+00 1.64E-04  6.64E-05  1.91E-06
Cs-138 '481E-07 7.82E07  3.79E-07  0.00E+00  3.90E-07 - 6.09E-08 . 1.25E-06
Ba-139 8.81E-07  5.84E-10  255E-08  0.00E+00  3.51E-10  3.54E-10 - 5.58E-05
Ba-140 1.71E-04  1.71E07  8.81E-06  0.00E+00  4.06E-08 1.05E-07  4.20E-05
Ba-141 425E-07 291E-10 . 1:34E-08  0.00E+00  1.75E-10 1.77E-10  5.19E-06
Ba-142 1.84E-07 153E-10  9.06E-09  0.00E+00  8.81E-11 9.26E-11 7.59E-07
La-140 2.11E-08  8.32E-09  214E-09  0.00E+00  0.00E+00  0.00E+00 9.77E-05
La-142 110E-09  4.04E-10  9.67E-11 0.00E+00  0.00E+00  0.00E+00  .6.86E-05
Ce-141 787E-08  480E-08 565609  0.00E+00  148E-08  0.00E+00  2.48E-05
Ce-143 '1.48E-08 _ '9.82E-06 112E-09  0.00E+00 2.86E-09 ~ 0.00E+00  5.73E-05
Ce-144 2.98E-06 1.22E-06 167E-07  0.00E+00  4.93E-07  0.00E+00  1.71E-04
Pr-143: 813E-08 ° 3.04E-08  403E-09  0.00E+00  1.13E:08 = 0.00E+00 . '4.29E-05
Pr-144 274E-10  1.06E-10  1.38E-11  0.00E+00  3.84E-11 - '0.00E+00  4.93E-06
Nd-147 553E-08  568E-08 ~ 348E-09 - “0.00E+00  2:19E-08 ‘- 0.00E+00  3.60E-05
W-187 9.03E-07  6.28E-07  217E-07 - O0.00E+00  0.00E+00  0.00E+00  3.69E-05
111E-08 ~ 9.93E-10  561E-10  0.00E+00  1.98E-09- 2.87E-05

| Np-239

0.00E+00
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Table 32-14
Annual Usage Factors for the Maximum Exposed Individual

Pathway Infant Child  TeenAdult
Fruits, vegetables & - - 520 630
grain (kg/yr)*
Leafy - - 26 42
vegetables(kg/yr) .
Milk (Lyr) 330 . 330 - 400
. Meat & poultry - - .- 41 65
(kghyr) : -
Inhalation ~(rh3/yr) 1400 3700 8000

ODCM
Page: 61
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520
. 64

310

110

8000

Consists of the following (on a mass basis): 22% frult 54% vegetables (lncludlng leafy

vegetables) and 24% graln

Table 3.2-15-
Annua Usage Factors for the Average Individual**
 Pathway  Infant ~  Chid  TeenAdult
Fruits, vegetables & - 200 A 240
. grain (kg/yr)* ' -
Milk (Liyr) S - 10 200
Meat & poultry ..~ _— L 37 .59 -
(kglyr) . ) . '
vlnhalation (mdyr) . - 3700 8000

190
110

95

8000

Consists of the following (on a mass basus) 22% frunt 54% vegetables (mcludlng Ieafy

.vegetables), and 24% grain.

For total populatlon and average individual dose calculations.

e
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10CFR50, Appendix | Compliance - Gaseous Effluent Dose

Doses resulting from the release of noble gases, radioiodines, tritium and radionuclides in
particulate form must be calculated to show compliance with 10CFR50, Appendix |. The
calculations will be performed at least monthly for all gaseous effluents.

3.3.1 Noble Gases

3.3:2. Radioiodines, »Paﬁiculétes, and Other Rédionuclides

10CFRS0, Appendix I, Section 11.B.1, limits the releases of gaseous effluents from each
reactor to unrestricted areas such that the estimated annual gamma air dose is limitedto
10 millirads and the beta air dose is limited to 20 millirads. The external dose pathway only
will be considered for noble gases. The controlling location for the above stated dose limits is
the nearest site boundary location for the period of release.

ODCM Appendlx C controls limit the dose resulting: from the release of noble gas "

" radionuclides in gaseous effluents to the followmg

a. For gammarradlatlon, durlng the _current quarter: s

D . <5 mrad,

aiz
b. For-beta rédiation, during the current quarter:
Pair . 7 < 1d_mraq,
c. Forgamma tad'ié_t'ion, d.urin;q the cufrent year: :

air

. L < 1'O-mrad, N

. d: . For beta radiation, during the current year:

~ - . <20mrad. -

air

10CFR50, Appendix |, Section I1.C, limits the annual release of radioiodines and "'radibactive

- materials in particulate form from each reactor such that estimated dose or dose commitment

to an individual in an unrestricted area from all pathways of exposure is not in excess of

15 mrem to any organ. The controlling location for this organ dose limit is the nearest site
boundary, the deposition (D/Q) for the period of release, and the receptor pathway. Receptor
pathway locations will be reviewed once per year following the performance of the Land Use
Census to include consnderatlon of nearest residences, garden, and farm animal locations i in
each sector. - .
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ODCM, Appendix C, CONTROLS limit the dose resultant from the release of iodine-131,
iodine-133, tritium, and all radionuclides in particulate form with half-lives greater than eight
days to the following: - ,

a. During the current quarter:

Dose to Any Organ < 7.5 mrem

b.  During the current year:

" Dose to' Any Organ < 15 mrem

3.3.3 Dose Calcqlations )

The following calculations are used to determine gamma and beta air doses resultant from

noble gas release to areas at or beyond the site boundary for purpose of showing compliance

with 10CFR50, Appendix |. The equations used to calculate organ doses resultant from the

release of iodine-131, iodine-133, tritium, and radionuciides in particulate form with half-lives

greater than eight days are those found in Section 3.2.3. >

Dose values are o_btaingd by applying the dose rates over the appropriate surveillance or
sampling time period. Mo o D

_a. ~~Gamma Air Dose from Noble Gas Releases
Y., = (3.15x10 )(%) ) (Qi)(DFiy)

Where: .

D Y = the annual gamma air dose due to noble gas radionuclides, mrad/yr,

DF. I = the gamma air dose factor for a uniform semi-infinite cloud of
. radionuclide “i”_',lf,rom Table 3.3-1, (mrad m3)/(s Ci‘);k
0; - = therelease rate of radionuclide “i", nCifs; .
'x/9 = the annual av'efrage dispersion factor (see Appendix A), s/m?,

3.15x 101 = the céﬁveréio.n factor to convert (mrad*QCi)/(Ci*s) to mrad/yr.

\
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‘b. Beta Air dose from-Noble Gés Releases

| Dglr = (3.‘15x101) (%)Z(Qi)(m;f)

Where:
D B

air = theannual beta air dose due to noble gas radionuclides, mrad/yr;

DF E the beta air dose factor for a uniform semi-infinite cloud of radionuclide

“i", from Table 3.3-1, (mrad m/(Cis);
i, = therelease rate of radionuclide *i", uCis;
X/Q the annual average dispersion factor (see Appendnx A) s/m3

3. 15 x100 = the conversion factor to convert (mrad*uCi)/(Cifs) to mrad/yf.
3.3.4 Cumulation of Doses

The dose contribution from gaseous effluents will be calculated at least monthly.

Calculations will be performed to determine the maximum air dose as well as the maximum
organ dose to an individual. These dose calculations will be summed for comparison with
quarterly and annual limits. To assure compliance with 10CFR50, Appendix |, the dose limits
for air dose and organ dose are those found in Sections 3.3.1 and 3.3.2, respectively. The
quarterly limits specified in those sections represent one half of the annual design objectives.
If these limits are exceeded, a special report will be submltted to the NRC in accordance with
ODCM Appendlx C controls. .

Table 3.3-1
Gamma and Beta Air Dose Factors for Semi-Infinite Plume
(mrad/s per Ci/m3)

Gamma Air ” ‘Beta Air

Dose Factor Dose Factor
'(DF Y) o (DF‘Q)
1 1
Ar-41 0 . 295E+02 . 1.04E+02
Kr-83m - 6.12E-01 © 9.13E+00
Kr-85m ‘ 3.90E+01 ‘ 6.24E+01
Kr-85 / 5.45E-01 6.18E+01
Kr-87 1.96E+02 3.27E+02
Kr-88 4.82E+02 9.29E+01
Kr-89 ‘ 5.48E+02 - 3.36E+02
Kr-80 , 514E+02 2.48E+02
Xe-131m 4.95E+00 - 3.53E+01
Xe-133m 1.04E+01 4.69E+01
Xe-133 1.12E+01 3.33E+01
Xe-135m 1.07E+02 2.34E+01
Xe-135 ~ 6.09E+01 7.80E+01
Xe-137 4.79E+01 4.03E+02
Xe-138 2.92E+02 1.51E+02
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3.3.5 Projection of Doses

Anticipated doses resulting from the release of gaseous effluents will be projected monthly.
The doses calculated for the present month will be used as the projected doses unless
information exists indicating that actual releases could differ significantly in the next month.
In this ¢ase the source term will be adjusted to reflect this information and the justification for
the adjustment noted.” " SR N o cro

" If the sum of the projected doses for the 31-day period exceeds 0.3 mrem to any organ,
~ appropriate portions of the ventilation exhaust treatment system will be operated to reduce
: . releases. The values for the projected dose impact levels correspond to about one
forty-eighth of the 10CFR50, Appendix | dose limits. If continued for a year, these values
‘would correspond to less than one-fourth of the 10CFR50, Appendix | dose limits.. -~

0

34" P‘ogulati‘on'D’ose R

- PNPP’s Annual Radioactive Effluent Release Reports, as required by Regulatory Guide-1.21, will
include total population dose and average individual doses calculated for all radioactive gaseous

" effluent releases. The total population dose and average individual dose will be computed, taking
into account geographical population-distribution and pathway(s) using the equations in Section 3.2.
However, the dose factors, DFaip, differ; total population and average individual doses are
calculated in a ranner similar to that used for maximum individuals except that Regulatory

. Guide 1.109, Revision 1, assuimptions for average individuals are used rather than for maximum

—.exposed 'individuals and they are averaged over all age'groups after weighting by the fraction of
population ih each.age group. =i~~~ . . Jrme S

T
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4.0 TOTAL DOSE

'4.1’ -'40CFR190 and 10CFR72.104 Compliance - Uranium Fuel Cycle Dose -

. Annual dose contributions from liquid and gaseous effluent releases, as discussed in Sections 2.3.2

and 3.3.4, are summed to evaluate compliance with the 40CFR190 and 1 0CFR72.104 annual limit

of 25 mrem whole body or any organ (except the thyroid, which is 75 mrem). - '

PNPP does not intend to exceed 40CFR190 or 10CFR72.104-limits during normal operation.

--However, if such a situation should occur, violations would be-handled as.per ODCM Appendix C
Control 3/4.11.4a. which requires the following: : » .

Calculations shall be made to include direct radiation contributions from the reactor units, from the
ISFSI, from outside storage tanks, and any other sources from the uranium fuel cycle, to determine
whether the above limits of Control 3.11.4 have been exceeded. If such is the case, prepare and
submit to the Commission within 30 days, pursuant to Control 6.9.2, a Special Report that defines -
the corrective action to be taken to reduce subsequent releases to prevent recurrence of exceeding
the above limits and includes the schedule for achieving conformance with the above limits. This
Special Report, as defined in 10CFR20.2203, shall include an analysis that estimates the radiation
exposure (dose) to a MEMBER OF THE PUBLIC from uranium fuel cycle sources, including all
effluent pathways and direct radiation, for the calendar year that includes the release(s) covered by
this report. It shall also describe levels of radiation and concentrations of radioactive material
involved, and the cause of the exposure levels or concentrations. If the estimated dose(s) exceeds
the.above limits, and if the release condition resulting in violation of 40CFR190 has .not already
been corrected, the Special Report shall include a request for a variance in accordance with the
provisions of 40CFR190. Submittal of the report is considered a timely request, and a variance is
granted until staff action on the request is complete.- '

This Special Report shall contain:
.
1.~ Adetermination of which fuel.cycle facilities or operations, in addition to the nuclear power
reactor unit(s) at the site, contribute to the annual dose to the maximum exposed individual.
Nuclear fuel facilities over five miles from PNPP need not be considered in this determination.

2. A determination of the maximum exposed individual.

3. A determination of the total annual dose to this person from all existing pathways and
sources of radioactive effluents and direct radiation using the methodologies described in this
ODCM: Where additional information on pathways and nuclides is needed, the best available
information will be used and documented. <

4. A determination of the dose resulting from direct radiation from the plant and storage
facilities, including the ISFSI. '

The whole body and organ doses resulting from liquid effluents from the PNPP will be summed with
the doses resulting from gaseous releases of noble gases, radioiodines, tritium, and particulates
with half-lines greater than eight days when any of thé dose limits outlined in Sections 2.3.2, 3.3.1
or 3.3.2 are exceeded by a factor of two. The doses from the PNPP will be summed with the dose
to the maximum exposed individual contributed from other operations of the uranium fuel cycle.

q

10/2019
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D|rect Radlatlon Dose from PNPP (lncludlnq the ISFSI)

N

!

dose from the turbines, (b) direct dose from the external surfaces of buildings, and (c) dlrect dose

© from’ stored radwaste R oo v o

43

- ‘Coolant activation by hlgh energy neutrons the O‘G(n p)N16 reactlon is of mterest in-boiling water

reactors, like PNPP, because it can result in turbine skyshine and direct dose. The N-16 present in
the steam of a direct cycle BWR is carried with the steam into the turbine moisture separators, and

. ..associated equipment. Although N-16 has a half-life of 7.13 seconds, its gamma emission can

present a radiation dose problem to the site boundary as a result of the high energy gamma scatter
from structures and the atmosphere.

' AII external walls of buildings at PNPP have been designed to attenuate radiation sources from

within the plant to maximum of 0.5 mrem/h.outside, with an expected radiation dose not to exceed
0.25 mrem/h.

Projected direct radiation dose assessment for normal operations was performed based on 80%
load factor and 100% occupancy, for the closest site boundary location (WSW sector). Direct dose

_ from turbine skyshine was calculated to be 1.3 mrem/yr and direct dose from the surface of

buildings was calculated to be 2.2 E-3 mrem/yr.

Direct radiation doses at PNPP will be measured by self-contained dosimeters encircling the site
located in the general area of the site boundary. These self-contained dosimeters will be of the
thermoluminescent variety (TLDs) with monitoring performed per Table 3.12.1-1, Radlologxcal
Environmental Monitoring Program.

Dose to Members of the Public While Onsite

ODCM Appendix C Control 6.9.1.7 requiresb assessment of the radiation doses from radioactive
liquid and gaseous effluents to members of the public due to their activities inside the site
boundary.” This assessment is ‘included in Annual Radioactive Efﬂuent Release Reporting.

‘A member of the public is defined in ODCM Appendlx C to include anyone who is not

occupationally associated with the plant, i.e., not a utility employee, contractor or vendor. Also
excluded from this, category is any person who enters the site to service equipment or make

_ deliveries.

Maximum dose to member of the public while onsite is conservatively assessed relative to offsite
dose values. The assessment methodology incorporates use of appropriate dilution, dispersion,
and occupancy factors for onsite act|V|t|es

- The only liquid-effluent dose pathway affecting members of the public while onsite is shore

exposure, which is assumed to be fishing on the Lake Erie shoreline. Onsite dose assessment is

- made via ratio to the maximum calculated offsite shore exposure dose, using adjustments for

occupancy factor and liquid effluent dilution.
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" Several cases are considered for gaseous effluent dose assessment to member of the public while.

onsite including: traversing a public road within the site boundary, lakeshore fishing, non-PNPP

related training sessions at the Training and Education Center, car-pooling to the Primary Access - -

‘Control Point (PACP)-parking lot, and job applicant interviews. This evaluation is made using

‘relative x/Q” (atmospheric dispersion) values. “Relative x/Q" values are the product of the highest - '

annual average x/Q for the point of concern, and occupancy factor for the case. The ratio of the
highest onsite “relative x/Q” to the highest site boundary “relative x/Q” is used as an adjustment
. factor. (A unity occupancy factor is used in the determination of the highest site boundary “relative
x/Q").- A conservative onsite dose determination is made by applying the “relative x/Q” adjustment
factor for the highest potentlal onsite dose actlwty to the hlghest calculated gaseous effluent offsite

- dose.. .-
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RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM *

Monitoring Program :

L

Environmental samples shall be collected and analyzed accordlng to Table 3 12 1 1 at locations
shown in Flgures 5.1-1,5.1-2 and 5.1-3. Analytlcal technlques used shall ensure that the detection
capabilities in-Table 4. 12 1-1 are achieved. - : :

Ground water sampling will not be conducted as part of PNPP’s REMP because this source is not
tapped for drinking or irrigation purposes in the area of the plant. The position of the plant and the
underdrain system with respect to the hydraulic gradient is'such that any leakage or overflow from
the underdrain system will flow north towards Lake Erie. Local domestic wells outside the éxclusion
area boundary are up-gradient from the plant. As part of the REMP, samples will be routlnely
collected from the closest potable water mtakes on Lake Erie.

The results of the radiological environmental monitoring program are intended to supplement the
results of the radiological effluent monitoring by verifying that the measurable concentrations of
radioactive materials and levels of radiation are not higher than expected on the basis of the
effluent measurements and modeling of the environmental exposure pathways. Thus, the specified
environmental monitoring program provides measurements of radiation and of radioactive materials
in those exposure pathways and for those radionuclides which lead to the highest potential
radiation exposures of individuals resulting from the station operation. The initial radiological
environmental monitoring program was conducted for the first three years of commercial operation;
program changes may now be proposed based on operational experience.

Land Use Census Program

A Land Use Census shall be conducted annually to identify, within a distance of 8 km (5 miles), the
location in each of the meteorological sectors of the nearest residence, the nearest garden’ greater
than 50m2 (500 ft?) and the nearest milk-producing animal.

If a Land Use Census identifies a Iocatlon(s) that yields a calculated dose or dose commitment (via -
the same exposure pathway) 20% greater than at the location from which samples are currently
being obtained the new location(s) will be added to the radiological environmental monitoring
program within 30 days. The sampling location(s), excludlng the control station location, having the
lowest calculated dose or dose commitment(s), via the same exposure pathway, may be deleted
from this monltonng program after October 31 of the year in which this Land Use Census was
conducted.

The Land Use Census shall be conducted during the growing season at least once per 12 months
using that information that will provide the best results, such as by a door-to-door survey, aerial
survey, general observations, or by consulting local agriculture authorities. The results of the Land
Use Census shall be included in the Annual Radiological Environmental Operating Report.

* ‘Broad leaf vegetation sampling of at least three different types of vegetation may be
performed at the site boundary in each of two different sectors with the highest predicted
D/Qs in lieu of the garden census. Specifications for broad leaf vegetation sampling in
Table 3.12.1-1 shall be foIIowed including analysis of control samples.
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Inter-Laboratory Comparisdh Program - .

The laboratories of the licensee and/or licensee’s contractors which perform analyses shall
participate in an Interlaboratory Comparison Program which has been approved by the
Commission. This participation shall include all of the determinations (sample medium-radionuclide
combinations) that are included in the monitoring-program. The results of analysis of these
comparison samples shall be included in the Annual Radiological Environmental Operating Report.

I the results of a determination in the compérison crosscheck program are outside the specified

control limits, the laboratory shall investigate the cause of the problem and take stepsto correct it.
The results of this investigation and corrective action. shall be inciuded in the Annual Radiological
Envuronmental Operatmg Report :
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Table 5.1-1
"ODCM REMP Sample Locations - -
Location # Description Miles Direction Media "
1 Chapel Road 34 . ENE TLD, AIP
2 Kanda Garden 1.9 ENE. . | Broadleaf Vegetation
3 Meteorological Tower 1.0 SE ' TLD -
4 Site Boundary 0.7 - 8 TLD, AIP
5 . Quincy Substation. 0.6 - SW - TLD
6 " Concord Service Center 11.0 - SSW- TLD, AIP
7 ’ Site Boundary - 0.6 NE TLD) AIP
. 8 __Site Boundary 0.8 E " TLD
9 Site Bouhdary 0.7 ESE TLD
10 _. Site Boundary 0.8 SSE TLD
11 Parmly Rd. 06 ssw TLD
12 - Site Boundary 0.6 WSW TLD
13 Madison-on-the-Lake 47 ENE TLD
14 - ... Hubbard Rd. 49 E - - TLD
15 Eagle St. Substation: 5.1 ESE . |. < TLD
16 Eubank Garden 09 - S Broadleaf Vegetation
20 Rainbow Farms 19 - E . | Broadleaf Vegetation
21. Hardy Rd. 51 WSW TLD
23 High St. Substation 7.9 WSW . . TLD
24 St. Clair Ave. 15.1 SW ~TLD
25 Offshore - PNPP discharge 0.6 NNW Fish
29 River Rd. ' 4.3 ' SSE TLD
30 Lane Rd. 4.8 SSW TLD
31 Wood and River Rd. 4.8 _SE TLD
32 Offshore - Mentor 15.8 WSW .__Fish
33 - River Rd. 4.5 S TLD
35 ) Site Boundary. 0.6 E TLD, AIP
36 Lake County Water Plant . '3.9 WSW TLD, Drinking Water
37 , Gerlica Farm 1.5 ENE | Broadleaf Vegetation
39 - " Painesville Purification Plant ° 83 W Drinking Water
53 " 3715 Parmly Rd. : . 0.5 WSW TLD
54 Hale Rd. School 4.6 SW TLD
65 Center Rd. ~ 25 S - TLD
56 Madison High School . 40 -ESE TLD
57 Perry High School A7 S TLD
58 * Antioch Rd. - - 0:8 ENE - -+ TLD
59 Lake Shoreline at Green Rd. 4.0 ENE Surface Water
60 Lake Shoreline at Perry Park 1.0 WSW Surface Water
66 Lake Shore Metropolitan Park 14 NE Sediment
70 H&H Farm Stand 16.2 Ssw Broadleaf Vegetation
(1) AIP Air, lodine and Particulate

TLD

Thermoluminescent Dosimeter
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Figure 5.1-1
ODCM REMP sample locations within two miles of PNPP
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Figure 5.1-2
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‘ODCM required REMP sample locations between two and eight miles of PNPP
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Figure 5.‘1 -3
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Page: 75

Kings
villg
84
()"~
<lsgsvilld
() Suybroy) 'P
Cienevd E
Uniogyil Y f
; e - JAustinburg Y o
-h“ g N Giddings
. Hirperst Jeffersm i
' L Denmark
&2 G;H’m Center
N JLenox N\ ™
- <t
o \ Rock e
) L) “ocky ESE
Ruaming
2] i) B shores \Vcal'!
NMuonkyille Ko & Andovel
. 9 & Chemy
inthd Harsgrove — ;' M-n:: Valley G
Dodgevitic,
Witguuhtly 2
; 1igs 4 Cr;arl Aquifta .1 " Willizms
E. Cleveland /5 Masfictd  Jo7) \ Gf? M T Chridon Vindsar _fetd
573 Euctid Hgts. l“;n T I rwworn Ty e
‘ / Ches »
f ngm' (T SE N
SW . / S Burlon | SSE Lackwond Gustivus




ODCM
Page: 76
s Rev.: 23

APPENDIXA . )

ATMOSPHERIC DISPERSION AND DEPOSITION-PARAMETERS
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The atmospheric dispersion and deposition parameters used to calculate gaseous effiuent doses will be
calculated using the following equations. Dose calculations will be performed using meteorological
conditions concurrent with the time of release of radioactive materials in gaseous effiuents or using
historical average atmospheric conditions. All atmospheric releases at PNPP are considered to be’
ground-level releases. :

a. Constant Mean Wind Direction Relative Dispersion Factor -

(@ 032) '
‘ A-1
% (u) A
Where;
x/Q = the annual average dispersion factor, s/m3,
T = the terrain correction factor, from FSAR Table 2.3-26, dlmenswnless; -
u = the wind speed (measured at 10m), in m/s;
X = the distance of calculation, in m;
2.032 = (2/n)* divided by the width in radians of a 22. 5°sector
1/2 ‘
2y . .
= the lesser of [Gz + H—CJ or (cz)(3l/ 2)
2n .
Where:
He = the building height (44.8m);
o, = the vertical dispersion coefficient, per Regulatory Guide 1.111, inm.

’

b. Depleted Relative, Dispersion Factor

X/Qa = (X/Q) (DPLj) - (A'2)
Where: ‘
x/Qq = thedepleted relative dispersion factor (for airborne halogens and particulates), in
s/m3,
pery; = the ground depletion factor for the “"th distance, interpolated from Table A-1,
dimensionless; '
x/Q = the annual average dispersion factor per equation A-1 s/m3.

(o Ground Deposition

ey (zc)

D/Q = —~—I = A-3)
(0.3927) (x) (

Where:

D/Q = the relative deposition per unit area (for halogens and particulates), m2

DER; = the ground deposition factor for the “j"th distance, interpolated from Table A-1,

m; .

T = terrain correction factor, from FSAR Table 2.3-26, dimensionless;

X = the “j'th distance, m;

0.3927 = radians per 22.5° sector
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Table A-1
<. Atmospheric Depletion and Deposition Factors"
Depletion Deposition
, Factors . Factors
- (DPLj) ' (DEPj, m™)
Pasquill Stability . Class L Al All
Distance (meters) 200 “ 0970 1.25E-04
' .- 500 L0936 s 8.0E-05
1,000 e 09000 5.4E-05
+ 2,000 .. 0860 . . 3.2E-05
3,000 .. . 0832 . - 2.6E-05
" 76,000 0770 1.5E-05
10000 = 0714 - 9.9E-06
- 30,000 . 0590 o 4.5E-06
--50,000 ' . 0517 o 3.0E-06
80,000 . 0440 - . 2.0E-06

The following tables contain annual average atmospheric dispersion and deposition parameters for

- long-term releases at PNPP. Long-term releases are those that occur greater than 500 hours per year:
The highest annual average relative concentration (3x/Q) value at the site boundary-for sectors over land

. shall be-used for radioactive gaseous effluent monitor setpoint calculations. The dispersion model used
was XOQDOQ; with PNPP FSAR site-specific terrain adjustment factors included. Dispersion values are
based on seven years of meteorological data (May 1, 1972 through April 30, 1974 and”

September 1, 1977 through August 31, 1982), ground-level releases, sector spread for purge
calculations, and twelve wind speed classes. . - : e R




Sector

N

NNE

NE

ENE

E

ESE

SE

SSE

S

Ssw
. SW
wsw
W
WNW .
NwW
‘NNW

NOTE:

Distance.
(miles)
0.18
025
0.42
0.67
0.67
067
079 -
0.82
0.80 -
080 -
065 -

- 055

027

. 018 .
. 017"

- 047

All x/Q and D/Q values are taken from the Updated Safety Analysus Repon (USAR)
Table 2.3-27. All marked values (*) are from Unit 1 USAR x/Q values and the balance are
Unit 2 values. In each case, the most conservative x/Q value is utilized with the

corresponding D/Q

Table A-2
Slte Boundary Atmospheric Dispersion (x/Q) .and Deposition

Parameters (D/Q) for PNPP Umt 1

"Distance

(meters)
294
1402
678
1079
1072
1083
1269
1316
1298
1284
1047
. 893
430
283 -
273 -
280 '

x/Q
(sec/m?3)
5.0E-05*
2.4E-05*

. 7.4E-06*

. 2.5E-06*

2.2E-06
- 1.8E-06
1.5E-06
 2.8E-06
3.3E-06
1.9E-06
3.6E-06*
7.2E-06

 3.6E.05*
6.8E-05"

6.9E-05*

" -58505*

D/Q

(perm2)

1.4E-07
9.0E-08

. 3.5E-08
© - 1.8E-08

1.6E-08
1.2E-08
9.5E-09
1.4E-08
1.6E-08
8.6E-09
1.3E-08
1.7E-08

"4.6E-08

8.7E-08

- 1.0E-07 :
©11E-07
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_ SECTOR *

Atmdsbheric Dispersion (y/Q)-as-a Function of.DistanEe (s/m3)

0.5

Table A-3

E 16 2.5
£ (MILES) - (MILES) -~ ~ -~ (MILES).
N~ 936E-06  1.12E-06 '5.58E-07
NNE' - ' . 7.93E-06" 1.07E-06 = ' 5.21E-07
NE' = 565E-06 - 7.51E-07 " 3.28E-07
ENE = 402E-06 = 513E-07 = 2.39E-07
E - 3.49E-06 435E-07 ~  “1.83E-07
ESE =  282E06  348E07 ' 160E-07
SE - 3.13E-06" 3.09E-07 -+ 142E-07
SSE '6.17E-06  * 4.55E-07 “146E-07 - -
s 7.00E-06 " -5.73E-07 1:34E-07
SSW 4.00E-06 - 4.70E-07 1.60E-07
sW 553E-06 ' 5.77E-07 - - 2.83E-07
wsw -851E-06 1 957E-07 - 7.39E-07
W 122E-05 .~ 146E06 ° '1.15E-06
WNW' - 110E-05 - 1.40E-06 =~ /1.04E-06
NW < 1.05E05 ° 1.34E-06 6.83E-07
NNW ' '951E-06 © " 121E06 © 611E-07 ©
- SECTOR - 7.5 15.0 250 -
(MILES) (MILES) (MILES)
N  117E-07 4.77E-08 2.49E-08
NNE 1.06E-07 4.25E-08 2.19E-08
NE 7.09E-08° 2.78E-08  1.41E-08" -
ENE ~~  4.86E-08 1.83E-08 9.06E-09
E 3.65E-08 1.36E-08 6.73E-09
ESE ~ 2.85E-08 - 1.05E-08 -~ 517E-09 -~
SE ' 2.52E-08 9.29E-09 -  4.54E-09
SSE 2.97E-08 °  113E-08 = 560E-09
‘s - 275E-08 < °°  1.05E-08 5.23E-09
SSW = © 341E08 *, 1.34E-08 6.81E-09
SW ' 637E-08 257E-08°  1.33E-08
WSW ~  122E07 ' 4.98E-08 ' 261E-08
w 1,98E-07 8.30E-08 4.42E-08
WNW 223E-07 - 9.38E-08 5.00E-08
NW 1.81E-07 ~ 7.57E-08 4.03E-08
NNW 1.32E-07 5.46E-08 2.89E-08

35

(MILES) - - '

3.54E-07

- 3.28E-07 .
- 2.04E-07 -
' 1.46E-07
SU1ME-07
© 8.75E-08
' 8.54E-08
'8.91E-08

8.19E-08 -

' 9.88E-08 "~
1.78E-07 T

" 3.87E-07
~ 7.00E-07

7.59E-07 -

| 480E07
" 3.91E-07 -

35.0
(MILES)

*+1.63E-08 - '
" 1.43E-08

9.08E-09
5.73E-09

© 4.25E-09 -
- 3.25E-09
' 2.85E-09

3.56E-09 -
3.33E-09
4.39E-09

- 871E-09
* 1.72E-08
' 2.93E-08°
' 3.32E-08
| 267E-08
 1.90E-08"
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45 o

(MILES)

i 2,30E-07-
+2 11E-07
1,43E-07 -
1.01E-07 ~
¢ .7.65E-08
- 6.02E-08
" 5.34E-08 -
- B.18E-08°

5.69E-08

6.93E-08

1.26E-07

" 2.38E-07

' 3.80E-07

4.27E-07
3.47E-07
2.56E-07

450

(MILES)

1.19E-08
1.04E-08
6.55E-09

‘ 4.08E-09°

3.03E-09 -
2.31E-09
2.02E-09

© 2.54E-09
- 2.39E-09

3.18E-09

“ 6.36E-09 -

1.26E-08
2.16E-08

~ 245E-08 -
© 1.97E-08.
1.40E-08

10/2019
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' SECTOR

NNE
NE.

ENE .

ESE

SE .

SSE
SSW.
WSW. .
WNW

NW
NNW

SECTOR.

NNE
NE
ENE

ESE
SE -
SSE .

SSw -

SWo

WSsw -

WNW .
NW
NNW

sw oL

05
(MILES)

2.97E-08

3.04E-08

2.64E-08

|2.86E-08 - -
. 2.52E-08 .
- 1.94E-08 .
-2.01E-08 _
3.05E-08 .
 347E-08 .
1.85E-08 .
1.93E-08
1.97E-08
-1.70E-08

1.74E-08 -

1.98E-08
.2.18E-08 - -

7.5
(MILES)

1.52E-10
1.75E-10

" 1.52E-10

1.80E-10 -
. 1.45E-10 -

 1.11E-10-

9.22E-11
7.70E-11
7.08E-11
7.72E-11

- 9.76E-11
v . 1.14E-10 -

~ 1.04E-10
. 1.32E-10

1.28E-10

1.18E-10 .

15
(MILES)

- 2.86E-09

3.29E-09
2.85E-09

3.09E-09
2.72E-09
2.10E-09

. 1.74E-09

1.92E-09
2.42E-09
1.85E-09
1.67E-09
1.79E-09
1.64E-09

A77E-09
 2.02E-09
 2.22E-09

\

15.0

- - (MILES)

- 481E-11
- 554E-11.
4.80E-11

5.72E-11
4 58E-11

. 3.53E-11,
. 2.92E-11.
| 2.44E-11

2.25E-11

. 245E11

. 3.09E-11

3.63E-11.
3.30E-11
4.18E-11

+ 4.07E-11
3.74E-11

Table A-4
‘Atmospheric Dispersion (D/Q) as a Function of Distance (m"

2.5
(MILES)

1.17E-09

1.35E-09 ;.
. 1.06E-09 -
C127E-09 .
1.02E-09 -
. 8.60E-10

7.12E-10

5.41E-10

4.97E-10
5:42E-10

- 6.85E-10
. 1.14E-09
. 1.04E-09

1.06E-09

. 827E-10
9.11E-10

25.0
(MILES)

~ 1.95E-11
. 2.25E-11

1.95E-11 _ -

- 2.32E-11
~ 1.86E-11
" 1.43E-11

1.19E-11

. 992E-12
9.11E-12.
9.94E-12 .

1.26E-11
1.47E-11

134EM1

1.70E-11
1.65E-11
1.52E-11

3.5

o (MILES).

6.45E-10
7.43E-10
5.86E-10 _

 6.97E-10
- 5.59E-10 -
.+ 431E-10
© 3.92E-10
. 2.98E-10

2.74E-10

- 2.99E-10

3.77E-10
5.16E-10 .

5.37E410 .
~ 6.56E-10

4.97E-10.

. -5.02E-10.

35.0
(MILES)

1.05E-11
1.21E-11
1.05E-11
1.25E-11
1.00E-11
7.71E-12

6.38E-12
5.34E-12 -
4.90E-12
5.35E-12

6.76E-12
7.91E-12

7.21E-12 -
9.13E-12, -
8.89E-12
8.17E-12.
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45

CmLes)

3.74E-10 .

- 4.31E-10 -
 3.74E-10 -.
© 4.45E-10
3.57E-10
- 2.75E-10,

2.27E-10

1.90E-10

1.75E-10
1.91E-10

. 2.41E-10

2.82E-10

. 257E-10 .

3.25E-10 .
3.17E-10.

 291E-10 .

450
(MILES)

6.52E-12
7.51E-12 .

- 6.52E-12

7.75E-12
6.22E-12

. 479E-12

3.97E-12
3.31E-12
3.04E-12
3.32E-12.
4.20E-12
4.92E-12.

' 4.48E-12

5.67E-12
. 5.52E-12

5.07E-12

10/2019

10/2019 -
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The lower limit of detection (LLD) is the smallest concentration of radioactive material in a sample that will
be detected with a 95 percent probability with a 5 percent probability of falsely concluding that a blank
observation represents a “real” signal.

The LLD is defined as an “a priori” (before the fact) limit representing the capability of a measurement
system and not as an “a posteriori” (after the fact) limit for a particular measurement.

For a measurement system (which may include radiochemical separation) based on gross beta, gross
alpha, liquid scintillation, or other analyses where a background count determined by a separate
measurement with no sample (or blank sample) is subtracted from the gross sample count to obtain a net
count due to sample activity:

]
/

» S 1/2
. [rb er
ts tp
LLD = : (B-1)
©)€) () (xc) exl-  ac) -
Where:

LLD = the “a priori” lower limit of detection, as defined above;

C = the conversion factor of transformatlons per unit time per uCi or pCi;

E = the detector efficiency;

n, = the background count rate in units of transformations per unit time;

tp, = the counting time of background;

ts = the counting time of the sample;

V = the sample size, in units of mass or volume:;

v. = the fractional radiochemical sample collection or concentration yield (when
applicable);

At = for plant effluents, the elapsed time between the midpoint of sample collection and
time of counting; for environmental samples, the elapsed time between sample
collection (or end of the sample collection period) and time of counting;

A = the radioactive decay constant for the radionuclide in question.

For the purpose of routine analyses, count times for both the sample(s) and background(s) are equal.
This satisfies the given ODCM Appendix C control for lower limit of detection definition, as the numerator
of equation B-1 simplifies to 4.66 Sy, where Sy is the standard deviation of the background count rate or
the count rate of a blank sample, as appropriate.

For gamma ray spectroscopy analyses:

At -
Ip exp [O 693 —— 1/2 (B )
LLD = -
©)EE ) (Yc) (vr)
Where:

LLD = the lower limit of detection, in uCi or pCi per unit mass or volume;
C -=the conversion factor of transformations per unit time per uCi or pCi;
E = the detector efficiency for the energy in question;
t = the data collection (counting) time of sample;
£17/2 = the half-life of the radionuclide in question;
\) = the sample size, in units of mass or volume;
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Yo = the fractional radiochemical, sample collection, or concentration yield (when
applicable);

Ny = the yield of the gamma ray in question,

At = for plant effluents the elapsed time between midpoint of sample collection and time
of counting; for environmental samples, the elapsed time between sample
collection (or end of the sample collection period) and the time of counting;

1y = thedetection limit

y
2 A
= K2 + 2k [i (l + i) (B +By)+ 1+ c%] (B-3)
2n 2n
Where: - : )

s, = the number of counts in “n” background channels below
the peak due to Compton scattering, etc., determined at
the same time a photopeak is measured;

BZ = the number of counts in the “n” background channels
above the peak; '

k = an abscissa of the normal distribution corresponding to
confidence level, . ‘

= 1.645 at a confidence level of 95%;

| = the measured value of interference in the photopeak of
‘interest due to environmental background, detector
contamination, etc., determined by a separate

N measurement with no sample;

N = the number of channels in the photopeak of interest;

n = the number of background channels on each side of the
photopeak of interest;

oy = the standard deviation of I.

Typical values of E, V, Y, and At shall be used in the caiculation.

In calculating the LLD for a radionuclide determined by gamma-ray spectrometry, the background shall
" include the typical contributions of other radionuclides normally present in the samples (e.g.,
potassium-40 in mitk samples).

Analyses shall be performed in such a manner that the LLD’s listed in Tables 4.11.1.1.1-1, 4.11.2.1.21,
and 4.12.1-1 of the ODCM Appendix C controls for the Perry Nuclear Power Plant will be achieved under
routine conditions, Occasionally, background fluctuations, unavoidably small sample sizes, the presence
of interfering nuclides, or other uncontrollable circumstances may render these LLDs unachievable. In
such cases, the contributing factors will be identified and described in the Annual Radiological
Environmental Operating Report.
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1.0 DEFINITIONS

* The following terms are deﬁned so that uniform interpretation of these Controls may be achieved. The
defined terms appear in capitalized type and shall be applicable throughout these’ Controls.

ACTIONS

ACTIONS shall be that part of a Contro! that prescribes remedial measures to be taken under designated
conditions.

CHANNEL CALIBRATIO_N

A CHANNEL CALIBRATION shall be the adjustment, as necessary, of the channel output such that it
responds within the necessary range and accuracy to known values of the parameter which the channel
monitors. The CHANNEL CALIBRATION shall encompass the entire channel, including the required
sensor, alarm, display and trip functions, and shall include the CHANNEL FUNCTIONAL TEST. The
CHANNEL CALIBRATION may be performed by means of any series of sequentlal overlapplng or total
channel steps so that the entire channel is callbrated

CHANNEL CHECK

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

CHANNEL FUNCTIONAL TEST ' -

A CHANNEL FUNCTIONAL TEST shall be the injection of a snmulated or actual signal into the channel as
close to the sensor as practicable to verify OPERABILITY, including required alarm, interlock, display,
and trip functions and channel failure trips. The CHANNEL FUNCTIONAL TEST may be performed by
means of any series of sequential, overlapping, or total channel steps so that the entire channel is tested.

DOSE EQUIVALENT i-131

DOSE EQUIVALENT I-131 shall be that concentration of 1-131 (microcuries per gram) that alone would
produce the same thyroid dose as the quantity and isotopic mixture of 1-131, 1-132, |-133, 1-134, and 1-135
actually present. The thyroid dose conversion factors used for this calculation shall be those listed in
Federal Guidance Report (FGR) 11, “Limiting Values of Radionuclide Intake and Air Concentratlon and
Dose Conversion Factors for Inhalation, Submersion, and Ingestion,” 1989.
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DEFINITIONS

- FREQUENCY NOTATION

The FREQUENCY NOTATION specified for the performance of Survelllance Requlrements shall .
correspond to the intefvals defined in Table 1.1, . .

4

GASEOUS RADWASTE TREATMENT (OFF GAS) SYSTEM

The GASEOUS ‘RADWASTE TREATMENT (OFF GAS) SYSTEM is the system designed and installed to
reduce radioactive gaseous effluents by collecting primary coolant system off-gasses from the-main ’
condenser evacuation system and providing for delay or holdup for the purpose of reducing the total
radioactivity prior to release to the environment. . -

LIQUID RADWASTE TREATMENT SYSTEM U

The LIQUID RADWASTE TREATMENT SYSTEM is any process or control equnpment used to reduce the
amount or concentration of liquid radioactive materials prior to their discharge to UNRESTRICTED. -
AREAS. It involves all the installed and available liquid radwasté management system equipment, as.
well as their controls, power instrumentation, and services that make the system functional. '

MEMBER OF THE PUBLIC
MEMBER OF THE PUBLIC means any mduvtdual except when that mdnvndual is recelvmg an -
OCCUPATIONAL DOSE.

MODE -

A MODE shall correspond to any one inclusive combination of mode switch position,-average reactor -
coolant temperature and reactor vessel head closure bolt tensioning specified in Table 1.2 with fuel i in‘the
reactor vessel. -

OCCUPATIONAL DOSE

OCCUPATIONAL DOSE means the dose recelved by an mdwndual in the course of employment in wh|ch
the individual’s assigned duties involve exposure to radiation or to radioactive material from licensed and
unlicensed sources of radiation, whether in the possession of the licensee or other person. Occupational
dose does not include doses received from background radiation, from any medical administration the
individual has received, from exposure to individuals administered radioactive material and released -
under § 35.75, from voluntary participation in medical research programs, or as a member of the public.

PERRY - UNIT 1 1-2
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DEFINITIONS

OFFSITE DOSE CALCULATION MANUAL (ODCM) ’ 4

The OFFSITE DOSE CALCULATION MANUAL shall contain the methodology and parameters used in. -
the calculation of offsite doses resulting from radioactive gaseous and liquid effluents, in the calculation of
gaseous and liquid effluent monitoring alarm/trip setpoints, and in the conduct of the radiological
environmental monitoring program. The ODCM shall also contain the Radioactive Effluent Controls =
Program required by Technical Specification 5.5.4, the Radiological Environmental Monitoring Programs
and descriptions of the information that should be included in the Annual Radioactive Effluent Release .
Report requured by Technical Specmcatlons 5 6.2 and 5.6.3. L

OPERABLE - OPERABILITY . S

s

A system, subsystem, division, component or dewce shall be OPERABLE or have OPERABILITY when it
is capable of performing its specified function(s) and when all necessary attendant instrumentation,
controls, normal or emergency electrical power, cooling and seal water, lubrication and other auxiliary
equipment that are required for the system, subsystem, division, component or device to perfonn its
specified safety functlon(s) are also capable of performlng their related support function(s). -

PURGE - PURGING

PURGE or PURGING is the controlled process of discharging air or gas from a confinement to maintain
temperature, pressure, humidity, concentration or other operating condition, in such a manner that
replacement air orgas is required to purify the confinement. ;

RATED THERMAL POWER

RATED THERMAL POWER shall be a total reactor core heat transfer rate to the reactor coolant of
3758 MWT.. . _

REPORTABLE EVENT
A REPORTABLE EVENT shall be any of those conditions specified in 10CFR50.73.
&TEBOUNDARY | |

The SITE BOUNDARY shaII be that I|ne beyond which the land is nelther owned nor Ieased nor
otherwise: controlled by the licensee. : ‘ A , '

SOURCE CHECK

A SOURCE CHECK shall be the qualitative assessment of channel response when the channel sensor is

exposed to a source of increased radioactivity.
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DEFINITIONS . ' S

THERMAL POWER

THERMAL POWER shall be the toté_l reactor core heat transfer rate to the reactor coolant. ‘

K ST

UNRESTRICTED AREA

An UNRESTRICTED AREA shall be any area at or beyond the SITE BOUNDARY access to which is not

controlled by the licensee for purposes of protection of MEMBERS OF THE PUBLIC from exposure to

radiation and radioactive materials, or any area within the SITE BOUNDARY used for residential quarters

or for industrial, commercnal institutional, and/or recreational purposes o . p

VENTILATION EXHAUST TREATMENT SYSTEMS

A VENTILATION.EXHAUST TREATMENT-SYSTEM is any system designed and installed to reduce

gaseous radioiodine or radioactive material in particulate form in effluents by passing ventilation or vent

exhaust gases through charcoal adsorbers and/or HEPA filters for the purpose of removing iodines or

particulates from the gaseous exhaust stream prior to the release to the environment (such a system is

not considered to have any effect on noble gas effluents). Engineered Safety Feature (ESF) atmospheric °
cleanup systems are not considered to be VENTILATION EXHAUST TREATMENT SYSTEM /

components provided the ESF system is not utilized to treat normal releases. '

VENTING

VENTING is the controlled process of discharging air or gas from a confinement to maintain temperature,
pressure, humidity, concentration or other operating condition, in such a manner that replacement air or
gas is not provided or required during VENTING Vent used in system names, does not imply a
VENTING process.
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TABLE 1.1

SURVEILLANCE FREQUENCY NOTATION

FREQUENCY .
At least once per 12 hours.
At.léa.st 6nce Vp,ér 24 hou;s. ‘
Atvleaﬂs.tfc’)n:ce, per 7 days."_l_ -
At least once per 31 days.‘ E
. At least once per 92 days. -. - -
" Atleast once per 184 days.
At least oﬁce per 366 déyé.
At least 6ri<;e pér 24 months. A )
Prior to each reactor startup.
~Completed prior to each release.
Every 4 'h‘dufrs Whén required. -

Not applicable.
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TABLE 1.2
MODES
: REACTOR MODE
MODE TITLE "SWITCH POSITION
1 POWER OPERATION Run
2 STARTUP Refuel (a) or Startup/Hot
Standby
3 HOT SHUTDOWN (a) Shutdown
4 COLD SHUTDOWN (a) -~ - Shutdown

5 REFUELING (b) Shutdown or Refuel

(@) Al reactor vessel.head closure bolts fully tensioned.
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AVERAGE REACTOR
COOLANT TEMPERATURE

NA
NA
> 200°F
< 200°F

NA

(b) One or more reactor vessel head closure bolts less than fully tensioned.
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3/4.0 APPLICABILITY
CONTROLS 3 ;
~

.3.01 Controls shall be met during the MODES or other condltlons specrﬂed in the Appllcablllty except as
provided in Control 3.0.2. R

3.0.2 Upon discovery of a failure to meet a Control, the requirements of the Actions shall be met except
as provided in Control 3.0.5. If the Control is met or is no longer applicable prior to expiration of the
specified time mterval(s) completion of the Action(s) is not required, unless otherwise stated: -

3.0.3 When a Control is not met and the associated ACTIONS are not met, an associated ACTION is not
provided, or if directed by the associated ACTIONS, the unit shall be placed in a MODE or other specified
condition in which the Control is’ not appllcable Actlon shaII be |n|t|ated wrthm 1 hour to place the unit, as
appllcable in: - . =

a. MODE 2 within 7 hours
b. MODE 3 within 13 hours; and
- C.- MODE 4 within 37 hours.

Exceptlons to this Control are stated in the |nd|V|duaI Controls

Where correctlve measures are completed that permit operation.in accordance with the Control or. !
ACTIONS, completion of the actions requ1red by Control:3.0.3 is not required. . .

Control 3.0.3 is only applicable in MODES 1, 2, and 3.

3.0.4 When a Control is not met, entry into a MODE or other spemf ied condition ‘in the Applrcablllty shall
onlybemade R , ‘ - o :

a. When the assocnated ACTIONS to: be entered permlt contlnued operatlon in the MODE or
other specified condition in the Applicability for an unlimited period of time;

b.’ After performance ofa I‘ISk assessment addressrng moperable systems and components
. consideration of the results, determination of the acceptability of entering the MODE or
other specified condition in the Applicability, and establishment of risk management
actions, if appropriate; exceptions to this Control are stated in the individual Controls, or

c. When an allowance is stated in the individual value parameter or other Control

This Control shall not prevent changes in MODES or other specified condrtlons in the Apphcablllty that are
required to comply with ACTlONS or that are part of a shutdown of the unit. ;
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3/4.0 APPLICABILITY

CONTROLS (Continued)

\

3.0.5 Equipment removed from service or declared inoperable to comply with ACTIONS may be returned
to service under administrative control solely to perform testing required to demonstrate its OPERABILITY

or the OPERABILITY of other equipment. This is an exception to Control 3.0.2 for the system returned to

service under admlmstratlve control to perform the testing requwed to demonstrate OPERABILITY.

SURVEILLANCE REQUIREMENT (SR) - SN -

4.0.1 SRs shall be met during the MODES or other specified conditions in the Applicability for mdnwdual
Controls, unless otherwise stated in the SR. Failure to meet a Surveillance, whether such failure is -
experienced during the performance of the surveillance or between performances of the Surveillance,

shall be failure to meet the Control. Failure to perform a Surveillance within the specified Frequency shall ‘

be failure to meet the Control except as provided in SR 4.0.3. Surveillances do not have to be performed
on inoperable equipment or variables outside specified limits. : :

4.0.2 The specified frequency for each SR is met if the Surveillance is performed within 1.25 times the
interval specified in the frequency, as measured from the prevxous performance or as measured from the
time a specified condition of the frequency is met.

If a completlon_ time for an action requires periodic performance on a “once per ..." basis, the above
frequency extension applies to each performance after the initial performance. :

Exceptions to this SR are stated in the individual SR’s.

4.0.3 Ifitis discovered that a Surveillance was not performed within its specified frequency, then

compliance with the requirement to declare the Control not met may be delayed, from the time of

dlscovery, up to 24 hours or up to the limit of the specified frequency, whlchever is less. This delay

period is permltted to allow performance of the Survelllance .

If the Surveillance is not performed within the delay period, the Control must immediately be declared not

met, and the applicable ACTION(s) must be entered. When the Surveillance is performed within the

~ delay period and the Surveillarice is not met, the Control must immediately be declared not met, and the
applicable ACTION(s) must be entered.

4.0.4 Entry into a MODE or other specified condition in the Applicability of a Control shall only be made
when the Control's Surveillances have been met within their specified frequency, except as provided by
Surveillance Requirement 4.0.3. When a control is not met due to Surveillances not having been met,
entry into a MODE or other specmed Condition in the Applicability shall only be made in accordance with
Control 3.0.4.

This provision shall not prevent entry into MODES or other specificd conditions in the Applicability that
are required to comply with ACTIONS or that are part of a shutdown of the unit.
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3/4.3 INSTRUMENTATION

RADIOACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION

CONTROLS

3.3.7.9 In accordance with Perry Nuclear Power Plant Unit 1 TS 5.5.4.a, the radioactive liquid effluent
monitoring instrumentation channels shown in Table 3.3.7.9-1 shall be OPERABLE with their alarm/trip
setpoints set to ensure that the limits of Control 3. 11.1.1 are not exceeded. The alarm/trip setpoints of
these channels shall be determined and adjusted in accordance with the OFFSITE DOSE
CALCULATION MANUAL (ODCM). SR

APPLICABILITY: Atalltimes. -+~
ACTION:

a. Wiha radloactuve Ilqu1d effluent monltoring instrumentation channel alarm/trip setpomt Iess
. conservative than required by the above Control, immediately suspend the release of
radioactive liquid effluents monitored by the affected channel or declare the channel
moperable or change the setpomt SO |t is acceptably conservative.

b. Wlth less than the minimum number of radioactive liquid effluent monitoring. mstrumentatlon
channels OPERABLE, take the ACTION shown in Table 3.3.7.9-1.. Restore the inoperable
instrumentation to OPERABLE status within 30 days and, if unsuccessful, explain why this

. inoperability was not corrected in a timely manner in the next Annual Radloactnve Effluent
. Release Report. - :

C. The provisions of Control 3.0.3 are not applicable.

SURVEILLANCE REQUIREMENTS

3

4.3.7.9 Each radioactive Ilquld effluent monitoring mstrumentatlon channel shall be demonstrated
OPERABLE by performance of the CHANNEL CHECK, SOURCE CHECK, CHANNEL CALIBRATION
and CHANNEL FUNCTIONAL TEST operations at the frequencies shown in Table 4.3.7.9-1.
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TABLE 3.3.7.9-1 R

RADIOACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION

) MINIMUM

. . CHANNELS

INSTRUMENT i ) OPERABLE
1.  GROSS RADIOACTIVITY MONITORS PROVIDING ALARM AND - '

AUTOMATIC TERMINATION OF RELEASE

a.  Liquid Radwaste Discharge Radiation Monitor — - . S I

ESW Discharge . :
2. GROSSBETAOR GAMMA RADIOACTIVITY MONITORS PROVIDING ALARM
- BUT NOT PROVIDING AUTOMATIC TERMINATION OF RELEASE

a. Emergency Servnce Water Loop A Radxatnon Monnor ) . ' - : .1 .

b. Emergency Service Water Loop B Radiation Monitor C B |

c Service Water Radiation Monitor (ADHR) 17
3. FLOW RATE MEASUREMENT DEVICES

a.  Radwaste High-Flow Discharge Header Flow - ) 1

b.  Service Water Discharge Header Flow Monitor- .~ ) N ‘ 1

.c Unit 1 Emergency Service Water Header Flow Momtor or ‘ 1
- mduvndual ESW HX Momto:s . ’

1) Emergency Service Water Flow Mbnitor, or

2) Individﬁal RH‘R, ECC and DG HX Flow Monitors

PERRY. - UNIT 1 ) 3/4 1-2°
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TABLE 3.3.7.9-1 (Continued)

'RADIOACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION

ACTION STATEMENTS

~

With the number of channels OPERABLE less than required by the Minimum Channels
OPERABLE requirement, effluent releases from thls pathway may contlnue provided
that prior to initiating a release ,

a. Atleasttwo independent samples are analyzed in accordance with
Control4 11.1.1.1,and |

b. Atleasttwo techmcally quallfled members of the Facullty Staff independently
verify the release rate calculatlons and discharge line valve lineup;

Otherwnse suspend release of radioactive effluents via this pathway

~ With the number of channels OPERABLE Iess than requured by the Minimum Channels

OPERABLE requirement, effluent releases via this pathway may continue provided
that, at least once per 12 hours, grab samples are collected and analyzed for gross
radioactivity (beta or gamma) at a limit of detectlon of at least 10 -7 uCu/mI

With the number of channels OPERABLE less than reqwred by the Mlnlmum Channels '
OPERABLE requirement, effluent releases via this pathway may continue provided the

. discharge valve position is verified to be consistent with the flow rate provisions of the

release permit at least once per 4 hours during actual releases. Prior to initiating

.+ another release, at least two technically qualified members of the Facility Staff shall

independently verify the discharge line valve lineup and that the discharge valve
position corresponds to the desired flow rate. Othervwse suspend release of
radioactive-effluents via this pathway. .

With the number of channels OPERABLE less than required by the Minimum Channels
OPERABLE requirement, effluent releases via this pathway-may continue provided the
flow rate is estimated at least once per 4 hours during actual releases. Pump
performance curves generated in place as well as other curves generated using pump
performance may be used to estimate flow. A

PERRY - UNIT 1 3/4 1-3
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- TABLE 4.3.7.9-1

o RADIOACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION SURVEILLANCE REQUIREMENTS

Co o : CHANNEL
: . . L CHANNEL FLOW SOURCE  CHANNEL FUNCTIONAL
INSTRUMENT CHECK CHECK CHECK . CALIBRATION TEST
1. GROSS RADIOACTIVITY MONITORS PROVIDING : ‘
ALARM AND AUTOMATIC TERMINATION OF RELEASE
a.  Liquid Radwaste Discharge Radiation o D+ NA P RG QO
Momtor ESW Discharge . .
2. GROSS BETAOR GAMMA RADIOACTIVITY MON ITORS R
PROVIDING ALARM BUT NOT PROVIDING AUTOMATIC
TERMlNATION OF RELEASE L
a. Emergency Servnce Water Loop A Radlanon Monitor V - 7 D - NA.- M - R(3) o Q(2)
b. Emergency Service Water Loop B Radiation Monitor - . D N.A. M R(3) - Q(2)
c.' Service Water Radlatlon Monitor (ADHR)(S) S D NA. M R(3) Q(2)
3. FLOWRATE MEASUREMENT DEVICES . o _ )
T a. Radwaste High-Flow Discharge Header Flow ' " D(4) "N.A. " NA: ’ R
-b. Service Water Discharge Header Flow . - D(4) N.A. NA. .. R
‘c. "~ Unit 1 Emergency Service Water Header Fiow
1)  Emergency Service Water Flow, 6r 7 R D(4) N.A. . N,_.Al o R Q -
2)  Combination of Individual RHR, ECC & S D@ 4H(5) NA. - NA i N.A.
DG HX Flows ‘
3) - Individual RHR, ECC, & DG HX Flows N.A. N.A. N.A. R Q
PERRY - UNIT 1 3/4 1-4



(M -

@

. 1 ODCM
; Page: 102
- i Rev.: 23

. TABLE 4.3.7.9-1 (Continued)

RADIOACTIVE LIQUID EFFLUENT MONITORING . ..
INSTRUMENTATION SURVEILLANCE REQUIREMENTS

TABLE NOTATION

¥

The CHANNEL FUNCTIONAL TEST shall also demonstrate that automatlc |solat|on of thls pathway

and control room alarm annuncratron oceur rf any of the foIIowmg condrtlons exists:

1. Instrument rndrcates measured Ievels above the alarm/trip setpornt '

2. Instrument indicates a downscale failure. ~
3. Instrument controls not set in operate mode except in high voltage position.

‘The CHANNEL FUNCTIONAL TEST shall also demonstrate that control room alarm annuncratron
_occurs if any of the following condltlons exrsts )

a

1. Instrument indicates measured Ievels above the alarm setpomt
2. Instrument mdrcates a downscale fallure
3. Instrument controls not setin operate mode except |n hlgh voItage posltron e

©)

I to the |n|t|a| calrbratlon shaII be used

4)

®)

)

The initial CHANNEL CALIBRATION shall be performed usmg one or more of the reference
standards certified by the National Institute of Standards and Technology (NIST) or using standards
that have been obtained from suppliers that participate in measurement assurance activities with
NIST. These standards shall permit calibrating the system over its intended range of energy and
measurement range. For subsequent CHANNEL CALIBRATION sources that have been related

a\" '

'CHANNEL CHECK shaII consrst of verrfylng |nd|cat|on of flow A CHANNEL CHECK shaII be made

initially and at least once per 24 hours on days when continuous, ‘periodic or batch releases occurs.
Pump performance curves may be used to verify the indication of flow from flow instrumentation.

FLOW CHECK shall consist of verifying indication of flow by summing the individual RHR, ECC and
DG heat exchanger flows. A FLOW CHECK shall be made initially, prior to securing ESW pumps,
at least once per 4 hours during-a Liquid Radwaste dlscharge and at Ieast once per 12 hours
during operation of ESW pumps.

Surveillance requirements are in effect only when the system is in service.

PERRY - UNIT 1 3/4 1-5
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INSTRUMENTATION

RADIOACTIVE GASEQUS EFFLUENT MONITORING INSTRUMENTATION

CONTROLS

3.3.7.10 In accordance with Perry Nuclear Power Plant Unit 1 TS 5.5.4.a, the radioactive gaseous
effluent monitoring instrumentation channels shown in Table 3.3.7.10-1 shall be OPERABLE with their -
alarm/trip setpoints set to ensure that the limits of Control 3.11.2.1 are not exceeded. The alarm/trip
setpoints of applicable channels shall be determined and adjusted in accordance with the methodology
and parameters in the ODCM. -

APPLICABILITY: As shown in Table 3.3.7.10-1
ACTION:

_a. ; With a radioactive gaseous effluent monitoring instrumentation channel alarm/trip setpoint -
less conservative than required by the above specification, declare the channel moperable or
change the setpomt soitis acceptably conservatlve

b.  With less than the minimum number of radioactive gaseous efﬂuent monltonng :
instrumentation channels OPERABLE, take the ACTION shown in Table 3.3.7.10-1. Restore
the inoperable instrumentation to OPERABLE status within 30 days and, if unsuccessful,
explain why this inoperability was not corrected in a timely manner in the next Annual
Radloactlve Effluent Release Report

. c. The provisions of Control 3;0.3 are not applicable.

SURVEILLANCE REQUIREMENTS

4.3.7.10 Each radioactive gaseous effluent monitoring instrumentation channel shall -be demonstrated
OPERABLE by performance of the CHANNEL CHECK, SOURCE CHECK, CHANNEL CALIBRATION . .
and CHANNEL FUNCTIONAL TEST operations at the frequencies shown in Table 4.3.7.10-1.

PERRY - UNIT 1 3/4 1-6
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" TABLE 3.3.7.10-1 -

RADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION

~ MINIMUM CHANNELS - '
INSTRUMENT oo © +© ___ OPERABLE __ ." APPLICABILITY ACTION

1. OFF-GAS VENT RADIATION MONITOR ‘ . SO

a.  Noble Gas Activity Monitor . 1 : * v e 121,124

b. lodine Sampler® 1 - 122
. c  Particulate Sampler ® . i 1 . C122

d.  Effuent System Flow Rate Monitor 1 . o238

e.  Sampler Flow Rate Monitor (Victoreen Flbw:Monitor) 1 ‘ e ) ' -123

2. UNIT 1 VENT RADIATION MONITOR

N il

a.  Noble Gas Activity Monitor. : 1 . 1,2,3 L4241, 124,125
v " 4,5 121,124
b.  lodine Sampler ® ' 1 | . 4220 0e
c.  Particulate Sampler (" 1 * 122
d.  Effluent System Flow Rate Monitor 1 S : w123
e. Sampler Flow Rate Monitor (Victoreen Flow Monifor) 1 ) * 123
PERRY - UNIT 1 - ‘ 374 1-7
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TABLE 33.7.10-1 (Continued)

RADIOACTIVE GASEQUS EFFLUENT MONITORING INSTRUMENTATION

. MINIMUM CHANNELS - i
INSTRUMENT . [ __OPERABLE - APPLICABILITY ACTION
3. UNIT 2 VENT RADIATION MONITOR ‘
a.  Noble Gas Activity Monitor 1. B o s 121,124
_b. lodine Sampler R o ‘ : 122
c. ' Particulate Sampler m . 1 ‘ * i22 .
d.  Effluent System Flow Rate Monitor 1 . r 123
e. Sampler Flow; Rate Monitor (Victoreen Flow Monitor) 1 . A L e 123
4. TURBINE BUILDING/HEATER BAY VENT
RADIATION MONITOR
a. ’ Noble Gas Activity Monitor . 1 oo [ ’ 121,124
b. lodine Sampler - 1 . * 122
c.. Particulate Sampier ) . 1 ; S 122 .
d.  Effluent System Flow Rate Monitor . 1 * . . - 123
Coe Sampler Flow Rate Monitor (Victoreen Flow Monitor) 1 ' * o128

PERRY - UNIT 1 ] J 3/4 1-8
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TABLE 3.3.7.10-1 (Continued)

RADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION

TABLE NOTATION

(1) This encompasses the isokinetic and Victoreen photohelics

* At all tjmes

ACTION 121 -

ACTION 122 -

ACTION 123 -

ACTION 124 -

P
A

ACTION 125 -

ACTION 126 -

Wlth the number of channels OPERABLE less than required by the Minimum Channels
OPERABLE requirement, effluent releases via this pathway may continue provided

. grab samples are taken at least once per 12 hours and these samples are analyzed for

principal gamma em|tters as required by Table 4.11.2.1.2-1.

With the number of channels OPERABLE less than required by the Mmlmum Channels
OPERABLE requirement, effluent releases via this pathway may continue provided
samples are continuously collected within 4 hours with auxiliary sampling equipment as
required by Table 4.11.2.1.2-1. If the inoperability is due to failure of the AMC skid, the
Victoreen skid alone can be used as the auxiliary sampling equipment for a maximum
of 30 consecutive days. Loss of the isokinetic flow monitor constttutes moperablllty of
par’uculate and |od|ne channels (b, c). .

With the number of channels OPERABLE less than required by theMinimum Channels
OPERABLE requirement, effluent release via this pathway may continue provided the
flow rate is estimated at least once per 4 hours. This action applies to both the effluent
system flow and Victoreen sample flow (d, e).

With the 1H13-P680 panel annunciator for noble gas channels Iocked in due to a
downscale condition on the radiation monitoring panel, the affected noble gas monitor
‘channels shall be verified in the Control Room at least once per 12 hours to ensure that
no unmonitored high or alert level alarms are present.

With the number of channels OPERABLE less than required by-:the Minimum Channels
OPERABLE requirement, except as a result of a non-conservative setpoint or within the
criteria specified in Action 126, immediately suspend operation of the Containment
Vessel and Drywell Purge (M14) system. Prior-to resuming M14 System operation,
ensure compliance with Control 3.11.2.1 requirements. If Control 3.11.2.1 compliance
is met, operation of the M14 System may continue provided grab samples are taken at
least once per 12 hours and analyzed for principal gamma emitters, as required by
Table 4.11.2.1.2-1.

For periods of planned maintenance or pérformance of surveillance requirements in
support of the requirements listed in Table 4.3.7.10-1, which will reduce the number of
OPERABLE channels less than the Minimum Channels OPERABLE requirement,

' comphance with Control 3.11.2.1 may be verified prior to reducing the number of

OPERABLE channels below the requirement. If Control 3.11.2.1 compliance is met,
operation of the M14 System need not be suspended for the channel provided grab
samples are taken at least once per 12 hours and analyzed for principal gamma

emitters, as required by Table 4.11.2.1.2-1.
} .
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TABLE 4.3.7.10-1

- Page:" 107

RADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION SURVEILLANCE REQUIREMENTS

.

INSTRUMENT

1. OFFGAS VEN/% RADIATION MONITOR
- a. . ’
b

.
d.

e. .

Noble G_as' Activity Monitor -

: Iodihé‘Sampler :

Particulate Sampler

Effluent System Flow Rate Monitor

Sampler Flow Rate Monitor-

2. UNIT 1VENT RADIATION MONITOR

a.

b.

Noble Gas Activity Monitor

lodine Sampler

Particulate Sampler .

Effluent System Flow Rate Monitor

- Sampler Flow Rate Monitor

PERRY - UNIT 1

CHANNEL -SOURCE

CHANNEL MODES IN WHICH

CHANNEL  FUNCTIONAL SURVEILLANCE
CHECK  CHECK CALIBRATION _TEST REQUIRED
o Sm . TR e -
W NA. NA NA. .
wo . - NA NA NA. .
D NA =~ R ™ ‘Q .
D NA o R Q.
D M R@ Qm .
we U NA NA. - N.A. .
Wo U NA. NA. NA. .
D 'NA R Q .
D . NA 'R .

3/4 1-10
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TABLE 4.3.7.10-1 (Continued) ~~  * °

RADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION SURVEILLANCE REQUIREMENTS -

CHANNEL MODES IN WHICH

: CHANNEL SOURCE CHANNEL"~ . FUNCTIONAL SURVEILLANCE

INSTRUMENT CHECK  CHECK CALIBRATION TEST REQUIRED
3. UNIT 2 VENT RADIATION MONITOR -/ Lo LT e
. a.  Noble Gas Activity Monitor" o . D . M R@ LT : .

b. " lodine Sampler | o O We NA o CONA L NA : .

c - Particﬁlate Sampler . : - ST We - NA e NA W .N.A,'»v *

4. Effuent System Flow Rate Monitor o Tna R a T .

e. Sampler Flbw Rate Monitor ] D N N.A. R Q ) . *
4 TURBINE BUILDINGHEATER BAY VENT |

RADIATION MONITOR !

a.  Noble Gas Activity Monitor ‘ b M R®@ . » Qm *

b. lodine Sampler v we) N.A. N.A. N.A. ' * |

c. Particulate Sampler . We) N.A. N.A. N.A. *

d. Efﬂ;ent System Flow Rate Monitor D N.A. - R Q .

e.. Sampler Flow Rate Monitor . . D N.A. R \ Q *

PERRY - UNIT 1 3/4 1-11
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TABLE 4.3.7.10-1 (Continued)

RADIOACTIVE GASEOUS EFFLUENT MONITORING
INSTRUMENTATION SURVEILLANCE REQUIREMENTS

TABLE NOTATION

At all times: \

A

The CHANNEL FUNCTIONAL TEST shall also demonstrate that control room’ alarm annunciation
occurs if any of the following conditions exists:

1. - - Instrument indicates measured levels above the alarm setpoint.
-2... Instrument indicates a downscale failure.
3. Instrument controls not set in operate mode.

The initial CHANNEL CALIBRATION shall be performed using one or more of the reference
standards certified by the National Institute of Standards and Technology (NIST) or using standards
that have been obtained from suppliers that participate in measurement assurance activities with
NIST. These standards shall permit calibrating the system over its intended energy and
measurement range. For subsequent CHANNEL CALIBRATION, sources that have been related
to the initial calibration shall be used. '

The iodine cartridges and particulate filters will be changed at least once per 7 déys' Perforhiance
of this CHANNEL CHECK does not render the system inoperable, and the applicable ACTION
statements need not be entered. '

PERRY - UNIT 1 ' 3/4 1-12

L



OoDCM
Page: 110
» Rev.: 23

3/4.11 RADIOACTIVE EFFLUENTS

3/4.11.1_LIQUID EFFLUENTS

CONCENTRATION

CONTROLS

3.11.1.1 In accordance with Perry Nuclear Power Plant TS 5.5.4.b and c, the concentration of radioactive
material released in liquid effluents to UNRESTRICTED AREAS (see Figure 3.2-1) shall be limited to the
concentrations specified in 10CFR20, Appendix B, Table 2, Column 2, for radionuclides other than
dissolved or entrained noble gases. For dissolved and entrained noble gases the concentration shall be

limited to 2 x 10+ pCl/mI total actlwty

"~ APPLICABILITY: Atalltimes.

ACTION:

With the concentratlon of radioactive material re|eased in Ilqmd effluents to UNRESTRICTED AREAS
exceedmg the above limits, |mmed|ately restore the concentration to w1th|n the above limits.

VEILLANCE UIREMENTS °

4.11.1.1.1 The radioactivity content of each batch of radioactive liquid waste shall be determined prior to
release by sampling and analysis in accordance with Table 4.11.1.1.1-1. The results of pre-release ‘
analyses shall be used with the calculational methods in the ODCM to assure that the concentration at
the point of release is malntalned within the limits of Control 3.11.1.1.

4.11.1.1.2 Post-release analyses of samples composited from batch releases shall be performed in
accordance with Table 4.11.1.1.1-1. The results of the radioactivity analysis shall be used in accordance
with the methodology and parameters in the ODCM to assure that the concentrations at the pomt of
release are maintained within the llmlts of Control 3.11.1.1. ’ .

4.11.1.1.3 Continuous releases of radloactlve liquid effiuents shall be sampled and analyzed in
accordance with Table 4.11.1.1.1-1. The results of the radioactivity analyses shall be used in accordance

with the methodology and parameters in the ODCM to assure that the concentrations at the point of
release are maintained wnthm the I|m|ts of Control 3.11.1.1. -

PERRY - UNIT 1 3/4 2-1
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TABLE 4.11.1.1.1-1 :

RADIOACTIVE LIQUID WASTE SAMPLING AND ANALYSIS PROGRAM'

Lower Limit

Minimum Type of
Liquid Release Sampling Analysis Activity of Detection
Type Frequency Frequency Analysis (LLD)
' ' (uCi/ml)a
A.  Batch Waste . P P Prihcipal Gamma 5x107
Release Tanks®¢ Each batch Each batch - Emittersd -
1131 _1x10
P M Dissolved and 1x105
One Batch/M Entrained Gases e
(Gamma emitters)
P ™o H-3' '~ 1x10°
Each Batch Compositeb
Gross Alpha - 1x107
- P Q - ~ - . Sr-89, Sr-90. 5x108
- Each Batch Composite® 2 «
- Fe-55 1x10°
B. Contindous'- D . W . Principal Gamma 5x107
- Releases® RHR- Grab Composite®fs. Emitters? - )
Heat . Samplefe. h :
Exchanger : .
ESW Outlet, C1-131 1x10€
M35.Drains, - o
. ~or Service . - S o , ;
" Waters : Ms. : M . Dissolved and . 1x105
Grab Sample - . Entrained Gases, -
(Gamma emitters)
D M H-3 1x10%
Grab Sample?:  Compositeds.
Gross Alpha - 1x107
D Q . Sr-89, Sr-90 5x10-8
Grab Samples:  Compositet.
Fe-55 _1x10°®

PERRY - UNIT 1
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TABLE 4.11.1.1:1-1 (Continued)

RADIbACTI\/E LIQUID WASTE SAMPLING AND ANALYSIS PROGRAM
TABLE NOTATION

The Lt_D is the smallest concentration of radioactive material in a sample that will yield a net count
(above system background) that will be detected with 95% probability with only 5% probablllty of

' falsely concludlng that a blank observatron represents a‘real’ srgnal

o should be recognlzed that the LLD is deflned as an“a priori” (before the fact) limit representing

the capability of a measurement system and not asan‘a posterron (after the fact) I|m|t fora
partlcular measurement . .

Fora partlcular measurement system (which may mclude radlochemlcal separatlon)

T 0 4,665y - Co S
LLD = —— : — P o . ,
€) () (z.zle 06) (v) expl- 24t)
Where: | - O
-LLD. - is the “a prlon Iower I|m|t of detectron as defmed above (as },lCI per ‘unit mass or

volume). , .

Sb is the standard devratlon of the background countlng rate or of the countrng rate
ofa blank sample as approprlate (as counts per mlnute)

E B < . is the countlng eff|C|ency (as ¢ counts per dlsmtegratlon)

\") is the sample size (m unrts of mass or volume) ' - ~

2.22 x 108- is the number of drsmtegratlons per minute per mlcrocurle o

Y is the fractronal radlochemlcal yreld (when applrcable)
A E - IS the radloactlve decay constant for the partlcular radlonucllde (sec-‘)
At is the elapsed t|me between sample collectron (or end of the sample collection

7 penod) and time of counting (sec)

Typical values of E, V, Y and At should be used in the calculation.
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TABLE 4.11.1.1.1-1 (Continued) v

RADIOACTIVE LIQUID.WASTE SAMPLING AND ANALYSIS' PROGRAM

TABLE NOTATION (Continued)

A composite sample is one in which the quantity of liquid sampled is proportional to the
quantity of liquid waste discharged and in which the method of sampling employed results in
a specimen which is representative of the liquids released. A composite sample may also be
obtained from liquid batches of similar origin that are not discharged as these liquid batches
are expected to be representative of samples that could be discharged. Composite samples
for batch liquids that were not released is performed to provide non-gamma emitting ISOtOpIC
values to verify other batches are within limits prior to release when recent non-gamma
emitting isotopic values for discharged liquids are not available. .

A batch release is the discharge of liquid wastes of a discrete volume. Prior to sampling for
- analyses, each batch shall be isolated, and then thoroughly mixed to assure representative
sampling:

The principal gamma emitters for which the LLD specmcatlon applies exclusively are the
following radionuclides: Mn-54, Fe-59, Co-58, Co-60, Zn-65, Mo-99, Cs-134, Cs-137, and
Ce-141. Ce-144 shall also be measured, but with an LLD of 5x10€. This list does not mean
that only these nuclides are to be detected and reported. Other peaks which are measurable
and identifiable, together with the above nuclides, shall also be identified and reported in the
Annual Radioactive Effluent Release Report pursuant to Control 6.9.1.7 in the format outlined -
in Regulatory Guide 1.21, Appendlx B, Revnsuon 1 June 1974,

/A continuous release is the dlscharge of Ilqmd wastes of a non-discrete volume, e.g., from a

“volume of a system that has an input flow during the continuous release. Sampling/Analysis
of RHR Heat Exchanger is only apphcable when there is ESW flow through the RHR Heat
Exchanger.

- Sampling and analysis is required of the RHR heat exchanger ESW outlet every 12 hours
when the samples indicate levels greater than’'LLD.

Sampling is only required for M35 drains, when the M35 drains have been lined up to storm
drains. If activity other than tritium or naturally occurring isotopes is detected in the M35
drains, then these drams shall be lined up to radwaste :

Sampling/Analysis of Servrce Water is only appllcable when there is Servrce Water flow
through the ADHR Heat Exchanger :

PERRY - UNIT 1 3/4-2-4 ) . AN
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RADIOACTIVE EFFLUENTS
¥
DOSE ,
CONTROLS

-

3111, 2 In-accordance with Perry Nuclear Power Plant Unlt 1TS554. d and e, the dose or dose
commitment to-a MEMBER OF THE PUBLIC from radioactive materials in liquid effluents released, from-
each reactor unit, to UNRESTRICTED AREAS (see Frgure 3.2- 1) shaII be I|m|ted i

a.  During the current quarter to less than or equal to 1. 5 mrem to the whoIe body and to less
than or equal to 5 mrem to any organ; and ‘

b.  During the current year to Iess than or equal to 3 mrem to the whole body and to less than or
‘ equal to 10 mrem to any organ

APPLICABILITY At all tlmes
ACTION:

a. -With the calculated dose from the release of radioactive materials in liquid effluents
© exceeding any of the above limits, prepare and submit to the Commission within 30 days,
pursuant to Control 6.9.2, a Special Report which identifies the cause(s) for exceeding the
limit(s) and defines the correctlve actions that have been taken to reduce the releases and
the corrective actlons to be taken to ensure that future releases will be in compliance with the
above limits.

A

b.  The provisions of Control 3.0.3 are not applicable.

§L1RVEILLANCE REQUIREMENTS

[

| 4.11.1.2 Dose CaIcuIatrons Cumulative dose contnbutlons from Ilqurd effluents for the current quarter

and the current year shall be determined i in accordance with the methodology and parameters ofthe
ODCM at least once per 31 days. ‘ :
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RADIOACTIVE EFFLUENTS

LIQUID RADWASTE TREATMENT SYSTEM

CONTROLS : i

J

3.11.1.3 In accordance with Perry Nuclear Power Piant Unit1 TS 5.5.4f, the LIQUID RADWASTE
TREATMENT SYSTEM shall be OPERABLE and appropriate portions of the system shall be used to
reduce the release of radioactivity when the projected doses due to the liquid effluent from each reactor
unit to UNRESTRICTED AREAS (see Figure 3.2-1) would exceed 0.06 mrem to the whole body or.

0.2 mrem to any organ ina 31 -day penod

APPLICABILITY At aII tlmes
ACTION: -

a. With radioactive liquid waste being discharged without treatment and in excess of the above

- limits, and any portion of the liquid radwaste treatment system not in operation, prepare and 5
submit to the Commission, within 30 days pursuant to Control 6.9.2, a Specral Report whlch

includes the following information:
-1..  Explanation of why liquid radwaste was being discharged without treatment,
‘ identification of any inoperable equipment or subsystems and the reason for the
moperablhty, and :
: 2 . Actio_n(s) taken to restore the inoperable equioment to OPERABLE stét_us, and

3. Summary description of action(s) taken to prevent a recurrence.

b.  The provisions of Control 3.0.3 are not applicable.

SURVEILLANCE REQUIREMENTS -

4.11.1.3.1 Doses due to liquid releases from each reactor unit to UNRESTRICTED AREAS s.hall be-
projected at least once per 31 days, in accordance with methodology and parameters in the ODCM. . -

4.11.1.3.2 The installed LIQUID RADWASTE TREATMENT SYSTEM shall be demonstrated OPERABLE

by meeting Controls 3.11.1.1 and 3.11.1.2.
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RADIOACTIVE EFFLUENTS

3/4.11.2 GASEOUS EFFLUENTS
\

DOSE RATE L .

CONTROLS

3.11.2.1 In accordance with Perry Nuclear Power Plant Unit 1 TS 5.5.4.c and g, the dose rate due to
radioactive materials released in gaseous effluents from the site to areas at and beyond the SITE
BOUNDARY (see Flgure 3 2 1) shaII be I|m|ted to the foIIowmg

~a. For noble gases: Less than or equal to 500 mrem/yr to thel whole
“body and Iess than or equal to 3000 mrem/yr to the skin, and -

b  Forall |od|ne-1 31, |od|ne-1 33 tritium and all radlonuchdes in pamcuIate form with half- I|ves
greater than 8 days Less than or equal to, 1500, mrem/yr to any organ o ’

APPLICABILITY Atalltimes. : o R

 ACTION:

] ‘ ) e . .
With the dose rate(s) exceedmg the above limits, |mmed|ately decrease the release rate(s) to wnhm the
above limit(s). !

SURVEILLANCE REQUIREMENTS

4.11.2.1.1 The dose rate due to noble gases in gaseous effluents shall be determmed to be within the
above limits in accordance with the methodology and parameters of the ODCM.

~ 4.11.2.1.2 The dose rate due to iodine-131, iodine-133; tritium and to radionuclides in particulate form

with half-lives greater than 8 days in gaseous effluents-shall be determined to be within the above limits in

..accordance with the methodology and parameters of the ODCM by obtaining representative samples and

performing analyses in accordance with the sampling and analysns program specified in
Table 4.11.2.1.2-1. , ' ) :
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Gross Beta or Gamma

ODCM Pa_ge; 117
. TABLE 4.11.2.1.2-1 - - . L o
RADIOACTIVE GASEQUS WASTE SAMPLING AND ANALYSIS PROGRAM
L MINIMUM* o LOWER LIMIT OF
’ : . SAMPLING - -"ANALYSIS: TYPE OF .. DETECTION (LLD) @
GASEOQOUS RELEASE PATH - FREQUENCY FREQUENCY ACTIVITY ANALYSIS (uCi/mL)
A.  ContainmentVesséland  Each PURGE ® ~ *° Each PURGE® " Principal Gamma 1x10™4
Drywell Purge (M14) and VENT and VENT - Emitters (®
System, and Combustible ~ Grab Sample
Gas Control (M51) System
M M H-3 CinB
( Grab Sample : 1o
B.  Offgas Vent, Unit 1 Vent, M®) M®) Principal Gamma 1x1 0-4
- Unit 2:Vent, and Turbine = Grab Sample ._Emitters ®« AR
Bldg/Heater o ) : i ]
- Bay Vent H-3 1x1 (')—6
C. AllRelease Paths as listed Continuous @ we 1-131 x10-12
in B above" . Charcoal Sample L0
e 1-133 1x10 7,
Continuous @ we . Principal Gamma. 1*1 0-1 1
- Particulate Sample . - Emitters®
Continuous @ Mo - Gross Alpha - < axte
Composite Particulate Filter
- Continuous @ . Q Sr-89, Sr-90 1x10 1
e . Composite Particulate Filter - -~ o
Continuous @ - Noble Gas © - . Noble Gases 1x10'6 o
. Monitor(®

PERRY - UNIT 1
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TJABLE 4.11.2.1.2-1 (Continued)

RADIOACTIVE GASEOUS WASTE SAMPLING AND ANALYSIS PROGRAM

" TABLE NOTATION - -

" The LLD'is the small€st concentration of radioactive:material in a sample that will yield a net.count

(above system background) that will be detected.with 95% probablllty witht only 5% probablllty of

. falsely concludmg that a blank observatlon represents a “real” signal.

It shou|d be recogmzed that the LLD is defined as an “a pnorl (before the fact) limit representmg
the capability of a measurement system and not as an “a posterlorl (after the fact) limit for a
part|cular measurement : - . : .

o2t

For a partrcular measurement system (whlch may mclude radlochemrcal separatlon)

B

4 66 Sy

LLD: e .‘: “,.': ‘ o
E) W) (2.22 x 106) (¥) exp (- 2 At) '
Where:

LLD ' IS the “a priori” Iower I|m|t of detectlon as defmed above (as pCi per unit mass or
o volume). ‘ : .

sy . .. listhestandard deviation of the background countrng rate or of the countmg rate

of a blank sample as appropnate (as counts per mlnute)
E is thecountmg efﬁmency (as counts per dlslntegratlon)
L the sample size (|n unrts of mass or volume)

222x 10B is the number of drsrntegratlons per mlnute per mlcrocurle

‘Y._ T - the fractuonal radrochemrcal yleld (when appllcable)
A B is the radloactrve decay constant for the partlcular radronucllde (sec-‘)
: At - is the elapsed tlme between sample coIIectron (or end of the sample collectlon |

penod) and time of countmg (sec)

B

Typlcal values of E V Y and At should be used in the calculatlon :
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TABLE 4.11.2.1.2-1 (Continued)

RADIOACTIVE GASEOUS WASTE SAMPLING AND ANALYSIS PROGRAM

TABLE NOTATION (Continued)

.-~ Analyses shall also be performed following startup, shutdown, or a THERMAL POWER change

- exceeding 15 percent of the RATED THERMAL POWER within a one hour period. . This
requirement does not apply if (1) analysis shows that the DOSE EQUIVALENT I-131 concentration
in the primary coolant has not increased more than a factor of 3; and (2) the noble gas monltor
shows that effluent actlwty has not increased more than a factor of 3. .

Samples shall be changed at least once per 7 days and analyses shall be completed wnthm

48 hours after changing or after removal from sampler. Sampling and analyses shall also be

. performed at least daily (> 24 hours) for at least 7 days following each shutdown, startup or
THERMAL POWER change exceeding 15 percent of RATED THERMAL POWER in one hour.
When samples collected for 24 hours are analyzed, the corresponding LLD’s may be lncreased by
a factor of 10. This requirement does not apply if:

(1)  Analysis shows that the DOSE EQUIVALENT 1-131 concentratlon in the primary coolant has
not increased more than a factor of 3; and

(2)  The noble gas monitor shows that effluent activity has not increased more than a factor of 3.
" Ifthe noble gas monitor is not operable, then a grab sample may be used to demonstrate that
activity has not increased by a factor of 3.

Tne'ratio of the sample flow rate to the sampled stream flow rate shall be known for the time period
covered by each dose or dose rate calculation made in-accordance with Control 3.11.2.1, 3.11.2.2
and 3.11.2.3..

The principal gamma emitters for which the LLD specification applies exclusively are the following
radionuclides: Kr-87, Kr-88, Xe-133, Xe-133m, Xe-135, and Xe-138 for gaseous emissions

and Mn-54, Fe-59, Co-58, Co-60, Zn-65, Mo-99, I-131, Cs-134, Cs-137, Ce-141 and Ce-144 for
particulate emissions. This list does not mean that only these nuclides are to be detected and
reported. Other peaks which are measurable and identifiable, together with the above nuclides,
shall also be identified and reported in the Annual Radioactive Effluent Release Report pursuant to
Control 6.9.1.7 in the format outllned in Regulatory Guide 1.21, Appendix B, Revision 1, June 1974.

Sampling and analysns of gaseous release points shall be performed |n|t|ally whenever a high alarm
~ setpoint is exceeded or whenever two or more of-the alért setpoints are exceeded. If the high alarm
setpoint or two or more of the alert setpoints continue to be exceeded, verify at least once per

4 hours via the radiation monitors that plant releases are below the Control 3.11.2.1 dose rate limits
and sampling and analysus shall be performed at least once per 12 hours.
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RADIOACTIVE EFFLUENTS : o o

" DOSE - NOBLE GASES

CONTROLS

coo
e

3.11. 2 2 In accordance with Perry Nuclear Power Plant Unit 1 TS.5.5.4.e and h, the air doseé due to noble

.gases released in gaseous effluents, from each reactor unit, from the srte to areas at and beyond the

SITE BOUNDARY (see Flgure 3.2-1) shall be limited to the following:’

a. During the current quarter: ‘Less than or equal to 5 mrad for gamma radiation:and less than
or equal to 10 mrad for beta radlatlon and

b. During the current year. Less than or equal to 10 mrad for gamma radlatlon and Iess than or
equal to 20 mrad for beta radiation. _ =

APPLICABILITY: At all times.
ACTION: "« & " |
a. With the’calculated air dose from the radioactive noble gases in gaseous effluents exceeding
any of the above limits, prepare and submit to the Commission within 30 days, pursuant to
Control.6.9.2, a Special Report which identifies the cause(s) for exceeding the limit(s) and
" defines the corrective actions to be taken:to-ensure that future releases wrlI be in compllance
with' Control 3.11.2.2. .

‘b.  The provisions of Control 3.0:3 are not applicable. -

§LJBMEILLANQE, REQUIREMENTS

411.2.2 Dose Calculations. Cumulatlve dose contnbutlons for noble gases for the current quarter and
current year shall be determined in accordance with the methodology and parameters in the ODCM at
least once per 31 days. :
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RADIOACTIVE EFFLUENTS ' : , , R ;

DOSE - IODINE-131, IODINE-133, TRITIUM AND RADIONUCLIDES IN PARTICULATE FORM. .

CONTROLS

3.11.2.3 In accordance with Perry Nuclear Power Plant Unit1 TS 5.5.4.e and i, the dose to a MEMBER
OF THE PUBLIC from iodine-131, iodine-133, tritium and radionuclides in particulate form with half-lives .-

greater than 8 days in gaseous effluents released, from each reactor unit, from the site to areas at and
beyond the SITE BOUNDARY (see Figure 3.2-1) shall be limited to the following: |

a. Durlng the current quarter: Less than or equal to 7.5 mrem to any organ and .
b. Durlng the current year: Less than or equal to 15 mrem to any organ
APPLICABILITY At all times.
ACTION:

a. With the calculated dose from the release of iodine-131, iodine-133, tritium and radionuclides
in particulate form, with half-lives greater than 8 days, in gaseous effluents exceeding any of
the above limits, prepare and submit to the Commission within. 30 days, pursuant to

- Control 6.9.2, a Special Report which identifies the cause(s) for exceeding the limit and
- defines the corrective actions that have been taken to reduce releases and the proposed
. corrective actions to be taken to ensure that future releases will be in. compllance with
Control 3.11.2.3.

b.  The provisions of Control 3.0.3 are not applicable.

SURVEILLANCE REQUIREMENTS

4.11.2.3 Dose Calculations Cumulative dose contributions from iodine-131, iodine-133, tritium and

~ radionuclides in.particulate form with half-lives greater than 8 days for the current quarter and current-
year shall be determined in accordance with the methodology and parameters in the ODCM at least.once
per 31 days. : ) - ) R
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RADIOACTIVE EFFLUENTS ‘ ~ S P R AR

- GASEOUS RADWASTE (OFF-GAS) TREATMENT

CONTROLS

3.11.2.4 The GASEOUS RADWASTE TREATMENT (OFFGAS) SYSTEM shall be in operation™. The
Charcoal bypass mode shall not be used unless the off-gas post treatment radlatlon monltor is - '
OPERABLE. L :

APPLICABILITY: Whenever the main condenser air ejector evacuation system is in operation. * :
ACTION:

‘a. Wlth gaseous radwaste from'the main condenser air ejector system being discharged without
treatment for more than 7 consecutive days, prepare and submit to the Commission within
30 days, pursuant to Control 6.9.2, a Special Report which includes the folIowung information:
1. Exp|anat|on of why gaséous radwaste was being dlscharged without treatment,

: idéntification of the inoperable equipment or subsystems which resulted in gaseous

radwaste being discharged without treatment, and the reason for inoperability.
2. “Action(s) taken to restore the inoperable equipment to OPERABLE status, and

3. Summary description of action(s) takén to prevent a recurrence.

b.  The provisions of Control 3.0.3 ar'e‘not applicable. -

SURVEILLANCE REQUIREMENTS

411.2.4 The readings of relevant’ instrumentation shall ‘be checked at Ieast once per 12 hours when the”
main condenser air ejector is in use toensure that the gaseous radwaste treatment system is functlonlng.

* Flow directed through the adsorber beds.
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RADIOACTIVE EFFLUENTS R

VENTILATION EXHAUST TREATMENT SYSTEMS

- CONTROLS

3. 11{2'5 The VENTILATION EXHAUST TREATMENT SYSTEMS shall be OPERABLE and appropriate
portions of the system shall be used to reduce releases of radioactivity when the projected dose due to
gaseous effluent releases from each reactor unit to areas at and beyond the SITE BOUNDARY (see

Figure 3.2-1) in a 31 day period would exceed 0.3 mrem to any organ of a MEMBER OF THE PUBLIC.. .

APPLICABILITY: At all times.
ACTION:
. a. With radioactive gaseous waste being discharged without treatment and in excess of the
-, . above limits, prepare and submit to the Commission within 30 days, pursuant to.
- Control 6.9.2, a Special Report which includes the following information:
1 Explanation of why gaseous radwaste was being discharged without treatment,
A iidentification of any inoperable equipment or subsystems which resulted in gaseous
. radwaste being discharged without treatment and the reason for the inoperability,
. 2. Action(s) taken to restore the inoperable equlpment to OPERABLE status, and
3. Summary descnptlon of actlon(s) taken to prevent a recurrence. .
b.  The provisions of Control 3.0.3 are not applicable.

f

'Wuiﬁmems

4.11.2.5.1 Doses due to gaseous releases from each reactor unit to areas at and beyond the SITE
BOUNDARY shall be projected.at least once per 31 days in accordance with the methodology and .
parameters in the ODCM.

4.11.2.5.2 The installed VENTILATION EXHAUST TREATMENT SYSTEMS shall be demonstrated
OPERABLE by meeting Controls 3.11.2.1 and 3.11.2.3.
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RADIOACTIVE EFFLUENTS ' - ' Sl v

3/4.11.4 TOTAL DOSE

CONTROLS

3.11.4 In accordance with Periy Nuclear Power Plant Unit 1 TS 5.5.4j, the current year dose or dose
commitment to any MEMBER of THE PUBLIC, due to releases of radioactivity and radiation, from =
uranium fuel cycle sources shall be limited to less than or equal to 25 mrem to the whole body or any
organ, except the thyroid, WhICh shall be limited to less than or equal to 75 mrem.

APPLICABILITY: At all times.
ACTION:

a.  “With the calculated doses from the release of radioactive materials:in liquid or gaseous
effluents exceeding twice the limits of Control 3.11.1.2a., 3.11.1.2b., 3.11.2.2a., 3.11.2.2b,,
3.11.2.3a, or 3.11.2.3b., calculations shall be made including direct radiation contributions
from the reactor units, from the ISFSI and from outside storage tanks to determune whether
the above I|m|ts of Control 3 11 4 have been exceeded T :

.] 1.~ - f such is the case, prepare and submit to the Commission: wrthln 30 days pursuant to
Control 6.9.2, a Special Report that defines the corrective action to be taken to reduce
subsequent releases to prevent recurrence of exceeding the above Irmrts and mcludes

the schedule for achlevmg conformance wuth the above limits:

2, This Specral Report as deflned in 1OCFR20 2203 shaII mclude an analysrs that
estimates.the radiation exposure (dose) to a MEMBER OF THE PUBLIC from uranium
fuel.cycle sources, including all effluent pathways and direct radiation, for the current
year that includes the release(s) covered by this report. It shall'also describe levels of
radiation and concentrations of radioactive materlal involved, and the cause of the
exposure Ievels or concentratlons

3. fthe estlmated dose(s) exceeds the above Ilmlts and if the release condltlon resulting
_ in violation of 40CFR190 has not already been corrected, the Special Report shall
* “include a request for a variance in accordance with the provisions of 40CFR190.
. “Submittal of the report is considered a timely request and'a varlance is granted until
* . staff action on the request is complete. : P A

b. The provisions of Control 3.0.3 are not applicable.

SURVEILLANCE REQUIREMENTS

4.11.4.1 Cumulative dose contributions from liquid and gaseous effluents ehall be determined-in
accordance with Controls 4.11.1.2, 4.11.2.2, and 4.11.2.3, and in accordance wuth the methodology and
parameters in the ODCM. e B .

411.4.2 Ifthe cumulative dose contributions exceed the limits defined in 3.11.4, ACTION a, cumulative

dose contributions from direct radiation from unit operation including from the ISFSI and outside storage
tanks shall be determined in accordance with the methodology and parameters in the ODCM.

>
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3/4.12 RADIOLOGICAL ENVIRONMENTAL MONITORING

. 3/4.12.1 MONITORING PROGRAM

/ ’ !
!

CONTROLS

3.12.1 The radiological envnronmental monitoring program- shall be conducted as specufled in
Table 3.12.1-1. : ‘ . : ,

APPLICABILITY: At all times.
ACTION:

a. With the radiolobical environmental monitoring program not being conducted as specified in
Table 3.12.1-1, prepare and submit to the Commission, in the Annual Environmental and
Effluent Release Report per Control 6.9.1.6, a description of the reasons for not conducting

- the program as requnred and the plans for preventing a recurrence.

b.  With the Ievel of radloactlwty as the result of plant effluents in an envnronmental sampling
medium at a specified location exceeding the reporting levels of Table 3.12.1-2 when
averaged over the current quarter, prepare and submit to the Commission within 30 days
pursuant to Control 6.9.2 a Special Report that identifies the cause(s) for exceeding the

_limit(s) and defines the corrective actions to be taken to reduce radioactive effluents so that
the potential annual dose to a MEMBER OF THE PUBLIC is less than the current year limits
‘of Control 3.11.1.2, 3.11.2.2 and 3.11.2.3. When more than one of the radionuclides in
Table 3.12.1-2 are detected in the sampling medium, this report shall be submitted if:

‘concentration (1) . 4+ - _concentration (2) +.. . 210
reporting level (1) © . reporting level (2)

When radionuclides other than those in Table 3.12.1-2 are detected and are the result of
. .« plant effluents, this report shall be submitted if the potential annual dose* to a MEMBER OF
.+ THE PUBLIC is equal to or greater than the current year limits of Control 3.11.1.2, 3.11.2.2
and 3.11.2.3. This report is not required if the measured level of radioactivity was not the
result of plant effluents; however, in such an event, the condition shall be reported and
described in the annual Radiological Environmental Operating Report required by
Control 6.9.1.6.

* The methodology and parameters used to estlmate the potentlal annual dose toa MEMBER OF THE
PUBLIC shall be indicated in this report. ,
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RADIOLOGICAL ENVIRONMENTAL MONITORING

CONTROLS

| c. With milk or broad leaf vegetation samples unavailable from one or more of the sample

| locations required by Table 3.12.1-1, identify specific locations for obtaining replacement

| samples and add them within 30 days to the Radiological Environmental Monitoring Program

l given in the ODCM. The specific locations from which samples were unavailable may then

| be deleted from the monitoring program. Pursuant to Control 6.9.1.7, submit in the next

| Annual Radiological Effluent Release Report documentation for a change in the ODCM

| including a revised figure(s) and table for the ODCM reflecting the new location(s) with

} supporting information identifying the cause of the unavailability of samples and justifying the
- selectlon of the new location(s) for obtaining samples.

cl. The prowsuons of Control 3.0. 3 are not applicable.

SURVEILLANCE REQUIREMENTS

4 121 The radlologlcal environmental monitoring samples shall be collected pursuant to Table 3.12.1-1
from the specific locations given in the table and figures in the ODCM and shall be analyzed pursuant to
the requirements of Table 3.12.1-1 and the detection capabllltles reqwred by Table 412.1-1.
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Exposure Pathway
and/or Sample

1. Direct
Radiation®
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TABLE 3.12.1-1

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM"*

Number of Samples
“and
Sample Locations

Twenty-nine routine monitoring stations
either with two or more dosimeters or with
one instrument for measuring and recording

dose rate continuously, placed as follows: -

An inner ring of stations, one in each
meteorological sector, other than those

. sectors entirely over water (N, NNE, NNW,

NW, W, WNW), in the general area of the
SITE BOUNDARY;

An outer ring of stations, one in each
meteorological sector, other than those
sectors entirely over water (N, NE, NNE,
NNW, NW, W, WNW), in the 6- to 8-km
range from the site; and

_The balance of the stations to be placed in

special interest areas such as population

centers, nearby residences; schools, and in ..

one or two areas to serve as control
stations

o

3/4 3-3

Sampling and . Type and Frequency

Collection Frequency of Analysis
Quarterly Gamma dose quarterly

.

L
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Exposure Pathway
and/or Sample-

2. Airborne

Radioiodiné and <’
Particulate” *

N ™ Rev.. 23

* TABLE 3:12.1-1 (Continued)

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

Number of Samples o S
and® : Sampling and
.Sample Locations. * Collection Frequency .
Samples from five locations:* - “ Continuous sampler operation

with sample collection weekly, -

“ Three samples from close to the-three SITE  or more frequently if required by - -
BOUNDARY locations; in different sectors, dust loading
- of the highest calculated annual average s o

“+ . _ground-level D/Q;

- One sample from the vicinity of a

3.  Waterborne

a’ - Surface

PERRY - UNIT 1

community having the highest calculated
annual average ground-level D/Q; and

One sample from a control location, as for
example 15 to 30 km distant and in the least
prevalent wind direction N ‘

<+ Two samples - - . ~ " Composite sample overa -
- e o “* _monthly. Composite for tritium

1-month period ®

3/4 3-4
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r

Type and Frequency
of Analysis

Radioiodine Canister:
1-131 analysis weekly

Particulate Sampler:
Gross beta radioactivity analysis
following filter replacement ©);
and gamma isotopic analysis ¢
of composite (by location)
quarterly

- Gamma isotopic analysis *

analysis quarterly




ODCM

Exposure PathWay
and/or Sample

3. Waterborne (Continued)
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TABLE 3.12.1-1 (Continued)
‘RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

Number of Samples
and
Sample Locations

One sample of each of one to three of the

b. Drinking
e nearest water supplies that could be
affected by its discharge
One sample from a control location
[ Sediment . One sample from area with existihg or
from potential recreational value
shoreline

4. Ingestion
1 N

\
a. Milk

Samples from milking animals in three
_locations within 5 km distance having the

. highest dose potential. If there are none,

3 . then one sample from milking animals in
each of between 5 to 8 km distant where
doses are three areas calculated to be
greater than 1 mrem per yr ). One sample

_from milking animals at a control location
15 to 30 km distant and in the least
prevalent wind direction. .

PERRY - UNIT 1

‘Sampling and
Collection Frequenc

Composite sample over 2-week

period ) when 1-131 analysis is

performed; monthly composite
- otherwise .

Semi-annually

Semi-monthly when animals are
on pasture; monthly at other
times

. 3/4 3-5
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Type and Frequency
of Analysis-

- 1-131 analysis on each
composite when the dose
calculated from the consumption
of the water is greater than
1 mrem per year ®. Composite
for gross beta and gamma
isotopic analyses “) monthly.
Composite for tritium analysis
quarterly

" Gamma isotopic analysis @

semi-annually

Gamma isotopic analysié @ and
1-131 analysis semi-monthly,

when animals are on pasture; -

monthly at other times
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Exposure Pathway
andlqr Samgle )

4. Ingestion (Contlnued)

- Fish-and
Invenebrates

¢.” Food
. Products

PERRY - UNIT 1

- One sample of each commercnally and
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TABLE 3.12. 1 1 Contlnued

- RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

- Nu'mb'er,of Samples”
- and M
Sample Locations

recreationally important spectes (if seasonal) in.

vncumty of plant dlscharge area’

One sample of same specles in areas not

influenced by plant discharge

Sample of three different kinds of broad leaf -
vegetation grown nearest each of two different
offsite locations of highest predicted annual
average ground level D/Q if milk sampling is not
perfon'ned

One sample of each:of the similar broad Ieaf
vegetation grown 15 to 30 km distant in the Ieast
prevalent wind direction if milk sampllng is not

: performed

3/4 3-6

"Samplingand - ¢
Collection Frequenc! .

One sample in season or ..
semiannually if they are not
seasonal ‘

Monthly during growing season

“ Mént_h_ly Huring groiuing season ',

Page: 1;;0

Type and Frequency
. of Analysis

. Gamma |sotop|c analysis ) on

edlble ‘portions

‘Gamma-isotopic analysis ) and

1-131 analysis

.. g‘
Gamma isotopic analysns 4 and
A= 131 analysis
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TABLE 3.12.1-1 (Continued)

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

TABLE NOTATIONS

~ Sample locations are given on the figure and the table in the ODCM.

(1)  Specific parameters of distance and direction sector from the centerline of one reactor, and
additional description where pertinent, shall be provided for each and every sample location in
Table 3.12-1 in a table and figure(s) in the ODCM.- Refer to NUREG-0133, “Preparation of
Radiological Effluent Technical Specifications for Nuclear Power Plants,” October 1978, and to
Radiological Assessment Branch Technical Position, Revision 1, November 1979. Deviations are
permitted from the required sampling schedule if specimens are unobtainable due to circumstances
such as hazardous conditions, seasonal, unavailability, and malfunction of automatic sampling

 equipment. If specimens are unobtainable due to sampling equipment malfunction, effort shall be -

~ made to complete corrective action prior to the end of the next sampling period. All deviations from
the sampling schedule shall be documented in the annual Radlologlcal Environmental Operating
Report pursuant to Control 6.9.1.6. It is recognized that, at times, it may not be possible or-
practicable to continue to obtain samples of the media of choice at the most desired location or
time. In these instances, suitable specific alternative media and locations may be chosen for the
particular pathway in question and appropriate substitutions made with 30 days in the Radiological
Environmental Monitoring Program given in the ODCM. Pursuant to Control 6.9.1.7, submit in the
next annual Radioactive Effluent Release Report documentation for a change in the ODCM,

. including a revised figure(s) and table for the ODCM reflecting the new location(s) with supporting

-~ information identifying the cause of the unavailability of samples for that pathway and ‘justifying the
selection of the new location(s) for obtamlng samples '

(2) . One or more instruments, such as a pressurized ion chamber, for measuring and recording dose
" rate continuously may be used in place of, or in addition to, integrating dosimeters. For the
" purposes of this table, a thermoluminescent dosumeter (TLD) is considered to be one phosphor; two
or more phosphors in a packet are considered as two or more dosimeters. Film badges shall not
be used as dosimeters for measuring direct radiation. (The frequency of analysis or readout for
TLD systems will depend upon the characteristics of the specific system used and should be
selected to obtain optimum dose information with minimal fading.)

(3) Airborne particulate sample filters shall be analyzed for gross beta radioactivity 24 hours or more
' after sampling to allow for radon and thoron daughter decay. If gross beta activity in air particulate
samples is greater than 10 times the yearly mean of control samples, gamma isotopic analysis shall
be performed on the individual samples.

(4) - Gamma isotopic analysis means the identification and quantification of gamma-emitting
radionuclides that may be attributable to the effluents from the facility.

(5) A composite sample is one in which the quantity (aliquot) of liquid sampled is proportional to the
quantity of flowing liquid and in which the method of sampling employed results in a specimen that
is representative of the liquid flow. In this program composite sample aliquots shall be collected at

, time intervals that are very short (e.g., hourly) relative to the compositing period (e. 9 monthly) in
order to assure obtaining a representative sample.

(6) - The dose shall be calculated for the maximum organ and age group, usmg the methodology and
parameters in the ODCM.
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! TABLE 3.12.1-2

REPORTING LEVELS FOR RADIOACTIVITY CONCENTRATIONS IN ENVIRONMENTAL SAMPLES

.

Reporting Levels

Water R Airbome Particulate Fish T Mk A ‘Brdadleaf\,/egatation

Analysis ’ (pCV[)' B or Gases (pCi/m3) ~ (pCilkg, wet) "'(pCi_/l'.) (pCi/kg, wet)
H-3 2x10" - NA - NA. . NA NA.
Mn54 1x10° NA. . 3x 104 N.A. ~NA.
Fe-59 4x102 - NA 1x10¢ NA. NA.
Co-58 1x 10° o NA. : . 3x104 NA. ~ NA
' Co60 3x102 NA. 1x104 NA NA.
Zn-65 - 3x102 , N.A. ' 2x 104 NA NA
Zr-Nb-95 4x102 ‘ NA. , NA. NA - NA.
1131 2 0.9 o ~NA. 3. 1x 102
 Cs-134 30 10 - 1x10° 60 | 1x10°
Cs-137 . 50 N 20 2x10° 70 2x 103
Ba-La-140 © 2x102 NA. ‘ NA. - 3x10 N.A
o ,

aFor drinking water samplés. "This is a 40CFR141 value: If no drinking water pathway exists, a value of 30,000 pCi/L may be used.

bl no drinking water pathway exists, a value of 26 pCi/L may be used.
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*If no drinking water pathway exists, a value of 3000 pCi/l may be used.
**If no drinking water pathway exists, a value of 15 pCi/l may be used.
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TABLE 4.12.1-1
- (a)(b).(c)
MAXIMUM VALUES FOR THE LOWER LIMITS OF DETECTION (LLD) :
' IN ENVIRONMENTAL SAMPLES )
// -
G " Airborne Particulate Broad Leaf )

Analysis .. Water, or Gases Fish Milk Vegetation Sediment

(pCiM) (pCiim3) (pCi/kg, wet) (pCinly (pCi/kg,wet) (pCifkg,wet)
Gross beta 4 1x102 N.A. N.A. N.A. N.A.
H-3 - 2000 NA. NA. NA. NA. NA

(
Mn-54 15 N.A. 130 N.A. N.A. NA.
Fe-59 "L 30 NA. 260 NA. N.A. NA.
C0-58,60 15 NA. 130 NA. " NA. NA
Zn-65 - 30 N.A. 260 NA. NA. NA. "
2r-95 30 NA. NA. NA. NA. NA. °
. / ,'

Nb-95 15 N.A. N.A. NA. NA. NA.
1-131 ki 7x102 “NA. 1 60 NA.
Cs-134 15 5x 103 130 15 60 150"
Cs-137 18 " 6x102 150 18 80 180
Ba-140 60 N.A. NA. 60 N.A. N.A.
La-140 15 NA. N.A. 15 NA.
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"TABLE 4.12.1-1 (Continued)

MAXIMUM VALUES FOR THE LOWER LIMITS OF DETECTION (LLD)

b

~. TABLENOTATION -

aAcceptable detection cababil“itiies"for' thérmolurﬁinéécent dosimeters used for envirOnrﬁentaI
measurements are given in Regulatory Guide 4.13.

Table 4.12-1 indicates acceptable detection.capabilities for radioactive materials in environmental
samples. These detection capabilities are tabulated in terms of the lower limits of detection (LLDs). The
LLD is defined, for purposes of this guide, as the smallest concentration of radioactive material in a
sample that will yield a net count (above system background) that will be detected with 95% probability
with only 5% probability of falsely coricluding that-a blank observation represents a “real” signal. -

For a particular meaéurement 'system-‘(which' fﬁ_ay ihélude ‘r,adio‘chémical separatibn); ' :

4.66 5y

. LLD=

“Where:

\

|

1

l LLD
\

; -

At

!

AT E T

is the “a priori” lower limit of detection as defined above (as uCi per unit mass or
volume). :

is the standard deviation of the background counting rate or of the counting rate
of a blank sample as appropriate (as counts per minute) N

is the counting eﬁiciency (as counts per disintegration)

is the samplg size (in units of mass or volume)

is the number of disintegrations per minute per microcurie
is the fractional radiochemical yield (when appliéable)

is the radioactive decay constant for the particular radionuclide (sec-") "

is the elapsed time between sample collection (or end of the sample collection
period) and time of counting (sec)

Typical valueé of E,V, Y and At should be used in the calculation.
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TABLE 4.12.1-1 (Continued)

MAXIMUM VALUES FOR THE LOWER LIMITS OF DETECTION (LLD)

i

TABLE NOTATION (continued)

it should be recognized that the LLD is defined as an “a priori” (before the fact) limit representing the
capability of a measurement system and not as an “a postenon" (after the fact) limit for a partlcular ,
measurement. 3 .

Occasionally backaround fluctuations, unavoidable small sample size, the presence of interfering
nuclides, or other uncontrollable circumstances may render these LLDs unachievable. In such cases, the
contributing factors should be identified and described in the annual Raduologlcal Enwronmental :
Operatlng Report pursuant to Control 6.9.1.6. - :

The value of Sp used in the calculatlon of the LLD. for a partlcular measurement system should be based

on the actual observed variance of the background counting rate or of the counting rate of the blank
samples (as appropriate) rather than on an unvenfled theoretically predicated variance.

CThis list does not mean that only these nuclides are to be considered. Other peaks tﬁat are identifiable,
- together with those of the above nuclides, shall also be analyzed and reported in the Annual '
Radiological Environmental Operating Report pursuant to Control 6.9.16.
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RADIOLOGICAL ENVIRONMENTAL MONITORING -

3/4.12.2 LAND USE CENSUS

CONTROLS

3.12.2'«A land use census shall be conducted and shall identify within a distance of 8 km-(5 miles) the-
location in each of the 16:meteorological sectors of the nearest milk animal, the nearest residence and
the nearest garden* of greater than 50 m2 (500 ft?) producing broad leaf vegetation. \

APPLICABILITY: At alltimes.
ACTION

a. Wlth a land use census |dent|fy|ng a location(s) whlch ylelds a calculated dose or dose commitment
greater than the values currently being calculated in Control 4.11.2.3, identify the new location(s)*
in the next Annual Radioactive Effluent Release Report pursuant to Control 6.9.1 7 ’

b. With a land use census identifying a Iocatlon(s) WhICh ylelds a calculated dose or dose commitment
(via the same exposure pathway) 20 percent greater than at a location from which milk and/or
broad leaf vegetation samples are currently being obtained in accordance with Control 3.12.1, add
the new location(s) to the radiological environmental monitoring program within 30 days. If no milk-
and/or-broad leaf vegetation samples are identified-in the new sector with the highest D/Q value, - -
then the next sector with the highest D/Q value will be considered and so on until a sampling. - -
location can be established. The sampling location(s), excluding the control station location, having

" the lowest calculated dose or dose commitment(s), via the same exposure pathway may be deleted
from this monitoring program after October 31 of the year in which this land use census was
conducted.* ldentify the new location(s) in the next annual Radioactive Effluent Release Report
and also include in the report a revised figure(s) and table(s) for the ODCM reflecting the new
location(s).

c. The pr,oVisions of Control 3.0.3 are not applicable.

SURVEILLANCE REQUIREMENTS

4122 The land use census shall be conducted dunng the growing season at least once per 12 months
using that information that will provide the best results, such as by a door-to-door survey, aerial survey, or
by consulting local agriculture authorities. The results of the land use census;shall be included in the
annual Radiological Environmental Operatlng Report pursuant to Control 6.9.1.6.

*Broad leaf vegetation sampling of at least three different kinds of vegetation may be performed at the
site boundary in each of two different direction sectors with the highest predicted D/Qs in lieu of the
garden census. Controls for broad leaf vegetation sampling in Table 3.12.1-1 shall be followed,
including analysis of control samples. \
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RADIOLOGICAL ENVIRONMENTAL MONITORING

3/4.12.3 INTERLABORATORY COMPARISON PROGRAM

CONTROLS

\

3.12.3 Analyses shall be performed on radioactive materials that correspond to samples required by -
Table 3.12.1-1. These materials are supplied as part of an Inter-laboratory Comparison Program.

APPLICABILITY: At all times. .

ACTION:

a. With analyses not being performed as required above, report the corrective actions taken to -

prevent a recurrence to the Commission in the Annual Environmental and Effluent Release
Report. pursuant to Control 6.9.1. 6 :

b. The provnswns of Control 3.0. 3 are not appllcable

SURVEILLANCE REQUIREMENTS

4.12.3 A summary of the results obtalned as part of the above requlred Inter-Laboratory Companson
Program shalll be included in the annual Radlologucal Environmental Operatlng Report pursuant to:
Control 6.9.1.6. .
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BASES FOR SECTIONS 3 0 AND 4 0 |

CONTROLS AND SURVEILLANCE REQUIREMENTS

The BASES contamed in succeedmg pages summarize the reasons for the Controls in
Section 3. 0 and 4.0, but aré not part of these Controls. - : . : :
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3/4 CONTROLS AND SURVEILLANCE REQUIREMENTS

3/4.0 APPLICABILITY

BASES

Controls 3.0.1 through 3.0.5 establish the general requirements appllcable to Appendix C Controls and
apply at all times, unless otherwise stated.

Control 3.0.1 establishes the Applicability statement within each individual control as the requirement for
when the Control is required to be met (i.e., when the unit is in.the MODES or other specified conditions
of the Applicability statement of each Control).

Control 3.0.2 establishes that upon discovery of a failure to meet a Control, the associated ACTIONS
shall be met. The Completion Time of each ACTION condition is applicable from the point in time that an
ACTIONS condition is entered. The ACTIONS establish those remedial measures that must be taken
within specified times when the requirements of a Control are not met. This Control establishes that:

a. Completuon of the ACTIONS wuthln the specn‘led tlmes constltutes compllance wrth a Control;
and . )

b. Completion of the ACTIONS is not required when a Control is met within the specufled time,
unless otherwise specified.

There are two basic types of ACTION\requirements. The first type of ACTIONS specifies a time limit in
which the Control must be met. This time limit is the time to restore an inoperable system or component
to OPERABLE status or to restore variables to within specified limits. If this type of ACTION is not
completed within the specified completion time, a shutdown may be required to place the unit in a MODE
or condition in which the Control is not applicable. (Whether stated as an ACTION or not, correction of -

the entered condition is an action that may always be considered upon entering ACTIONS.) The second ‘

type of ACTION specifies the remedial measures that permit continued operation of the unit that is not
further restricted by the completion time. In this case, compliance with the ACTIONS provides an
acceptable level of safety for continued operation.

Completing the ACTIONS is not required when a Control is met or is no longer applicable, unless
otherwise stated in the individual Control.

The nature of some ACTIONS of some conditions necessitates that, once the condition is entered, the

ACTIONS must be completed even though the associated condition no longer exnsts The mduvudual
Control's ACTIONS specify where this is the case.
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3/4.0 APPLICABILITY o SRR

BASES (Continued).

The completion times of the ACTIONS are also applicable when a system or component is removed from

service intentionally. ‘The reasons for intentionally relying on the ACTIONS include, but are not limited to;

performance of Surveillances, preventive maintenance, corrective maintenance, or investigation of -

Aoperatlonal problems. Entering ACTIONS for these reasons must be done in a manner that does not -

compromise safety. Intentional entry into ACTIONS should not be made for operational convenience.
Alternatives that would not result in redundant equipment being inoperable should be used instead.
Doing so limits the time both subsystems/divisions of a ‘safety function are inoperable and limits the time
other conditions exist which result in Control 3.0.3 being enteréd. -Individual Controls may specify a time
limit for performing an SR when equipment is removed from service or bypassed for testing. In this case,
the completion times of ACTIONS are applicable when this time limit expires; if the equment remains
removed from service or bypassed S

When a change in MODE or other specified condition is required to comply with @n ACTION; the unit may
enter a MODE or other specified condition in which another Control becomes applicable. In this case, the
completion times of the associated ACTIONS would apply from the point in time that the new Control
becomes apphcable and the ACTIONS condltlon(s) are entered J

Control 3. 0 3 establishes the actlons that must be implemented when a Control is not met and

a. An assocnated ACTION and completlon tlme is not met and no other condltlon applres or
b ”The condition-of the unit is not specifically addressed by the assocuated ACTIONS This
-~ "means that no combination of conditions stated in the ACTIONS can be made that exactly -
o corresponds to the actual condition of the unit: Sometimes, possible dombinations of
" .conditions are such that entering Control 3.0.3 is warranted; in such'cases, the ACTIONS-
" specifically state a condltlon correspondlng to such combunatlons and also that Control 3.03
'be entered |mmed|ately o .

ThlS Control delineates the trme limits for pIacrng ‘the un|t ina safe MODE or other specnfled condltlon
when operation cannot bé maintained within the limits for safe operatlon as defined by the Control and its

~ ACTIONS. Itis not intended to be used as an operatlonal convenience that permits routine voluntary

removal of redundant systems or components from service in lieu of other aIternatlves that would not
result in redundant systems or components belng moperable B IR

~
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3/4.0 APPLICABILITY

BASES (Continded)

Upon entering Control 3.0.3, 1.hour is allowed to prepare for an orderly shutdown before initiatinga .
change in unit operation. This includes time to permit the operator to coordinate the reduction in electncal
generation with the load dispatcher to ensure the stability.and availability of the electrical grid. The time
limits specified to reach Iower MODES of operation permit the shutdown to proceed in a controlled and .
orderly manner that is well wnthln the specified maximum cooldown rate and within the capabilities of the .
unit, assuming that only the minimum required equipment is OPERABLE. This reduces thermal stresses.
on components of the Reactor Coolant System and the potential for a plant upset that could challenge
safety systems under conditions to which this Control applles - o
A unlt shutdown reqmred in accordance with Control 3. O 3 may be termlnated and Control 3.0.3 exnted |f
_any of the following occurs: :

a. The Control is met
’b.t A condition exnsts for whlch the ACTIONS have now been performed

c. ACTIONS exist that do not have expired completlon tlmes These completlon tlmes are
- applicable from the point in time that the condition is initially entered and not from the time
Control 3. 0 3 is exited.

The time Ilmlts of Control 3.0.3 aIIow 37 hours for the umt to be in MODE 4 when a shutdown is reqwred
during MODE 1 operation. If the unit is in a lower MODE of operation when a shutdown is required, the
time limit for reaching the next lower MODE applies. If a lower MODE of operation is reached in less time
than allowed; however, the total allowable time to reach MODE 4, or other applicable MODE, is not
reduced. For example, if MODE 2 is reached in 2 hours, then the time allowed for reaching MODE 3 is
the next 11 hours, because the total time for reaching MODE 3 is not reduced from the allowable limit of
13 hours. Therefore, if remedial measures are completed that would permit a return to MODE 1, a°
penalty is not mcurred by havmg to reach a lower MODE of operation in less than the total time allowed

In MODES 1,2, and 3 Control 3 0.3 provudes actlons for conditions, not covered in other Controls The
requirements of Control 3.0.3 do not apply in MODES 4 and 5 because the unit is already in the most
restrictive condition required by Control 3.0.3. The requirements of Control 3.0.3 do not apply in other

- specified conditions of the Applicability (unless in MODE 1, 2, or 3) because the ACTIONS of mdlv:dual
Controls sufficiently define the remedlal measures to be taken.

Exceptions to Control 3.0.3 are provided in instances where requiring a unit shutdown, in accordance with

Control 3.0.3, would not provide appropriate remedial measures for the associated condition of the unit.
These exceptions are addressed in the individual Controls.
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3/4.0 APPLICABILITY !

BASES (Continued)

Control 3.0.4 establishes limitations on changes in MODES or other specified conditions in'the * . =
Applicability when a Control is not met. It allows placing the Unit in a MODE or other specified condition
stated in that Applicability (e.g., Applicability desired to be entered) when unit conditions are such that the
requirements of the LCO would not be met, in accordance with Control 3.0.4.a,3.0.4.b, or 3:0.4.c. :

Per Control 3.0.4.a, compliance with ACTION requirements that permit continued operation of the facility
for an unlimited period of time in a MODE or other specified condition provides an acceptable level of
safety for continued operation. This is without regard to the status of the plant before or after the MODE
change. Therefore, in such cases, entry into a MODE or other specified condition in the Appllcabrllty may
be made in accordance with the prov:srons of the ACTION requurements

Per Control 3.04.b, changes in MODE may be made even if the ACTION requurements mclude a ‘
requirement to exit the Applicability, PROVIDED a risk assessment is performed (and is determined to be
acceptable) which addresses the inoperable systems/components, and any appropnate risk management
actions are put in place.

The provisions of this control should not be interpreted as endorsing the failure to exercise the good
practice of restonng systems or- components to- OPERABLE status before Unlt startup B

The provisions of Control 3.0.4 shall not prevent changes in MODES‘or other specnﬁed conditions»invthe.
Applicability that are required to comply with ACTIONS. In addition, the provisions of Control 3.0.4 shall
not prevent changes in MODES or other specified conditions in the Applicability that result from any unit
shutdown. In this context, a unit shutdown is defined as a change in MODE assomated with transmonlng
from MODE 1 to MODE 2 or 3 MODE 2 to 3 and MODE 3 to 4 ‘ : :

Survelllances do not have to be performed on the assomated moperable eqmpment (or on variables’
outside the specified limits), as permitted by SR 3.0.1. Therefore, utilizing Control 3.0.4 is not a violation
of SR4.0.1 or SR 4.0.4 for any Surveillances that have not been performed on inoperable equipment.
However, SRs must be met to ensure OPERABILITY priorto declaring the associated equipment
OPERABLE (or variable within limits) and restoring compliance with the affected Control.

\
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3/4.0 APPLICABILITY

BASES (Continued)

Control 3.0.5 establishes the allowance for restoring equipment to service under administrative controls
when it has been removed from service or declared inoperable to comply with ACTIONS.. The sole ..
purpose of this Control is to provide an exception to Control 3.0.2 (e.g., to not comply with the appllcable
ACTION(s)) to allow the performance of SRs to demonstrate: .

The OPERABILITY of the equrpment belng returned to. service; or
b. The OPERABILITY of other eqmpment
The admmrstratrve controls ensure the trme the equrpment is returned to service in conflict wrth the .
requirements of the ACTIONS is limited to the time absolutely necessary to perform the allows SRs. Thls

Control does not prowde time to perform any other preventative or correctlve maintenance:

SR 4. 0 1 throuqh 405 establlsh the general requrrements appllcable to all Controls and apply at aII '
times, unless otherwise stated.

SR 4.0.1 establishes the requirement that SRs. must be met during the MODES or other specified .
conditions in the Applicability for which the requirements of the Control apply, unless otherwise specified
in the individual SRs. This Control is to ensure that Surveillances are performed to verify the
OPERABILITY of systems and components, and that variables are within specified limits. Failure to meet
a Surveillance within the specified frequency, in‘accordance with SR 4.0.2, constitutes a failure to meet a
" Control.’ v

Systems and components are assumed to be OPERABLE when the assocrated SRs have been met.
Nothing in this Control, however, is to be construed as |mpIy|ng that systems or components are
OPERABLE when: : :

'a. : The systems or components are known to be moperable although still meetmg the SRs or

b. - The requlrements of the Survelllance(s) are. known to be not met between required
Surveillance performances.

Surveillances do not have to be performed when the unit is in a MODE or other specified condition for
which the requirements of the associated Control are not applicable, unless otherwise specified. The
SRs associated with a Special Operations Control are only applicable when the Special Operations
Control is used as an allowable exception to the requirements of a Control.

Surveillances, including Surveillances invoked by ACTIONS, do not have to be performed on inoperable

equipment because the ACTIONS define the remedial measures that apply. Surveillances have to be
met and performed in accordance with SR 4.0.2, prior to returning equipment to OPERABLE status.
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3/4.0 APPLICABILITY

BASES (Continued) L L .

Upon completion of maintenance, appropriate post maintenance testing is required to declare equipment
OPERABLE. This includes ensuring applicable Surveillances are not failed and their most recent -
performance is in accordance with SR 4.0.2. Post maintenance testing may not be possible in the current
MODE or other specified conditions in the Applicability due to the necessary unit parameters not havrng
been established. Inthese situations, the equipment may be considered OPERABLE provided testing
has been satisfactorily completed to the extent possible and the equipmenit is not otherwise believed to
be incapable of perférming its function. This will:allow operation to proceed t6 a MODE or. other specrfled
condition where other necessary post maintenance tests can be completed .

SR 4.0.2 establishes the requirements for meeting the specified frequency for Surveillances and.any -
ACTIONS with-a completlon tlme that requrres the perlodlc performance of the ACTION ona once per 1
interval.- , ; . A :
SR 4.0.2 permits a 25% extension of the mterval specrfled in the frequency Th|s extenswn facmtates
Surveillance schedullng and considers plant operating conditions that may not be suitable for. conductlng
the Surveillance (e.g., transiént conditions or other ongomg Survelllance or malntenance actlwtles)

The 25% extension does not significantly degrade the relrablllty that results from performing the
Surveillance at its specified frequency. This:is based on the recognition that the- most probable result of
any particular Surveillance being performed is the verification of conformance with the SRs. The
exceptions to SR 4.0.2 are those Surveillances for which the 25% extension of the interval specufred in the

frequency does not apply These exceptlons are stated in the mdrvrdual Controls
S\ e

~ As stated in SR 4. 0 2, the 25% extension also does not apply to the |n|t|al portlon of a penodlc completlon

time that requires performance on a “once per ..." basis. The 25% extension applies to each performance
after the initial performance. The initial performance of the ACTION, whether it is a particular Surveillance
or some other remedial action, is considered a single action with a single completion time. One reason
for not alléwing the 25% extension to this completion time is that'such an action usually verifies that no
loss of function has occurred by checking the status of redundant or diverse components or accomphshes
the function of the inoperable equipment in an alternatrve manner. : : o

.The provisions of SR 4.0.2 are not intended to be used repeatedly merely as an operatlonal convenience
to extend Surveillance intervals (other than those consistent W|th refuellng mtervals) or perlodrc
completion time intervals beyond those specified. i

~
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3/4.0 APPLICABILITY

QASES (Continued)

- SR 4.0.3 establishes the flexibility to defer declaring affected equipment inoperable or an affected
variable outside the specified limits when a Surveillance has not been completed within the specified:
frequency.. A delay period of up to 24 hours or up to the limit of the specified frequency, whichever is .
less, applies from the point in time that it is discovered that the Surveillance has not been performed in
accordance with SR 4.0.2, and not at the time that the specified frequency was not met. This delay
period provides. adequate time to complete Surveillances that have been missed. This delay period
permits the completion of a Surveillance before complying W|th ACTIONS, or other remedial measures -
that mlght preclude completion of the Surveillance. . - ,

The basns for this delay period mcludes consideration of unit conditions, adequate planning, availability of
personnel the time required to perform the Surveillance, the safety significance of the delay, in completing
the required Surveillance, and the recognition that the most probable result of any particular Surveillance

being performed is the verlf cation of conformance with the requnrements :

When a Survelllance wuth a frequency based not on time intervals, but upon specufled unit condltlons or
operational situations, is discovered not to have been performed when specified, SR 4.0.3 allows the fuII
delay penod of 24 hours to perform the Survelllance

-\
SR4.0.3 also prowdes a t|me limit for completlon of Survelllances that become appllcable as a
consequence of MODE changes imposed by ACTIONS. A

Fallure to comply w;th specmed frequencies for Surveillance Requurements is expected to be an
infrequent occurrence. Use of the delay period established by SR 4.0.3 is a flexibility which is not
mtended to be used as an operatlonal convemence to extend Surveillance intervals. .

If a Survelllance is not completed wnthln the aIIowed delay period; then the equment is conS|dered
inoperable or the variable then is considered outside the specified limits and the completion times of- the
ACTIONS for the applicable Control conditions begin immediately upon-expiration of the delay period. If
a Surveillance is failed within the delay. period, then the equipment is inoperable, or the variable is outside
the specified limits and the completion timesof the required ACTIONS for the applicable Control i
conditions begin |mmed|ately upon failure of the Survelllance

Completlon of the Survelllance within the delay penod allowed by this Control or wuthln the completlon
time of the ACTIONS, restores compliance with SR 4.0.1. ; co

SR 4.0.4 establishes the requirement that all applicable SRs must be met before entry into a MODE or
other specified condition in the Applicability, with two exceptions as described in SR 4.0.4.
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3/4.0 APPLICABILITY

BASES (Continued)

Thls Control ensures that system and component OPERABILITY requirements and variable limits are met
before entry into MODES or other specified conditions in the Appl|cab|I|ty for WhICh these systems and
components ensure safe operatlon of the unit.* , S :

However, in certain circumstances, failing to meet an SR will not result in SR 4.0.4 restnctlng a MODE
change or other specified condition change. When a system, subsystem, division, component, device, or
variable is inoperable or outside its specified limits, the associated SR(s) are not required to be -
performed; per SR 4.0.1; which states that surveillances do not have to be performed on inoperable
equipment or variables outside specified limits. When equipment is inoperable, or variables are outside -
their specified limits, SR 4.0.4 does not apply to the associated SR(s) since the requirement for the SR(s)
to be performed is removed. Therefore, failing to perform the Survelllance(s) within the specified
frequency, on equipment that is inoperable, or on variables that aré.outside specified limits, does not
result in an SR 4.0.4 restriction to changing MODES or other specified conditions in the Applicability:
However, since the Control is not met in this instance, Control 3:0.4 wnII ‘govern- any restrictions that may .
(or may not) apply to MODE or other specmed condltlon changes s : :
The prowsmns of this Control should not be mterpreted as endorsung the fallure to exercise the good
practice ‘of restoring systems or components to OPERABLE status before enterlng an assocnated MODE
or other specified condition in the Applicability. BRI . “ :

_ The provisions of SR 4.0.4 shall not prevent changes in MODES or other specified conditions in the

Applicability that are required to comply with ACTIONS. In addition, the provisions of SR 4.0.4 shall not
prevent changes in MODES or other specified conditions in the Applicability that result from any unit
shutdown. In this context, a unit shutdown is defined as a change in MODE associated wuth transitioning -
from MODE 1 to MODE 2 or 3, MODE 2 to 3, and MODE 3 to 4. :

The precise requirements for performance ofVSRs are specified such that exceptions to SR 4.0.4 are not
necessary. The specific time frames and conditions necessary for meeting the SRs are specified in the
frequency, in the Surveillance, or both. This allows performance of Surveillances when the prerequisite

- condition(s) specified in a Surveillance procedure require entry into the MODE or other specified condition

in the Applicability of the associated Control prior to the performance or completion of a Surveillance. A
Surveillance that could not be performed until after entering the Control's Applicability would have its
frequency specified such that it is not “due” until the specific conditions needed are met. Alternately, the
Surveillance may be statéd in the form of a note as not requlred (to be met or performed) until a particular
event, condition, or time has been reached.
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3/4.3 INSTRUMENTATION

BASES _

3/4.3.7. MONITORING INSTRUMENTATION -

3/4.3.7.9 RADIOACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION :

The radioactive liquid.effluent instrumentation is provnded to monitor and control, as applicable, the

releases of radioactive materials in liquid effluents during actual or potential releases of liquid effluents. A

The alarm/trip setpoints for these instruments. shall be caiculated in accordance with the procedures in
the ODCM to ensure that the alarm/trip will occur prior to exceeding the limits of 10CFR20. The
OPERABILITY and use of this instrumentation is consistent with the requnrements of 10CFR50,
Appendix A, General De5|gn Criteria 60, 63, and 64. ' :

3/4.3.7.10 RADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION

The radioactive gaseous'efﬂuent,unstrumentatnon is provnded to momtor and ‘control, as _applicable, the -

releases of radioactive materials in gaseous effluents during actual or potential releases of gaseous
effluents. The alarm setpoints for these instruments shall be calculated in accordance with the
procedures .in the ODCM to ensure that the alarm will occur prior to exceeding the limits of 10CFR20.
The OPERABILITY and use of this instrumentation is con3|stent with the reqwrements of 10CFR50,
Appendix A, General Design Criteria 60, 63, and 64. ‘
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3/4.11 RADIOACTIVE EFFLUENTS

BASES

3/4.11.1 LIQUID EFFLUENTS

3/4.11.1.1 CONCENTRATION

This Control is provided to ensure that the concentration of radioactive materials released in liquid waste”
effluents to UNRESTRICTED AREAS will be less than the concentration levels specified in 10CFR20,
Appendix B, Table 2, Column 2. This limitation provides additional assurance that the levels-of -~ =
radioactive materials in bodies of water in UNRESTRICTED AREAS will result in exposures within (1) the
Section I.A. design objectives of 10CFR50, Appendix |, to. a MEMBER OF: THE PUBLIC, and (2) the
limits of 10CFR20 to the population. The concentration limit for dissolved and entrained noble gases is
based upon the assumption that Xe-135 is the controlling radioisotope and its limiting effluent =
concentration in air (submersion) was converted to an equivalent concentration in water using the
methods described in International Commission on Radiological Protection (ICRP) Publication 2:

This Control applies to the release of radioactive materials in liquid effluents from all units at the site. -

The required detection capabilities for radioactive materials in liquid waste samples are tabulated in terms
of the lower limits of detection (LLDs). -Detailed discussion of the LLD, and other detection limits, can be.
foundin: -, - . . . ‘ - A : ' o

) Currie, L. A.., “Lower Limit of Detection: Definition and ;Elabor‘a‘t\i'on_of a Proposed Position for
. Radiological Effluent and Environmental Measurements,” NUREG/CR-4007
(September, 1984). .. . = . - LI L

- (2) HASL Procedures Manual, HASL-300 (revised-annuélly).

LA

3/411.1.2 DOSE .

This Control is provided to implement the requirements of 10CFR50, Appendix |, Sections LA, LA

and IV.A. The Control implements the guides set forth in of 10CFR50, Appendix |, Section ILLA. The
ACTION statements provide the required operating flexibility and at the same time implement the guides
set forth in of 10CFR50, Appendix I, Section IV.A which assure that the releases of radioactive material in
liquid effluents to UNRESTRICTED AREAS will be kept “as low as is reasonably achievable.” Also, for
fresh water sites with drinking water supplies which can be potentially affected by plant operations, there
is reasonable assurance that the operation of the facility will not result in radionuclide concentrations in
the finished drinking water that are in excess of the requirements of 40CFR141. The dose calculations in
the ODCM implement the requirements in 10CFR50, Appendix |, Section 111.A that conformance with the
guides of 10CFR50, Appendix | be shown by calculational procedures based on models and data, such
that the actual exposure of a MEMBER OF THE PUBLIC through appropriate pathways is unlikely to be
substantially underestimated. The equations specified in the ODCM for calculating the doses due to the
actual release rates of radioactive : ‘
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RADIOACTIVE EFFLUENTS
BASES |
3/4.11.1.2 DOSE (Continued) \ }

materials in liquid effluents are consustent with the methodology provided in Regulatory Guide 1.109,

“Calculation of Annual Doses to Man from Routine Releases of Reactor Effluents for the Purpose of

-~ Evaluating Compliance with 10 CFR Part 50, Appendix |, Revision.1”, October 1977,-and Regulatory.
Guide 1.113, “Estimating Aquatic Dispersion of Effluent from Accudental and Routlne Reactor Releases

for the Purpose of Implementlng Appendlx 1,” April 1977. : ‘

This Control applies to the release of liquid efﬂuents from each reactor et the site. For units with
shared radwaste treatment systems, the I|qU|d effluents from the shared system are proportloned among
the unlts sharing that system. ’

3/4.11.1.3 LIQUID RADWASTE TREATMENT”SYSTEMV Y

The OPERABILITY of the liquid radwaste treatment system ensures that this systern will be available for-
' use whenever Ilqwd effluents requure treatment prlor to release to the environment.

The requirement that the appropnate pomons of this system be used when specmed provides assurance
that the releases of radioactive materials in liquid effluents will be kept “as low as is reasonably :
achievable.” This Control implements the requirements of 10CFR50.36a; 10CFR50, Appendix A, General
Design Criterion 60; and the design objective given in 10CFR50, Appendix |, Section I1.D. The specified
limit governing the use of approprlate portions of the liquid radwaste treatment system were specified as
a suitable fraction of the dose design objectlves set forth in 10CFRS0, Appendix 1, Section II.A, for liquid
effluents.

This Control applies to the release of quuid effluents from each reactor at the site. For units with shared

radwaste treatment systems, the liquid effluents from the shared system are proportioned among the
units sharing the system.
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BASES

3/4.11.2 GASEOUS EFFLUENTS

3/4:11.2. 1 DOSE RATE

This Control is provrded to ensure that the dose any tlme at and beyond the SITE BOUNDARY from
gaseous effluents from all units on the site will be within the annual dose limits of 10CFR20 for
UNRESTRICTED AREAS.. The annual dose rate limits are those associated-with the concentrations of
those limiting effluent'concentrations, as described in Regulatory Guide 1.109. These limits provide
reasonable assurance that radioactive material discharged in gaseous effluents will not result in the
exposure of a MEMBER OF THE PUBLIC in an UNRESTRICTED AREA, either within or outside the
SITE BOUNDARY, to annual average concentrations exceeding the limits specified in-10CFR20, -
Appendix B, Table Il. For MEMBERS OF THE PUBLIC who may at times be within the SITE
BOUNDARY, the occupancy of the MEMBER OF THE. PUBLIC will be sufficiently low to:compensate for
any increase in the atmospheric diffusion factor above that for the SITE BOUNDARY. Examples of
calculations for such MEMBERS OF THE PUBLIC, with appropriate occupancy factors, shall be given in
the ODCM. The specified release rate limits restrict, at all times, the corresponding gamma and beta

- dose rates above background to a MEMBER OF THE PUBLIC at or beyond the SITE BOUNDARY to less

than or equal to 500 mrem/year to the whole body or to less than or equal to 3000 mrem/year to the skin.
These release rate limits also restrict, at all times, the corresponding thyroid dose rate above background
to a child-via the mhalatron pathway to Iess than or equal 1o 1500 mrem/year ‘ : S

This Control applres to the release of radroactlve materials in'gaseous efﬂuents from'all reactors at the
site. The required detection capabrlmes for radioactive material in gaseous waste samples are tabulated
in terms of the lower I|m|t of detectlon (LLDs) Detalled dlscussron of the LLD and other detectlon Irmrts
can be found in:’ . : :

Y
S i

- -"'(1) ' Currre L. A.; “Lower Limit of Detection: Definition and Elaboration of a Propose'd POSition for
Radlologlcal Effiuent and Envrronmental Measurements NUREG/CR-4007 :
(September 1984) : ; .

'/

(2) “ HASL Procedures Manual HASL-300 (revrsed annually)

- 3/411.2.2 DOSE NOBLE GASES A

Thls Control is provrded to |mplement the requlrements of 1OCFR50 Appendrx [, Sectrons 1. B LA

and IV.A. The Control implements the- gmdes set forth in 10CFR50, Appendix I, Section II.B. -The -
ACTION statements provide the tequired operating flexibility and at the same time implement the gurdes
set forth in 10CFR50, Appendix |, Section IV.A to assure that the releases of radioactive material in
gaseous effluents to UNRESTRICTED AREAS will be kept “as low as is reasonably achievable.” The
Surveillance Requirements implement the requirements in 10CFRS50, Appendix |, Section Ill.A that
conformance with the guides of 10CFR50, Appendix |, be shown by calculational procedures based on
models and data such that the actual exposure of a MEMBER OF THE PUBLIC through appropnate ’
pathways is unhkely to be substantially underestimated. e
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RADIOACTIVE EFFLUENTS

BASES

3/4.11.2.2 DOSE - NOBLE GASES (Continued)

The dose calculations established in the ODCM for calculating the doses due to the actual release rates -
of radioactive noble gases in gaseous effluents are consistent with the methodology provided in
Regulatory Guide 1.109, “Calculation of Annual Doses to Man from Routine Releases of Reactor
Effluents for the Purpose of Evaluating Compliance with 10CFR50, Appendix |, Revision 1”,

October 1977, and Regulatory Guide 1.111, “Methods for Estimating Atmospheric Transport and
Dispersion of Gaseous Effluents in Routine Releases from Light-Water Cooled Reactors,” Revision 1,
July 1977. The ODCM equations provided for determining the air doses at and beyond the SITE
BOUNDARY are made using meteorological conditions concurrent with the time of release of radioactive
materials in gaseous effluents or are based upon the historical average atmosphenc conditions.

This Control applles to the release of radloactlve matenals in gaseous effluents from each reactor at the '
site. For units with shared radwaste treatment systems, the gaseous -effluents from the shared system
are proportloned among the units sharing that system. .

3/4. 11 2 3 DOSE - IODINE 131, IODINE-133, TRITIUM AND RADIONUCLIDES IN PARTICULATE
EORM

\

This Control is provided to implement the requirements of 10CFR50, Appendix |, Sections II.C, lll.A
and IV.A. The Controls are the guides set forth in 10CFR50, Appendix |, Section Il.C. The ACTION
statements provide-the required operating flexibility and at the same time implement the guides set forth
in-10CFR50, Appendix |, Section IV.A, to assure that the releases of radioactive materials in gaseous
effluents to UNRESTRICTED AREAS will be kept “as low as is reasonably achievable.” The ODCM
calculational methods specified in the Surveillance Requirements implement the reqwrements in
10CFR50, Appendix |, Section lll.A, that conformance with the guides of 10CFR50, Appendix | be shown
by calculational procedures based on models and data, such that the actual exposure of a MEMBER OF
- THE PUBLIC through appropriate pathways. is unlikely to be substantially underestimated. The ODCM
calculational methods for calculating the doses due to the actual release rates of the subject materials are
consistent with the methodology provided in Regulatory Guide 1.109, “Calculation of Annual Doses to
Man from Routine Releases of Reactor Effluents for-the Purpose of Evaluating Compliance with -
10CFR50, Appendix |,” Revision 1, October 1977, and Regulatory Guide 1.111, “Methods for Estimating
Atmospheric Transport and Dispersion of Gaseous Effluents in Routine Releases from Light-
Water-Cooled Reactors,” Revision 1, July 1977. These equations also provide for determining the actual
doses using meteorological conditions concurrent with the time of release of radioactive materials in
gaseous effluents or are based upon the:historical average atmospheric conditions. The release rate
specifications for iodine-131, iodine-133, tritium and radionuclides in particulate form are dependent on
the existing radionuclide pathway to man in the areas at and beyond the SITE BOUNDARY. The
pathways which were examined in the development of these calculations were: (1) individual inhalation
of airborne radionuclides, (2) deposition of radionuclides onto green leafy vegetation with subsequent
consumption by man, (3) deposition onto grassy areas where milk animals and meat-producing animals
graze with consumption of the milk and meat by man, and (4) deposition on the ground with subsequent
exposure of man. .

This Control applies to the release of radioactive materials in gaseous effluents from each reactor at the

site. For units with shared radwaste treatment systems, the gaseous effluents from the shared system
are proportioned among the units sharing that system.
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RADIOACTIVE EFFLUENTS S

BASES

3/14.11. 2 4 AND 3/4.11.2.5 GASEOUS RADWASTE TREATMENT (OFFGAS) SYSTEM AND
VENTILATION EXHAUST TREATMENT SYSTEMS

The OPERABILITY of the GASEOUS RADWASTE TREATMENT (OFFGAS) SYSTEM and the IR
VENTILATION EXHAUST TREATMENT SYSTEMS ensures that the systems will be available foruse -
whenever gaseous effluents require treatment prior to release to the environment. The requ1rement that
the appropriate portions of the systems be used, when specnfled provides reasonable assurance that the
releases of radioactive materials in gaseous effluents will be kept “as low as is reasonably-achievable.”
This Control implements the requirements of 10CFR50.363; 10CFR50, Appendix A, General Design
Criterion; and the design objectives given in 10CFR50; Appendix I;'Section I1.D. The specified limits -
governing the use of appropriate portions of the systems were specified as a suitable.fraction of the dose
design objectives set forth in 10CFR50 Appendlx I Sectlons 11.B and Il C for gaseous effluents : ‘

This Control applies to the release of radloactlve matenals in gaseous effluents from each reactor at the

site.- For units with shared radwaste treatment systems the’ gaseous efﬂuents from the shared system
are proportlonal among the umts shanng that system.” : - .

3/4.11.4 TOTAL DOSE

This Control is provided to meet the dose limitations of 40CFR1 90 that have been mcorporated into ..
10CFR20 by 46 FR 18525 and the dose limitations of 10CFR72.104. The Control requires the
preparation and submittal of a Special Report whenever the calculated doses due to releases of -
radioactivity and to radiation from uranium fuel-cycle sources exceed 25 mrem.to the whole body or any
organ, except the thyroid, which shall be limited to less than or equal to 75 mrem. For sites containing up
to four reactors, it is highly unlikely that the resultant dose to a MEMBER OF THE PUBLIC will exceed the
dose limits of 40CFR190, if the individual reactors remain within:twice the dose design objectives of
10CFR50, Appendix |, and if direct radiation doses from the units including outside storage tanks, etc. are
kept small. The Special Report will describe a course of action that should result in the limitation of the
annual dose to a MEMBER OF THE PUBLIC to within the 40CFR190 limits. For the purposes of the
Special Report, it may be-assumed that the dose commitment to the MEMBER OF THE PUBLIC from -
other uranium fuel cycle sources is negligible, with the exception that dose contributions from other
nuclear fuel cycle facilities at the same site or within a radius of 8 km must be considered. If the dose to
any MEMBER OF THE PUBLIC is estimated to exceed the requirements of 40CFR190, the Special
Report with a request for a variance (provided the release conditions resulting in violation of 40CFR190 .
have not already been corrected), in accordance with the provisions of 40CFR190.11.and -
10CFR20.2203, is considered to be a timely request and fulfills the requirements of 40CFR190 untll NRC
staff action is completed. The variance only relates to the limits of 40CFR190, and does not apply in any

. way to the other requirements for dose limitation of: 10CFR20; as addressed in ODCM Controls 3.11.1.1 .

and 3.11.2.1. Anindividual is not considered a MEMBER OF THE PUBLIC during.any period in which:
he/she is engaged in carrying out any operation that is part of the nuclear fuel cycle.
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3/4.12 RADIOLOGICAL ENVIRONMENTAL MONITORING E T

BASES _

3/4.12.1 MONITORING PROGRAM ~ ~

- The Radiological Environmental Monitoring Program required by this Control provides representative
measurements of radiation and of radioactive materials in those exposure pathways and for those
radionuclides that lead to the highest potential radiation exposures of MEMBERS OF THE PUBLIC .. -
resulting from the plant operation. This monitoring program implements 10CFR50, Appendrx l, .
Section IV.B.2, and thereby supplements the Radiological Effluent Monitoring Program by verifying that
the measurable concentrations of radioactive materials and levels of radiation are not higher than .

_expected on the basis of the effluent measurements and the modeling of the environmental exposure
pathways. Guidance for this monitoring program is provided by the Radiological Assessment Branch. .
Technical Position on Environmental Monitoring, Revision 1, November 1979. The initially specified
monitoring program will be effective for at least the-first 3 years of commercial operation. -Following this.
perrod program changes may be initiated based on operational experience.

E 4
The requrred detectlon capabrlmes for envrronmental sample analyses are tabulated in terms of the Iower

limits of detection (LLDs). The LLDs required by ODCM Table 4.12-1 are considered optimum for.routine -

environmental measurements in industrial laboratories. It should be recognized that the LLD is defined
as an a priori (before the fact) limit representing the capability of a measurement system and not as an a
posteriori (after the fact) limit for a particular measurement.

Detalled drscussron of the LLD, and other. detectron Irmrts can be found in:

(1) . Currie, L. A “Lower Limit of Detection: Defi nrtron and Elaboratron ofa Proposed Posrtron for
Radiological Effluent and Environmental Measurements,” NUREG/CR-4007
(September 1984) ’ . ,

(2)- HASL Procedure Manual HASL-300 (revrsed annually)
3/4.12.2 LAND USE CENSUS -

This Control is provrded to ensure that changes in the use of areas at and beyond the SITE BOUNDARY
are identified and that modifications to the radiological environmental monitoring program given in the
ODCM are made if required by the results of the census. The best information from door-to-door survey,
visual or aerial survey or from consulting with local agricultural authorities shall be used. This census -

. satisfies the requirements of 10CFR50, Appendix |, Section IV.B.3. Restricting the census to gardens of.
greater than 50 m? provides assurance that significant exposure pathways via leafy vegetables will be
identified and monitored since a garden of this size is the minimum required to produce the quantity

(26 kglyear) of leafy vegetables assumed.in Regulatory Guide 1. 109 for consumption by achild. To
determine this minimum garden size, the following assumptions were made: (1) 20% of the garden was.
used for growing broad leaf vegetatlon (| e, srmrlar to Iettuce and cabbage) and (2) a vegetatron yield of
2 kg/m2. - HE. L oL oo

3/4.12.3 INTERLABORATORY COMPARISON PROGRAM

The requirement for participation in an approved Interlaboratory Comparison Program is provided to
ensure that independent checks on the precision and accuracy of the measurements of radioactive
material in environmental sample matrices are performed as part of the quality assurance program for
environmental monitoring in order to demonstrate that the results are valrd for the purposes of 10CFR50,
Appendix |, Section IV.B.2.
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ADMINISTRATIVE CONTROLS

ANNUAL REPORTS -

ANNUAL RADIOLOGICAL ENVIRONMENTAL OPERATING REPORT

6.9.1.6 Routine radiological environmental operating reports covering the operation of the unit during the
previous year shall be submitted by May 1 of each year.

The annual Radiological Environmental Operating Report shall include:

a. Summaries, interpretations, and an analysis of trends of the results of the radiological
environmental surveillance activities for the report period, including a comparison with pre-
. operational studies, operational controls (as appropriate). and previous environmental surveillance
reports and an assessment of the observed impacts of the plant operation on the environment;

b.  The results of land use censuses required by Control 3.12.2;

C. The results of analysis of all radiological environmental samples and of all locations specified in the
table and figures in the Offsite Dose Calculation Manual, as well as summarized and tabulated
results of these analyses and measurements in the format of the table in the Radiological J
Assessment Branch Technical Position, Revision 1, November 1979. In the event that some
individual results are not available for inclusion with the report, the report shall be submitted noting
and explaining the reasons for the missing results. The missing data shall be submitted as soon as
possible in a supplementary report;

d. A summary description of the Radiological Environmental Monitoring Program,; at least two legible
maps* covering all sampling locations keyed to a table giving distances and directions from the
centerline of one reactor, the results of licensee participation in the Inter-laboratory Comparison
Program and the corrective action taken if the specified program is not being performed as required
by Control 3.12.3; reasons for not conducting the Radiological Environmental Monitoring Program
as required by Control 3.12.1, and discussion of all deviations from the sampling schedule of
Table 3.12.1-1; discussion of environmental sample measurements that exceed the reporting levels
of Table 3.12.1-2 but are not the result of plant effluents, pursuant to ACTION b of Control 3.12.1;
and discussion of all analyses in which the LLD required by Table 4.12.1-1 was not-achievable.

* One map shall cover stations near the SITE BOUNDARY; a second shall include the more distant
stations. C
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ADMINISTRATIVE CONTROLS

’

ANNUAL RADIOACTIVE EFFLUENT RELEASE REPORT |

4

6.9.1.7 Routine radioactive release reports covering the oberation of the unit during the previous year
shall be submitted annually. The Report shall be submitted by May 1 of each year.

The Annual Radloactlve Efﬂuent Release Report shall mclude

a

A stiimmary of the’ quantltles of radloactuve I|qU|d and gaseous\effluents released from the umt as
outlined in Regulatory Guide 1.21, “Measuring, Evaluating, and Reporting Radioactivity in SO|Id

- Wastes and Releases of Radioactive Materials in Liquid and Gaseous Effluents from

Light-Water-Cooled Nuclear Power Plants,” Revision 1, June 1974, with data summarized on a
quarterly basis following the format of Appendix B thereof.

A summary of hourly meteorological data collected over the previous year. This annual summary
may be either in the form of an hour-by-hour listing on magnetic tape of wind speed, wind direction,
atmosphenc stability, and precipitation (if measured), or in the form of joint frequency distributions
of wind speed, wind direction, and atmospheric stability. In lieu of submission with the annual -
Radioactive Effluent Release Report, the licensee has the option of retaining this summary of
required meteorological data on site in a file that shall be provided to the NRC upon request.

An assessment of the radiation doses due to the radioactive liquid and gaseous effiuents released
from the unit or station during the previous year. This report shall also include an assessment of
the radiation doses from radioactive liquid and gaseous effluents to MEMBERS OF THE PUBLIC
due to their activities inside the SITE BOUNDARY (see Figure 3.2-1) during the report period. All
assumptions used in making these assessments, i.e., specific activity, exposure time, and location,
shall be included in these reports. The assessment of radiation doses shall be performed in
accordance with the methodology and parameters in the OFFSITE DOSE CALCULATION
MANUAL (ODCM)

An assessment of radiation doses to the likely most exposed MEMBER OF THE PUBLIC from

reactor releases and other nearby uranium fuel cycle sources, including doses from primary effluent
pathways and direct radiation, for the previous calendar year to show conformance with 40CFR190,
“Environmental Radiation Protection Standards for Nuclear Power Operation.” Acceptable methods

for calculating the dose contribution from liquid and gaseous effluents are given in Regulatory
Guide 1.109, Rev. 1, October 1977.

A list and description of unplanned releases from the site to UNRESTRICTED AREAS (see
Figure 3.2-1) of radloactlve materials in gaseous and liquid effluents made during the repomng
period.

Any changes made during the reporting period to the OFFSITE DOSE CALCULATION

MANUAL (ODCM), pursuant to PNPP Technical Specification 5.5.1 as well as any major change to
Liquid or Gaseous Treatment Systems pursuant to Control 6.15. It shall also include a listing of
new locations for dose calculations and/or environmental monitoring identified by the Land Use
Census pursuant to Control 3.12.2.

The report shall also include the following:/ an explanation as to why the inoperability of liquid or
gaseous effluent monitoring instrumentation was not corrected within the time specified in

Control 3.3.7.9 or 3.3.7.10, respectively; and description of the events leading to liquid holdup tanks
exceeding total curie limits
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. SPECIAL REPORTS

6.9.2~ Special reports shall be submitted in accordance with.10CFR50.4 within the time penod
. specified for each report

t

/

6.10 RECORD RETENfION

6.10.1 In addition to the applicable record retént’iéh requireménts of Title 10 Code of Federal
Regulatlons the followung records shall be retalned for at least the minimum period mducated

6.10.2 | Records of surve|llance actlvmes mspectlons and calubratlons requured by these Controls
: shall be retained for at least 5 years. . .
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6.15 MAJOR CHANGES TO RADIOACTIVE WASTE TREATMENT SYSTEMS*

6.15.1

Licensee initiated major changes to the radioactive waste systems, quuid,-’gaseous and solid:

1. Shail be reported to the Commission in the annual Radloactive Effluent Release Report
for the period in which the evaluation was reviewed by the PORC. The dlscusslon of
each change shall contain: .

a. A summary of the evaluation that led to the determination that the change could
be made in accordance with 10CFR50.59;

b. Sufficient detailed information to totally support the reason for the change without
benefit of additional or supplemental information;

c. A detailed description of the equipment, components and processes involved -and
the interfaces with other plant systems

d. An evaluation of the change which shows the predicted releases of radioactive

- materials in liquid and gaseous effluents and/or quantity of solid waste that differ
from those previously. predlcted in the license apphcatton and amendments
thereto;

e.  An evaluation of the change which shows the expected maximum exposures to

' MEMBERS OF THE PUBLIC in the UNRESTRICTED AREA and to the general

population that differ from those previously estimated in the license application
. and amendments thereto;

f. A comparison of the predicted releases of radloactlve materials, in liquid-and
gaseous effluents and in solid waste, to the actual releases for the penod prior to
when the changes are to be made;

g.  An estimate of the exposure to plant operating personnel asa result of the
change; and

2. Shall become effective upon review and approval by the Plant Manager.

2

* Llcensee may choose to submit the information called for in th|s Control as part of the annual USAR

update.
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RECORDS

>The following records are p'ompleted/generated by this document: . |

Quality Records , |

~ Annual Radioactive Effluent Release Report

Noh guélity Re'cort'isl - -

None -, .. N

Commitments

[Lo0434
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