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Executive Summary

This report is published to provide information regarding radioactive effluent monitoring at the
Fermi 2 nuclear power plant, including the Independent Spent Fuel Storage Installation (ISFSI).
The 2019 Annual Radioactive Effluent Release Report covers the period from January 1, 2019
through December 31, 2019.

The Radioactive Effluent Release Report is produced annually, to document plant releases and
offsite dose resulting from these releases. The data presented indicate that the operation of Fermi
2 results in offsite radiation exposures that are well below the applicable allowable levels set by
the Nuclear Regulatory Commission (NRC) and the Environmental Protection Agency (EPA).

There were no releases of liquid radioactive effluents from Fermi 2 in 2019. Data on releases of
radioactive isotopes in gaseous effluents, as well as regulatory limits and sampling methods for
these releases, are contained in the body of the report and in Appendix A.

Regulatory limits for radioactive effluents pertain to allowable offsite doses rather than to
quantities of radioactivity released. The highest potential single organ dose to a person living
offsite due to iodines, particulates, tritium, and carbon-14 released from the plant was calculated
0.666 mrem to the bone. This corresponds to 4.4% of the federal limit of 15 mrem to any organ
specified in 10 CFR 50, Appendix L.

During 2019, no direct radiation dose to members of the public beyond the site boundary was
attributed to the operation of Fermi 2, based on analysis of readings of thermoluminescent
dosimeters (TLDs) placed at various locations near the Fermi site. The offsite dose due to effluents
is a small fraction of the 40 CFR 190 limits. Therefore, the combined direct radiation and effluent
dose due to Fermi 2 was in compliance with 40 CFR 190 in 2019.

Data on radioactivity contained in radioactive waste shipments from Fermi 2 to points offsite are
contained in the body of the report and in Appendix A. Appendix B of this report describes the
Fermi Integrated Ground Water Protection Program. This program was established as part of the
site’s commitment to conformance with an industry-wide ground water protection initiative. This
appendix also contains the results of 2019 quarterly ground water sampling, from 60 monitor wells
around Fermi 2 (ground water sampling has been performed under this program since the fall of
2007). Appendix C of this report provides data on tritium concentrations in rainwater samples
collected onsite which represent the recapture phenomenon as described in NRC RIS 2008-03.
Appendix D of this report contains the meteorological joint frequency distribution tables of wind
speed measurements of 2019. Additional sections of the report address Off Site Dose Calculation
Manual (ODCM) required monitors which were out of service for more than 30 days in 2019,
major changes in radioactive waste processing, the contents of outside temporary tanks, abnormal
releases, errata to previous years' reports, and ISFSI monitoring. Appendix E is the ODCM
revision-23, updated on 11/01/2019.



Fermi 2 - 2019 Annual
Radioactive Effluent Release Report

Introduction

During the normal operation of a nuclear power plant, most of the fission products are retained
within the fuel and fuel cladding. However, small amounts of radioactive fission products and
trace amounts of the component and structure surface corrosion products that have been activated
are present in the primary coolant water, as well as tritium and carbon-14. The five types of
radioactive material released are noble gases, iodines, particulates, tritium, and carbon-14.

Noble Gases

Some of the fission products released in airborne effluents are radioactive isotopes of noble gases,
such as xenon and krypton. These noble gases are released continuously at low levels while the
reactor is operating. Noble gas releases to the environment are reduced by plant systems which
delay release of these gases from the plant, which allows a portion of the noble gas activity to
decay within plant systems prior to release.

Noble gases are biologically and chemically nonreactive and are readily dispersed in the
atmosphere. They do not concentrate in humans or other organisms; however, they contribute to
human radiation dose by being an external source of radiation exposure to the body.

lodines and Particulates

Fermi 2 calculates offsite dose due to releases of iodine-131 and iodine-133, which are
radioisotopes of iodine with half-lives of 8 days and 1 day, respectively, and particulates with half-
lives greater than 8 days in gaseous and liquid effluents, and tritium. The principal radioactive
particulates released are fission products (e.g., yttrium-91m and barium-139) and activation
products (e.g., cobalt-58 and cobalt-60). Gaseous and liquid processing systems, and radioactive
waste systems, minimize their discharge.

The main contribution of radioactive iodine to human radiation dose is to the thyroid gland, where
the body concentrates iodine. This exposure results from inhalation or ingestion of these iodines.
Radioactive isotopes such as cesiums and cobalts, when ingested or inhaled, contribute to radiation
exposure of tissues such as the muscle, liver, and intestines. These iodines and particulates are
also a source of external radiation exposure if deposited on the ground.

Tritium

For a Boiling Water Reactor (BWR) plant like Fermi 2, tritium, a radioactive isotope of hydrogen
with a half-life of 12.3 years, is released dominantly in the chemical form of tritiated water HTO
(*HOH), in which a tritium nucleus replaces the proton in one of the hydrogen atoms in a regular
water molecule (H20). It is detected at Fermi 2 primarily in ventilation exhaust samples. The total
tritium activity released in 2019 is 46.1 Ci, as shown in Table 4.

A much smaller amount of trittum was released from the Condensate Storage and Condensate
Return Tanks, due to water level changes which pushes air out of the tank. It was calculated based
on saturated water vapor density, tank tritium concentrations in the liquid and changes in tank
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levels. These storage tank tritium releases were calculated to be well below 0.02 Ci total for 2019,
contributing much less than 1% of Fermi 2 total tritium releases in 2019.

Carbon-14

Starting in 2009, U.S. nuclear power plants are expected to report releases of carbon-14 (C-14,
half-life of approximately 5730 years, decays to N-14 through B-decay). The releases reported
are based on calculations using the thermal power rating of the unit and 2019 monthly capacity
factors. These calculations conform to a method recommended by the Electric Power Research
Institute (EPRI).

US-NRC Regulatory Guide 1.21, Revision 2 states, “The quantity of C-14 discharged can be
estimated by sample measurements or by use of a normalized C-14 source term and scaling factors
based on power generation.” Based on a public meeting held on January 20, 2011, US-NRC
commission agreed to accept the method developed by the Electric Power Research Institute
Technical Report “Estimation of Carbon-14 in Nuclear Power Plant Effluents, EPRI, Palo Alto,
CA. 2010 1021106.

In EPRI Report #1021106, for example, '“C release by a General Electrical BWR/4 rated at 3458
MWth was calculated to be 13.7 Ci/year, dominated by 7O (n, a)'*C reaction. As a proxy value,
EPRI suggested to use a BWR scale factor of 5.1 Ci per GWth-year thermal power production for
C-14 release.

The total 2019 C-14 release for Fermi 2 is estimated to be 17.6 curies, as listed in Table-4.

For Boiling Water Reactors, 80-95% of C-14 in airborne releases is in the chemical form of 1*CO,
5-20% of C-14 released is in the form of C-14 hydrocarbons (International Atomic Energy Agency,
July 2004, Technical Reports Series No. 421, Management of Waste Containing Tritium and
Carbon-14). In this report, we followed USNRC Regulatory Guide 1.109 (1977), and assume that
all C-14 is in the oxide form (CO or CO»).

Plant Effluent Monitoring

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

The radioactive waste treatment systems at Fermi 2 are designed to collect, process, and/or delay
the release of liquid and gaseous wastes that contain radioactivity. For example, the 2.0 and 2.2
minute holdup pipes delay the release of radioactive gases so that radioactive decay can occur prior
to release. The off-gas system provides additional delay for such gases.
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Radioactivity monitoring systems are used to verify that all releases are below regulatory limits.
These instruments provide a continuous indication of radioactivity present at the release points.
Each instrument is equipped with alarms and indicators in the control room. The alarm setpoints
are low enough to ensure that applicable limits will not be exceeded. In some cases, these alarms
restrict the release. For example, several alarms cause building ventilation systems to be shut
down and/or gaseous releases to be diverted to the standby gas treatment system.

All liquid and gaseous radioactive effluents are evaluated to identify the specific concentrations of
radionuclides being released. Sampling and analysis provide a more sensitive and precise method
of determining effluent composition than monitoring instruments.

A meteorological tower is located on the Fermi 2 site. It is linked to computers that record the
meteorological data. This data is used in calculating dispersion and deposition factors, which are
essentially dilution factors between plant release points and points offsite. Coupled with the
effluent release data, these factors are used to calculate dose to the public.

Beyond the plant, devices maintained in conjunction with the Radiological Environmental
Monitoring Program constantly sample the air in the surrounding environment. Also, frequent
samples of other environmental media, such as water and vegetation, are collected to verify that
the station radiological effluent program is being appropriately implemented without adverse
impact to the surrounding environment.

Exposure Pathways to People

Radiological exposure pathways define the methods by which people may become exposed to
radioactive material. The major pathways of concern are those that could cause the highest
calculated radiation dose. These projected pathways are determined from the type and amount of
radioactive material released, the environmental transport mechanism, and the use of the
environment. The environmental transport mechanism includes consideration of physical factors,
such as the hydrological and meteorological characteristics of the area.

An important factor in evaluating the exposure pathways is the use of the environment. This is
evaluated in the annual Land Use Census. Many factors are considered, such as the locations of
homes, gardens, and milk or meat animals in the area.

The release of radioactive gaseous effluents involves pathways such as external whole body
exposure, deposition of radioactive material on plants, deposition on soil, inhalation and ingestion
by animals raised for human consumption, and inhalation by humans. The release of radioactive
material in liquid effluents involves pathways such as drinking water and fish consumption.

Although radionuclides can reach humans by many different pathways, some result in greater dose
than others. The most significant pathway is the exposure pathway that will provide the greatest
dose to a population, or to a specific individual. Identification of the most significant pathway
depends on the radionuclides involved, the age and diet of the individual, and the location of the
individual’s residence. Doses delivered to the total body and to specific organs are calculated.
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The organ receiving the greatest dose is important in determining compliance with dose limits.
The standard assumptions used in dose calculation result in conservative dose estimates.

Dose Assessment

Dose is energy deposited by radiation in an exposed individual. Whole body exposure to radiation
involves the exposure of all organs. Most exposures due to external sources of radiation are of
this type. Both non-radioactive and radioactive elements can enter the body through inhalation or
ingestion. When they do, they are usually not distributed evenly. For example, iodine concentrates
in the thyroid gland, cesium collects in muscle and liver tissue, and strontium collects in bone.

The total dose to organs from a given radionuclide depends on the amount of radioactive material
present in the organ and the amount of time that the radionuclide remains in the organ. Some
radionuclides remain for very short times due to their rapid radioactive decay and/or elimination
rate from the body, while other radionuclides may remain in the body for longer periods of time.
The form of the radionuclide (soluble vs. insoluble) and the method of uptake also influence
residence times in the body.

The maximum dose to the general public in the area surrounding Fermi 2 is calculated for periods
of gaseous release and for each liquid release. The dose due to radioactive material released in
gaseous effluents is calculated using factors such as the amount of radioactive material released,
the concentration beyond the site boundary, the locations of exposure pathways (for example cow
milk, goat milk, vegetable gardens and residences), and usage factors (inhalation and food
consumption). The dose due to radioactive material released in liquid effluents may be calculated
using factors such as radionuclide concentrations, the total volume of liquid released, the total
volume of dilution water, near field dilution, and usage factors (water and fish consumption).
These calculations produce a conservative estimation of the dose.

For 2019, the maximum offsite dose was conservatively assumed to be received by the “critical
receptor” - a child at the closest residence to the plant, who was exposed by the inhalation, ground
plane, and vegetation pathways. (As previously noted, there were no liquid radioactive effluent
pathways to consider in 2019.) Although there may not be a child living at this residence in any
given year, the use of this age group provides conservative dose estimates for comparison with
regulatory limits. Similarly, the calculation of dose due to vegetation ingestion (from a garden) at
this residence may not apply in any given year, but it also leads to conservative dose estimates.
The use of dose pathways and age groups which may be hypothetical is consistent with federal
regulatory guidance and with industry practices.

Radioactive Effluent Monitoring Results

This section summarizes the results of effluent monitoring and offsite dose calculation for the year
2019. Calculated offsite doses are compared with Nuclear Regulatory Commission limits, and
these limits are summarized in Appendix A. Appendix A also contains a detailed discussion of the
methods used to determine quantities of radioactivity released in effluents, the types of solid
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radioactive waste shipped offsite, as well as tables of individual radionuclides released in effluents
and shipped as solid radioactive waste.

Liquid Releases. There were no routine or abnormal releases of liquid radioactive effluents from
Fermi 2 in 2019. There has not been a routine liquid radioactive discharge from Fermi 2 since
1994.

Batch Gaseous Releases. Gaseous effluent releases include continuous and batch releases. In
2019 there were 16 recorded containment (drywell/torus) purges in which tritium was released.
These containment purges lasted an average of approximately 8 hours (5 hours minimum and 13
hours maximum) for a total of approximately 130 hours. In these purge events the entire volume
of the containment (drywell or torus) is assumed to be released. Additionally, there were 173
ventings of the primary containment in 2019. In ventings, a much smaller volume is released than
in purges. The total calculated release from these purges and ventings was 0.005 curies of tritium.
(Noble gas activities were not detectable in containment samples preceding these batch releases in
2019.) As in previous years, the amount of radioactivity (tritium) released in containment purges
and ventings was very small (much less than 1%) compared to the amount in continuous releases.
All containment batch releases are routed through the monitored reactor building continuous
release point, or the standby gas treatment system monitored release point.

Continuous Gaseous Release. Differences in the quarterly release quantities shown below are
primarily due to variable plant conditions. For example, increases in I-131 releases could be due
to depressurization events, and increases in long lived particulate releases could be due to reactor
water cleanup system valve leaks or to outage work activities. Reported noble gas levels vary as a
function of fuel performance and anomalies of nuclide identification at the threshold of detection.

The following tables show the radioactivity released in continuous gaseous releases in 2019.

Table 1 - Fission and Activation Gases (Noble Gases) Summary

Quarter 1 Quarter 2 Quarter 3 Quarter 4 2019 Total
Noble Gases Not Not
Release (curies) 1.29E-02 Detected* Detected* 2.77E-03 1.57E-02

*Individual LLD’s are listed in Appendix A

Table 2 - Radioiodine I-131 Summary

Quarter 1 Quarter 2 Quarter 3 Quarter 4 2019 Total

[-131 Release

. 1.68E-04 2.55E-04 1.16E-04 2.48E-04 7.87E-04
(curies)
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Table 3 - Particulates with Half-Life Longer than 8 Days Summary

Quarter 1 Quarter 2 Quarter 3 Quarter 4 2019 Total
Particulates with
half-lives > 8 days 8.48E-05 7.12E-04 9.16E-05 3.49E-05 9.23E-04
(curies)
Gross Alpha <5.3E-15* <5.3E-15* <5.3E-15* <5.3E-15* <5.3E-15*
Radioactivity uCi/ce pCi/ce pCi/cc uCi/cc uCi/ce
(curies)

*In the above table, the “less than” value in units of microcuries per cubic centimeter (uCi/cc) is
used when no radioactivity was detected and represents the lower limit of detection (LLD) value
for a single sample.

Table 4 - Tritium (H-3) and Carbon-14 (C-14) Summary

Quarter 1 Quarter 2 Quarter 3 Quarter 4 2019 Total
Tritium Release
X 1.16E+01 1.01E+01 5.30E+00 1.91E+01 4.61E+01
(curies)
C-14 Release 4.26E+00 4.41E+00 4 47E+00 4.45E+00 1.76E+01
(curies)

The offsite dose impact of the above releases was evaluated by calculating organ doses to the
assumed most highly exposed individual living near the plant (a child in residence 0.71-mile
WNW) due to I-131, I-133, Tritium, C-14 and particulates with half-lives greater than 8 days. The
most significant pathways of exposure to this individual are assumed to be inhalation, vegetation
ingestion, and direct radiation from material deposited on the ground. The results of this
calculation, which employs conservative assumptions, are shown in the following table:

Table 5. Single Organ and Total Body Dose of 2019.

Oroan 2019 Gaseous Effluent Dose to Receptor
with Highest Single Organ Dose
Bone 6.66E-0lmrem
Liver 1.40E-0Imrem
Thyroid 1.50E-01mrem
Kidney 1.40E-OImrem
Lung 1.40E-01mrem
GI-LLI 1.40E-O01mrem
Total Body 1.40E-OImrem
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The highest single organ dose is 0.666 mrem to the bone. This corresponds to 4.4% of the federal
limit of 15 mrem specified in 10 CFR 50, Appendix-I. (The Fermi 2 Offsite Dose Calculation
Manual requires maximum receptor dose calculation for releases of 1-131, 1-133, H-3, and
particulates with half-lives greater than 8 days; for these isotopes, the thyroid is the highest dose
organ.)

In addition, gamma and beta air doses at the site boundary (0.57mile NW) due to noble gas releases
were calculated. In 2019, gamma air dose was 3.13E-6 mrad (compared to the 10 mrad annual
limit); beta air dose in 2019 was 1.23E-6 mrad (compared to the 20 mrad annual limit).

Title 40, Part 190 of the Code of Federal Regulations requires that dose to an individual in the
unrestricted area from the uranium fuel cycle facility, including direct radiation dose, be limited
to 25 mrem/year to the total body and 75 mrem/year to the thyroid. Based on Table 5 above, the
offsite dose due to effluents is 0.56% and 0.20% of 40 CFR 190 limits for the total body and
thyroid, respectively. Also, Fermi 1 was not monitored for effluents in 2019 since no work was
performed in a Fermi 1 Radiologically Controlled Area that would require ventilation and make
detectable effluent releases likely.

The next closest uranium fuel cycle facility, the Davis-Besse Nuclear Plant, located near Oak
Harbor, Ohio, is similar to Fermi in that it releases low amounts of radioactive material, but it is
too far from Fermi (25 miles direct distance) to contribute significantly to Fermi area doses.
Therefore, Fermi 2 was in compliance with the fuel cycle limits of 40 CFR 190 in 2019.

Potential dose to members of the public at Fermi 2 due to all radioactive effluents, including noble
gases, was also calculated. Fermi 2 considers persons touring the site (16 hours/year), and persons
performing work onsite but not employed by Fermi 2, either directly or under contract, (400
hours/year), to be exposed as members of the public. The average dose to a member of the public
at Fermi 2 in 2019 was less than 0.1 mrem to the total body. This dose is a small fraction of the
100 mrem/year limit for individual members of the public due to licensed operation of the plant
provided in 10 CFR 20.1301.
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The radioactivity and volume of Fermi 2 solid waste shipped offsite in 2019 is summarized in the

following table:
Table 6 - Waste Shipped Offsite
Type of Waste Units ligfolgh Est. etl(*):ﬁi:l‘f/t tvity
Spent resins, sludges, etc. m’ 1.06E+02 +25
curies 4.91E+02
Dry compressible waste, m’ 1.26E+03 +25
contaminated equipment, etc. curies 2.30E+01
Irradiated components, control | m? 0.00E+00 N/A
rods, etc. curies 0.00E+00
Other
Filters m’ 0.00E+00 + 25
curies 0.00E+00
Oil / Mixed Waste m’ 5.51E+00 +25
curies 1.09E-03

Radioactive solid waste shipments from Fermi 2 in 2019 (to either disposal or to intermediate

processors) are summarized in the following table:

Table 7 — Waste shipments

lember of Mode of transportation Destination

shipments
25 Highway EnergySolutions, BCO, Oak Ridge, TN
20 Highway EnergySolutions, CWF, Clive, UT

Additional Required Information

Appendices

Appendix A, Effluent and Radioactive Waste Data, provides more detailed data on radiological
effluents and radioactive waste shipments.

Appendix B contains a description of the Fermi 2 Integrated Groundwater Protection Program,
2019 sampling data for this program, and a discussion of sampling results.

Appendix C contains data on tritium concentrations in rainwater collected onsite and explains the

significance of this data.
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Appendix D contains meteorological joint frequency distributions of wind speed and wind
direction by atmospheric stability class, for all of 2019. Fermi 2 meteorological data of 2019 was
analyzed, the Joint Frequency Distribution Analysis Results were obtained, as shown in Appendix
D. No significant Wind-Rose pattern change was observed. A total of 8084 hours (92.3%) of
valid meteorological data were recovered in 2019 (365 days), which satisfies the 90 percent data
recovery requirement of Regulatory Guide 1.23. The major part of the lost meteorological data
happened between Feb.-March, due to instrument repairs and system maintenance.

ODCM Revision

Modifications of the ODCM (Revision-23) were made in November of 2019, and attached in
Appendix E.

ODCM Monitors Out of Service

During 2019, Fermi 2 Nuclear Production Operation Log recorded 64 entries of LCO conditions
associated with issues of ODCM related radiation monitors; none of the monitors were out of
service for more than 30 days.

Outside Temporary Tanks

In 2019 no outside temporary tank exceeded the 10 Ci content limit for nuclides other than tritium
and dissolved or entrained noble gases.

Major Changes to Radioactive Waste Systems

There was no change made to the Fermi 2 Radioactive Waste Systems during 2019.
Abnormal Radiological Releases

There were no abnormal radiological releases in 2019.

Errata/Corrections to Previous Annual Radioactive Effluent Release Report (ARERRs)

In the 2018 ARERR report, Appendix A, page A-7, Table A, Particulate Radionuclides (micro Curies
(nCi) *), entry line-5 for “Fe-55, Quarter 47, instead of “<5.2E-15”, this entry should have read “data

not available”. With the analysis results available now, this entry should be updated to “6.76E+02” (in
uCi), and the “Total, Quarter 4 entry should be modified from “4.63E+04” to “4.69E+04” (in pnCi).

This modification also leads to updates on page 10, Table-3 line-1 the “Quarter 4” entry should be
changed from “5.92E-04” to “1.27E-03” (curies), and the “2018 Total” entry should be changed from
“2.00E-03” to “2.68E-03” (curies). This modification does not impact any other values in the 2018

ARERR report.

10
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Independent Spent Fuel Storage Installation (ISFSI)

As required by 10 CFR 72.44(d)(3), Fermi reports any detected effluent releases from the ISFSI.
None were detected in over the 12-month monitoring period in 2019. Fermi has collected quarterly
water samples from storm water Outfall 014 since fuel has been stored on the pad, with the
exception of 3™ quarter 2019, which was performed 5 days late. These outfall samples are relevant
because water collected by the under-drain system at the periphery of the pad is routed through
Outfall 014 to the overflow canal. No plant related radioactivity was detected in these samples in
2019. Since there was no detection of radioactive effluents or direct radiation from the ISFSI
installation in 2019, it may be concluded that the limits specified in 10 CFR 72.104(a) for radiation
dose to the public (25 mrem/year to the whole body and 75 mrem/year to the thyroid - the same as
the 40 CFR 190 limits) have not been exceeded due to the existence of the ISFSI installation.

END OF ANNUAL RADIOACTIVE EFFLUENT RELEASE REPORT BODY

11
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Appendix A

Effluent and Radioactive Waste Data

A-0
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Regulatory Limits for Radioactive Effluents

The Nuclear Regulatory Commission (NRC) limits on liquid and gaseous effluents are
incorporated into the Fermi 2 Offsite Dose Calculation Manual. These limits prescribe the
maximum doses and dose rates due to radioactive effluents resulting from normal operation of
Fermi 2. These limits are described in the following sections.

A. Gaseous Effluents

I. Dose rate due to radioactivity released in gaseous effluents to areas at and beyond the
site boundary shall be limited to the following:

a) Noble gases

Less than or equal to 500 mrem/year to the total body.
Less than or equal to 3000 mrem/year to the skin.

b) lodine-131, iodine-133, tritium, and for all radionuclides in particulate form with
half-lives greater than 8 days

Less than or equal to 1500 mrem/year to any organ.

II. Air dose due to noble gases to areas at and beyond the site boundary shall be limited to
the following:

a) Less than or equal to 5 mrad for gamma radiation
Less than or equal to 10 mrad for beta radiation
- During any calendar quarter

b) Less than or equal to 10 mrad for gamma radiation
Less than or equal to 20 mrad for beta radiation
- During any calendar year

III. Dose to a member of the public from iodine-131, iodine-133, tritium, and all
radionuclides in particulate form with half-lives greater than 8§ days in gaseous effluents
released to areas at and beyond the site boundary shall be limited to the following:

a) Less than or equal to 7.5 mrem to any organ
- During any calendar quarter

b) Less than or equal to 15 mrem to any organ
- During any calendar year
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Note: The calculated site boundary dose rates for Fermi 2 are based on identification of
individual isotopes and on use of dose factors specific to each identified isotope or a highly
conservative dose factor. Since individual isotopes are identified, average energy values are
not used in these calculations, and therefore are not reported even though their use in these
calculations is allowed by Regulatory Guide 1.21.

B. Liquid Effluents

I. The concentration of radioactive material released in liquid effluents to unrestricted
areas shall be limited to ten times the concentrations specified in Title 10 of the Code
of Federal Regulations (10 CFR) Part 20 (Standards for Protection Against Radiation),
Appendix B, Table 2, Column 2 for radionuclides other than dissolved or entrained
noble gases, as required by the Fermi 2 Offsite Dose Calculation Manual. For dissolved
or entrained noble gases, the concentration shall be limited to 2E-4 (.0002)
microcuries/ml total activity. This limit is based on the Xe-135 air submersion dose
limit converted to an equivalent concentration in water as discussed in the International
Commission on Radiological Protection (ICRP) Publication 2.

II. 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:

a) Less than or equal to 1.5 mrem to the total body
Less than or equal to 5 mrem to any organ
- During any calendar quarter

b) Less than or equal to 3 mrem to the total body
Less than or equal to 10 mrem to any organ

- During any calendar year

As noted previously, Fermi 2 did not perform radioactive liquid releases in 2019.
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Measurements and Approximations of Total Activity
in Radioactive Effluents

As required by NRC Regulatory Guide 1.21, this section describes the methods used to
measure the total radioactivity in effluent releases and to estimate the overall errors associated
with these measurements. The effluent monitoring systems are described in Chapter 11.4 of
the Fermi 2 Updated Final Safety Analysis Report (UFSAR).

A. Gaseous Effluents

1. Fission and Activation Gases (Noble Gases)

Samples are obtained from each of the six plant radiation monitors which continuously
monitor the five ventilation exhaust points. In addition, a post-offgas treatment "offgas
vent pipe" sample is taken immediately upstream of the reactor building release point
to assist in determining noble gas concentrations at the release point. The fission and
activation gases are quantified by gamma spectroscopy analysis of periodic samples.

The summary values reported are the sums of all fission and activation gases quantified
at all monitored release points.

II. Radioiodines

Samples are obtained from each of the six plant radiation monitors which continuously
monitor the five ventilation exhaust points. The radioiodines are entrained on charcoal
and then quantified by gamma spectroscopy analysis. For each sample, the duration of
sampling and continuous flow rate through the charcoal are used in determining the
concentration of radioiodines. Then from the flow rate of the ventilation system, a rate
of release can be determined.

The summary values reported are the sums of all radioiodines quantified at all
continuously monitored release points.
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II1. Particulates

Samples are obtained from each of the six plant effluent radiation monitors which
continuously monitor the five ventilation exhaust points. The particulates are collected
on a filter and then quantified by gamma spectroscopy analysis.

For each sample, the duration of sampling and the continuous flow rate through the
filter are used in determining the concentration of particulates. From the flow rate of
the ventilation system, a rate of release can be determined.

Quarterly, the filters from each ventilation release point are composited and then
radiochemically separated and analyzed for Strontium (Sr)-89/90, Iron (Fe)-55, and
Nickel (Ni)-63.

The summary values reported are the sums of all particulates quantified at all monitored
release points.

1V. Tritium

Samples are obtained from each of the six plant effluent radiation monitors which
continuously monitor the five ventilation exhaust points. The sample is passed through
a bottle containing water and the gaseous tritium is collected in this water. Portions of
the collecting water are analyzed for tritium using liquid scintillation counting
techniques. For each sample, the duration of sample and sample flow rate is used to
determine the radioactivity concentration. Then from the flow rate of the ventilation
system, a release rate can be determined.

In addition to tritium releases from the five ventilation exhaust points, gaseous tritium
releases from the Condensate Storage Tank and Condensate Return Tank have been
calculated. These releases are due to evaporation of tritiated water in these tanks which
is released through tank vents. However, this is not a significant release point for
trittum, contributing less than 1% of total trittum releases. These releases were
calculated to be well below 0.02 curies in 2019; adding them to reported tritium releases
from the ventilation release points does not change the reported release quantities.

The summary values reported are the sums of all tritium quantified at all monitored
release points.

V. Gross Alpha

The gaseous particulate filters from the six plant effluent radiation monitors are stored
for one week to allow for decay of naturally occurring alpha emitters. These filters are
then analyzed for gross alpha radioactivity by gas proportional counting, and any such
radioactivity found is assumed to be plant related. The quantity of alpha emitters
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released can then be determined from sample flow rate, sample duration, and stack flow
rate.

The summary values reported would be the sums of all alpha emitters quantified at all
monitored release points. However, in 2019 alpha activity was not detected, i.e. was
less than the critical level activity, in these particulate filters

VI. Carbon-14

Carbon-14 releases are calculated using a method published by the Electric Power
Research Institute in December 2010. Plant rated thermal power and monthly capacity
factors were used in the calculation of quarterly releases.

B. Liquid Effluents

The liquid radwaste processing system and the liquid effluent monitoring system are
described in the Fermi 2 UFSAR. Fermi 2 did not perform any releases of radioactive
liquid effluents in 2019.

C. Statistical Measurement Uncertainties

The estimated total measurement uncertainty in this section has been calculated and is
summarized in the following table:

Table A-1 — Statistical Measurement Uncertainties

Measurement Type Sample Type One Sigma
Uncertainty
Fission and Activation Gaseous 30%
Gases
Radioiodines Gaseous 17%
Particulates Gaseous 16%
Tritium Gaseous 25%
Gross Alpha Gaseous 16%
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Gaseous Releases by Individual Nuclide

Values in the following tables which are preceded by the “less than” symbol represent the lower
limit of detection (LLD) in units of microcuries per cubic centimeter (uCi/cc) for individual
samples and indicate that the nuclide in question was not detected in gaseous effluent samples in
the indicated quarter of 2019. For quantities of gross alpha radioactivity, tritium, and carbon-14
in gaseous effluents, review provided tables. Less than (<) values are listed as LLDs in units of
uCi/cc, therefore do not impact the sum values. To obtain the corresponding release rates in unit
of nCi/sec, the effluent release activity listed above should be divided by 3.15E+07 (sec/year) or
7.88E+06 (sec/quarter).

Table A-2 - Particulate Radionuclides (micro Curies (uCi) *)

Nuclide Quarter 1 Quarter 2 Quarter 3 Quarter 4
Mn-54 4.01E+00 <3.64E-13 <3.64E-13 <3.64E-13
Co-58 <1.1E-13 <1.1E-13 <1.1E-13 <1.1E-13
Co-60 3.48E+01 <9.26E-13 3.23E+01 2.95E+00
Zn-65 <2.9E-13 <2.9E-13 <2.9E-13 <2.9E-13
Fe-55 4.60E+01 3.00E+01 5.93E+01 3.19E+01
Ba-139 1.01E+04 1.37E+04 2.37E+04 5.40E+03
Y-9Im <1.2E-11 <1.2E-11 1.60E+03 3.41E+02
Rb-89 <6.3E-10 <6.3E-10 <6.3E-10 <6.3E-10
Cs-138 <4.2E-11 <4.2E-11 <4.2E-11 <4.2E-11
Br-82 <1.9E-13 <1.9E-13 <1.9E-13 <1.9E-13
Sr-89 <3.3E-14 6.82E+02 <3.3E-14 <3.3E-14
Sr-90 <1.1E-14 <1.1E-14 <1.1E-14 <1.1E-14
Ni-63 <3.5E-15 <3.5E-15 <3.5E-15 <3.5E-15
As-76 <2.7E-13 <2.7E-13 <2.7E-13 <2.7E-13

Tc-99m <2.8E-13 <2.8E-13 <2.8E-13 <2.8E-13

Zn-69m 2.88E+01 <2.4E-13 <2.4E-13 <2.4E-13
Na-24 <1.4E-13 <1.4E-13 <1.4E-13 <1.4E-13
Re-188 <4.2E-13 <4.2E-13 <4.2E-13 <4.2E-13
Cs-134 <2.2E-13 <2.2E-13 <2.2E-13 <2.2E-13
Cs-137 <3.2E-13 <3.2E-13 <3.2E-13 <3.2E-13
Total 1.02E+04 1.44E+04 2.54E+04 5.78E+03

*Less than (<) values are listed as LLDs in units of pCi/cc, therefore do not impact the sum

values.
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Table A-3 - Noble Gases (micro Curies (uCi) *)

Nuclide Quarter 1 Quarter 2 Quarter 3 Quarter 4
Ar-41 1.29E+04 <1.06E-7 <1.06E-7 <1.06E-7
Kr-85m <3.68E-8 <3.68E-8 <3.68E-8 <3.68E-8
Xe-135 <3.47E-8 <3.47E-8 <3.47E-8 2.77E+03
Xe-135m <1.98E-6 <1.98E-6 <1.98E-6 <1.98E-6
Xe-138 <7.96E-6 <7.96E-6 <7.96E-6 <7.96E-6
Xe-133 <7.29E-8 <7.29E-8 <7.29E-8 <7.29E-8
Kr-87 <2.50E-7 <2.50E-7 <2.50E-7 <2.50E-7
Total 1.29E+04 - - 2.77E+03

* Less than (<) values are listed as LLDs in units of uCi/cc, therefore do not impact the sum
values.

Table A-4 - Radioiodines (micro Curies (uCi) *)

Nuclide Quarter 1 Quarter 2 Quarter 3 Quarter 4
1-131 1.68E+02 2.55E+02 1.16E+02 2.48E+02
1-132 <1.4E-12 6.86E+02 <1.4E-12 6.00E+02
1-133 1.23E+03 1.61E+03 9.21E+02 1.85E+03
1-134 <3.6E-11 <3.6E-11 <3.6E-11 <3.6E-11
1-135 <1.0E-12 1.15E+03 <1.0E-12 1.52E+03
Total 1.40E+03 3.70E+03 1.04E+03 4.22E+03

* Less than (<) values are listed as LLDs in units of uCi/cc, therefore do not impact the sum
values

Shipments of Radwaste

Fermi 2 complies with the extensive federal regulations which govern radioactive waste shipments.
Radioactive solid waste shipments from the Fermi 2 site consist of waste generated during water
treatment, radioactive trash, irradiated components, etc. Shipment destinations are either a licensed
burial site or intermediate processing facilities. Waste shipped to intermediate processing facilities
is shipped directly from these facilities to a licensed burial site after processing. The following
tables contain estimates of major nuclide composition, by class of waste, of Fermi 2 radioactive
waste shipped offsite in 2019. The waste volumes shown in these tables are the volumes shipped,
not the final volumes sent for burial after processing.
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a. Spent resins, sludges, etc. Waste in this category in 2019 was Class A waste and consisted of
spent resins and sludges. Spent resins were shipped in shielded transportation casks (1 Type B and
19 General Design Bulk Packages), directly to the Clive, UT burial facility. Spent resins were
dewatered prior to shipment for disposal. All quantities were determined by measurement.

Table A-5 - Spent resins, sludges, etc., (Class A)

Isotope mCi %
Ag-110m 3.19E+01 0.01
Ba-140 3.00E-09 0.0
C-14 8.12E+02 0.17
Cm-242 2.28E-03 0.0
Co-57 3.79E+00 0.0
Co-58 3.81E+02 0.08
Co-60 9.19E+04 18.72
Cr-51 1.23E+02 0.02
Cs-134 3.42E+02 0.07
Cs-137 8.45E+02 0.17
Fe-55 3.60E+05 73.29
Fe-59 1.57E+02 0.03
H-3 1.18E+02 0.02
1-129 1.75E-04 0.0
1-131 6.86E-01 0.0
Mn-54 2.36E+04 481
Nb-95 8.49E+01 0.02
Ni-59 4.03E+02 0.08
Ni-63 2.79E+03 0.57
Sb-124 3.13E+01 0.01
Sb-125 6.95E-01 0.0
Sr-89 3.51E+01 0.01
Sr-90 4.43E+01 0.01
Tc-99 1.84E+01 0.0
7n-65 9.36E+03 1.91
Zr-95 4.65E+01 0.01
Total Activity 4.91E+05 100
Volume Shipped

cubic meterf b 1.06E+02
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b. Dry compressible waste, contaminated equipment, etc. Waste in this category in 2019 was Class
A waste and shipped in strong tight containers (46 General Design Bulk Packages) of various sizes
or within a shielded transportation cask (4 General Design Bulk Packages) and was classified as
Dry Active Waste (DAW). DAW waste was shipped to an intermediate processor for processing,
e.g. compaction or incineration. All quantities were determined by measurement.

Table A-6 - Dry Active Waste (Class A)

Isotope mCi %
Co-57 4.12E-01 0.0
Co-58 4.51E+01 0.2
Co-60 1.53E+03 6.67
Cr-51 1.96E+02 0.85
Cs-137 1.74E+00 0.01
Fe-55 1.97E+04 85.88
Fe-59 1.58E+02 0.69
H-3 5.86E+01 0.26
1-129 3.49E-07 0.0
Mn-54 1.10E+03 4.78
Nb-95 1.38E+01 0.06
Ni-63 4.36E+01 0.19
Sb-124 4.93E+00 0.02
Sb-125 1.84E+00 0.01
Tc-99 2.01E-03 0.0
7Zn-65 8.51E+01 0.37
Z1r-95 6.61E+00 0.03
Total Activity 2.30E+04 100
Vol}lme Shipped | 26E+03

cubic meters
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c. Irradiated components, control rods, etc. — No waste for this category was sent off site during
this period.

d. Other — Filters/Oil/Mixed Waste, etc. Liquid waste in this category in 2019 was shipped in one
(1) General Design Bulk Package to an intermediate processor. Liquid waste was processed by
filtration or incineration. All quantities were determined by measurement.

Table A-7 - Other — Filters/Oil/Mixed Waste, etc.

I[sotope mCi %
C-14 7.29E-01 66.8
Co-60 1.55E-01 14.19
Cs-137 1.05E-02 0.96
Fe-55 2.10E-02 1.93
H-3 2.48E-02 2.27
1-129 3.88E-04 0.04
Mn-54 1.51E-02 1.39
Ni-63 1.25E-01 11.44
Tc-99 3.37E-03 0.31
7n-65 7.44E-03 0.68
Total Activity 1.09E+00 100
Vol}lme Shipped 5 51E4£00

cubic meters
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EXECUTIVE SUMMARY

Monitoring of groundwater wells at the Fermi site was conducted without incident in 2019.
Analysis of periodic samples from these wells showed no positive tritium results in 2019 (versus
only three low level positive tritium results in the shallow aquifer in 2018).

Therefore, there is no indication of any leak from plant systems into the groundwater at Fermi 2.
PROGRAM OVERVIEW

Quarterly sampling and gauging of the Fermi 2 Integrated Ground Water Protection Program
(IGWPP) monitor wells continued uninterrupted in 2019.

Procedurally, each integrated groundwater protection program (IGWPP) specified monitor well is
required to be sampled for tritium during each sample event. Monitor wells adjacent to plant
systems where plant-related radioisotopes other than tritium are more likely to be present are also
sampled for plant-related gamma-emitting radioisotopes during each sample event. Furthermore,
once per year water from three monitor wells most likely to be contaminated by leaked or spilled
material may also be analyzed for hard-to-detect (HTD) radionuclides (e.g., Fe-55, Sr-89, and Sr-
90).

Samples analyzed for gamma-emitting radionuclides, as well as HTDs, are counted to required
environmental lower limits of detection (LLD) for each given radioisotope of interest, with the
exception of La-140, Ba-140, and I-131 (due to their short half-lives). For tritium there is no
required limit of detection under the IGWPP, beyond what is prescribed for ground water samples
taken as part of the site’s Radiological Environmental Monitoring Program (REMP). The REMP
Lower Limit of Detection (LLD) is set at 2,000 pCi/L which is 1/10" of the EPA’s drinking water
limit of 20,000 pCi/L. For all ground-water samples analyzed in 2019, Fermi 2’s contract
laboratory achieved MDCs lower than the requested tritium LLD of 500 pCi/L.

Sampling and gauging of the monitor wells installed at the Enrico Fermi Atomic Power Plant
(Fermi 1) is part of the site Integrated Ground Water Protection Program. Most of the Fermi 1
monitor wells were installed to monitor ground water in the vicinity of the facility as part of
decommissioning and license termination work. With the Fermi 1 decommissioning project placed
back in “passive” SAFSTOR decommissioning mode, this ongoing ground water monitoring was
incorporated into the existing Fermi 2 IGWPP. Fermi 1 monitor wells are designated in the
attached tables by the prefix “EFT-". Fermi 1 construction utilized silty-clay fill adjacent to the
structures to bring the site up to the final grade. All shallow wells are screened in this material
and they typically do not produce much water. Fermi 1 monitor wells are sampled semi-annually
because the rates of lateral flow through the silty-clay are quite low, the facility is static with no
work activity which could result in release of radioactive material, the levels of contamination
remaining at the site are low, and no liquid wastes are stored at the facility.
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RESULTS
Deep Wells (Table 15)
Tritium was not detected in any samples from the IGWPP deep monitor wells in 2019.

Plant-related gamma-emitting radioisotopes and hard-to-detect radioisotopes were not detected in
any ground-water samples collected from deep monitor wells in 2019.

Shallow and Intermediate Wells (Table 16)

Most shallow monitor wells have consistently yielded results indicating that tritium is not present
above the detection limit. In 2019, tritium was not detected in any samples from the IGWPP
shallow and intermediate wells.

Plant-related gamma-emitting radioisotopes and hard-to-detect radioisotopes were not detected in
any ground-water samples collected from shallow and intermediate monitor wells in 2019.

Other Analytical Results

As noted, plant-related gamma-emitting radioisotopes and hard-to-detect radioisotopes were not
detected in any ground-water samples collected from any monitor wells in 2019. However, the
naturally occurring radioisotopes Bi-214, Pb-214, T1-208, and K-40 were occasionally identified
in ground water samples. Such radioisotopes are normally found in the environment and are
geological in origin.

DISCUSSION

The 2019 results were unusual in that no positive tritium results were seen--in deep, shallow, or
intermediate wells. By contrast, in 2018, three positive ground water results for tritium were
detected in shallow wells, the highest of which was 540 pCi/liter. Furthermore, since the Integrated
Ground Water Protection Program was initiated in the fall of 2007, plant-related gamma isotopes
and hard-to-detect isotopes have never been identified in ground-water samples from any of the
monitor wells. It may also be noted that ground water from many of the site’s wells have never
yielded a positive result for tritium or plant related radionuclides.

If the tritium found in ground water from shallow wells (in previous years) were attributable to a
leaking plant system then one would expect the levels to steadily increase over time, especially
during the winter when there is, normally, less recharge from surface water. Instead the results
from shallow monitor wells have shown periodic low-level hits for tritium in ground water with
no trend. This pattern is more consistent with what one would expect to see if the tritium were
attributable to recapture (washout) in precipitation. Recapture of tritium emitted from nuclear
power plant stacks in precipitation is well documented and these emissions are continuously
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monitored and reported annually by the utility as part of an approved effluents program. A tritium
rain-water washout study performed at the Fermi site revealed that tritium is found in rain water
collected at the site. Tritium activity in rain water samples, taken at the site over a period of two
months as part of that study, ranged from approximately 400 pCi/L to 5,750 pCi/L in a rooftop
sample near the turbine building vent (the tritium release point with the greatest quantity of tritium
release).

Tritium activity was detected in 2019 above the minimum detectable activity (MDA) level in 5
precipitation samples ranging between 391 pCi/L and 811 pCi/L (average 576 pCi/L). These
concentrations are consistent with rainwater sample results in previous years. This shows that the
phenomenon of rainwater washout is still in effect at Fermi 2, but this year did not result in
detectable tritium in the shallow groundwater. For more detail on tritium in precipitation samples
taken at Fermi in 2019 see Appendix C of this report.

Table B-1: Deep Monitor Well Tritium Analysis Results for Year 2019 (Periodic Sample Events).

Monitor Well Quarter QA Type Ii;i)b Parameter Prefix Value Units
EF2-07-001D Q1 NORMAL GEL H-3 < 3.91E+02 pCi/L
EF2-07-001D Q2 NORMAL GEL H-3 < 3.36E+02 pCi/L
EF2-07-001D Q3 NORMAL GEL H-3 < 4.12E+02 pCi/L
EF2-07-001D Q4 NORMAL Note 3
EF2-07-003D Ql NORMAL GEL H-3 < 3.74E+02 pCi/L
EF2-07-003D Q2 NORMAL GEL H-3 < 3.85E+02 pCi/L
EF2-07-003D Q3 NORMAL GEL H-3 < 4.33E+02 pCi/L
EF2-07-003D Q4 NORMAL GEL H-3 < 4.61E+02 pCi/L
EF2-07-004D Ql NORMAL GEL H-3 < 3.95E+02 pCi/L
EF2-07-004D Q2 NORMAL GEL H-3 < 3.25E+02 pCi/L
EF2-07-004D Q3 NORMAL GEL H-3 < 4.47E+02 pCi/L
EF2-07-004D Q4 NORMAL GEL H-3 < 4.61E+02 pCi/L
EF2-07-006D Ql NORMAL GEL H-3 < 3.79E+02 pCi/L
EF2-07-006D Q2 NORMAL GEL H-3 < 3.03E+02 pCi/L
EF2-07-006D Q3 NORMAL GEL H-3 < 4.61E+02 pCi/L
EF2-07-006D Q4 NORMAL GEL H-3 < 4.51E+02 pCi/L
EF2-07-008D Ql NORMAL GEL H-3 < 3.89E+02 pCi/L
EF2-07-008D Q2 NORMAL GEL H-3 < 3.26E+02 pCi/L
EF2-07-008D Q3 NORMAL GEL H-3 < 4.25E+02 pCi/L
EF2-07-008D Q4 NORMAL Note 2
EF2-07-009D Q1 NORMAL GEL H-3 < 3.88E+02 pCi/L
EF2-07-009D Q2 NORMAL GEL H-3 < 3.46E+02 pCi/L
EF2-07-009D Q3 NORMAL GEL H-3 < 3.44E+02 pCi/L
EF2-07-009D Q4 NORMAL GEL H-3 < 4.63E+02 pCi/L
EF2-07-015D Q1 NORMAL GEL H-3 < 3.68E+02 pCi/L
EF2-07-015D Q2 NORMAL GEL H-3 < 3.50E+02 pCi/L
EF2-07-015D Q3 NORMAL GEL H-3 < 4.51E+02 pCi/L
EF2-07-015D Q4 NORMAL GEL H-3 < 4.63E+02 pCi/L
EF2-07-020D Ql NORMAL Note 2
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Table B-1: Deep Monitor Well Tritium Analysis Results for Year 2019 (Continued).

Monitor Well Quarter QA Type Ii;i)b Parameter Prefix Value Units
EF2-07-020D Q2 NORMAL GEL H-3 < 4.01E+02 pCi/L
EF2-07-020D Q3 NORMAL GEL H-3 < 4.30E+02 pCi/L
EF2-07-020D Q4 NORMAL GEL H-3 < 4.40E+02 pCi/L
EF2-07-029D Ql NORMAL GEL H-3 < 4.40E+02 pCi/L
EF2-07-029D Q2 NORMAL GEL H-3 < 3.62E+02 pCi/L
EF2-07-029D Q3 NORMAL GEL H-3 < 4.41E+02 pCi/L
EF2-07-029D Q4 NORMAL GEL H-3 < 4.54E+02 pCi/L

EFT-01D Q2 NORMAL GEL H-3 < 3.84E+02 pCi/L
EFT-01D Q4 NORMAL GEL H-3 < 4.46E+02 pCi/L
EFT-02D Q2 NORMAL Note 2
EFT-02D Q4 NORMAL GEL H-3 < 3.64E+02 pCi/L
EFT-04D Q2 NORMAL Note 2
EFT-04D Q4 NORMAL GEL H-3 < 4.42E+02 pCi/L
EFT-05D Q2 NORMAL Note 2
EFT-05D Q4 NORMAL GEL H-3 < 4.45E+02 pCi/L
EFT-06D Q2 NORMAL Note 2
EFT-06D Q4 NORMAL GEL H-3 < 4.38E+02 pCi/L
EFT-11D Q2 NORMAL GEL H-3 < 4.20E+02 pCi/L
EFT-11D Q4 NORMAL GEL H-3 < 4.47E+02 pCi/L
EFT-12D Q2 NORMAL GEL H-3 < 4.15E+02 pCi/L
EFT-12D Q4 NORMAL GEL H-3 < 4.51E+02 pCi/L
Table B-2: Shallow and Intermediate Monitor Well Tritium Analysis Results for 2019
(Periodic Sample Events).

Monitor Well Quarter QA Type Ii;l)b Parameter Prefix Value Units
EF2-07-002S Q1 NORMAL Note 1
EF2-07-002S Q2 NORMAL Note 1
EF2-07-002S Q3 NORMAL Note 1
EF2-07-002S Q4 NORMAL Note 1
EF2-07-003S Q1 NORMAL GEL H-3 < 3.66E+02 pCi/L
EF2-07-003S Q2 NORMAL GEL H-3 < 3.91E+02 pCi/L
EF2-07-003S Q3 NORMAL GEL H-3 < 4.49E+02 pCi/L
EF2-07-003S Q4 NORMAL GEL H-3 < 4.07E+02 pCi/L
EF2-07-005S Ql NORMAL GEL H-3 < 3.42E+02 pCi/L
EF2-07-005S Q2 NORMAL GEL H-3 < 3.69E+02 pCi/L
EF2-07-005S Q3 NORMAL GEL H-3 < 4.45E+02 pCi/L
EF2-07-005S Q4 NORMAL Note 2
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Table B-2: Shallow and Intermediate Monitor Well Tritium Analysis Results for 2019

(Continued)

Monitor Well Quarter QA Type Ii;l)b Parameter Prefix Value Units
EF2-07-007S Q1 NORMAL GEL H-3 < 4.02E+02 pCi/L
EF2-07-007S Q2 NORMAL GEL H-3 < 2.94E+02 pCi/L
EF2-07-007S Q3 NORMAL GEL H-3 < 4.19E+02 pCi/L
EF2-07-007S Q4 NORMAL GEL H-3 < 4.18E+02 pCi/L
EF2-07-008S Ql NORMAL GEL H-3 < 3.83E+02 pCi/L
EF2-07-008S Q2 NORMAL GEL H-3 < 3.61E+02 pCi/L
EF2-07-008S Q3 NORMAL GEL H-3 < 4.22E+02 pCi/L
EF2-07-008S Q4 NORMAL Note 2
EF2-07-012S Ql NORMAL GEL H-3 < 3.92E+02 pCi/L
EF2-07-012S Q2 NORMAL GEL H-3 < 3.25E+02 pCi/L
EF2-07-012S Q3 NORMAL GEL H-3 < 4.39E+02 pCi/L
EF2-07-012S Q4 NORMAL Note 1
EF2-07-013S Ql NORMAL GEL H-3 < 4.02E+02 pCi/L
EF2-07-013S Q2 NORMAL GEL H-3 < 3.58E+02 pCi/L
EF2-07-013S Q3 NORMAL GEL H-3 < 4.30E+02 pCi/L
EF2-07-013S Q4 NORMAL GEL H-3 < 4.48E+02 pCi/L
EF2-07-014S Ql NORMAL GEL H-3 < 3.84E+02 pCi/L
EF2-07-014S Q2 NORMAL GEL H-3 < 3.32E+02 pCi/L
EF2-07-014S Q3 NORMAL GEL H-3 < 4.51E+02 pCi/L
EF2-07-014S Q4 NORMAL Note 2
EF2-07-015S Q1 NORMAL GEL H-3 < 4.01E+02 pCi/L
EF2-07-015S Q2 NORMAL GEL H-3 < 4.31E+02 pCi/L
EF2-07-015S Q3 NORMAL GEL H-3 < 4.33E+02 pCi/L
EF2-07-015S Q4 NORMAL GEL H-3 < 4.21E+02 pCi/L
EF2-07-016S Q1 NORMAL GEL H-3 < 3.45E+02 pCi/L
EF2-07-016S Q2 NORMAL GEL H-3 < 4.10E+02 pCi/L
EF2-07-016S Q3 NORMAL GEL H-3 < 4.41E+02 pCi/L
EF2-07-016S Q4 NORMAL GEL H-3 < 4.52E+02 pCi/L
EF2-07-017S Q1 NORMAL Note 2
EF2-07-017S Q2 NORMAL GEL H-3 < 2.36E+02 pCi/L
EF2-07-017S Q3 NORMAL GEL H-3 < 2.53E+02 pCi/L
EF2-07-017S Q4 NORMAL Note 2
EF2-07-018S Ql NORMAL Note 4
EF2-07-018S Q2 NORMAL Note 4
EF2-07-018S Q3 NORMAL Note 4
EF2-07-018S Q4 NORMAL Note 4
EF2-07-019S Ql NORMAL GEL H-3 < 4.26E+02 pCi/L
EF2-07-019S Q2 NORMAL GEL H-3 < 4.10E+02 pCi/L
EF2-07-019S Q3 NORMAL GEL H-3 < 4.41E+02 pCi/L
EF2-07-019S Q4 NORMAL Note 2
EF2-07-020S Ql NORMAL Note 2
EF2-07-020S Q2 NORMAL GEL H-3 < 2.24E+02 pCi/L
EF2-07-020S Q3 NORMAL GEL H-3 < 2.46E+02 pCi/L
EF2-07-020S Q4 NORMAL GEL H-3 < 2.59E+02 pCi/L
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Table B-2: Shallow and Intermediate Monitor Well Tritium Analysis Results for 2019

(Continued)

Monitor Well Quarter QA Type Ii;l)b Parameter Prefix Value Units
EF2-07-021S Q1 NORMAL GEL H-3 < 4.39E+02 pCi/L
EF2-07-021S Q2 NORMAL GEL H-3 < 4.14E+02 pCi/L
EF2-07-021S Q3 NORMAL GEL H-3 < 4.38E+02 pCi/L
EF2-07-021S Q4 NORMAL Note 2
EF2-07-022S Ql NORMAL Note 3
EF2-07-022S Q2 NORMAL Note 3
EF2-07-022S Q3 NORMAL Note 3
EF2-07-022S Q4 NORMAL Note 3
EF2-07-023S Ql NORMAL GEL H-3 < 4.37E+02 pCi/L
EF2-07-023S Q2 NORMAL GEL H-3 < 4.14E+02 pCi/L
EF2-07-023S Q3 NORMAL GEL H-3 < 4.18E+02 pCi/L
EF2-07-023S Q4 NORMAL Note 2
EF2-07-024S Ql NORMAL GEL H-3 < 4.44E+02 pCi/L
EF2-07-024S Q2 NORMAL GEL H-3 < 4.50E+02 pCi/L
EF2-07-024S Q3 NORMAL GEL H-3 < 4.31E+02 pCi/L
EF2-07-024S Q4 NORMAL Note 2
EF2-07-025S Q1 NORMAL GEL H-3 < 4.28E+02 pCi/L
EF2-07-025S Q2 NORMAL GEL H-3 < 4.24E+02 pCi/L
EF2-07-025S Q3 NORMAL GEL H-3 < 4.65E+02 pCi/L
EF2-07-025S Q4 NORMAL Note 2
EF2-07-026S Q1 NORMAL GEL Note 2
EF2-07-026S Q2 NORMAL GEL H-3 < 4.03E+02 pCi/L
EF2-07-026S Q3 NORMAL GEL H-3 < 4.15E+02 pCi/L
EF2-07-026S Q4 NORMAL GEL Note 2
EF2-07-027S Q1 NORMAL GEL Note 2
EF2-07-027S Q2 NORMAL GEL H-3 < 4.66E+02 pCi/L
EF2-07-027S Q3 NORMAL GEL H-3 < 4.37E+02 pCi/L
EF2-07-027S Q4 NORMAL GEL Note 2
EF2-07-028S Q1 NORMAL GEL H-3 < 4.34E+02 pCi/L
EF2-07-028S Q2 NORMAL GEL H-3 < 4.08E+02 pCi/L
EF2-07-028S Q3 NORMAL GEL H-3 < 4.24E+02 pCi/L
EF2-07-028S Q4 NORMAL GEL H-3 < 4.52E+02 pCi/L
EF2-07-029S Ql NORMAL GEL H-3 < 4.20E+02 pCi/L
EF2-07-029S Q2 NORMAL GEL H-3 < 3.59E+02 pCi/L
EF2-07-029S Q3 NORMAL GEL H-3 < 4.38E+02 pCi/L
EF2-07-029S Q4 NORMAL Note 2
EF2-07-031S Ql NORMAL GEL H-3 < 4.44E+02 pCi/L
EF2-07-031S Q2 NORMAL GEL H-3 < 4.27E+02 pCi/L
EF2-07-031S Q3 NORMAL GEL H-3 < 4.28E+02 pCi/L
EF2-07-031S Q4 NORMAL Note 2

MW-09 Ql NORMAL Note 2
MW-09 Q2 NORMAL Note 2
MW-09 Q3 NORMAL Note 2
MW-09 Q4 NORMAL Note 2
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Table B-2: Shallow and Intermediate Monitor Well Tritium Analysis Results for 2019

(Continued)
Monitor Well Quarter QA Type Ii;l)b Parameter Prefix Value Units
MW-10 Q1 NORMAL Note 2
MW-10 Q2 NORMAL GEL H-3 < 3.82E+02 pCi/L
MW-10 Q3 NORMAL GEL H-3 < 4.30E+02 pCi/L
MW-10 Q4 NORMAL Note 2 pCI/L
MW-11 Ql NORMAL Note 2 pCi/L
MW-11 Q2 NORMAL GEL H-3 < 4.26E+02 pCi/L
MW-11 Q3 NORMAL GEL H-3 < 4.30E+02 pCi/L
MW-11 Q4 NORMAL Note 4
MW-18 Ql NORMAL GEL H-3 < 4.33E+02 pCi/L
MW-18 Q2 NORMAL GEL H-3 < 4.26E+02 pCi/L
MW-18 Q3 NORMAL GEL H-3 < 4.22E+02 pCi/L
MW-18 Q4 NORMAL Note 2
MW-21 Ql NORMAL GEL H-3 < 4.42E+02 pCi/L
MW-21 Q2 NORMAL GEL H-3 < 3.71E+02 pCi/L
MW-21 Q3 NORMAL GEL H-3 < 4.28E+02 pCi/L
MW-21 Q4 NORMAL Note 2
EFT-01S Q2 NORMAL GEL H-3 < 4.31E+02 pCi/L
EFT-01S Q4 NORMAL Note 2
EFT-02S Q2 NORMAL Note 2
EFT-02S Q4 NORMAL Note 2
EFT-04S Q2 NORMAL Note 2
EFT-04S Q4 NORMAL Note 2
EFT-05S Q2 NORMAL Note 2
EFT-05S Q4 NORMAL Note 2
EFT-06S Q2 NORMAL Note 2
EFT-06S Q4 NORMAL Note 2
EFT-07S Q2 NORMAL GEL H-3 < 4.21E+02 pCi/L
EFT-07S Q4 NORMAL Note 3
EFT-08S Q2 NORMAL GEL H-3 < 3.56E+02 pCi/L
EFT-08S Q4 NORMAL Note 2
EFT-08SR Q2 NORMAL GEL H-3 < 3.97E+02 pCi/L
EFT-08SR Q4 NORMAL Note 2
EFT-09S Q2 NORMAL Note 2
EFT-09S Q4 NORMAL Note 2
EFT-10S Q2 NORMAL GEL H-3 < 2.64E+02 pCi/L
EFT-10S Q4 Note 2
P-3928 Q1 NORMAL GEL H-3 < 3.82E+02 pCi/L
P-3928 Q2 NORMAL GEL H-3 < 3.14E+02 pCi/L
P-3928 Q3 NORMAL GEL H-3 < 4.16E+02 pCi/L
P-3928 Q4 NORMAL GEL H-3 < 4.51E+02 pCi/L
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Table B-2: Shallow and Intermediate Monitor Well Tritium Analysis Results for 2019

(Continued)

Monitor Well Quarter QA Type Ii;i)b Parameter Prefix Value Units
EFT-011 Q2 NORMAL GEL H-3 < 3.61E+02 pCi/L
EFT-011 Q4 NORMAL Note 2
EFT-111 Q2 NORMAL Note 2
EFT-111 Q4 NORMAL Note 2
EFT-121 Q2 NORMAL Note 2
EFT-121 Q4 NORMAL Note 2
EFT-131 Q2 NORMAL Note 2
EFT-131 Q4 NORMAL Note 2

Note 1: Monitor well inaccessible — for example in construction area.

Note 2:

Note 3:

Note 4:

Monitor well could not be sampled — for example covered by snow, ice, water, gravel,
or dried out.

Monitor well could not be sampled — under obstruction during construction periods and
alternate well in immediate area sampled.

Monitor well could not be sampled — in a restricted area and alternate well in immediate
area sampled.
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Maps

Map 1 - Map of Current Monitor Well Locations (EF2 and Owner Controlled Area)
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Map 2 - Map of Current Monitor Well Locations (Fermi 1)
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Fermi 2 has documented the phenomenon of rainwater washout, also known as recapture, of
gaseous effluents, in which tritium concentrations above background levels are routinely detected
in rainwater samples collected at the site. These positive samples are most often observed in sectors
which are downwind from the plant during the rain event. Table 17 below shows that tritium was
detected in 5 of 39 rainwater and storm water samples analyzed in 2019. The Nuclear Regulatory
Commission has also recognized this phenomenon of recaptured gaseous effluents in NRC
Regulatory Issue Summary 2008-03.

Fermi 2 continues to monitor this phenomenon through the collection of rainwater samples and
storm water outfall samples at least once per quarter (however in the third quarter of 2019,
insufficient sample volume was available for analysis). These samples are normally analyzed for
tritium to a Lower Limit of Detection (LLD) of 500 pCi/L or less. The table and map in this
appendix show tritium results and collection locations for 2019 rainwater samples. The following
general points may be made about recent years’ data:

1) Higher rainwater tritium levels were detected most frequently and in sectors which are
downwind from the plant vents, especially east and southeast from the plant. This is to be
expected based on the prevailing wind direction and the location of the turbine building vent,
which is the site’s largest tritium release point, the reactor building vent, the second largest,
and the condensate storage tank and condensate return tank vents which have the lowest
elevation of the site’s tritium release points. It is also consistent with the occasional detection
of tritium in shallow groundwater wells in previous years, as mentioned in Appendix B.

2) The amount and location of rainwater washout can vary considerably between rain events.
For example, in 2019, tritium was detected in 5 samples in first quarter rain event, but in no
samples in the second and fourth quarter rain events. (Third quarter samples were not
analyzed due to insufficient samples volumes.)

3) Detection of tritium in rainwater samples is more frequent and at slightly higher levels than
in shallow groundwater wells: in 2018 the average detected tritium level in positive rainwater
and outfall samples was 541 pCi/L versus 447 pCi/L for positive shallow groundwater
samples. This is consistent with the dilution of rainwater trittum prior to its detection in
groundwater wells. In 2019, the average detected tritium level in rainwater was 576 pCi/L,
but no tritium was detected in groundwater wells in 2019.

4) Tritium levels in rainwater near the CST can be partially explained by periodic venting of
tritiated water vapor from the CST and CRT (minor release points for tritium).

5) All rainwater and storm-water tritium concentrations were less than one twentieth of the EPA
drinking water limit (20,000 pCi/L). Thus, all tritium levels commonly detected in Fermi
rainwater would be safe for drinking.
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Table C-1 presents 2019 rainwater and storm water tritium analyses. The designation "<" indicates
that tritium in the sample was less than the minimum detectable activity (MDA) for that sample.
This level is similar to the minimum detectable concentration (MDC) level reported by General
Engineering Laboratory (GEL) for groundwater samples (see Appendix B). These MDA and
MDC values are in the same range: approximately 300-500 pCi/L. Rainwater samples are
analyzed by Fermi 2 Chemistry personnel using a Liquid Scintillation Counter. The lab is
requested to count these samples to an MDA of 500 pCi/L or less (the same level as is requested
from GEL) and all MDA levels reported were less than 500 pCi/L. The MDA for each sample is
presented in the table. The attached map shows the sample locations for the results reported in
Table C-1.

Table C-1: Precipitation and Storm Water Tritium Analysis Results for Year 2019

Result MDA
Sample Location Quarter | Sample Date Lab (pCi/L or (pCi/L)
<MDA)
H3-PR-01 Q1 29-Mar-19 Fermi 2 Chem 6.29E+02 3.88E+02
H3-PR-04 Q1 29-Mar-19 Fermi 2 Chem < 3.88E+02
H3-PR-05 Q1 29-Mar-19 Fermi 2 Chem < 3.88E+02
H3-PR-06 Q1 29-Mar-19 Fermi 2 Chem < 3.88E+02
H3-PR-07 Q1 29-Mar-19 Fermi 2 Chem 8.11E+02 3.88E+02
H3-PR-08 Ql 29-Mar-19 Fermi 2 Chem < 3.88E+02
H3-PR-14 Q1 29-Mar-19 Fermi 2 Chem < 3.88E+02
H3-PR-23 Q1 29-Mar-19 Fermi 2 Chem 5.96E+02 3.88E+02
H3-PR-24 Q1 29-Mar-19 Fermi 2 Chem 4.54E+02 3.88E+02
H3-PR-29 Q1 29-Mar-19 Fermi 2 Chem < 3.88E+02
H3-PR-30 Q1 29-Mar-19 Fermi 2 Chem 3.91E+02 3.88E+02
OUTFALL 002 Q1 28-Mar-19 Fermi 2 Chem < 3.88E+02
OUTFALL 014 Ql 28-Mar-19 Fermi 2 Chem < 3.88E+02
Result MDA
Sample Location Quarter | Sample Date Lab (pCi/L or (pCi/L)
<MDA)
H3-PR-01 Q2 23-May-19 Fermi 2 Chem < 3.82E+02
H3-PR-04 Q2 23-May-19 Fermi 2 Chem < 3.82E+02
H3-PR-05 Q2 23-May-19 Fermi 2 Chem < 3.82E+02
H3-PR-06 Q2 23-May-19 Fermi 2 Chem < 3.82E+02
H3-PR-07 Q2 23-May-19 Fermi 2 Chem < 3.82E+02
H3-PR-08 Q2 23-May-19 Fermi 2 Chem < 3.82E+02
H3-PR-14 Q2 23-May-19 Fermi 2 Chem < 3.82E+02
H3-PR-23 Q2 23-May-19 Fermi 2 Chem < 3.82E+02
H3-PR-24 Q2 23-May-19 Fermi 2 Chem < 3.82E+02
H3-PR-29 Q2 23-May-19 Fermi 2 Chem < 3.82E+02
H3-PR-30 Q2 23-May-19 Fermi 2 Chem < 3.82E+02
OUTFALL 002 Q2 23-May-19 Fermi 2 Chem < 3.82E+02
OUTFALL 014 Q2 14-May-19 Fermi 2 Chem < 3.82E+02
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Table C-1: Precipitation and Storm Water Tritium Analysis Results for Year 2019 (Continued)

Result MDA
Sample Location Quarter | Sample Date Lab (pCV/L or (pCi/L)
<MDA)
H3-PR-01 Q3 * * * *
H3-PR-04 Q3 * * * *
H3-PR-05 Q3 * * * *
H3-PR-06 Q3 * * * *
H3-PR-07 Q3 * * * *
H3-PR-08 Q3 * * * *
H3-PR-14 Q3 * * * *
H3-PR-23 Q3 * * * *
H3-PR-24 Q3 * * * *
H3-PR-29 Q3 * * * *
H3-PR-30 Q3 * * * *
OUTFALL 002 Q3 * * * *
OUTFALL 014 Q3 * * * *

*Due to inability to obtain sufficient rainwater sample sizes, data for the third quarter are not available.

Result MDA
Sample Location Quarter | Sample Date Lab (pCi/L or (pCi/L)
<MDA)
H3-PR-01 Q4 27-Oct-19 Fermi 2 Chem < 4.70E+02
H3-PR-04 Q4 27-Oct-19 Fermi 2 Chem < 4.70E+02
H3-PR-05 Q4 27-Oct-19 Fermi 2 Chem < 4.70E+02
H3-PR-06 Q4 27-Oct-19 Fermi 2 Chem < 4.70E+02
H3-PR-07 Q4 27-Oct-19 Fermi 2 Chem < 4.70E+02
H3-PR-08 Q4 27-Oct-19 Fermi 2 Chem < 4.70E+02
H3-PR-14 Q4 27-Oct-19 Fermi 2 Chem < 4.70E+02
H3-PR-23 Q4 27-Oct-19 Fermi 2 Chem < 4.70E+02
H3-PR-24 Q4 27-Oct-19 Fermi 2 Chem < 4.70E+02
H3-PR-29 Q4 27-Oct-19 Fermi 2 Chem < 4.70E+02
H3-PR-30 Q4 27-Oct-19 Fermi 2 Chem < 4.70E+02
OUTFALL 002 Q4 27-Oct-19 Fermi 2 Chem < 4.70E+02
OUTFALL 014 Q4 27-Oct-19 Fermi 2 Chem < 4.70E+02
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Map 3 Map of Precipitation Collection Locations (EF2 and Owner Controlled Area)
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Distribution Table



Fermi 2 Nuclear Station

Site Identifier: 20

Data Period Examined: 1/1/2019 -12/31/2019

Output of Wind Rose, wind-speed in m/s

Stability Class Based On: Delta T Between 60.0 and 10.0 Meters
Wind Measured At: 10.0 Meters

Wind Threshold At: 0.50 MPH

Joint Frequency Distribution of Wind Speed and Direction in Hours at 10.0 Meters

Table D-1: Joint Frequency Distribution - Class A
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Wind Speed N NNE | NE | ENE E ESE SE SSE S SSW | SW | WSW | W | WNW | NW | NNW Add Fraction
<0.23 Calm 0 0
0.23-0.35 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0.001
0.35-1.13 0 1 1 4 3 6 1 3 0 1 4 3 2 3 2 1 35 0.02
1.13-2.02 2 8 9 7 11 30 26 11 16 12 17 10 8 16 14 3 200 0.116
2.02-2.92 5 10 18 22 23 82 89 42 61 38 22 40 39 33 29 13 566 0.328
2.92-3.81 1 3 10 27 35 41 52 40 17 44 16 36 24 28 22 13 409 0.237
3.81-5.15 1 6 11 42 36 21 10 18 13 32 48 26 43 50 22 3 382 0.221
5.15-6.49 0 1 3 13 30 6 1 0 0 15 11 10 5 8 9 4 116 0.067
6.49 - 8.27 0 0 0 2 7 0 2 0 0 0 2 0 0 0 0 0 13 0.008
>8.27 0 0 0 2 4 0 0 0 0 0 0 0 0 0 0 0 6 0.003
Tot 9 29 52| 120 | 149 | 186 | 181 | 114 | 107 | 142 | 120 125 | 121 138 98 37 1728 1




Table D-2: Joint Frequency Distribution - Class B
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Wind Speed N NNE NE ENE E ESE SE SSE S SSW | SW | WSW W | WNW | NW | NNW Add Fraction
<0.23 Calm 0 0
0.23-0.35 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0.003
0.35-1.13 0 0 0 0 1 2 0 1 1 0 0 2 0 0 0 1 8 0.027
1.13-2.02 2 1 5 3 1 1 2 0 4 1 5 3 4 5 5 4 46 0.155
2.02-2.92 6 2 3 2 4 2 5 2 3 4 6 13 6 6 10 3 77 0.259
2.92-3.81 5 1 1 5 4 1 1 2 4 7 2 5 7 6| 11 7 69 0.232
3.81-5.15 3 1 1 8 7 2 0 1 2 9 6 7 6 5 7 6 71 0.239
5.15-6.49 0 0 0 2 6 1 1 1 0 2 3 0 1 1 1 5 24 0.081
6.49 - 8.27 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0.003
>8.27 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Tot 17 5 10 20 23 10 9 7 14 23 22 30 24 23 34 26 297 1
Table D-3: Joint Frequency Distribution - Class C
Wind Speed N NNE NE ENE E ESE SE SSE S SSW | SW | WSW W | WNW | NW | NNW Add Fraction
<0.23 Calm 0 0
0.23-0.35 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0.35-1.13 0 0 0 0 1 0 1 0 0 2 1 0 4 0 0 1 10 0.029
1.13-2.02 4 0 1 3 0 1 3 0 3 4 3 1 3 3 6 1 36 0.106
2.02-2.92 2 6 2 4 1 6 3 3 5 7 7 6 10 7 10 5 84 0.247
2.92-3.81 1 4 5 2 4 4 0 2 1 6 5 8 10 8 6 3 69 0.203
3.81-5.15 3 0 4 6 4 9 2 2 2 14 7 12 7 5 5 6 88 0.259
5.15 - 6.49 1 1 0 2 5 4 3 1 0 4 2 1 1 2 4 4 35 0.103
6.49 - 8.27 2 0 0 3 4 2 1 0 0 1 2 0 0 0 0 0 15 0.044
>8.27 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 3 0.009
Tot 13 11 12 20 22 26 13 8 11 38 27 28 35 25 31 20 340 1




Table D-4: Joint Frequency Distribution - Class D
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Wind Speed N NNE NE ENE E ESE SE SSE S SSW | SW | WSW W | WNW | NW | NNW Add Fraction
<0.23 Calm 1 0
0.23-0.35 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 2 0.001
0.35-1.13 9 11 6 4 4 2 2 3 1 5 9 6 11 9 8 7 97 0.033
1.13-2.02 36 40 36 12 13 17 15 18 20 16 26 42 48 31 44 28 442 0.149
2.02-2.92 31 58 61 25 25 37 31 25 34 27 48 87 57 42 42 56 686 0.231
2.92-3.81 34 35 69 44 29 29 19 25 15 50 75 57 52 43 44 43 663 0.223
3.81-5.15 36| 14| 42| 70| 47| 30 4| 15| 25| 70| 82 55| 34 51| 54 29 658 0.221
5.15-6.49 12 6 22 34 54 12 3 3 4 26 47 14 10 15 8 9 279 0.094
6.49 - 8.27 18 2 4 13 27 9 3 6 0 7 21 8 4 3 0 1 126 0.042
>8.27 2 0 0 0 11 3 0 0 0 1 1 0 1 0 0 0 19 0.006
Tot 178 166 | 240 | 203 | 210 | 139 77 95 99 | 202 | 310 269 217 194 | 200 173 2973 1
Table D-5: Joint Frequency Distribution - Class E
Wind Speed N NNE NE ENE E ESE SE SSE S SSW | SW | WSW W | WNW | NW | NNW Add Fraction
<0.23 Calm 7 0.004
0.23-0.35 0 0 1 1 0 0 0 0 1 1 0 0 0 0 0 0 4 0.002
0.35-1.13 6 8 4 8 2 3 4 3 15 21 13 23 32 36 13 13 204 0.109
1.13-2.02 28 34 22 10 7 17 12 13 32 35 65 93 75 84 64 21 612 0.328
2.02-2.92 10 19 16 22 5 35 23 29 40 67 81 34 28 41 37 22 509 0.273
2.92-3.81 1 2 20 14 14 17 14 20 27 72 35 8 16 19 20 5 304 0.163
3.81-5.15 0 0 8 5 11 17 7 17 25 50 8 1 0 4 9 2 164 0.088
5.15-6.49 0 0 0 1 4 1 6 10 3 10 6 1 0 1 0 0 43 0.023
6.49 - 8.27 0 0 0 0 3 0 6 1 1 6 0 0 0 0 0 0 17 0.009
>8.27 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Tot 45 63 71 61 46 90 72 93 144 | 262 | 208 160 151 185 143 63 1864 1




Table D-6: Joint Frequency Distribution - Class F
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Wind Speed N NNE NE ENE E ESE SE SSE S SSW | SW | WSW W | WNW | NW | NNW Add Fraction
<0.23 Calm 8 0.013
0.23-0.35 0 0 0 0 0 1 0 0 2 0 0 0 0 0 0 0 3 0.005
0.35-1.13 11 3 1 2 2 3 1 8 15 14 14 26 28 36 14 12 190 0.297
1.13-2.02 17 6 2 1 1 6 5 10 15 20 31 37 23 54 35 18 281 0.439
2.02-2.92 5 2 2 1 3 3 5 12 11 14 5 0 0 2 4 0 69 0.108
2.92-3.81 1 0 1 0 2 8 8 9 12 11 2 0 0 0 0 1 55 0.086
3.81-5.15 0 0 0 1 2 7 2 2 6 10 0 0 0 0 0 0 30 0.047
5.15-6.49 0 0 0 0 0 1 2 0 0 1 0 0 0 0 0 0 4 0.006
6.49 - 8.27 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
>8.27 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Tot 34 11 6 5 10 29 23 41 61 70 52 63 51 92 53 31 640 1
Table D-7: Joint Frequency Distribution - All Classes
Wind Speed N NNE NE ENE E ESE SE SSE S SSW | SW | WSW W | WNW | NW | NNW Add Fraction
<0.23 Calm 17 0.002
0.23-0.35 1 0 1 3 0 1 0 0 4 1 1 1 0 0 0 0 13 0.002
0.35-1.13 28 24 13 23 13 18 11 21 32 51 46 67 101 110 54 39 651 0.081
1.13-2.02 92 90 76 36 34 84 70 56 93 91 149 198 167 209 183 84 1712 0.212
2.02-2.92 60 97 102 77 63 171 159 115 156 161 169 180 140 131 134 99 2014 0.249
2.92-3.81 43 45 106 92 89 101 95 102 77 190 | 135 114 109 104 | 103 72 1577 0.195
3.81-5.15 43 21 66 132 107 86 26 55 73 186 151 101 90 115 97 46 1395 0.173
5.15-6.49 13 8 25 52 99 25 16 18 7 58 69 26 17 27 22 22 504 0.062
6.49 - 8.27 20 2 4 18 41 12 12 8 1 14 25 8 4 3 0 1 173 0.021
>8.27 2 0 0 2 18 3 0 0 0 1 1 0 1 0 0 0 28 0.003
Total 302 287 | 393 | 435 | 464 | 501 | 389 | 375 | 443 753 746 695 | 629 699 | 593 363 8084 1
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Figure D-1: 2019 Wind-Rose Pattern, all stability classes:

WindRose. Stability Class: ALL

Average wind speed at 10m: 2.97 m/s

N Wind Speed (m/s)

10.0% - NNW NNE
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0.23-0.35
ENE 0.35-1.13
1.13-2.02
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292 -3.81
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>8.27

Frequency
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OFFSITE DOSE CALCULATION MANUAL

Revision Summary

ouhwN~

®© N

11.

12.
13.

14.

15.

16.

17.
18.
19.

Added Section Titles for Part 1 (Page 1-1) and Part 2 (Page 6-1).

Section 2.0 - Corrected Definition for RATED THERMAL POWER (CARD 18-30377).
Added numerical designators to section headers.

Clarified numerical values for consistency (Action 111, 6.3.3).

Corrected number of monitoring stations in Table 3.12.1-1.

Revised TABLE 3.12.1-1, 3/4.11.2.2, 3/4.11.2.3, 7.3.1 /Q, 8.2.1 note, and TABLE
8.0-1 to specify 5-year averages vs. Annual Average for consistency throughout.
Formatted (added dashed lines) to Tables 3.12.1-2 and 4.12.1-2.

Removed Office Service Building vent path from Figure 3.0-1 and Figure 7.0-1 and
updated drawings (Legacy issue).

Added radionuclide designator for Strontium 90 in 6.2.2.

Removed references to previously deleted equations (6.12), (6-13) and (7-15)
(Legacy issue).

Corrected Hydrogen Monitor concentration in Section 7.1.2 from “less than” to “less
than or equal to”.

Corrected radionuclide symbol for Ru-103 and isotope for Pr-143 in Table 7.0-4.
Clarified /Q description for formulas 7-2, 7-5, 7-11 and 7-14.

Revised TABLE 7.0-3 to include »/Q (sec/m3) and D/Q (1/m2) values for Standby
Gas Treatment System.

Updates to Table 10.0-1:

* Clarify monitor / sample locations descriptions (physical location did not change).
* Deleted station FP-1 (no longer farming).

* Deleted station M-2 due to shutdown of the milking operation (CARD 17-20786).
* Added media and frequency for station T45 and T48 which were missing.

* Updated location for FP-HD1 (near API-2 not API-1).

* Removed headers for “Media” and “Frequency” on page 10-15

* Corrected Land Use Census Closest Residence approximate distance from
Reactor for the WSW Sector.

Formatted (added boarders) to table(s) 6.0-1, 6.0-2, 7.0-1, 7.0-2, 7.0-4, 8.0-1 and
8.0-2. No revision bars for these changes.

Changed Detroit Edison and DECo to DTE Energy throughout.

Corrected nomenclature format for Table references.

Corrected various spelling errors (Pages 4-5, 5-2 and 5-3).

Implementation Plan
These revisions go into effect upon approval.

Discard all pages of current TRM Volume Il (ODCM Revision 22) and replace with this
document (ODCM Revision 23)

Information and Procedures

DTC DSN Revision | Date Issued | Change# File # IP | ISFSI | Recipient
TMTRM | TRM VOL II 23 11/01/2019 | 19-044-ODM | 1754 1 N
FERMI 2 ODCM - TRM VOLUME II 0-1 Rev. 23
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INTRODUCTION
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1.0 INTRODUCTION

Part | of the Fermi 2 Offsite Dose Calculation Manual (ODCM), which includes Sections 2.0
through 5.0, contains the controls and surveillance requirements for radioactive effluents and
radiological environmental monitoring. It also contains requirements for the Annual Radiological
Environmental Operating Report and the Annual Radioactive Effluent Release Report.

This satisfies the requirements for Technical Specification 5.5.1, the Offsite Dose Calculation
Manual (ODCM), and Technical Specification 5.5.4, Radioactive Effluent Controls Program.

Part Il of the ODCM describes the methodology and parameters used in calculating radioactive
liquid and gaseous effluent monitoring instrumentation alarm/trip setpoints, and in calculating
liquid and gaseous effluent dose rates and cumulative doses.

The methodology provided in Part Il of this manual is acceptable for use in demonstrating
compliance with the dose limits for members of the public of 10 CFR 20, the cumulative dose
criteria of 10 CFR 50, Appendix | and 40 CFR 190, and the controls in Part | of this manual.

Part 11, Section 6.0 of the ODCM describes equipment for monitoring and controlling liquid
effluents, sampling requirements, and dose evaluation methods. Section 7.0 provides similar
information on gaseous effluent controls, sampling, and dose evaluation. Section 8.0 describes
special dose analyses required for compliance with Fermi 2 Offsite Dose Calculation Manual
and 40 CFR 190. Section 9.0 describes the role of the annual land use census in identifying the
controlling pathways and locations of exposure for assessing potential off-site doses.

Section 10.0 describes the Radiological Environmental Monitoring Program.

The ODCM will be maintained at Fermi 2 for use as a listing of radiological effluent controls and
surveillance requirements, as well as a reference guide and training document for accepted
methodologies and calculations. Changes to the ODCM calculational methodologies and
parameters will be made as necessary to ensure reasonable conservatism in keeping with the
principles of 10 CFR 50.36a and Appendix | for demonstrating that radioactive effluents are "As
Low As Reasonably Achievable."

NOTE: Throughout this document words appearing all capitalized denote either definitions
specified in the Fermi 2 Controls or common acronyms.

END OF SECTION 1.0
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2.0 DEFINITIONS
Term

ACTIONS

CHANNEL CALIBRATION

CHANNEL CHECK

CHANNEL FUNCTIONAL TEST

Definition

ACTIONS shall be that part of a Specification that
prescribes Required Actions to be taken under designated
Conditions within specified Completion Times.

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 that the channel monitors. A CHANNEL
CALIBRATION shall encompass the entire channel
including the required sensor, alarm, display, and trip
functions, and shall include a CHANNEL FUNCTIONAL
TEST. Calibration of instrument channels with resistance
temperature detectors (RTD) or thermocouple sensors
may consist of an inplace qualitative assessment of sensor
behavior and normal calibration of the remaining
adjustable devices in the channel. A CHANNEL
CALIBRATION may be performed by means of any series
of sequential, overlapping, or total channel steps so that
the entire channel is calibrated.

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/or status with other indications
and/or status derived from independent instrument
channels measuring the same parameter.

A CHANNEL FUNCTIONAL TEST shall be the injection of
a simulated or actual signal into the channel as close to
the sensor as practicable to verify FUNCTIONAL
CAPABILITY, including required alarm, interlock, display,
and trip functions, and channel failure trips. A 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.
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Term

FREQUENCY NOTATION

FUNCTIONALLY CAPABLE

MEMBER(S) OF THE PUBLIC

MODE

MPC

OCCUPATIONAL DOSE

Definition

The FREQUENCY NOTATION specified for the
performance of Surveillance Requirements shall
correspond to the intervals defined in Table 2.1.

A system, subsystem, division, component, or device shall
be FUNCTIONALLY CAPABLE or have FUNCTIONAL
CAPABILITY when it is capable of performing its specified
safety 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 perform its
specified safety function(s) are also capable of performing
their related support function(s).

MEMBER(S) OF THE PUBLIC means any individual
except when that individual is receiving an occupational
dose.

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 2.2 with fuel in the reactor
vessel.

(Maximum Permissible Concentration in water) For
individual nuclides, 10 times the concentration values in 10
CFR Part 20.1001-20.2402, Appendix B, Table 2, Column
2, except for noble gases which are limited to 2E-4 uCi/ml
total activity concentration. For nuclide mixtures,
concentrations for which the sum of individual nuclide
concentrations divided by their corresponding individual
MPC values equals 1.

OCCUPATIONAL DOSE means the dose received by an
individual in the course of employment in which the
individual’s assigned duties involve exposure to radiation
and/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 dose received from background radiation, as a
patient from medical practices, from voluntary participation
in medical research programs, or as a member of the
general public.
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Term

OFF-GAS
TREATMENT SYSTEM

OFFSITE DOSE
CALCULATIONAL MANUAL

PUBLIC DOSE

PURGE - PURGING

RATED THERMAL POWER
(RTP)

REPORTABLE EVENT

Definition

An OFF-GAS TREATMENT SYSTEM is any system
designed and installed to reduce radioactive gaseous
effluents by collecting reactor coolant system offgases
from the reactor coolant and providing for delay or holdup
for the purpose of reducing the total radioactivity prior to
release to the environment.

The OFFSITE DOSE CALCULATION MANUAL (ODCM)
shall contain the methodology and parameters used in the
calculation of offsite doses resulting from radioactive
gaseous and liquid effluent, 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 (1) the
Radiological Effluent Controls and Radiological
Environmental Monitoring Program Controls, and (2)
descriptions of the information that should be included in
the Annual Radiological Environmental Operating and
Annual Radioactive Effluent Reports required by Controls
5.9.1.7 and 5.9.1.8.

PUBLIC DOSE means the dose received by a member of
the public from exposure to radiation and/or radioactive
material released by a licensee, or to any other source of
radiation under the control of a licensee. It does not
include occupational dose or doses received from
background radiation, as a patient from medical practices,
or from voluntary participation in medical research
programs.

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
or gas is required to purify the confinement.

RTP shall be a total reactor core heat transfer rate to the
reactor coolant of 3486 MWWHt.

A REPORTABLE EVENT shall be any of those conditions
specified in Section 50.73 to 10 CFR Part 50.
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Term

SITE BOUNDARY

SOURCE CHECK

THERMAL POWER

UNRESTRICTED AREA

VENTILATION EXHAUST
TREATMENT SYSTEM

VENTING

Definition

The SITE BOUNDARY shall be that line beyond which the
land is neither owned, nor leased, nor otherwise
controlled, by the licensee.

A SOURCE CHECK shall be the qualitative assessment of
channel response when the channel sensor is exposed to
a radioactive source.

THERMAL POWER shall be the total reactor core heat
transfer rate to the reactor coolant.

The Fermi 2 Energy Center UNRESTRICTED AREA
includes all areas outside the site boundary.

A VENTILATION EXHAUST TREATMENT SYSTEM shall
be 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.

VENTING shall be 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 2.1

SURVEILLANCE FREQUENCY NOTATION

NOTATION FREQUENCY
S TR At least once per 12 hours.
3 At least once per 24 hours.
LA At least once per 7 days.

M At least once per 31 days.
Qe At least once per 92 days.
SA At least once per 184 days.
A At least once per 366 days.

R At least once per 18 months
(550 days).
STU e Prior to each reactor startup.
P Prior to each radioactive release.
N A Not applicable.
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TABLE 2.2

MODES
REACTOR MODE AVERAGE REACTOR
MODE TITLE SWITCH POSITION COOLANT TEMPERATURE
(°F)

1 Power Operation Run NA
2 Startup Refuel® or Startup/Hot NA

Standby
3 Hot Shutdown® Shutdown > 200
4 Cold Shutdown® Shutdown <200
5 Refueling® Shutdown or Refuel NA

(@) All reactor vessel head closure bolts fully tensioned.

(b) One or more reactor vessel head closure bolts less than fully tensioned.

END OF SECTION 2.0
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SECTION 3.0
CONTROLS
AND
SURVEILLANCE REQUIREMENTS
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3/4 CONTROLS AND SURVEILLANCE REQUIREMENTS
3/4.0 APPLICABILITY

CONTROLS

3.0.1 Controls shall be met during the MODES or other specified conditions in the
Applicability, except as provided in Control 3.0.2.

3.0.2 Upon discovery of a failure to meet a Control, 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
completion time(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 applicable. Action shall be initiated within 1 hour to place the unit, as
applicable, in:

1. Mode 2 within 7 hours;
2. Mode 3 within 13 hours; and
3. Mode 4 within 37 hours.

Exceptions to this Control are stated in the individual Controls.

Where corrective measures are completed that permit operation in accordance
with the Control or ACTIONS, completion of the actions required by Control 3.0.3 is
not required.

Control 3.0.3 is only applicable in MODES 1, 2, and 3.
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3/4.0 APPLICABILITY

CONTROLS (continued)

3.0.4 When a Control is not met, entry into a MODE or other specified condition in the
Applicability shall not be made except when the associated ACTIONS to be
entered permit continued operation in the MODE or other specified condition in the
Applicability for an unlimited period of time. This Specification shall not prevent
changes in MODES or other specified conditions in the Applicability that are
required to comply with ACTIONS or that are part of a shutdown of the unit.

Exceptions to this Control are stated in the individual Controls. These exceptions
allow entry into MODES or other specified conditions in the Applicability when the
associated ACTIONS to be entered allow unit operation in the MODE or other
specified condition in the Applicability only for a limited period of time.

Control 3.0.4 is only applicable for entry into a MODE or other specified condition
in the Applicability in MODES 1, 2, and 3.

3.05 Equipment removed from service or declared not FUNCTIONALLY CAPABLE to
comply with ACTIONS may be returned to service under administrative control
solely to perform testing required to demonstrate its FUNCTIONAL CAPABILITY or
the FUNCTIONAL CAPABILITY of other equipment. This is an exception to
Control 3.0.2 for the system returned to service under administrative control to
perform the testing required to demonstrate FUNCTIONAL CAPABILITY.
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3/4.0 APPLICABILITY

SURVEILLANCE REQUIREMENTS

4.01

4.0.2

4.0.3

4.0.4

Surveillance Requirements shall be met during the MODES or other specified
conditions in the Applicability for individual Controls, unless otherwise stated in the
Surveillance Requirements. 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 Surveillance Requirement 4.0.3. Surveillances do not have to
be performed on equipment which is not FUNCTIONALLY CAPABLE or variables
outside specified limits.

The specified Frequency is met if the Surveillance is performed within 1.25 times
the interval specified in the Frequency, as measured from the previous
performance or as measured from the time a specified condition of the Frequency
is met.

For Frequencies specified as "once," the above interval extension does not apply.

If a Completion Time requires periodic performance on a "once per ..." basis, the
above Frequency extension applies to each performance after the initial performance.

Exceptions to this Control are stated in the individual Controls.

If it is 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 discovery, up to 24 hours or up to the limit of the
specified Frequency, whichever is greater. This delay period is permitted to allow
performance of the Surveillance. A risk evaluation shall be performed for any
Surveillance delayed greater than 24 hours and the risk impact shall be managed.

If the Surveillance is not performed within the delay period, the Control must
immediately be declared not met, and the applicable ACTIONS must be entered.

When the Surveillance is performed within the delay period and the Surveillance is
not met, the Control must immediately be declared not met, and the applicable
ACTIONS must be entered.

Entry into a MODE or other specified condition in the Applicability of a Control shall
not be made unless the Control's Surveillances have been met within their
specified Frequency. This provision shall not prevent entry into MODES or other
specified conditions in the Applicability that are required to comply with ACTIONS
or that are part of a shutdown of the unit.

4.0.4 is only applicable for entry into a MODE or other specified condition in the
Applicability in MODES 1, 2, and 3.
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INSTRUMENTATION
3/4.3.7.11 RADIOACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION

CONTROLS

3.3.7.11 The radioactive liquid effluent monitoring instrumentation channels shown in

Table 3.3.7.11-1 shall be FUNCTIONALLY CAPABLE 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 methodology and parameters
in the OFFSITE DOSE CALCULATIONAL MANUAL (ODCM).

APPLICABILITY: At all times.

ACTION:

a. With a radioactive liquid effluent monitoring instrumentation channel alarm/trip
setpoint less conservative than required by the above control, immediately
suspend the release of radioactive liquid effluents monitored by the affected
channel, or declare the channel not FUNCTIONALLY CAPABLE, or change the
setpoint so it is acceptably conservative.

b. With less than the minimum number of radioactive liquid effluent monitoring
instrumentation channels FUNCTIONALLY CAPABLE, take the ACTION shown in
Table 3.3.7.11-1. Restore the instrumentation which is not FUNCTIONALLY
CAPABLE to FUNCTIONALLY CAPABLE status within 30 days and, if
unsuccessful, explain why this condition was not corrected in a timely manner in
the next Annual Radioactive Effluent Release Report.

C. The provisions of Controls 3.0.3 and 3.0.4 are not applicable.

SURVEILLANCE REQUIREMENTS

4.3.7.11 Each radioactive liquid effluent monitoring instrumentation channel shall be
demonstrated FUNCTIONALLY CAPABLE by performance of the CHANNEL CHECK,
SOURCE CHECK, CHANNEL CALIBRATION, and CHANNEL FUNCTIONAL TEST operations
at the frequencies shown in Table 4.3.7.11-1.
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TABLE 3.3.7.11-1

RADIOACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION

Instrument

Minimum Channels
Functionally Capable

Action

1. GROSS RADIOACTIVITY MONITORS PROVIDING ALARM
AND AUTOMATIC TERMINATION OF RELEASE

a. Liquid Radwaste Effluent Line D11-NO07

2. GROSS RADIOACTIVITY MONITORS PROVIDING ALARM
BUT NOT PROVIDING AUTOMATIC TERMINATION OF
RELEASE
a. Circulating Water Reservoir Decant Line D11-N402

3. FLOW RATE MEASUREMENT DEVICES *

a. Liquid Radwaste Effluent Line G11-R703

110

111

112

TABLE NOTATION

*

The circulating water reservoir decant line flow rate monitor has been removed. The flow

rate in this decant line is now measured using certified pump performance curves for the
circulating water reservoir decant pumps, together with readings from pump discharge
pressure gauges and reservoir level indication. The circulating water reservoir decant line
flow rate device was deleted from this table; the Liquid Radwaste Effluent Line flow rate
device refers to a monitor on the radwaste blowdown line from the Waste Sample Tanks,

upstream of the circulating water decant line.
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ACTION 110 -

ACTION 111 -

ACTION 112 -

TABLE 3.3.7.11-1 (Continued)

TABLE NOTATIONS

With the number of channels FUNCTIONALLY CAPABLE less than that
required by the Minimum Channels FUNCTIONALLY CAPABLE
requirement, effluent releases from this pathway may continue provided
that prior to initiating a release:

a. At least two independent samples are analyzed in accordance
with Surveillance Requirement 4.11.1.1.1, and

b. At least two technically qualified individuals independently verify
the release rate calculations and discharge line valving (one
technically qualified individual can be the preparer of the
calculation, the other independently reviews the release rate
calculations to verify accuracy);

Otherwise, suspend release of radioactive effluents via this pathway.

With the number of channels FUNCTIONALLY CAPABLE less than the
Minimum Channels FUNCTIONALLY CAPABLE requirement, radioactive
effluent releases via this pathway may continue provided that grab
samples are collected and analyzed at least once per 12 hours for gross
radioactivity (beta or gamma) at a lower limit of detection of at least

1 x 107 microcurie/ml, for Cs-137. Otherwise, suspend release of
radioactive effluents via this pathway. If radioactive effluent releases are
not in progress, i.e., if no Waste Sample Tank (or other tank containing
radioactive liquid) is being released and the circulating water is not
contaminated as shown by the most recent circulating water sample(s),
this sampling requirement does not apply.

With the number of channels FUNCTIONALLY CAPABLE less than
required by the Minimum Channels FUNCTIONALLY CAPABLE
requirement, radioactive effluent releases via this pathway may continue
provided the flow rate is estimated at least once per 4 hours during actual
releases. Otherwise, suspend release of radioactive effluents via this
pathway. If radioactive effluent releases are not in progress, i.e., if no
Waste Sample Tank (or other tank containing radioactive liquid) is being
released, this requirement does not apply.
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TABLE 4.3.7.11-1

RADIOACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION SURVEILLANCE
REQUIREMENTS

Instrument Channel Source Channel Channel
Check Check Calibration Functional Test

1. GROSS RADIOACTIVITY MONITORS
PROVIDING ALARM AND AUTOMATIC
TERMINATION OF RELEASE

a. Liquid Radwaste Effluent Line P P R(3) Q1) (2)
2. GROSS BETA OR GAMMA RADIOACTIVITY

MONITORS PROVIDING ALARM BUT NOT
PROVIDING AUTOMATIC TERMINATION OF

RELEASE
a. Circulating Water Reservoir Decant Line D M R(3) Q(5)
D11-N402

3. FLOW RATE MEASUREMENT DEVICES (4)

a. Liquid Radwaste Effluent Line D(4) N.A. R Q
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TABLE 4.3.7.11-1 (Continued)
TABLE NOTATIONS

The CHANNEL FUNCTIONAL TEST shall also demonstrate that automatic isolation of this
pathway occurs if any of the following conditions exists:
1. Instrument indicates measured levels above the alarm/trip setpoint.

2. Circuit failure.

The CHANNEL FUNCTIONAL TEST shall also demonstrate that control room alarm
annunciation occurs if any of the following conditions exists:

Instrument indicates measured levels above the alarm setpoint.

Circuit failure.

Instrument indicates a downscale failure.

> w N =

Instrument controls not set in operate mode.

The initial CHANNEL CALIBRATION shall be performed using National Institute of
Standards and Technology traceable sources. These standards shall permit calibrating
the system over the range of energy and measurement expected during normal operation
and anticipated operational occurrences. For subsequent CHANNEL CALIBRATION,
sources that have been related to the initial calibration or are National Institute of
Standards and Technology traceable shall be used.

CHANNEL CHECK shall consist of verifying indication of flow during periods of release.
CHANNEL CHECK shall be made at least once per 24 hours on days on which
continuous, periodic, or batch releases are made.

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. Circuit failure.

3. Instrument indicates a downscale failure.
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INSTRUMENTATION
3/4.3.712 RADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION

CONTROLS

3.3.7.12 The radioactive gaseous effluent monitoring instrumentation channels shown in
Table 3.3.7.12-1 shall be FUNCTIONALLY CAPABLE 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 these
channels, with the exception of the offgas monitoring system, shall be determined and adjusted
in accordance with the methodology and parameters in the ODCM.

APPLICABILITY: Actions a and b: As shown in Table 3.3.7.12-1
Actions c and d: At all times

ACTION:

a. With a radioactive gaseous effluent monitoring instrumentation channel alarm/trip
setpoint less conservative than required by the above Control, immediately
suspend the release of radioactive gaseous effluents monitored by the affected
channel, or declare the channel not FUNCTIONALLY CAPABLE, or change the
setpoint so it is acceptably conservative.

b.  With less than the minimum number of radioactive gaseous effluent monitoring
instrumentation channels FUNCTIONALLY CAPABLE, take the ACTION shown in
Table 3.3.7.12-1.

C. Restore radioactive gaseous effluent monitoring instrumentation which is not
FUNCTIONALLY CAPABLE to FUNCTIONALLY CAPABLE status within 30 days
and, if unsuccessful, explain why this condition was not corrected in a timely
manner in the next Annual Radioactive Effluent Release Report.

d. The provisions of Controls 3.0.3 and 3.0.4 are not applicable.

SURVEILLANCE REQUIREMENTS

4.3.7.12 Each radioactive gaseous effluent monitoring instrumentation channel shall be
demonstrated FUNCTIONALLY CAPABLE by performance of the CHANNEL CHECK,
SOURCE CHECK, CHANNEL CALIBRATION, and CHANNEL FUNCTIONAL TEST operations
at the frequencies shown in Table 4.3.7.12-1.
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TABLE 3.3.7.12-1

RADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION

Minimum
Channels
Instrument Functionally | Applicability Action
Capable
1. REACTOR BUILDING EXHAUST PLENUM EFFLUENT
MONITORING SYSTEM
a. Low Range Noble Gas Activity Monitor - Providing Alarm 1 * 121
b. lodine Sampler 1 * 122
c. Particulate Sampler 1 * 122
d. Sampler Flow Rate Monitor 1 * 123
2. OFFGAS MONITORING SYSTEM (At the 2.2 minute delay
piping)
a. Noble Gas Activity Monitor - Providing Alarm 1 > 126
3. STANDBY GAS TREATMENT SYSTEM
a. Low Range Noble Gas Activity Monitor - Providing Alarm 1 # 125
b. lodine Sampler 1 # 122
c. Particulate Sampler 1 # 122
d, Sampler Flow Rate Monitor 1 # 123
4. TURBINE BLDG. VENTILATION MONITORING SYSTEM
a. Low Range Noble Gas Activity Monitor - Providing Alarm 1 * 121
b. lodine Sampler 1 * 122
c. Particulate Sampler 1 * 122
d. Sampler Flow Rate Monitor 1 * 123
TABLE NOTATIONS
* At all times.
> During operation of the main condenser air ejector.
# During operation of the standby gas treatment system.
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TABLE 3.3.7.12-1 (Continued)

RADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION

Minimum
Channels
Instrument Functionally | Applicability Action
Capable
5. RADWASTE BUILDING VENTILATION MONITORING
SYSTEM
a. Low Range Noble Gas Activity Monitor - Providing Alarm 1 * 121
b. lodine Sampler 1 * 122
c. Particulate Sampler 1 * 122
d. Sampler Flow Rate Monitor 1 * 123
6. ONSITE STORAGE BUILDING VENTILATION EXHAUST
RADIATION MONITOR
a. Low Range Noble Gas Activity Monitor - Providing Alarm 1 * 121
b. lodine Sampler 1 * 122
c. Particulate Sampler 1 * 122
d. Sampler Flow Rate Monitor 1 * 123

TABLE NOTATIONS

* At all times.
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ACTION 121 -

ACTION 122 -

ACTION 123 -

ACTION 124 -

ACTION 125 -

ACTION 126 -

TABLE 3.3.7.12-1 (Continued)
ACTION STATEMENTS

With the number of channels FUNCTIONALLY CAPABLE less than
required by the Minimum Channels FUNCTIONALLY CAPABLE
requirement, effluent releases via this pathway may continue provided grab
samples are taken at least once per 9 hours and these samples are
analyzed for gross activity within 24 hours, or, if valid monitor indication of
noble gas concentration is available, that noble gas concentration readings
are recorded at least once per 9 hours. Otherwise, suspend release of
radioactive effluents via this pathway.

With the number of channels FUNCTIONALLY CAPABLE one less than
required by the Minimum Channels FUNCTIONALLY CAPABLE
requirement, effluent releases via this pathway may continue provided that
within 8 hours samples are continuously collected with auxiliary sampling
equipment as required in Table 4.11.2.1.2-1.

With the number of channels FUNCTIONALLY CAPABLE less than
required by the Minimum Channels FUNCTIONALLY CAPABLE
requirement, effluent releases via this pathway may continue provided the
flow rate is estimated at least once per 9 hours. Otherwise, suspend
release of radioactive effluents via this pathway.

Not used.

With the number of channels FUNCTIONALLY CAPABLE less than
required by the Minimum Channels FUNCTIONALLY CAPABLE
requirement, effluent releases via this pathway may continue provided grab
samples are taken at least once per 9 hours and these samples are
analyzed for gross activity within 24 hours, or, if valid monitor indication of
noble gas concentration is available, that noble gas concentration readings
are recorded at least once per 9 hours. Otherwise, suspend release of
radioactive effluents via this pathway.

With the number of channels FUNCTIONALLY CAPABLE less than
required by the Minimum Channels FUNCTIONALLY CAPABLE
requirement, releases via this pathway to the environment may continue
provided that:

a. The offgas system is not bypassed,

b. The reactor building exhaust plenum noble gas effluent
(downstream) monitor is FUNCTIONALLY CABAPLE, and

C. Grab samples are taken at least once per 24 hours and these

samples are analyzed for principal emitters within 24 hours with
calculation of offgas radioactivity rate.

Otherwise, be in at least HOT STANDBY within 12 hours.
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TABLE 4.3.7.12-1

RADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION SURVEILLANCE
REQUIREMENTS

Modes in
hannel .
Instrument Channel | Source Channel L] ne Which
. . Functional .
Check Check | Calibration Surveillance
Test .
Required
1. REACTOR BUILDING EXHAUST PLENUM
a. Low Range Noble Gas Activity Monitor - D M R(2) Q(1) *
Providing Alarm
b. lodine Sampler w N.A. N.A. N.A. *
c. Particulate Sampler w N.A. N.A. N.A. *
d. Sampler Flow Rate Monitor D N.A. R Q *
2. OFFGAS MONITORING SYSTEM (At the 2.2
minute delay piping)
a. Noble Gas Activity Monitor D M R(2) Q(1) >
3. STANDBY GAS TREATMENT MONITORING
SYSTEM
a. Low Range Noble Gas Activity Monitor D M R(2) Q(1) #
b. lodine Sampler w N.A. N.A. N.A. #
c. Particulate Sampler w N.A. N.A. N.A. #
d. Sampler Flow Rate Monitor D N.A. R Q #
4. TURBINE BLDG. VENTILATION
MONITORING SYSTEM
a. Low Range Noble Gas Activity Monitor D M R(2) Q(4) *
b. lodine Sampler W N.A. N.A. N.A. *
c. Particulate Sampler W N.A. N.A. N.A. *
d. Sampler Flow Rate Monitor D N.A. R Q *
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TABLE 4.3.7.12-1 (Continued)

RADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION SURVEILLANCE
REQUIREMENTS

Modes in
Instrument Channel | Source | Channel Fgr’:zggsla | Which
Check | Check | Calibration Surveillance
Test .
Required
5. RADWASTE BUILDING VENTILATION
MONITORING SYSTEM
a. Low Range Noble Gas Activity Monitor D M R(2) Q4) *
b. lodine Sampler w N.A. N.A. N.A. *
c. Particulate Sampler w N.A. N.A. N.A. *
d. Sampler Flow Rate Monitor D N.A. R Q *
6. ONSITE STORAGE BUILDING VENTILATION
EXHAUST RADIATION MONITOR
a. Low Range Noble Gas Activity Monitor D M R(2) Q1) *
b. lodine Sampler w N.A. N.A. N.A. *
c. Particulate Sampler W N.A. N.A. N.A. *
d. Sampler Flow Rate Monitor D N.A. R Q *
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(1)

TABLE 4.3.7.12-1 (Continued)
TABLE NOTATIONS
At all times.
During operation of the main condenser air ejector.
During operation of the standby gas treatment system.

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. Circuit failure.

3. Instrument indicates a downscale failure.

4. Instrument controls not set in operate mode (alarm or type).

The initial CHANNEL CALIBRATION shall be performed using National Institute of
Standards and Technology traceable sources. These standards shall permit calibrating

the system over the range of energy and measurement expected during normal operation

and anticipated operational occurrences. For subsequent CHANNEL CALIBRATION,
sources that have been related to the initial calibration or are National Institute of
Standards and Technology traceable shall be used.

Not used.

The CHANNEL FUNCTIONAL TEST shall also demonstrate that automatic isolation
occurs on high level and that control room alarm annunciation occurs if any of the
following conditions exists:

1. Instrument indicates measured levels above the alarm setpoints.

2. Circuit failure.

3. Instrument indicates a downscale failure.

4. Instrument controls not set in the operate mode (alarm or type).
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3/4.11 RADIOACTIVE EFFLUENTS
3/4.111 LIQUID EFFLUENTS
CONCENTRATION

CONTROLS

3.11.1.1 The concentration of radioactive material released in liquid effluents to
UNRESTRICTED AREAS (see Figure 3.0-1) shall be limited to ten times the
concentration values specified in 10 CFR Part 20, Appendix B, Table 2, Column 2
for radionuclides other than dissolved or entrained noble gases. For dissolved or
entrained noble gases, the concentration shall be limited to 2 x 10-4 microcuries/ml
total activity.

APPLICABILITY: At all times.
ACTION:
With the concentration of radioactive material released in liquid effluents to UNRESTRICTED

AREAS exceeding the above limits, immediately restore the concentration to within the above
limits.

SURVEILLANCE REQUIREMENTS

4.11.1.1.1 Radioactive liquid wastes shall be sampled and analyzed according to the sampling
and analysis program of Table 4.11.1.1.1-1.

4.11.1.1.2 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 within the limits of Control 3.11.1.1.
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TABLE 4.11.1.1.11

RADIOACTIVE LIQUID WASTE SAMPLING AND ANALYSIS PROGRAM

Liquid Release Sampling Minimum Type of Lower Limit of
Type Frequency Analysis Activity Detection
Frequency Analysis (LLD)a
(uCi/ml)
Principal Gamma 5x10°7
EmittersC
A. Batch ReleaseP: P P I-131 1x10°6
Waste Sample Each Batch Each Batch
Tanks (3) Dissolved and 1x10°
Entrained Gases
(Gamma Emitters)
P M H-3 1x10™°
Each Batch Composited Gross Alpha 1x 107
P Q Sr-89, Sr-90 5x 108
Each Batch Composited Fe-55 1x10°6
Principal Gamma 5x10-7
Emitters®
B. Continuous 1-131 1x10-6
Releases®
Circulating . WwWf Mmf Dissolved and 1x105
Water System (if Grab Sample Composite? Entrained Gases
contaminated) (Gamma Emitters)
H-3 1x107
Gross Alpha 1x10-7
Sr-89, Sr-90 5x 108
NA Q
Composited Fe-55 1x 106
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TABLE 4.11.1.1.1-1 (Continued)

TABLE NOTATION

aThe LLD is defined, for purposes of these controls, 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 concluding that a blank observation
represents a "real" signal.

For a particular measurement system, which may include radiochemical separation:

4.66°s,

LLD =
EeVe222x10°Y sexp (—4t)

Where:

LLD is the "a priori" lower limit of detection as defined above, as microcuries per unit mass
or volume,

Sp is the standard deviation of the background counting rate or of the counting rate of a
blank sample as appropriate, as counts per minute,

E is the counting efficiency, as counts per disintegration,

V is the sample size in units of mass or volume,

2.22 x 106 is the number of disintegrations per minute per microcurie,

Y is the fractional radiochemical yield, when applicable,

A is the radioactive decay constant for the particular radionuclide, and

t for plant effluents is the elapsed time between the midpoint of sample collection and time
of counting.

Typical values of E, V, Y, and t should be used in the calculation.

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.

bA 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 by a
method described in the ODCM to assure representative sampling. Batch liquid discharge may
be made from only one tank at a time.

FERMI 2 ODCM - TRM VOLUME II 3-19 Rev. 23



TABLE 4.11.1.1.1-1 (Continued)

TABLE NOTATION

CThe principal gamma emitters for which the LLD specification applies exclusively are: 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 5 x 10-6. This does not mean that only these nuclides are to be
considered. Other peaks that are identifiable, together with those of the above nuclides, shall also
be analyzed and reported in the Annual Radioactive Effluent Release Report pursuant to Control
5.9.1.8.

dThis type of composite sample is a sample composed of aliquots of pre-release samples or grab
samples taken during releases, or of aliquots of composite samples so prepared, so as to
represent releases taking place over a longer period of time. The volumes of these aliquots
should be proportional to the volumes of the releases which they represent.

€A continuous release is the discharge of liquid wastes of a nondiscrete volume; e.g., from a
volume of a system that has an input flow during the continuous release.

fwhen the circulating water system is first discovered to be contaminated, grab samples may be
taken more frequently, and may be analyzed immediately. After the source of the contamination
is discovered and isolated, and contamination levels are not increasing, this grab sampling and
analysis frequency may be reduced to the schedule specified in the table.
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3/4.11 RADIOACTIVE EFFLUENTS
3/411.1  LIQUID EFFLUENTS
DOSE

CONTROLS

3.11.1.2 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
Figure 3.0-1) shall be limited:

a. During any calendar quarter to less than or equal to 1.5 mrems to the total body and
to less than or equal to 5 mrems to any organ, and

b. During any calendar year to less than or equal to 3 mrems to the total body and to
less than or equal to 10 mrems to any organ.

APPLICABILITY: At all times.
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 10 CFR 50.4, a Special Report that identifies the cause(s) for
exceeding the limit(s) and defines the corrective actions that have been taken to
reduce the releases and the proposed corrective actions to be taken to assure that
subsequent releases will be in compliance with the above limits. This Special
Report shall also include (1) the results of radiological analyses of the drinking water
source and (2) the radiological impact on finished drinking water supplies with regard
to the requirements of 40 CFR Part 141, Safe Drinking Water Act.”

b. The provisions of Controls 3.0.3 and 3.0.4 are not applicable.

SURVEILLANCE REQUIREMENTS

4.11.1.2 Cumulative dose contributions from liquid effluents for the current calendar quarter and
the current calendar year shall be determined in accordance with the methodology and
parameters in the ODCM at least once per 31 days, if radioactive liquid effluent releases have
occurred during the period being evaluated.

*Applicable only if drinking water supply is taken from the receiving water body within 3 miles of
the plant discharge.
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3/411 RADIOACTIVE EFFLUENTS
3/4.11.1 LIQUID EFFLUENTS
LIQUID WASTE TREATMENT

CONTROLS

3.11.1.3 The liquid radwaste treatment system shall be FUNCTIONALLY CAPABLE and
appropriate portions of the system shall be used to reduce the radioactive materials in liquid
wastes prior to their discharge when the projected doses due to the liquid effluent, from each
reactor unit, to UNRESTRICTED AREAS (see Figure 3.0-1) would exceed 0.06 mrem to the total
body or 0.2 mrem to any organ in any 31-day period.

APPLICABILITY: At all times.
ACTION:

a. With radioactive liquid waste being discharged and in excess of the above limits and
any portion of the liquid radwaste treatment system not in operation, prepare and
submit to the Commission within 30 days, pursuant to 10 CFR 50.4, a Special
Report that includes the following information:

1. Explanation of why liquid radwaste was being discharged without complete
treatment, identification of any equipment or subsystems which are not
FUNCTIONALLY CAPABLE, and the reason for the not FUNCTIONALLY
CAPABLE status.

2. Action(s) taken to restore the equipment which is not FUNCTIONALLY
CAPABLE to FUNCTIONALLY CAPABLE status, and

3. Summary description of action(s) taken to prevent a recurrence.

b. The provisions of Controls 3.0.3 and 3.0.4 are not applicable.

SURVEILLANCE REQUIREMENTS

4.11.1.3.1 Doses due to liquid releases from each reactor unit to UNRESTRICTED AREAS shall
be projected at least once per 31 days in accordance with the methodology and parameters in the
ODCM, if radioactive liquid effluent releases have occurred during the period being evaluated.

4.11.1.3.2 The installed liquid radwaste treatment system shall be demonstrated
FUNCTIONALLY CAPABLE by meeting Controls 3.11.1.1 and 3.11.1.2.
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3/411 RADIOACTIVE EFFLUENTS

3/4.11.2 GASEOUS EFFLUENTS

DOSE RATE

CONTROLS

3.11.2.1 The dose rate due to radioactive materials released in gaseous effluents from the site to
areas at and beyond the SITE BOUNDARY (see Figure 3.0-1) shall be limited to the following:

a. For noble gases: Less than or equal to 500 mrems/yr to the total body and less than
or equal to 3000 mrems/yr to the skin, and

b. For iodine-131, iodine-133, tritium, and for all radionuclides in particulate form with
half-lives greater than 8 days: Less than or equal to 1500 mrems/yr to any organ.

APPLICABILITY: Atall times.
ACTION:
With the dose rate(s) exceeding the above limits, immediately restore the release rate to within

the above limit(s).

SURVEILLANCE REQUIREMENTS

4.11.2.1.1 The dose rate due to noble gases in gaseous effluents shall be determined to be
within the above limits in accordance with the methodology and parameters in the ODCM.

4.11.2.1.2 The dose rate due to iodine-131, iodine-133, tritium, and all other radionuclides in
particulate form with half-lives greater than 8 days in gaseous effluents shall be determined to be
within the above limits in accordance with the methodology and parameters in the ODCM by
obtaining representative samples and performing analyses in accordance with the sampling and
analysis program specified in Table 4.11.2.1.2-1.
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TABLE 4.11.2.1.21

RADIOACTIVE GASEOUS WASTE SAMPLING AND ANALYSIS PROGRAM

Sampling Minimum Type of Activity Lower Limit of
Gaseous Release Frequency Analysis Analysis Detection (LLD)3
Type Frequency (uCi/ml)
A. Containment pi i pi sl Principal Gamma 1x1074
PURGE (Pre Each PURGE Each PURGE EmittersP
Treatment) Grab Sample pi H-3 1x10®
B. Reactor Building
Exhaust Plenum MC-€ MC Principal Gamma 1x1074
Standby Gas EmittersP
Treatment Systemh Grab Sample MC H-3 1x106
C. Radwaste Building Principal Gamma
Turbine Building M M Emitters? 1x104
On-Site Storage Grab Sample M H-3 1x106
Facility X
D. All Release Types w9 -131 1x10712
as listedinBand C Continuousf Absorbent Sample I-133 1x10-10
above.
w9 Principal Gamma
Continuousf Particulate Sample EmittersP 1x10°11
(I-131, others)
Gross Alpha
Q
Continuousf Composite Sr-89, Sr-90, Fe-55 1x10-1
Particulate Sample
Continuous’ Noble Gas Monitor Noble Gas Gross 1x10-6
Beta or Gamma
E. Offgas Vent Pipe N.AK N.AK Principal Gamma 1x 104
Grab Sample EmittersP
FERMI 2 ODCM - TRM VOLUME II 3-24 Rev. 23




TABLE 4.11.2.1.2-1 (Continued)

TABLE NOTATION

aThe LLD is defined, for purposes of these controls, 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 concluding that a blank observation
represents a "real" signal.

For a particular measurement system, which may include radiochemical separation:

4.66°s,

LLD =
EeVe222x10°Y sexp (—4t)

Where:

LLD is the "a priori" lower limit of detection as defined above, as microcuries per unit mass
or volume,

Sp is the standard deviation of the background counting rate or of the counting rate of a
blank sample as appropriate, as counts per minute,

E is the counting efficiency, as counts per disintegration,
V is the sample size in units of mass or volume,
2.22 x 106 is the number of disintegrations per minute per microcurie,

Y is the fractional radiochemical yield, when applicable,

4 is the radioactive decay constant for the particular radionuclide, and

t for plant effluents is the elapsed time between the midpoint of sample collection and time
of counting.

Typical values of E, V, Y, and t should be used in the calculation.

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.

bThe principal gamma emitters for which the LLD specification applies exclusively are the
following radionuclides: Kr-87, Kr-88, Xe-133, Xe-133m, Xe-135, Xe-138, Ar-41, Kr-85m, and Xe-
135m in noble gas releases and Mn-54, Fe-59, Co-58, Co-60, Zn-65, Mo-99, 1-131, Cs-134, Cs-
137, Ce-141, and Ce-144 in iodine and particulate releases. This list does not mean that only
these nuclides are to be considered. Other gamma peaks that are identifiable, together with
those of the above nuclides, shall also be analyzed and reported in the Annual Radioactive
Effluent Release Report pursuant to Control 5.9.1.8.
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TABLE 4.11.2.1.2-1 (Continued)

TABLE NOTATION

CSampling and analysis shall also be performed following shutdown, startup, or a THERMAL
POWER change exceeding 15% of RATED THERMAL POWER within a 1-hour period. This
requirement does not apply if the noble gas monitor shows that effluent activity has not increased
more than a factor of 3.

dNot used.

€Tritium grab samples shall be taken at least once per 7 days from the ventilation exhaust from
the spent fuel pool area, whenever spent fuel is in the spent fuel pool.

fThe 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 Controls 3.11.2.1,
3.11.2.2, and 3.11.2.3.

9Samples shall be changed at least once per 7 days and analyses shall be completed within 48
hours after changing, or after removal from sampler. Sampling shall also be performed at least
once per 24 hours for at least 3 days following each shutdown, startup or THERMAL POWER
change exceeding 15% of RATED THERMAL POWER in 1 hour, and analyses shall be
completed within 48 hours of changing, at any release point at which the noble gas monitor shows
that effluent activity has increased more than a factor of 3.

When samples collected for 24 hours are analyzed, the corresponding LLDs may be increased by
a factor of 10. When samples collected for periods between 24 hours and 7 days are analyzed,
the corresponding LLDs may be increased by a factor equal to the normal weekly sample volume
divided by the volume of the sample in question.

hRequired when the SGTS is in operation.

iln MODES 1, 2, 3, and 4, the applicable portion of primary containment shall be sampled and
analyzed within 8 hours prior to the start of any PURGING.

Jin MODES 1, 2, 3, and 4, when the primary containment atmosphere radiation monitoring system
is declared not FUNCTIONALLY CAPABLE or is in alarm condition, the applicable portion of
primary containment shall be sampled and analyzed within 8 hours prior to the start of any
VENTING or PURGING and at least once per 12 hours during VENTING or PURGING through
other than SGTS.

kOffgas Vent Pipe sampling is performed as directed by Radiation Protection to supplement
Reactor Building Exhaust Plenum monthly grab sampling. The Offgas Vent Pipe sample point is
upstream of the Reactor Building Exhaust Plenum.
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3/411 RADIOACTIVE EFFLUENTS
3/4.11.2 GASEOUS EFFLUENTS
DOSE - NOBLE GASES

CONTROLS

3.11.2.2 The air dose due to noble gases released in gaseous effluents, from each reactor unit,
to areas at and beyond the SITE BOUNDARY (see Figure 3.0-1) shall be limited to the following:

a. During any calendar quarter: Less than or equal to 5 mrads for gamma radiation
and less than or equal to 10 mrads for beta radiation and,

b. During any calendar year: Less than or equal to 10 mrads for gamma radiation and
less than or equal to 20 mrads for beta radiation.

APPLICABILITY: Atall times.

ACTION:
With the calculated air dose from radioactive noble gases in gaseous effluents
exceeding any of the above limits, prepare and submit to the Commission within 30
days, pursuant to 10 CFR 50.4, a Special Report that identifies the corrective actions
that have been taken to reduce the releases and the proposed corrective actions to
be taken to assure that subsequent releases will be in compliance with the above
limits.

b. The provisions of Controls 3.0.3 and 3.0.4 are not applicable.

SURVEILLANCE REQUIREMENTS

4.11.2.2 Cumulative dose contributions for the current calendar quarter and current calendar year
for noble gases shall be determined in accordance with the methodology and parameters in the
ODCM at least once per 31 days.
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3/411 RADIOACTIVE EFFLUENTS
3/4.11.2 GASEOUS EFFLUENTS
DOSE - IODINE-131, IODINE-133, TRITIUM, AND RADIONUCLIDES IN PARTICULATE FORM

CONTROLS

3.11.2.3 The dose to a MEMBER OF THE PUBLIC from iodine-131, iodine-133, tritium, and all
radionuclides in particulate form with half-lives greater than 8 days in gaseous effluents released,
from each reactor unit, to areas at and beyond the SITE BOUNDARY (see Figure 3.0-1) shall be
limited to the following:

a. During any calendar quarter: Less than or equal to 7.5 mrems to any organ and,
b. During any calendar year: Less than or equal to 15 mrems to any organ.
APPLICABILITY: Atall 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 10 CFR 50.4, a Special Report that identifies the
cause(s) for exceeding the limit and defines the corrective actions that have been
taken to reduce the releases and the proposed corrective actions to be taken to
assure that subsequent releases will be in compliance with the above limits.

b. The provisions of Controls 3.0.3 and 3.0.4 are not applicable.

SURVEILLANCE REQUIREMENTS

4.11.2.3 Cumulative dose contributions for the current calendar quarter and current calendar year
for iodine-131, iodine-133, tritium, and radionuclides in particulate form with half-lives greater than
8 days shall be determined in accordance with the methodology and parameters in the ODCM at
least once per 31 days.
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3/411 RADIOACTIVE EFFLUENTS
3/4.11.2 GASEOUS EFFLUENTS
OFF-GAS TREATMENT SYSTEM

CONTROLS

3.11.2.4 The OFF-GAS TREATMENT SYSTEM shall be FUNCTIONALLY CAPABLE and shall
be in operation.

APPLICABILITY: Whenever the main condenser steam jet air ejectors are in operation.
ACTION:
With the OFF-GAS TREATMENT SYSTEM not FUNCTIONALLY CAPABLE for more
than 7 days, prepare and submit to the commission within 30 days, pursuant to
10 CFR 50.4, a Special Report that includes the following information:
1. Identification of the equipment or subsystems which are not
FUNCTIONALLY CAPABLE and the reason for the not FUNCTIONALLY
CAPABLE status,

2. Action(s) taken to restore the equipment which is not FUNCTIONALLY
CAPABLE to FUNCTIONALLY CAPABLE status, and

3. Summary description of action(s) taken to prevent a recurrence.
b. The provisions of Controls 3.0.3 and 3.0.4 are not applicable.

C. The provisions of Control 4.0.4 are not applicable.

SURVEILLANCE REQUIREMENTS

4.11.2.4 The OFF-GAS TREATMENT SYSTEM shall be demonstrated FUNCTIONALLY
CAPABLE by meeting Controls 3.11.2.1, 3.11.2.2, and 3.11.2.3.
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3/411 RADIOACTIVE EFFLUENTS

3/4.11.2 GASEOUS EFFLUENTS

VENTILATION EXHAUST TREATMENT SYSTEM

CONTROLS

3.11.2.5 The VENTILATION EXHAUST TREATMENT SYSTEM as described in the ODCM shall
be FUNCTIONALLY CAPABLE and appropriate portions of the system shall be used to reduce
radioactive materials in gaseous waste prior to their discharge when the projected doses due to
gaseous effluent releases from the site to UNRESTRICTED AREAS (see Figure 3.0-1) would
exceed 0.3 mrem to any organ in any 31-day period.

APPLICABILITY: At all times.
ACTION:
With radioactive gaseous waste being discharged in excess of the above limits and
any portion of the VENTILATION EXHAUST TREATMENT SYSTEM not in
operation, prepare and submit to the Commission within 30 days, pursuant to
10 CFR 50.4, a Special Report that includes the following information:
1. Identification of any equipment or subsystems which are not
FUNCTIONALLY CAPABLE and the reason for the not FUNCTIONALLY
CAPABLE status.

2. Action(s) taken to restore the equipment which is not FUNCTIONALLY
CAPABLE to FUNCTIONALLY CAPABLE status, and

3. Summary description of action(s) taken to prevent a recurrence.

b. The provisions of Controls 3.0.3 and 3.0.4 are not applicable.

SURVEILLANCE REQUIREMENTS

4.11.2.5.1 Doses due to gaseous releases from the site shall be projected at least once per 31
days in accordance with the methodology and parameters in the ODCM, when any portion of the
VENTILATION EXHAUST TREATMENT SYSTEM is not in use.

4.11.2.5.2 The VENTILATION EXHAUST TREATMENT SYSTEM shall be demonstrated
FUNCTIONALLY CAPABLE by meeting Controls 3.11.2.1, 3.11.2.2, and 3.11.2.3.
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3/411 RADIOACTIVE EFFLUENTS

3/4.11.2 GASEOUS EFFLUENTS

VENTING OR PURGING

CONTROLS

3.11.2.8 VENTING or PURGING of the primary containment shall be through the standby gas
treatment system or the reactor building ventilation system.

APPLICABILITY: MODES 1, 2, 3, and 4
ACTION:

a.  With the requirements of the above control not satisfied, suspend all VENTING or
PURGING of the primary containment.

b. The provision of Controls 3.0.3 and 3.0.4 are not applicable.

SURVEILLANCE REQUIREMENTS

4.11.2.8.1 The applicable portion of primary containment shall be sampled and analyzed per
Table 4.11.2.1.2-1 of Control 3.11.2.1 within 8 hours prior to the start of any PURGING.

4.11.2.8.2 If the primary containment radiation monitoring system is not FUNCTIONALLY
CAPABLE or is in alarm condition, the applicable portion of primary containment shall be sampled
and analyzed per Table 4.11.2.1.2-1 of Control 3.11.2.1 within 8 hours prior to the start of and at
least once per 12 hours during VENTING or PURGING of primary containment through other than
the standby gas treatment system.

4.11.2.8.3 The primary containment shall be determined to be aligned for VENTING or PURGING
through the standby gas treatment system or the reactor building ventilation system within 4 hours
prior to start of and at least once per 12 hours during VENTING or PURGING of the containment.

4.11.2.8.4 Prior to use of the vent/purge system through the standby gas treatment system
assure that:

a. Both standby gas treatment system trains are FUNCTIONALLY CAPABLE
whenever the vent/purge system is in use, and

b.  Whenever the vent/purge system is in use during MODE 1 or 2 or 3, only one of the
standby gas treatment system trains may be used.

4.11.2.8.5 Prior to VENTING or PURGING, assure that at least one of the following monitors is
FUNCTIONALLY CAPABLE: the primary containment atmosphere radiation monitor, the reactor
building ventilation exhaust radiation monitor (at least one division), or the SPING monitor
corresponding to the release path (the reactor building exhaust plenum radiation monitor or the
standby gas treatment system radiation monitor, Division 1 or 2).
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3/411 RADIOACTIVE EFFLUENTS
3/4.11.4 TOTAL DOSE

CONTROLS

3.11.4 The annual (calendar year) dose or dose commitment to any member of the public (as
defined in 40 CFR Part 190) due to releases of radioactivity and to radiation from uranium fuel
cycle sources shall be limited to less than or equal to 25 mrems to the total body or any organ,
except the thyroid, which shall be limited to less than or equal to 75 mrems.

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 Controls 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 should be made
including direct radiation contributions from the reactor units and from outside
storage tanks 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 10 CFR 50.4, 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 10 CFR 20.2203, 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 40 CFR Part 190
has not already been corrected, the Special Report shall include a request for a
variance in accordance with the provisions of 40 CFR Part 190. Submittal of the
report is considered a timely request, and a variance is granted until staff action on
the request is complete.

b. The provisions of Controls 3.0.3 and 3.0.4 are not applicable.

SURVEILLANCE REQUIREMENTS

4.11.4.1 Cumulative dose contributions from liquid and gaseous effluents shall be determined in
accordance with Controls 4.11.1.2, 4.11.2.2, and 4.11.2.3, and in accordance with the
methodology and parameters in the ODCM.

4.11.4.2 Cumulative dose contributions from direct radiation from the reactor units and from
outside storage tanks shall be determined in accordance with the methodology and parameters in
the ODCM. This requirement is applicable only under conditions set forth in Control 3.11.4,
ACTION a.
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3/412 RADIOLOGICAL ENVIRONMENTAL MONITORING

3/4.12.1 MONITORING PROGRAM

CONTROLS

3.12.1 The radiological environmental monitoring program shall be conducted as specified in
Table 3.12.1-1.

APPLICABILITY: At all times.

ACTION:

a.

With the radiological environmental monitoring program not being conducted as
specified in Table 3.12.1-1, prepare and submit to the Commission, in the Annual
Radiological Environmental Operating Report required by Control 5.9.1.7, a
description of the reasons for not conducting the program as required and the plans
for preventing a recurrence.

With the level of radioactivity as the result of plant effluents in an environmental
sampling medium at a specified location exceeding the reporting levels of Table
3.12.1-2 when averaged over any calendar quarter, prepare and submit to the
Commission within 30 days, pursuant to 10 CFR 50.4, 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 calendar year limits of Controls 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) + concentration (2) + ..>1.0
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 from all radionuclides is equal to or greater than the
calendar year limits of Controls 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 pursuant to Control 5.9.1.7.

*The methodology used to estimate the potential annual dose to a MEMBER OF THE PUBLIC
shall be indicated in this report.
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RADIOLOGICAL ENVIRONMENTAL MONITORING

CONTROLS (Continued)

C. With milk or fresh leafy vegetable 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 to the radiological environmental monitoring
program within 30 days. The specific locations from which samples were
unavailable may then be deleted from the monitoring program. Pursuant to Control
5.9.1.8, identify the cause of the unavailability of samples and identify the new
location(s) for obtaining replacement samples in the next Annual Radioactive
Effluent Release Report pursuant to Control 5.9.1.8 and also include in the report a
revised table for the ODCM reflecting the new location(s).

d. The provisions of Controls 3.0.3 and 3.0.4 are not applicable.

SURVEILLANCE REQUIREMENTS

4.12.1 The radiological environmental monitoring samples shall be collected pursuant to

Table 3.12.1-1 from the specific locations given in the table in the ODCM, and shall be analyzed
pursuant to the requirements of Table 3.12.1-1 and the detection capabilities required by Table
412.1-1.
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TABLE 3.12.11

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

Number of Representative Sampling and
Exposure Pathway Samples and Sample Collection Type and Frequency
and/or Sample Locationsa Frequency of Analysis
1. DIRECT RADIATIONP 71 routine monitoring stations, Quarterly Gamma dose quarterly.

2.

AIRBORNE
Radioiodine and
Particulates

with two or more dosimeters
placed as follows: 1) an inner
ring of stations in the general
area of the SITE BOUNDARY
and additional rings at
approximately 2, 5, and 10 miles,
with a station in at least every
other meteorological sector for
each ring with the exception of
those sectors over Lake Erie.
The balance of the stations, 8,
should be placed in special
interest areas such as population
centers, nearby residences,
schools, and in 2 or 3 areas to
serve as control stations.

Samples from 5 locations.

a. 3 samples from close to the 3
SITE BOUNDARY locations,
in different sectors, of the
highest calculated 5-year
average D/Q.

b. 1 sample from the vicinity of
a community having the
highest calculated 5-year
averages D/Q.

c. 1 sample from a control
location, as for example
15-30 km distant and in the
least prevalent wind
direction®.

Continuous sampler
operation with sample
collection weekly, or
more frequently if
required by dust
loading.

Radioiodine Canister:

I-131 analysis weekly.

Particulate Sampler:

Gross beta radioactivity
analysis following filter

change:d

Gamma isotopic

analysis® of composite
(by location) quarterly.
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TABLE 3.12.1-1 (Continued)

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

Exposure Pathway
and/or Sample

Number of Representative
Samples and Sample

Locations@

Sampling and
Collection
Frequency

Type and Frequency
of Analysis

3. WATERBORNE
a. Surfacef

b. Ground

c. Drinking

d. Sediment from
shoreline

a. 1sample upstream.
b. 1 sample downstream.

Samples from 1 or 2 sources only
if likely to be affectedh.

a. 1 sample of each of 1 to 3 of
the nearest water supplies
that could be affected by its
discharge.

b. 1 sample from a control
location.

1 sample from downstream area
with existing or potential
recreational value.

Composite sample
over 1-month period9

Quarterly

Composite sample

over 2-week period9
when |-131 analysis is
performed, monthly
composite otherwise.

Semiannually

Gamma isotopic

analysis® monthly.
Composite for tritium
analysis quarterly.

Gamma isotopic® and
tritium analysis quarterly.

I-131 analysis on each
composite when the
dose calculated for 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® semiannually.
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TABLE 3.12.1-1 (Continued)

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

Number of Representative Sampling and
Exposure Pathway Samples and Sample Collection Type and Frequency
and/or Sample Locations@ Frequency of Analysis
4. INGESTION
a. Milk Samples from milking Semimonthly when Gamma isotopic® and
animals in 3 locations within | animals are on I-131 analysis
5.km distance havm.g the pasturv_e, monthly at semimonthly when
mghest dose potﬁnt|al1. If other times. animals are on pasture;
ere are none, then, monthly at other times.
sample from milking animals y
in each of 3 areas between 5
to 8 km distant where doses
are calculated to be greater
than 1 mrem per yr'.
1 sample from milking
animals at a control location
15-30 km distant and in the
least prevalent wind
direction.
b Fish and 1 sample of each Sample in Tlea'?(t)f?, Or | Gamma isotopic
. Ish an commercially and semiannually It they e .
Invertebrates Y are not seasonal. analysis® on edible

c. Food Products

recreationally important
species in vicinity of plant
discharge area.

1 sample of same species in
areas not influenced by plant
discharge.

1 sample of each principal
class of food products from
any area that is irrigated by
water in which liquid plant
wastes have been
discharged.

Samples of 3 different kinds
of broad leaf vegetation
grown nearest each of two
different offsite locations of
highest predicted 5-year
averages level D/Q if
locations are available and
milk sampling is not
performed.

1 sample of each of the
similar broad leaf vegetation
grown 15-30 km distant in
the least prevalent wind
direction if milk sampling is
not performed.

At time of harvestl.

Monthly when
available.

Monthly when
available.

portions.

Gamma isotopic

analyses® on edible
portions.

Gamma isotopic® and
1-131 analysis.

Gamma isotopic® and
[-131 analysis.
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TABLE 3.12.1-1 (Continued)

TABLE NOTATIONS

aSpecific 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 3.12.1-1 in a table 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 hazardous conditions,
seasonal unavailability, malfunction of automatic sampling equipment and other legitimate
reasons. If specimens are unobtainable due to sampling equipment malfunction, every 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 Radiological Environmental
Operating Report pursuant to Control 5.9.1.7. 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 within 30 days
in the radiological environmental monitoring program. Pursuant to Control 5.9.1.8, identify the
cause of the unavailability of samples for that pathway and identify the new location(s) for
obtaining replacement samples in the next Annual Radioactive Effluent Release Report and also
include in the report a revised table for the ODCM reflecting the new location(s).

bOne 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
purpose of this table, a thermoluminescent dosimeter (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.

CThe purpose of this sample is to obtain background information. If it is not practical to establish
control locations in accordance with the distance and wind direction criteria, other sites that have
valid background data may be substituted.

dAirborne particulate sampile 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.

€Gamma isotopic analysis means the identification and quantification of gamma-emitting
radionuclides that may be attributable to the effluents from the facility.
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TABLE 3.12.1-1 (Continued)

TABLE NOTATION

fThe "upstream sample" shall be taken at a distance beyond significant influence of the discharge.
The "downstream" sample shall be taken in an area beyond but near the mixing zone.

"Upstream" samples in an estuary must be taken far enough upstream to be beyond the plant
influence.

9Composite samples should be collected with equipment (or equivalent) which is capable of
collecting an aliquot at time intervals that are very short (e.g., hourly) relative to the compositing
period (e.g., monthly).

hGroundwater samples shall be taken when this source is tapped for drinking or irrigation
purposes in areas where the hydraulic gradient or recharge properties are suitable for
contamination.

IThe dose shall be calculated for the maximum organ and age group, using the methodology and
parameters in the ODCM.

JIf harvest occurs more than once a year, sampling shall be performed during each discrete
harvest. If harvest occurs continuously, sampling shall be monthly. Attention shall be paid to
including samples of tuberous and root food products.
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TABLE 3.12.1-2

REPORTING LEVELS FOR RADIOACTIVITY
CONCENTRATIONS IN ENVIRONMENTAL SAMPLES

Reporting Levels

Water Airborne Fish Milk Food
Analysis (pCi/l) Particulate or  (pCi/kg, wet) (pCi/l) Products
Gases (pCi/m3) (pCilkg, wet)

H-3 20,000* - - - —
Mn-54 1,000 - 30,000 - —
Fe-59 400 - 10,000 - —
Co-58 1,000 30,000
Co-60 300 -—- 10,000 -
Zn-65 300 - 20,000 -
Zr-Nb-95 400 - — —
1-131 2 0.9 - 3 100
Cs-134 30 10 1,000 60 1,000
Cs-137 50 20 2,000 70 2,000
Ba-La-140 200 300

* For drinking water samples. This is 40 CFR Part 141 value.
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TABLE 4.12.1-1
DETECTION CAPABILITIES FOR ENVIRONMENTAL SAMPLE ANALYSIS 2

LOWER LIMIT OF DETECTION (LLD)b:¢

Water Airborne Fish Milk Food Sediment
Analysis (pCi/l) Particulate or  (pCi/kg, wet) (pCi/l) Products (pCi/kg, dry)
Gases (pCi/m3) (pCi’kg, wet)
gross beta 4 0.01 --- - -
H-3 2000
Mn-54 15 130
Fe-59 30 260
Co-58,60 15 130
Zn-65 30 260
Zr-Nb-95 15
-131 1d 0.07 1 60
Cs-134 15 0.05 130 15 60 150
Cs-137 18 0.06 150 18 80 180
Ba-La-140 15 15
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TABLE 4.12.1-1 (Continued)

TABLE NOTATIONS

aThis list does not mean that only these nuclides are to be considered. Other peaks that 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 5.9.1.7.

IoRequired detection capabilities for thermoluminescent dosimeters used for environmental
measurements are given in Regulatory Guide 4.13.

CThe LLD is defined, for purposes of these Controls, 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 concluding that a blank observation
represents a "real" signal.

For a particular measurement system, which may include radiochemical separation:

_ 4.66+s,
E*V+222 «Yeexp (- 1t)

LLD

Where:

LLD is the "a priori" lower limit of detection as defined above, as picocuries per unit mass
or volume,

Sp is the standard deviation of the background counting rate or of the counting rate of a
blank sample as appropriate, as counts per minute,

E is the counting efficiency, as counts per disintegration,
V is the sample size in units of mass or volume,
2.22 is the number of disintegrations per minute per picocurie,

Y is the fractional radiochemical yield, when applicable,

A is the radioactive decay constant for the particular radionuclide, and

t for environmental samples is the elapsed time between sample collection, or end of the
sample collection period, and time of counting

Typical values of E, V, Y, and t should be used in the calculation.
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TABLE 4.12.1-1 (Continued)

TABLE NOTATIONS

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. Analyses shall be performed in such a manner that the stated LLDs will
be achieved under routine conditions. Occasionally background fluctuations, unavoidable small
sample sizes, the presence of interfering nuclides, or other uncontrollable circumstances may
render these LLDs unachievable. In such cases, the contributing factors shall be identified and
described in the Annual Radiological Environmental Operating Report pursuant to Control 5.9.1.7.

dLLD for drinking water samples.
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3/412 RADIOLOGICAL ENVIRONMENTAL MONITORING
3/4.12.2 LAND USE CENSUS

CONTROLS

3.12.2 Aland 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 meat animal, the nearest residence and the nearest garden* of greater than 50 m2 (500
ft2) producing broad leaf vegetation.

APPLICABILITY: At all times.
ACTION:

a. With a land use census identifying a location(s) that yields a calculated dose or dose
commitment greater than the values currently being calculated in Surveillance
Requirement 4.11.2.3, identify the new location(s) in the next Annual Radioactive
Effluent Release Report, pursuant to Control 5.9.1.8.

b. With a land use census identifying a location(s) that yields a calculated dose or dose
commitment (via the same exposure pathway) 20% greater than at a location from
which 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. 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. Pursuant to Control 5.9.1.8, identify the new
location(s) in the next Annual Radioactive Effluent Release Report and also include
in the report a revised table for the ODCM reflecting the new location(s).

C. The provisions of Control 3.0.3 and 3.0.4 are not applicable.

SURVEILLANCE REQUIREMENTS

4.12.2 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,
visual survey, aerial survey, or by consulting local agriculture authorities. The results of the land
use census shall be included in the Annual Radiological Environmental Operating Report
pursuant to Control 5.9.1.7.

*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, Part 4.c,
shall be followed, including analysis of control samples.
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3/412 RADIOLOGICAL ENVIRONMENTAL MONITORING
3/4.12.3 INTERLABORATORY COMPARISON PROGRAM

CONTROLS

3.12.3 Analyses shall be performed on radioactive materials supplied as part of an Interlaboratory
Comparison Program which is audited periodically by Fermi 2 Quality Assurance.

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 Radiological

Environmental Operating Report pursuant to Control 5.9.1.7.

b. The provisions of Controls 3.0.3 and 3.0.4 are not applicable.

SURVEILLANCE REQUIREMENTS

4.12.3 The Interlaboratory Comparison Program shall be described in the ODCM. A summary of
the results obtained as part of the above required Interlaboratory Comparison Program shall be
included in the Annual Radiological Environmental Operating Report pursuant to Control 5.9.1.7.
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SECTION 4.0

BASES
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INSTRUMENTATION

BASES

3/4.3.7.11 RADIOACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION

The radioactive liquid effluent monitoring instrumentation is provided to monitor and control, as
applicable, the releases of radioactive materials in liquid effluents during actual or potential
releases of liquid effluents. The alarm/trip setpoints for these instruments shall be calculated
and adjusted in accordance with the methodology and parameters in the ODCM to ensure that
the alarm/trip will occur prior to exceeding the limits of 10 CFR Part 20. The FUNCTIONAL
CAPABILITY and use of this instrumentation is consistent with the requirements of General
Design Criteria 60, 63, and 64 of Appendix A to 10 CFR Part 50.

3/4.3.7.12 RADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION

The radioactive gaseous effluent monitoring instrumentation is provided to monitor and control,
as applicable, the releases of radioactive materials in gaseous effluents during actual or
potential releases of gaseous effluents. The alarm/trip setpoints for these instruments shall be
calculated and adjusted in accordance with the methodology and parameters in the ODCM
utilizing the system design flow rates as specified in the ODCM. This conservative method is
used because the Fermi 2 design does not include flow rate measurement devices. This will
ensure the alarm/trip will occur prior to exceeding the limits of 10 CFR Part 20. The
FUNCTIONAL CAPABILITY and use of this instrumentation is consistent with the requirements
of General Design Criteria 60, 63, and 64 of Appendix A to 10 CFR Part 50.

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 ten times the concentration
levels specified in 10 CFR Part 20, Appendix B, Table 2, Column 2. This limitation provides
additional assurance that the levels of radioactive materials in bodies of water in
UNRESTRICTED AREAS will result in exposures within (1) the Section II.A design objectives of
Appendix I, 10 CFR Part 50, to a MEMBER OF THE PUBLIC and (2) the limits of 10 CFR Part
20.1301 to a MEMBER OF THE PUBLIC. The concentration limit for dissolved or entrained
noble gases is based upon the assumption that Xe-135 is the controlling radioisotope and its
MPC in air (submersion) was converted to an equivalent concentration in water using the
methods described in International Commission on Radiological Protection (ICRP) Publication
2.

The required detection capabilities for radioactive materials in liquid waste samples are
tabulated in terms of the lower limits of detection (LLDs). Detailed discussion of the LLD, and
other detection limits can be found in HASL Procedure Manual, HASL-300 (revised annually),
Currie, L. A., "Limits for Qualitative Detection and Quantitative Determination - Application to
Radiochemistry," Anal. Chem. 40, 586-93 (1968), and Hartwell, J. K., "Detection Limits for
Radioanalytical Counting Techniques," Atlantic Richfield Hanford Company Report ARH-SA-215
(June 1975).
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RADIOACTIVE EFFLUENTS

BASES

3/4.11.1.2 DOSE

This control is provided to implement the requirements of Sections II.A, lIl.A, and IV.A of
Appendix I, 10 CFR Part 50. The control implements the guides set forth in Section II.A of
Appendix I. The ACTION statements provide the required operating flexibility and at the same
time implement the guides set forth in Section IV.A of Appendix | to assure that the releases of
radioactive material in liquid effluents to UNRESTRICTED AREAS will be kept "as low as is
reasonably achievable." Also, for fresh water sites with drinking water supplies that can be
potentially affected by plant operations, there is reasonable assurance that the operation of the
facility will not result in radionuclide concentrations in the finished drinking water that are in
excess of the requirements of 40 CFR Part 141. The dose calculation methodology and
parameters in the ODCM implement the requirements in Section IlI.A of Appendix | that
conformance with the guides of 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 materials in
liquid effluents are consistent with the methodology provided in NUREG-0133, Preparation of
Radiological Effluent Technical Specifications for Nuclear Power Plants, 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 Effluents from Accidental and
Routine Reactor Releases for the Purpose of Implementing Appendix I," April 1977.

3/4.11.1.3 LIQUID RADWASTE TREATMENT SYSTEM

The FUNCTIONAL CAPABILITY of the liquid radwaste treatment system ensures that this
system will be available for use whenever liquid effluents require treatment prior to their release
to the environment. The requirement that the appropriate portions of this system be used, when
specified, provides assurance that the releases of radioactive materials in liquid effluents will be
kept "as low as is reasonably achievable". This specification implements the requirements of
General Design Criterion 60 of Appendix A to 10 CFR Part 50 and the design objective given in
Section I1.D of Appendix | to 10 CFR Part 50. The specified limits governing the use of
appropriate portions of the liquid radwaste treatment system were specified as a suitable
fraction of the dose design objectives set forth in Section II.A of Appendix |, 10 CFR Part 50, for
liquid effluents.

3/4.11.2 GASEOUS EFFLUENTS

3/4.11.2.1 DOSE RATE

This control is provided to provide reasonable assurance that radioactive material discharged in
gaseous effluents will not result in exposure of a MEMBER OF THE PUBLIC in excess of the
design objectives of Appendix | to 10 CFR part 50.
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RADIOACTIVE EFFLUENTS

BASES

3/4.11.2.1_ DOSE RATE (Continued)

Although this control applies to the SITE BOUNDARY, the occupancy and exposure pathways
applicable to a MEMBER OF THE PUBLIC who may at times be within the SITE BOUNDARY
will usually be such that such an individual will not receive significantly greater dose due to
gaseous effluents than a MEMBER OF THE PUBLIC who remains outside the SITE
BOUNDARY. Examples of calculations for such MEMBERS OF THE PUBLIC, with the
appropriate occupancy factors, shall be given in the ODCM. The specified dose rate limits
restrict, at all times, the dose rates above background to a MEMBER OF THE PUBLIC at or
beyond the SITE BOUNDARY to less than or equal to 500 mrems/year to the total body or to
less than or equal to 3000 mrems/year to the skin. These dose rate limits also restrict, at all
times, the thyroid dose rates above background to a child via the inhalation pathway to less than
or equal to 1500 mrems/year.

The required detection capabilities for radioactive materials in gaseous waste samples are
tabulated in terms of the lower limits of detection (LLDs). Detailed discussion of the LLD, and
other detection limits can be found in HASL Procedures Manual, HASL-300 (revised annually),
Currie, L. A., "Limits for Qualitative Detection and Quantitative Determination - Application to
Radiochemistry," Anal. Chem. 40, 586-93 (1968), and Hartwell, J. K., "Detection Limits for
Radioanalytical Counting Techniques," Atlantic Richfield Hanford Company Report
ARH-SA-215 (June 1975).

3/4.11.2.2 DOSE - NOBLE GASES

This control is provided to implement the requirements of Sections II.B, IlIl.A, and IV.A of
Appendix I, 10 CFR Part 50. The control implements the guides set forth in Section 11.B of
Appendix I. The ACTION statements provide the required operating flexibility and at the same
time implement the guides set forth in Section IV.A of Appendix | 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 Section
I1I.A of Appendix | that conformance with the guides of 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 dose
calculation methodology and parameters 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 10 CFR
Part 50, 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 based upon the historical 5-
year averages atmospheric conditions.
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RADIOACTIVE EFFLUENTS

BASES

3/4.11.2.3 DOSE - IODINE-131, IODINE-133, TRITIUM, AND RADIONUCLIDES IN
PARTICULATE FORM

This control is provided to implement the requirements of Sections II.C, lll.A, and IV.A of
Appendix I, 10 CFR Part 50. The controls are the guides set forth in Section II.C of Appendix I.
The ACTION statements provide the required operating flexibility and at the same time
implement the guides set forth in Section IV.A of Appendix | 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 requirements in Section IIl.A of Appendix | that conformance with
the guides of 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 methodology and
parameters 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 10 CFR Part 50, Appendix I," 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 based upon the historical 5-year
average atmospheric conditions. The release rate controls for iodine-131, iodine-133, tritium,
and radionuclides in particulate form with half lives greater than 8 days are dependent upon the
existing radionuclide pathways to man, in the areas at and beyond the SITE BOUNDARY. The
pathways that 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.

3/4.11.2.4 OFF-GAS TREATMENT SYSTEM

The FUNCTIONAL CAPABILITY of the OFF-GAS TREATMENT SYSTEM ensures that the
system will be available for use whenever gaseous effluents require treatment prior to release to
the environment. The requirement that the appropriate portions of these systems be used,
when specified, 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 General Design Criteria 60 of Appendix A to 10 CFR Part 50, and the design
objectives given in Section II.D of Appendix | to 10 CFR Part 50. 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 Sections I1.B and 11.C of Appendix I, 10 CFR Part 50, for gaseous
effluents.
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RADIOACTIVE EFFLUENTS

BASES

3/4.11.2.5 VENTILATION EXHAUST TREATMENT SYSTEM

The requirement that the appropriate portions of this system be used, when specified, provides
reasonable assurance that the releases of radioactive materials in gaseous effluents will be kept
"as low as is reasonably achievable." 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 Sections 11.B and 11.C of Appendix I, 10 CFR Part 50, for gaseous effluents.

3/4.11.2.8 VENTING OR PURGING

This control provides reasonable assurance that releases from primary containment purging
operations will not exceed the annual dose limits of 10 CFR Part 20 for UNRESTRICTED
AREAS.

3/4.11.4 TOTAL DOSE

This control is provided to meet the dose limitations of 40 CFR Part 190 that have been
incorporated into 10 CFR Part 20 by 46 FR 18525. The control requires the preparation and
submittal of a Special Report whenever the calculated doses from plant generated radioactive
effluents and direct radiation exceed 25 mrem to the total body or any organ, except the thyroid,
which shall be limited to less than or equal to 75 mrems. For sites containing up to 4 reactors, it
is highly unlikely that the resultant dose to a member of the public will exceed the dose limits of
40 CFR Part 190 if the individual reactors remain within twice the dose design objectives of
Appendix I, and if direct radiation doses from the reactor units and outside storage tanks 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 40 CFR Part 190 limits. For
the purpose of the Special Report, it may be assumed that the dose commitment to the member
of the public from other than 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 40 CFR Part 190, the Special Report with a request for a variance (provided the
release conditions resulting in violation of 40 CFR Part 190 have not already been corrected), in
accordance with the provisions of 40 CFR Part 190.11 and 10 CFR Part 20.2203, is considered
to be a timely request and fulfills the requirements of 40 CFR Part 190 until NRC staff action is
completed. The variance only relates to the limits of 40 CFR Part 190, and does not apply in
any way to the other requirements for dose limitation of 10 CFR Part 20, as addressed in
Controls 3.11.1.1 and 3.11.2.1. An individual is not considered a member of the public during
any period in which he/she is engaged in carrying out any operation that is part of the nuclear
fuel cycle.
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RADIOLOGICAL ENVIRONMENTAL MONITORING

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 station operation. This monitoring program
implements Section IV.B.2 of Appendix | to 10 CFR Part 50 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. The initially specified monitoring program will be
effective for at least the first 3 years of commercial operation. Following this period, program
changes may be initiated based on operational experience.

The required detection capabilities for environmental sample analyses are tabulated in terms of
the lower limits of detection (LLDs). The LLDs required by Table 4.12.1-1 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.

Detailed discussion of the LLD, and other detection limits, can be found in HASL Procedure
Manual, HASL-300 (revised annually), Currie, L. A., "Limits for Qualitative Detection and
Quantitative Determination - Application to Radiochemistry," Anal. Chem. 40, 586-93 (1968),
and Hartwell, J. K., "Detection Limits for Radioanalytical Counting Techniques," Atlantic
Richfield Hanford Company Report ARH-SA-215 (June 1975).

3/4.12.2 LAND USE CENSUS

This control is provided 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 are made if required by the results of this census. The best information from the door-
to-door survey, from aerial survey, from visual survey or from consulting with local agricultural
authorities shall be used. This census satisfies the requirements of Section IV.B.3 of Appendix |

to 10 CFR Part 50. Restricting the census to gardens of greater than 50 m2 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 kg/year) of leafy
vegetables assumed in Regulatory Guide 1.109 for consumption by a child. To determine this
minimum garden size, the following assumptions were made: (1) 20% of the garden was used
for growing broad leaf vegetation (i.e., similar to lettuce and cabbage), and (2) a vegetation yield

of 2 kg/m2.
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RADIOLOGICAL ENVIRONMENTAL MONITORING

BASES

3/4.12.3 INTERLABORATORY COMPARISON PROGRAM

The requirement for participation in an Interlaboratory Comparison Program which is audited
periodically 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 valid for the purposes of Section IV.B.2 of Appendix | to 10 CFR Part 50.

END OF SECTION 4.0
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5.0 ADMINISTRATIVE CONTROLS

ANNUAL RADIOLOGICAL ENVIRONMENTAL OPERATING REPORT

5.9.1.7 Routine Annual Radiological Environmental Operating Reports covering the operation
of the unit during the previous calendar year shall be submitted prior to May 1 of each year.
The initial report shall be submitted prior to May 1 of the year following initial criticality.

The Annual Radiological Environmental Operating Reports shall include summaries,
interpretations, and an analysis of trends of the results of the radiological environmental
surveillance activities for the report period, including a comparison as appropriate, with
preoperational studies, with operational controls, and with previous environmental surveillance
reports, and an assessment of the observed impacts of the plant operation on the environment.
The reports shall also include the results of land use censuses required by Control 3.12.2. The
Annual Radiological Environmental Operating Reports shall include the results of analysis of all
radiological environmental samples and of all environmental radiation measurements taken
during the period pursuant to the locations specified in Table 10.0-1 in the ODCM, as well as
summarized and tabulated results of these analyses and measurements in the format of the
table in the Radiological 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. If possible, the
missing data shall be submitted as soon as possible in a supplementary report.

The reports shall also include the following: a summary description of the radiological
environmental monitoring program; one or more tables covering all sampling locations; the
results of licensee participation in the Interlaboratory Comparison Program, required by Control
3.12.3; discussion of all deviations from the sampling schedule of Table 3.12.1-1; and
discussion of all analyses in which the LLD required by Table 4.12.1-1 was not achievable.

ANNUAL RADIOACTIVE EFFLUENT RELEASE REPORT*

5.9.1.8 Routine Annual Radioactive Effluent Release Reports covering the operation of the unit
during the previous year of operation shall be submitted prior to May 1 of each year. The period
of the first report shall begin with the date of initial criticality.

*A single submittal may be made for a multiple unit station. The submittal should combine those
sections that are common to all units at the station; however, for units with separate radwaste
systems, the submittal shall specify the releases of radioactive material from each unit.
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ADMINISTRATIVE CONTROLS

ANNUAL RADIOACTIVE EFFLUENT RELEASE REPORT (Continued)

The Annual Radioactive Effluent Release Report shall include a summary of the quantities of
radioactive liquid and gaseous effluents and solid waste released from the unit as outlined in
Regulatory Guide 1.21, "Measuring, Evaluating, and Reporting Radioactivity in Solid 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.

The Annual Radioactive Effluent Release Report shall include an annual 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 an electronic medium of wind speed, wind direction,
atmospheric stability, and precipitation (if measured), or in the form of joint frequency
distributions of wind speed, wind direction, and atmospheric stability.*** This same report shall
include an assessment of the radiation doses due to the radioactive liquid and gaseous effluents
released from the unit or station during the previous calendar year. This same 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 (Figure 3.0-1)
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).

The Annual Radioactive Effluent Release Report shall also include 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 40 CFR Part 190,
Environmental Radiation Protection Standards for Nuclear Power Operation. The assessment
of radiation doses shall be performed in accordance with methodology and parameters in the
ODCM.

The Annual Radioactive Effluent Release Reports shall include the following information for
each class of solid waste (as defined by 10 CFR Part 61) shipped offsite during the report
period:

a. Total volume in all containers,

b.  Total curie quantity (specify whether determined by measurement or estimate),

***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.
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ADMINISTRATIVE CONTROLS

ANNUAL RADIOACTIVE EFFLUENT RELEASE REPORT (Continued)

C. Principal radionuclides (specify whether determined by measurement or
estimate),

d. Source of waste and processing employed (e.g., dewatered spent resin,
compacted dry waste, evaporator bottoms),

e. Type of container (e.g.,Type A, Type B, General Design Packages), and
f. Solidification agent or absorbent (e.g., cement, urea formaldehyde).

The Annual Radioactive Effluent Release Reports shall include a list and description of
unplanned releases from the site to UNRESTRICTED AREAS of radioactive materials in
gaseous and liquid effluents made during the reporting period.

The Annual Radioactive Effluent Release Reports shall include any changes made during the
reporting period to the OFFSITE DOSE CALCULATION MANUAL (ODCM) as described in
Technical Specification 5.5.1.3, as well as 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 Annual Radioactive Effluent Release Reports shall also include the following: an
explanation as to why the not FUNCTIONALLY CAPABLE status of liquid or gaseous effluent
monitoring instrumentation was not corrected within the time specified in Control 3.3.7.11 or
3.3.7.12, respectively; and description of the events leading to liquid holdup tanks exceeding the
limits of Technical Specification 5.5.8.6.

The Annual Radioactive Effluent Release Reports shall include the results of analysis of all
onsite groundwater and rainwater sampling and a description of any detected onsite radioactive
leaks or spills into groundwater. Any groundwater related events, or groundwater sample
results exceeding ODCM REMP reporting thresholds, voluntarily communicated per NEI 07-07,
Objective 2.2 shall also be described in these reports (NEI 07-07 Acceptance Criterion 2.4.c).

5.15 MAJOR CHANGES TO RADIOACTIVE LIQUID, GASEOQOUS, AND SOLID WASTE
TREATMENT SYSTEMS*

5.15.1 Licensee-initiated major changes to the radioactive waste systems (liquid, gaseous, and
solid):
a. Shall be reported to the Commission in the Annual Radioactive Effluent Release
Report for the period in which the evaluation was reviewed by the OSRO. The
discussion of each change shall contain:

1. A summary of the evaluation that led to the determination that the change
could be made in accordance with 10 CFR 50.59.

2. Sufficient detailed information to totally support the reason for the change
without benefit of additional or supplemental information;

*Licensees may choose to submit the information called for in this Control as part of the UFSAR
revision in accordance with 10 CFR 50.71(e).
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ADMINISTRATIVE CONTROLS

3. A detailed description of the equipment, components, and processes
involved and the interfaces with other plant systems;

4. 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 predicted in the license
application and amendments thereto;

5. An evaluation of the change, which shows the expected maximum
exposures to a MEMBER 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;

6. A comparison of the predicted releases of radioactive materials, in liquid
and gaseous effluents and in solid waste, to the actual releases for the
period prior to when the changes are to be made;

7. An estimate of the exposure to plant operating personnel as a result of
the change; and

8. Documentation of the fact that the change was reviewed and found
acceptable by the OSRO.

b. Shall become effective upon review and acceptance by the OSRO.

END OF SECTION 5.0
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PART Il - CALCULATIONAL METHODS

SECTION 6.0

LIQUID EFFLUENTS
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6.0 LIQUID EFFLUENTS

This section summarizes information on the liquid effluent radiation monitoring instrumentation and
controls. More detailed information is provided in the Fermi 2 UFSAR and Fermi 2 design drawings
from which this summary was derived. This section also describes the sampling and analysis required
by the Offsite Dose Calculation Manual. Methods for calculating alarm setpoints for the liquid effluent
monitors are presented. Also, methods for evaluating doses from liquid effluents are provided.

6.1

Radiation Monitoring Instrumentation and Controls

This section summarizes the instrumentation and controls monitoring liquid effluents. This
discussion focuses on the role of this equipment in assuring compliance with the Offsite Dose

Calculation Manual.

6.1.1

Offsite Dose Calculation Manual (ODCM) 3.3.7.11 Requirement

Fermi 2 ODCM 3.3.7.11 prescribes the monitoring required during liquid releases and
the backup sampling required when monitors are not FUNCTIONALLY CAPABLE.

The liquid effluent monitoring instrumentation for controlling and monitoring radioactive
effluents in accordance with the Fermi 2 ODCM 3.3.7.11 is summarized below:

1. Radiation Alarm - Automatic Release Termination

a.

Liquid Radwaste Effluent Line - The D11-N007 Radiation Monitor on the
liquid radwaste effluent line provides the alarm and automatic termination of
liquid radioactive material releases prior to exceeding 1 Maximum
Permissible Concentration (MPC) at the discharge to Lake Erie, as required
by ODCM 3.3.7.11. The monitor is located upstream of the Isolation

Valve (G11-F733) on the liquid radwaste discharge line and monitors the
concentration of liquid effluent before dilution by the circulating water
reservoir (CWR) decant flow.

2. Radiation Alarm (only)

a.

Circulating Water Reservoir (CWR) Decant Line - The CWR Decant Line
Radiation Monitor (D11-N402) provides indication of the concentration of
radioactive material in the diluted radioactive liquid releases just before
discharge to Lake Erie. As required by ODCM 3.3.7.11, the alarm setpoint is
established to alarm (only) prior to exceeding one MPC.
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3. Flow Rate Measuring Devices

a. Liquid Radwaste Effluent Line - In accordance with ODCM 3.3.7.11, the
release rate of liquid radwaste discharges is monitored by G11-R703. This
flow rate instrumentation is located on the radwaste discharge line prior to the
junction with the CWR decant line.

b.  Circulating Water Reservoir Decant Line - The flow rate measuring device for
the CWR decant line has been removed. The flow rate of the CWR decant
line is now measured using certified pump performance curves for the CWR
decant pumps, together with readings from pump discharge pressure gauges
and reservoir level indication.

6.1.2 Non-ODCM Required Monitor

An additional monitor not required by Fermi 2 ODCM is provided by DTE Energy to
reduce the likelihood of an unmonitored release of radioactive liquids.

1. General Service Water - The General Service Water (GSW) Radiation
Monitor (D11-N008) provides additional control of potential radioactive effluents.
D11-N008 monitors the GSW System prior to discharge into the Main Condenser
circulating water discharge line to the Circulating Water Reservoir. Although not an
ODCM required monitor, D11-N008 monitors a primary liquid stream in the plant
that also discharges to the environment (Lake Erie via the Circulating Water
Reservoir). Indication of radioactive material contamination in the GSW System
would also indicate potential CWR contamination and the need to control all
discharges from the CWR as radioactive effluents.
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6.2 Sampling and Analysis of Liquid Effluents

The program for sampling and analysis of liquid waste is prescribed in the Fermi 2 Offsite Dose
Calculation Manual Table 4.11.1.1.1-1. This table distinguishes two types of liquid releases: a)
BATCH releases, defined as discrete volumes, from the Waste Sample Tanks (normally after
processing through the radwaste system), and b) CONTINUOUS releases, from the Circulating
Water Reservoir (CWR) System, if it becomes contaminated.

Continuous releases from the CWR System are via the CWR decant line to Lake Erie. The
CWR System is not expected to become contaminated. Therefore, continuous radioactive
material releases are not expected. However, the General Service Water (GSW) and the CWR
systems interface with radioactive systems in the plant. Also, the GSW intake is within a few
hundred feet of the CWR decant line discharge to Lake Erie. For these reasons, it is prudent to
consider the GSW and the CWR a potential source of radioactive effluents and to sample them

regularly.

6.2.1 BATCH Releases

Fermi 2 ODCM Table 4.11.1.1.1-1 requires that a sample representative of the tank
contents be obtained before it is released. The table specifies the following program:

Prior to sampling, the tank is isolated. The tank level is determined and this value
is converted to tank volume. A pump with a known recirculation flow rate is then
activated to recirculate tank contents. The pump is allowed to run for at least the
time required to recirculate the tank volume twice.

Prior to each batch release, analysis for principal gamma emitters and dissolved
and entrained gases (including all peaks identified by gamma spectroscopy)

Once per month, analysis of a composite sample of all releases that month for
tritium (H-3) and gross alpha activity. (The composite sample is required to be
representative of the liquids released and sample quantities of the composite are to
be proportional to the quantities of liquid discharged).

Once per quarter, analysis of a composite sample of all releases that quarter for
Strontium (Sr)-89, Sr-90, and Iron (Fe)-55.
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6.2.2 CONTINUOUS Releases

Fermi 2 ODCM Table 4.11.1.1.1-1 requires that composite samples be collected from
the CWR System, if contaminated. The table specifies the following sample analysis:

- Once per month, analysis of a composite sample for principal gamma emitters and
for 1-131.

- Once per month, analysis of a composite sample for H-3 and gross alpha.

- Once per month, analysis of weekly grab samples (composited) for dissolved and
entrained gases (gamma emitters).

- Once per quarter, analysis for Sr-89, Sr-90 and Fe-55.

6.3 Liquid Effluent Monitor Setpoints

Offsite Dose Calculation Manual 3.11.1.1 requires that the concentration of liquid radioactive
effluents not exceed the unrestricted area MPC at the discharge point to Lake Erie. Dissolved or
entrained noble gases in liquid effluents are limited to a concentration of 2 E-04 uCi/ml, total noble
gas activity. ODCM 3.3.7.11 requires that radiation monitor setpoints be established to alarm
prior to exceeding the limits of ODCM 3.11.1.1.

To meet this specification, the alarm setpoints for liquid effluent monitors are determined in
accordance with the following equation:

CL(DF + RR)
sp< ————=

RR
(6-1)
where:

SP = the setpoint, in uCi/ml, of the monitor measuring the radioactivity concentration in
the effluent line prior to dilution. The setpoint represents a value which, if
exceeded, would result in concentrations exceeding the MPC in the unrestricted
area

CL = the effluent concentration limit (ODCM 3.11.1.1) corresponding to ten times the

limits of 10 CFR Part 20.1302.b.2.i at the discharge point in pCi/ml, defined in
Equation (6-4)
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RR = the liquid effluent release rate as measured at the radiation monitor location, in
volume per unit time, but in the same units as DF, below
DF = the dilution water flow as measured prior to the release point (Lake Erie) in

volume per unit time

At Fermi 2 the available Dilution Water Flow (DF) is essentially constant for a given release, and
the waste tank Release Rate (RR) and monitor Setpoint (SP) are set to meet the condition of
Equation (6-1) for a given effluent Concentration Limit, CL.

NOTE: If no dilution is provided, SP < CL. Also, when DF is large compared to RR, then
(DF + RR)~DF, and DF may be used instead of (DF + RR) as a simplification, as in
Equation (6-5).

6.3.1 Liquid Radwaste Effluent Line Monitor

The Liquid Radwaste Effluent Line Monitor D11-N0Q07 provides alarm and automatic
termination of releases prior to exceeding MPC. As required by ODCM

Table 4.11.1.1.1-1 and as discussed in ODCM Section 6.2.1, a sample of the liquid
radwaste to be discharged is collected and analyzed by gamma spectroscopy to identify
principal gamma emitting radionuclides. From the measured individual radionuclide
concentrations, the allowable release rate is determined.

The allowable release rate is inversely proportional to the ratio of the radionuclide
concentrations to the MPC values. The ratio of the measured concentration to
MPC values is referred to as the "MPC fraction" and is calculated by the equation:

C
MPCF = ) ——
MPC.
(6-2)
where:
MPCF = fraction of the unrestricted area MPC for a mixture of gamma emitting
radionuclides
Ci = concentration of each gamma emitting radionuclide i measured in each
tank prior to release (UCi/ml)
MPCj = unrestricted area most restrictive MPC for each radionuclide i: ten times

the value from 10 CFR Part 20, Appendix B, Table 2, Column 2. For
dissolved and entrained noble gases an MPC value of 2E-04 uCi/ml may
be used, but noble gases need not be included in this calculation.
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Including noble gases in Equation (6-2) eliminates the need for a separate evaluation of
compliance with the noble gas concentration limit of ODCM 3.11.1.1.

Based on the MPCF, the maximum allowable release rate can be calculated by the
following equation:

DF
MAXRR < * SF
(MPCF *(1+ BF)) + H3MPCF
(6-3)

where:

MAX RR = maximum acceptable waste tank discharge rate (gal/min) (Monitor #G11-
R703)

DF = dilution flow rate from the CWR decant line, measured as described in
ODCM section 6.1.1.3.b.

SF = administrative safety factor to account for variations in monitor response
and flow rates. A SF value of 0.5 is suggested because it provides for
100% variation caused by statistical fluctuation and/or errors in
measurements.

BF = conservative estimate of the ratio of the MPC fraction of pure beta
emitters other than tritium to the gamma MPC fraction (MPCF) (The
value 0.10 may be used for BF.)

MPCF =  As previously defined by equation (6-2)

H3MPCF = conservative estimate of MPC fraction due to tritium (The value 0.13 may

be used for H3MPCF.)

NOTE: Equation (6-3) is valid only for MPCF >1; if the MPCF <1, the waste tank
concentration meets the limits of 10 CFR Part 20 without dilution, and the tank
may be discharged at the maximum rate

If MAX RR as calculated above is greater than the maximum discharge pump capacity,
the pump capacity should be used in establishing the actual Release Rate RR for the
radwaste discharge. For a Waste Sample Tank, the maximum discharge rate is

50 gallons per minute. This Release Rate RR is monitored in the Radwaste

Control Room by G11-R703.
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The Concentration Limit (CL) of a liquid radwaste discharge is the same as the effective
MPC for the radionuclide mixture of the discharge. Simply, the CL (or effective MPC)
represents the equivalent MPC value for a mixture of radionuclides evaluated
collectively. The equation for determining CL is:

2.C
CL = —=—=
MPCF
(6-4)

Based on the Release Rate RR and Dilution Flow DF and by substituting Equation (6-4)
for CL in Equation (6-1) and introducing sensitivity factors and factors to account for the
presence of pure beta emitters, the alarm setpoint is calculated by the equation:

3 > (C, * SEN,)* DF* H3F * SF

SP < + Bkg
MPCF*(1+ BF)* RR
(6-5)
where:
SP = setpoint of the radiation monitor counts per second (cps) or counts per
minute (cpm)
Ci = concentration of radionuclide i as measured by gamma
spectroscopy (uCi/ml)
SEN; = monitor sensitivity for radionuclide i based on calibration
curve (cps/(MCi/ml) or cpm/(uCi/ml)) or single conservative value for all
radionuclides (see below)
RR = actual release rate of the liquid radwaste discharge (gal/min)
BF = pure beta factor as defined for Equation (6-3)
MPCF = MPC fraction as determined by Equation (6-2)
H3F = correction factor to account for estimated tritium concentration at the
discharge point (The value 0.99 may be used.)
Bkg = background reading of monitor (cps)
DF = dilution flow rate from the CWR decant line, measured as described in
ODCM section 6.1.1.3.b. Also see note preceding Section 6.3.1.
SF = 1.0 when a single conservative sensitivity value is used; 0.5 when

individual nuclide sensitivity factors are used
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The sensitivity of Cr-51 determined from the primary calibration sensitivity curves may
be used as a single conservative value for SENj above. The Cr-51 sensitivity has been
determined to be conservative based on the nuclide mixes which have been seen in
actual liquid discharges from Fermi 2. For the D11-N0O07 monitor, a monitor sensitivity
value of 1.0 E6 cps/(uCi/ml) may be used as the single conservative value of SEN;.

If no radionuclides are measured by gamma spectroscopy, the alarm setpoint can be
established at one half the setpoint of the most recent discharge for which radionuclides
were detected by gamma spectroscopy.

Prior to conducting any batch liquid radwaste release, Equation (6-3) is used to
determine the allowable release rate in accordance with ODCM 3.11.1.1. Equation (6-5)
is used to determine the alarm setpoint in accordance with ODCM 3.3.7.11.

6.3.2 Circulating Water Reservoir Decant Line Radiation Monitor (D11-N402)

ODCM 3.3.7.11 requires that the setpoint for the CWR Decant Line Radiation

Monitor D11-N402 be established to ensure the radioactive material concentration in the
decant line prior to discharge to Lake Erie does not exceed MPC, unrestricted area (ten
times 10 CFR 20, Appendix B, Table 2, Column 2 values). The approach for
determining the alarm setpoint for the CWR Decant Line Radiation Monitor is the same
as presented in Section 6.3.1. However, the CWR Decant Line Radiation Monitor
setpoint need not be changed prior to each release. Equation (6-1) remains valid,
except that, for the CWR Decant Line Monitor, the dilution flow previously assumed for
diluting the BATCH liquid radwaste effluents is now the release rate. There is no
additional dilution prior to discharge to Lake Erie. Thus, Equation (6-1) simplifies to:

SP<CL
(6-6)

Substituting Equation (6-4) for CL and introducing a safety factor, sensitivity factors, and
monitor background, the D11-N402 alarm setpoint can be calculated by the equation:

2. (C,* SEN, )* SF
MPCF

SP <

+ Bkg
(6-7)
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where:

SP = setpoint in counts per minute (cpm)

Ci = concentration of each radionuclide i in the CWR decant line effluent
(uCi/ml)

SEN; = monitor sensitivity for nuclide i based on calibration curve (cpm/(uCi/ml))

MPCF = MPC fraction as determined by Equation (6-2) with C; defined as for
Equation (6-7)

SF = 0.5, administrative safety factor

Bkg = background reading of monitor (cpm)

Normally, only during periods of batch liquid radwaste discharges will there exist any
plant-related radioactive material in the CWR decant line.

6.3.3 Generic, Conservative Alarm Setpoint for D11-N402

The D11-N402 setpoint could be adjusted for each BATCH release as is done for the
liquid radwaste effluent line monitor. Based on the measured levels of radioactive
material in a BATCH liquid release, the alarm setpoint for D11-N402 could be calculated
using Equation (6-7). However, during these planned releases, the concentrations will
almost always be so low (due to dilution) that the D11-N402 Monitor will not indicate
measurable levels. The CWR decant line design flow is 10,000 gpm; and the maximum
liquid radwaste release rate is 50 gpm, providing a 200:1 dilution. The radioactive

material concentration of BATCH liquid releases is typically in the range of 1 x 10-7 to

1 x 1074 MCi/ml. With a nominal 200:1 dilution (actual dilution has been greater since in
actual releases the decant line flow rate has been about 18,000 gpm), the CWR decant

line monitor would monitor diluted activity in the range of 5 x 10-10t0 5x 10-7 HCi/ml.
D11-N402 Monitor response at these levels would be 0.1 to 100 cpm, depending on the
particular radionuclide mixture and corresponding instrument response. These response
levels are less than the monitor background levels.

In lieu of routinely adjusting the D11-N402 setpoints, generic, conservative setpoints

have been established based on an analysis of nuclides seen in actual liquid discharges
and on the primary calibration sensitivity curve.
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6.3.4  Alarm Setpoint for GSW and RHR System Radiation Monitors

Levels of radioactive material detectable above background at Radiation Monitor D11-
NO08 would be one of the first indicators of contamination of the General Service Water
(GSW) System and the CWR. Likewise, for the Residual Heat Removal (RHR) System,
the D11-N401 A and B Monitors would be one of the first indicators of contamination and
subsequent contamination of the CWR. Therefore, to provide early indication and
assure prompt attention, the alarm setpoints for these monitors should be established as
close to background as possible without incurring a spurious alarm due to background
fluctuations. This level is typically around three times background.

If the GSW System or RHR System becomes contaminated, it may become necessary
to raise the radiation monitor setpoints. The alarm setpoints should be re-evaluated to
provide the CR operator a timely indication of further increasing activity levels in the
GSW or RHR System without spurious alarms. The method for this re-evaluation is the
same as described above - the alarm setpoint established at three times its current
reading. No regulatory limits apply for establishing a maximum value for these alarm
setpoints since these monitors are located on plant systems and do not monitor final
release points to the environment. However, as a practical matter, upper limits on the
alarm setpoints can be evaluated using the methods of ODCM Section 6.3.1 based on
the actual system flows, dilution and release paths in effect at the time.

6.3.5 Alarm Response - Evaluating Actual Release Conditions

Normally, liquid release rates are controlled and alarm setpoints are established to
ensure that the release does not exceed the concentration limits of ODCM 3.11.1.1 at
the discharge to Lake Erie. However, if either Monitor D11-N007 or D11-N402 alarms
during a liquid release, it becomes necessary to re-evaluate the release conditions to
determine compliance with ODCM 3.11.1.1. Following an alarm, the actual release
conditions should be determined. Radioactive material concentrations should be
evaluated by sampling the effluent stream or resampling the waste tank. Discharge flow
and dilution water flow should be redetermined.

To perform this evaluation, the following equation may be used for all nuclides, or

dissolved and entrained noble gases may be evaluated separately from other nuclides
using this equation:

C RR (1+ BF)
Z i * * <1
MPCi DF + RR H3F

(6-8)
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where:

Cj = measured concentration of radionuclide i in the effluent stream (uCi/ml)

MPC; = the MPC value for radionuclide i: ten times the 10 CFR 20, Appendix B,

Table 2, Column 2 value (uCi/ml); 2 E-04 uCi/ml for dissolved or
entrained noble gases

RR = actual release rate of the liquid effluent at the time of the alarm, gpm
DF = actual dilution circulating water flow at the time of the release alarm, gpm
H3F,BF = as previously defined

NOTE: For alarm on D11-N402 (CWR decant line), the Release Rate RR is the
Dilution Water Flow DF and the DF term drops out of the equation.

6.3.6 Liquid Radwaste Monitor Setpoint Determination with Contaminated Circulating
Water Reservoir

In the event the CWR is determined to contain radioactive material, the effective dilution
capacity of the CWR is reduced as a function of the MPCF. To determine the available
dilution flow capacity the MPCF for the CWR is determined using equation (6-2). The
MPCF of the CWR (CWRMPCEF in equation 6-9) is used to determine the available
dilution flow as follows:

CWR Dilution Flow = CWR Decant Flow Rate (GPM) * (1-CWRMPCF)

(6-9)
The resulting dilution flow rate is substituted in equation (6-3) to determine the maximum
allowable release rate for discharges from the radwaste system. Substituting the
available CWR dilution flow from equation (6-9), the Liquid Radwaste Monitor maximum

release rate can be determined using equation (6-3).

Once the available dilution flow and maximum allowable release rate have been
determined the radwaste monitor setpoint can be determined using equation (6-5).
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6.4

Contaminated GSW or RHR System - Quantifying and Controlling Releases

The GSW Radiation Monitor (D11-N008) provides an indication of contamination of this system.
The Monitors D11-N401 A and B perform this function for the RHR System. Also, the

CWR Decant Line Radiation Monitor monitors all liquid releases from the plant and would record
any release to Lake Erie from either of these systems if contaminated. As discussed in ODCM
Section 6.2.2, sampling and analysis of the CWR System is required only if this system is
contaminated, as would be indicated by D11-N402 or D11-N008. Nonetheless, periodic samples
are collected from the CWR System to verify absence of contamination. Although not required by
the ODCM, periodic sampling and analysis of the RHR System is also performed since it also is a
potential source of contamination of the CWR and subsequent releases to Lake Erie. If
contamination is found, further releases from the applicable system (GSW or RHR) via the CWR
decant line must be evaluated and controlled to ensure that releases are maintained ALARA. The
following actions will be considered for controlling releases.

- Sampling frequency of the applicable source (GSW or RHR System) and the CWR will
be increased until the source of the contamination is found and controlled. This
frequency may be relaxed after the source of contamination has been identified and
isolated.

- Gamma spectral analysis will be performed on each sample.

- The measured radionuclide concentrations from the gamma spectral analysis will be
compared with MPC (Equation 6-2) to ensure releases are within the limits of
ODCM 3.11.1.1.

- Based on the measured concentrations, the setpoint for the CWR Decant Line Radiation
Monitor (D11-N402) will be determined as specified in Section 6.3.2. If the calculated
setpoint based on the measured distribution is greater than the current setpoint (see
ODCM Section 6.3.3) no adjustment to the setpoint is required.

- Samples will be composited in accordance with ODCM Table 4.11.1.1.1-1 for monthly
analysis for H-3 and gross alpha and for quarterly analysis for Sr-89, Sr-90 and Fe-55.

- Each sample will be considered representative of the releases that have occurred since
the previous sample. For each sample (and corresponding release period), the volume
of liquid released to the lake will be determined based on the measured CWR decant
line cumulative flow.

- From the sample analysis and the calculated volume released, the total radioactive
material released will be determined and considered representative of the release
period. Cumulative doses will be determined in accordance with ODCM Section 6.5.
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6.5 Liquid Effluent Dose Calculation - 10 CFR 50

The parameters of the liquid release (or estimated parameters, for a pre-release calculation) may
be used to calculate the potential dose to the public from the release (or planned release). The
dose calculation provides a conservative method for estimating the impact of radioactive effluents
released by Fermi 2 and for comparing that impact against limits set by the NRC in the

Fermi 2 ODCM. The limits in the Fermi 2 ODCM are specified as quarterly and calendar year
limits. This assures that the average over the year is kept as low as reasonably achievable.

6.5.1

MEMBER OF THE PUBLIC Dose - Liquid Effluents

ODCM 3.11.1.2 limits the dose or dose commitment to MEMBERS OF THE PUBLIC
from radioactive materials in liquid effluents from Fermi 2 to:

- during any calendar quarter;
< 1.5 mrem to total body
< 5.0 mrem to any organ

- during any calendar year,
< 3.0 mrem to total body
<10.0 mrem to any organ

ODCM 4.11.1.2 requires that quarterly and annual cumulative dose due to liquid
effluents be determined at least once per 31 days. The calculation of the potential doses
to MEMBERS OF THE PUBLIC is a function of the radioactive material releases to the
lake, the subsequent transport and dilution in the exposure pathways, and the resultant
individual uptake. At Fermi 2, pre-operational evaluation of radiation exposure pathways
indicated that doses from consumption of fish from Lake Erie provided the most
conservative estimate of doses from releases of radioactive liquids. However, with the
proximity of the water intakes for the City of Monroe and Frenchtown Township, it must
be assumed that individuals will consume drinking water as well as fish that might
contain radioactivity from discharges into Lake Erie.

Study of the currents in Lake Erie indicates that the current in the Lagoona Beach
embayment carries liquid effluents from Fermi 2 north along the coast part of the time
and south along the coast part of the time. When the current flows north, liquid effluents
are carried away from the drinking water Intakes, so only the fish consumption exposure
pathway must be considered. When the current flows south, toward the drinking water
Intakes, both fish consumption and drinking water consumption exposure pathways must
be considered. To ensure conservatism in the dose modeling, the combined fish and
drinking water pathway is used for evaluating the maximum hypothetical dose to a
MEMBER OF THE PUBLIC from liquid radioactive effluents. The following calculational
methods may be used for determining the dose or dose commitment due to the liquid
radioactive effluents from Fermi 2:
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p, LT E=02*VOL Sy,

’ DF* 7
(6-10)
where:
Do = dose or dose commitment to organ o or total body (mrem) due to release
of a single tank
Aio = site-specific ingestion dose commitment factor to the total body or any
organ o for radionuclide i (mrem/hr per uCi/ml)
Ci = concentration of radionuclide i in undiluted liquid effluent representative of
the volume VOL (pCi/ml)
VOL = total volume of liquid effluent released (gal)
DF = average dilution water flow (CWR decant line) during tank
release (gal/min)
4 = 5, near field dilution factor
(Derived from Regulatory Guide 1.109, Rev 0)
1.67 E-02 = 1 hr/60 min

The site-specific ingestion dose/dose commitment factors (Ajg) represents a composite
dose factor for the fish and drinking water pathway. The site-specific dose factor is
based on the NRC's generic maximum individual consumption rates. Values of Ajg are
presented in Table 6.0-1. They were derived in accordance with guidance of NUREG-
0133 from the following equation:

4, =114 E+05 [(U, / D,)+(U, * BF)| DF,

1 1

(6-11)

where:

UF = 21 kg/yr adult fish consumption

Uw = 730 liters/yr adult water consumption

Dw = 13.4, additional dilution from the near field to the water intake for
Frenchtown Township (Net dilution factor of 67 from discharge point to
a point documented in Fermi 2 UFSAR, Chapter 11, which is closer to
the discharge point than this drinking water intake)

BF; =  Bioaccumulation factor for radionuclide i in fish from

Table 6.0-2 (pCi/kg per pCilliter)
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DF; = dose conversion factor for nuclide i for adults in organ o from Table E-
11 of Regulatory Guide 1.109 (mrem/pCi)

106(pCi /uCi) * 103(ml/kg)

1.I4E + 05=
8760 (hr/yr)

The radionuclides included in the periodic dose assessment required by ODCM 3.11.1.2
are those identified by gamma spectral analysis of the liquid waste samples collected
and analyzed per the requirements of ODCM Table 4.11.1.1.1-1. In keeping with the
NUREG-0133 guidance, the adult age group represents the maximum exposed
individual age group. Evaluation of doses for other age groups is not required for
demonstrating compliance with the dose criteria of ODCM 3.11.1.2. The dose analysis
for radionuclides requiring radiochemical analysis will be performed after receipt of
results of the analysis of the composite samples. In keeping with the required analytical
frequencies of ODCM Table 4.11.1.1.1-1, tritium dose analyses will be performed at
least monthly; Sr-89, Sr-90 and Fe-55 dose analyses will be performed at least quarterly.

6.5.2 Contaminated CWR System - Dose Calculation
If the CWR System becomes contaminated, releases via the CWR System to Lake Erie
must be included in the evaluation of the cumulative dose to a MEMBER OF THE
PUBLIC as required by ODCM 3.11.1.2. ODCM Section 6.4 described the methods for
quantifying and controlling releases from the CWR System.

For calculating the dose to a MEMBER OF THE PUBLIC, Equation (6-10) remains
applicable for releases from the GSW System with the following assumptions:

- DF, Dilution Flow, is set equal to the average CWR decant line flow rate over the
release period.

- Ci, Radionuclide Concentration, is determined as specified in ODCM Section 6.4.

- VOL, Volume Released, is set equal to the total volume of the discharges to
Lake Erie via the CWR decant line as specified in Section 6.4.
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6.6 Liquid Effluent Dose Projections

10 CFR 50.36a requires licensees to maintain and operate the Radwaste System to ensure
releases are maintained ALARA. This requirement is implemented through ODCM 3.11.1.3. This
section requires that the Liquid Radioactive Waste Processing System be used to reduce the
radioactive material levels in the liquid waste prior to release when the projected dose in any

31 day period would exceed:

- 0.06 mrem to the total body, or
- 0.2 mrem to any organ

When the projected doses exceed either of the above limits, the waste must be processed by the
Liquid Radwaste System prior to release. This dose criteria for processing is established at one
forty eighth of the design objective rate (3 mrem/yr, total body or 10 mrem/yr any organ) in any
31 day period.

The applicable Liquid Waste Processing System for maintaining radioactive material releases
ALARA is the Mixed Bed Demineralizers as delineated in Figure 6.0-1. Alternately, the Waste
Evaporator (presented in the Fermi 2 UFSAR, Section 11.2) can be used to meet the

NRC ALARA design requirements. It may be used in conjunction with or in lieu of the Mixed Bed
Demineralizers to meet the waste processing requirements of ODCM 3.11.1.3.

Each BATCH release of liquid radwaste is evaluated to ensure that cumulative doses are
maintained ALARA. In keeping with the requirements of ODCM 3.11.1.3, dose projections are
made at least once per 31 days to evaluate the need for additional radwaste processing to ensure
future releases are maintained ALARA.

The following equations may be used for the dose projection calculation:

D,,=D,(31/d)
(6-14)
(6-15)

where:

Dibp = the total body dose projection for the next 31 day period (mrem)

NOTE: The reference calendar quarter is normally the current calendar quarter. If there have
been liquid releases in the previous quarter but not in the current quarter, the previous

quarter should be used as the reference calendar quarter.

Dt = the cumulative total body dose for all releases to date in the reference calendar
quarter (normally the current quarter) as determined by equation (6-10) (mrem)
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Dmaxp = the maximum organ dose projection for the next 31 day period (mrem)

Dmax = the cumulative maximum organ dose for all releases to date in the reference
calendar quarter as determined by Equation (6-10) (mrem)

d = the number of days from the beginning of the reference calendar quarter to the
date of the dose projection evaluation.

31 = the number of days in projection
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TABLE 6.0-1

Fermi 2 Site Specific Liquid Ingestion Dose Commitment Factors
Ajo (mrem/hr per uCi/ml)

Nuclide Bone Liver T. Body Thyroid Kidney Lung GI-LLI

H-3 - 8.78E-1 8.78E-1 8.78E-1 8.78E-1 8.78E-1 8.78E-1

C-14 3.13E+4 6.26E+3 6.26E+3 6.26E+3 6.26E+3 6.26E+3 6.26E+3
Na-24 4.18E+2 4.18E+2 4.18E+2 4.18E+2 4.18E+2 4.18E+2 4.18E+2
P-32 1.39E+6 8.63E+4 5.36E+4 - - - 1.56E+5
Cr-51 - - 1.29E+0 7.70E-1 2.84E-1 1.71E+0 3.24E+2
Mn-54 - 4.40E+3 8.40E+2 - 1.31E+3 - 1.35E+4
Mn-56 - 1.11E+2 1.97E+1 - 1.41E+2 - 3.54E+3
Fe-55 6.75E+2 4.67E+2 1.09E+2 - - 2.60E+2 2.68E+2
Fe-59 1.07E+3 2.51E+3 9.60E+2 - - 7.00E+2 8.35E+3
Co-57 - 2.20E+1 3.66E+1 - - - 5.59E+2
Co-58 - 9.38E+1 2.10E+2 - - - 1.90E+3
Co-60 - 2.69E+2 5.94E+2 - - - 5.06E+3
Ni-63 3.19E+4 2.21E+3 1.07E+3 - - - 4.62E+2
Ni-65 1.30E+2 1.68E+1 7.69E+0 - - - 4.27E+2
Cu-64 - 1.05E+1 4.92E+0 - 2.64E+1 - 8.94E+2
Zn-65 2.32E+4 7.38E+4 3.34E+4 - 4.94E+4 - 4.65E+4
Zn-69 4.94E+1 9.44E+1 6.57E+0 - 6.14E+1 - 1.42E+1
Br-82 - - 2.28E+3 - - - 2.62E+3
Br-83 - - 4.07E+1 - - - 5.86E+1
Br-84 - - 5.27E+1 - - - 4.14E-4
Br-85 - - 2.17E+0 - - - 1.01E-15
Rb-86 - 1.01E+5 4.71E+4 - - - 1.99E+4
Rb-88 - 2.90E+2 1.54E+2 - - - 4.01E-9
Rb-89 - 1.92E+2 1.35E+2 - - - 1.12E-11
Sr-89 2.40E+4 - 6.90E+2 - - - 3.85E+3
Sr-90 5.91E+5 - 1.45E+5 - - - 1.71E+4
Sr-91 4.42E+2 - 1.79E+1 - - - 2.11E+3
Sr-92 1.68E+2 - 7.26E+0 - - - 3.32E+3
Y-90 6.36E-1 - 1.70E-2 - - - 6.74E+3
Y-91m 6.00E-3 - 2.33E-4 - - - 1.76E-2
Y-91 9.31E+0 - 2.49E-1 - - - 5.13E+3
Y-92 5.58E-2 - 1.63E-3 - - - 9.78E+2
Y-93 1.77E-1 - 4.89E-3 - - - 5.62E+3
Zr-95 4.29E-1 1.38E-1 9.31E-2 - 2.16E-1 - 5.50E+2
Zr-97 2.37E-2 4.78E-3 2.19E-3 - 7.22E-3 - 1.48E+3
Nb-95 4 47TE+2 2.49E+2 1.34E+2 - 2.46E+2 - 1.51E+6
Nb-97 3.75E+0 9.48E-1 3.46E-1 - 1.11E+0 - 3.50E+3
Mo-99 - 1.30E+2 2.47E+1 - 2.94E+2 - 3.01E+2
Tc-99m 1.04E-2 2.94E-2 3.74E-1 - 4.46E-1 1.44E-2 1.74E+1
Tc-101 1.07E-2 1.54E-2 1.51E-1 - 2.78E-1 7.88E-3 4.63E-14
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Fermi 2 Site Specific Liquid Ingestion Dose Commitment Factors

TABLE 6.0-1

Ajo (mrem/hr per uCi/ml)

Nuclide Bone Liver T. Body Thyroid Kidney Lung GI-LLI
Ru-103 5.58E+00 - 2.40E+00 - 2.13E+01 - 6.51E+02
Ru-105 4.64E-01 - 1.83E-01 - 6.00E+00 - 2.84E+02
Ru-106 8.29E+01 - 1.05E+01 - 1.60E+02 - 5.37E+03
Rh-103m - - - - - - -
Rh-106 - - - - - - -
Ag-110m 1.87E+00 1.73E+00 1.03E+00 - 3.41E+00 - 7.08E+02
Sb-124 2.41E+01 4.56E-01 9.56E+00 5.84E-02 - 1.88E+01 6.84E+02
Sb-125 1.54E+01 1.72E-01 3.66E+00 1.57E-02 - 1.19E+01 1.70E+02
Te-125m 2.58E+03 9.36E+02 3.46E+02 7.77E+02 1.05E+04 - 1.03E+04
Te-127m 6.52E+03 2.33E+03 7.95E+02 1.67E+03 2.65E+04 - 2.19E+04
Te-127 1.06E+02 3.81E+01 2.29E+01 7.86E+01 4.32E+02 - 8.37E+03
Te-129m 1.11E+04 4.13E+03 1.75E+03 3.81E+03 4.63E+04 - 5.58E+04
Te-129 3.03E+01 1.14E+01 7.37E+00 2.32E+01 1.27E+02 - 2.28E+01
Te-131m 1.67E+03 8.15E+02 6.79E+02 1.29E+03 8.26E+03 - 8.10E+04
Te-131 1.90E+01 7.93E+00 5.99E+00 1.56E+01 8.32E+01 - 2.69E+00
Te-132 2.43E+03 1.57E+03 1.47E+03 1.73E+03 1.51E+04 - 7.43E+04
1-130 3.18E+01 9.39E+01 3.71E+01 7.96E+03 1.47E+02 - 8.09E+01
1-131 1.75E+02 2.51E+02 1.44E+02 8.21E+04 4.30E+02 - 6.61E+01
1-132 8.55E+00 2.29E+01 8.00E+00 8.00E+02 3.64E+01 - 4.30E+00
1-133 5.98E+01 1.04E+02 3.17E+01 1.53E+04 1.82E+02 - 9.35E+01
1-134 4.46E+00 1.21E+01 4.34E+00 2.10E+02 1.93E+01 - 1.06E-02
1-135 1.87E+01 4.89E+01 1.81E+01 3.22E+03 7.83E+01 - 5.52E+01
Cs-134 2.98E+05 7.10E+05 5.80E+05 - 2.30E+05 7.62E+04 1.24E+04
Cs-136 3.12E+04 1.23E+05 8.87E+04 - 6.86E+04 9.40E+03 1.40E+04
Cs-137 3.82E+05 5.23E+05 3.42E+05 - 1.77E+05 5.90E+04 1.01E+04
Cs-138 2.65E+02 5.23E+02 2.59E+02 - 3.84E+02 3.79E+01 2.23E-03
Ba-139 1.53E+00 1.09E-03 4.48E-02 - 1.02E-03 6.19E-04 2.72E+00
Ba-140 3.20E+02 4.03E-01 2.10E+01 - 1.37E-01 2.30E-01 6.60E+02
Ba-141 7.44E-01 5.62E-04 2.51E-02 - 5.23E-04 3.19E-04 3.50E-10
Ba-142 3.36E-01 3.46E-04 2.12E-02 - 2.92E-04 1.96E-04 4.74E-19
La-140 1.65E-01 8.32E-02 2.23E-02 - - - 6.11E+03
La-142 8.46E-03 3.84E-03 9.58E-04 - - - 2.81E+01
Ce-141 8.05E-02 5.45E-02 6.18E-03 - 2.53E-02 - 2.08E+02
Ce-143 1.42E-02 1.05E+01 1.16E-03 - 4.62E-03 - 3.92E+02
Ce-144 4.20E+00 1.76E+00 2.25E-01 - 1.04E+00 - 1.42E+03
Pr-143 6.08E-01 2.44E-01 3.01E-02 - 1.41E-01 - 2.66E+03
Pr-144 1.99E-03 8.26E-04 1.01E-04 - 4.66E-04 - 2.86E-10
Nd-147 4.16E-01 4.80E-01 2.87E-02 - 2.81E-01 - 2.31E+03
W-187 2.97E+02 2.48E+02 8.67E+01 - - - 8.12E+04
Np-239 3.59E-02 3.53E-03 1.94E-03 - 1.10E-02 - 7.24E+02
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TABLE 6.0-2

Bioaccumulation Factors (BFj)
(pCilkg per pCilliter)*

Element Freshwater Fish
H 9.00E-01
C 4.60E+03

Na 1.00E+02
P 3.00E+03
Cr 2.00E+02
Mn 4.00E+02
Fe 1.00E+02
Co 5.00E+01
Ni 1.00E+02
Cu 5.00E+01
Zn 2.00E+03
Br 4.20E+02
Rb 2.00E+03
Sr 3.00E+01
Y 2.50E+01
Zr 3.30E+00
Nb 3.00E+04
Mo 1.00E+01
Tc 1.50E+01
Ru 1.00E+01
Rh 1.00E+01
Ag 2.30E+00
Sb 1.00E+00
Te 4.00E+02
| 1.50E+01
Cs 2.00E+03
Ba 4.00E+00
La 2.50E+01
Ce 1.00E+00
Pr 2.50E+01
Nd 2.50E+01
W 1.20E+03
Np 1.00E+01

* Values in this table are taken from Regulatory Guide 1.109 except for phosphorus, which is adapted from
NUREG/CR-1336, and silver and antimony, which are taken from UCRL 50564, Rev 1, October 1972.
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FIGURE 6.0-1

Liquid Radioactive Effluent Monitoring and Processing Diagram
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SECTION 7.0

GASEOUS EFFLUENTS

FERMI 2 ODCM - TRM VOLUME II 7-1 Rev. 23



7.0 GASEOUS EFFLUENTS

7.1 Radiation Monitoring Instrumentation and Controls

711

71.2

Effluent Monitoring - Ventilation System Releases

The gaseous effluent monitoring instrumentation required at Fermi 2 for
controlling and monitoring radioactive effluents are specified in ODCM 3.3.7.12.
The monitoring of each identified gaseous effluent release point must include the
following:

- Noble Gas Activity Monitor
- lodine Sampler (sample cartridge containing charcoal or silver zeolite)
- Particulate Sampiler (filter paper)

- Sampler Flow Rate Monitor

Meeting these requirements, a total of six Eberline SPING Monitoring Systems
are installed on the five gaseous release points (Onsite Storage Facility,
Radwaste Building, Turbine Building, Reactor Building Exhaust Plenum, and
Standby Gas Treatment System Division 1 and Division 2). The SPING Monitor
outputs are recorded electronically in the SS-1 Control Terminal in the Main
Control Room.

In general, a reading exceeding the High alarm setpoint of the SPING Monitors
causes an alarm in the Control Room. Fermi 2 ODCM Table 3.3.7.12-1 identifies
these alarm functions.

Main Condenser Offgas Monitoring

ODCM Table 3.3.7.12-1 and Technical Requirements Manual Volume 1, section
TR 3.3.12, specify monitoring requirements for the Offgas System at the
2.2 minute delay line. The following monitors are required:

- Hydrogen Monitor - used to ensure the hydrogen concentration in the
Offgas Treatment System is maintained less than or equal to 4% by volume
as required by Technical Requirements Manual Volume 1, section
TRLCO 3.3.12.

- Noble Gas Activity Monitor - used to ensure the gross activity release rate
is maintained within 340 millicuries per second after 30 minute decay as
required by Technical Specification 3.7.5.

These two monitors perform safety functions. The Hydrogen Monitor
monitors the potential explosive mixtures in the Offgas System. The Noble
Gas Monitor monitors the release rate from the main condenser ensuring
doses at the exclusion area boundary will not exceed a small fraction of the
limits of 10 CFR 100 in the event this effluent is inadvertently discharged
directly to the environment bypassing the Offgas Treatment System.
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7.2

71.3

Reactor Building Ventilation Monitors

The radiation monitors (D11-N408 and N410) on the Reactor Building Ventilation
System provide on high radiation levels (above alarm setpoint) initiation of SGTS,
isolation of drywell vent/purge, isolation of the RB and Control Center Ventilation
Systems and initiation of Control Center recirculation mode ventilation. These
monitors and functions are not required by Fermi 2 ODCM but are important in
controlling containment venting/purging.

Sampling and Analysis of Gaseous Effluents

The program for sampling and analysis of gaseous waste is prescribed in Fermi 2 ODCM
Table 4.11.2.1.2-1. This table distinguishes two types of gaseous releases:

(1) containment PURGE, treated as BATCH releases, and (2) discharges from the
Reactor Building Exhaust Plenum (including Standby Gas Treatment System (SGTS)
when operating), and other building ventilation exhausts, treated as

CONTINUOUS releases.

7.21

Containment PURGE

ODCM Table 4.11.2.1.2-1 requires that samples be collected and analyzed
before each primary containment PURGE. Sampling and analysis is required
within eight hours before starting a PURGE. ODCM Table 4.11.2.1.2-1
Footnote j and ODCM 4.11.2.8.2 also require that if the purging or venting is
through the Reactor Building ventilation, rather than through SGTS, and if the
primary containment radiation monitoring system is not FUNCTIONALLY
CAPABLE or in alarm condition, sampling and analysis is required within 8 hours
prior to and at least once per 12 hours during venting or purging of the primary
containment. The required analyses must include principal gamma emitters and,
if a pre-vent or pre-purge sample, tritium.

For a planned containment PURGE, the results of the samples and analyses
may be used to establish the acceptable release rate and radiation monitor alarm
setpoint in accordance with ODCM Sections 7.3 and 7.4. This evaluation may be
necessary to ensure compliance with the dose rate limits of ODCM 3.11.2.1. In
practice, release flow rates are fairly constant and these calculations are
necessary only if a threshold value of nuclide concentration in the primary
containment atmosphere is reached. The alarm setpoints of the primary
containment atmosphere monitor, the Reactor Building ventilation exhaust
monitors, and the Reactor Building and SGTS SPING monitors are set to ensure
that release routes are continuously monitored and controlled in accordance with
10 CFR 20 or limits specified in the ODCM.
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7.2.2 Ventilation System Releases

ODCM Table 4.11.2.1.2-1 requires continuous samples of releases from the
RB Exhaust Plenum, Standby Gas Treatment System, Radwaste Building,
Turbine Building, and Onsite Storage Facility. The table specifies the following
program:

- Once per week, analysis of an adsorbent sample of 1-131 and 1-133, plus
analysis of a particulate sample for principal gamma emitters.

- Once per month, analysis of a composite particulate sample of all releases
(by release point) that month for gross alpha activity.

- Once per quarter, analysis of a composite particulate sample of all releases
that quarter for Sr-89 and Sr-90.

- Once per month, analysis of a grab sample for principal gamma emitters
(noble gases and tritium).

- Analysis of a grab sample for principal gamma emitters (noble gases) from
the Offgas Vent Pipe sample lines, as needed to supplement RB Exhaust
Plenum sampling. Normally performed monthly in conjunction with RB
Exhaust Plenum grab sampling.

ODCM Table 4.11.2.1.2-1 also requires continuous monitoring for noble gases.
This requirement is met by the SPING Monitors on each of the plant gaseous
release points.

The ODCM requires more frequent sampling and analysis following reactor
startup, shutdown, or change in thermal power exceeding 15% within one hour.
The ODCM allows an exception to this increased sampling schedule when the
applicable SPING noble gas monitor has not increased more than a factor of
three.

Grab samples of the Fuel Pool Ventilation Exhaust are required tritium analysis
once per seven days whenever spent fuel is in the Spent Fuel Pool. Also, grab
samples for tritium are required when either the reactor well or the dryer
separator pool is filled. These samples are taken at the Reactor Building
Exhaust Plenum and Standby Gas Treatment System (SGTS) when operating.

Gaseous releases of Carbon-14 may be determined by calculation, without the
use of sampling. An acceptable calculational method is to determine monthly
capacity factor data in units of GWth-month from Reactor Engineering data, then
multiply by the ratio of days in the month to days in the year and by the value 5.1
Ci per GWth-year (given in EPRI report 1021106, December 2010) to obtain
monthly C-14 releases. Other methods may be used if approved by Radiation
Protection Management.
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7.3 Gaseous Effluent Monitor Setpoint Determination
7.31 Ventilation System Monitors

Per the requirements of ODCM 3.3.7.12, alarm setpoints shall be established for
the gaseous effluent monitoring instrumentation to ensure that the release rate of
noble gases does not exceed the limits of ODCM 3.11.2.1. This section limits
releases to a dose rate at the SITE BOUNDARY of 500 mrem/year to the total
body or 3000 mrem/year to the skin. From a grab sample analysis of the
applicable release (i.e., grab sample of the primary containment or

Ventilation System release), the radiation monitoring alarm setpoints may be
established by the following calculational method. The measured radionuclide
concentrations and release rate are used to calculate the fraction of the allowable
release rate, limited by ODCM 3.11.2.1, by the equation:

L67E +01* *VF*Y (G *K,
rrsc - LOTEHO Z/fo()V D> (C*K)

(7-1)

CL6TE+01* 2/ Q* VF* Y (C *[ L, +11M,))

3000
(7-2)
Where:
FRAC = fraction of the allowable release rate based on the identified
radionuclide concentrations and the release flow rate
$/Q = atmospheric dispersion factor based on 5-year historical
meteorological data to the controlling site boundary location
from Table 7.0-3 (sec/m3) or plant procedures
VF = Ventilation System flow rate for the applicable release point
and monitor (liters/minute)
Ci = concentration of noble gas radionuclide i at release point as
determined by gamma spectral analysis of grab
sample (uCi/cc).
Ki = total body dose conversion factor for noble gas radionuclide i
(mrem/yr per uCi/m3, from Table 7.0-2)
Lj = beta skin dose conversion factor for noble gas radionuclide i

(mrem/yr per uCi/m?, from Table 7.0-2)
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M; = gamma air dose conversion factor for noble gas
radionuclide i (mrad/yr per uCi/m?3, from Table 7.0-2)

1.1 = mrem skin dose per mrad gamma air dose (mrem/mrad)
500 = total body dose rate limit (mrem/yr)
3000 = skin dose rate limit (mrem/yr)

1.67E+ 01 1 E + 03 (cc/liter) * (1/60) (min/sec)

Based on the more limiting (i.e., higher) value of FRAC as determined above, the
alarm setpoints for the applicable monitors may be calculated by the equation:

AF* > C
SP < @ + Bkg
FRAC
(7-3)

Where:

SP = alarm setpoint corresponding to the maximum allowable release
rate (uCi/cc)

Bkg = background of the monitor (uCi/cc)

AF = administrative allocation factor (Table 7.0-1) for the specific
monitor and type release, which corresponds to the fraction of the
total allowable release rate that is administratively allocated to the
individual release points.

Ci = concentration of Noble Gas Radionuclide i as determined by

gamma spectral analysis of grab sample (uCi/cc). Note: If the
monitor channel in question was showing a response to the
effluent at the time of the grab sample, this response minus
background may be used in lieu of the summed grab sample
concentrations.
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The Allocation Factor (AF) is an administrative control imposed to ensure that combined
releases from all release points at Fermi 2 will not exceed the regulatory limits on release
rate from the site (i.e., the release rate limits of ODCM 3.11.2.1). From the Fermi 2 design
evaluation of gaseous effluents presented in the UFSAR Section 11.3, representative
values have been determined for AF. These values are presented in Table 7.0-1. These
values may be changed in the future as warranted by operational experience, provided the
site releases comply with ODCM 3.11.2.1. In addition to the allocation factor, safety
factors which have the effect of lowering the calculated setpoints may be applied. When
determining the Noble Gas Monitor calibration constant, the monitor sensitivity for Xe-133
may be used in lieu of the sensitivity values for the individual radionuclides. Because of its
lower gamma energy and corresponding monitor response, the Xe-133 sensitivity provides
a conservative value for alarm setpoint determination. Alternatively, if the monitor channel
in question frequently shows a response to a mix of isotopes whose concentrations can be
determined, the calibration constant may be determined from this type of data without
reference to primary calibration data.

7.3.2 Setpoint Determination with No Nuclides Detected

When noble gas concentrations for a release point cannot be determined from
grab samples, there are two options for setpoint determination. First, the setpoint
may be set slightly above monitor background (e.g. 2 to 3 times background).
This approach may be used when releases are not expected from a particular
release point. Second, the equations of Section 7.3.1 may be used with noble
gas concentration values based either on UFSAR tables or on values from a
release point for which concentrations have been determined (e.g. reactor
building exhaust plenum). When this method is used, a safety factor should be
used in the setpoint calculation.

7.3.3 Gaseous Effluent Alarm Response - Evaluating Actual Release Conditions

The monitor alarm setpoint is used as the primary method for ensuring and
demonstrating compliance with the release rate limits of ODCM 3.11.2.1. Not
exceeding alarm setpoints constitutes a demonstration that release rates have been
maintained within the ODCM limits. When an effluent Noble Gas Monitor exceeds
the alarm setpoint, an evaluation of compliance with the release rate limits must be
performed using actual release conditions. This evaluation requires collecting a
sample of the effluent to establish actual radionuclide concentrations and permit
evaluating the monitor response. The following equations may be used for
evaluating compliance with the release rate limit of ODCM 3.11.2.1a:

D, =167E+01* y/ Q*VF*> (K, *C)
(7-4)

D, =167TE+01* y/ Q* VF* Y ([L, +L1M,]*C)
(7-5)
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Where:

Dtb

x/0

VF

Cj

Ki

M;

1.1

1.67 E+01

total body dose rate (mrem/yr)

skin dose rate (mrem/yr)

atmospheric dispersion factor for the controlling
SITE BOUNDARY location (sec/m3)
Ventilation System release rate (liters/min)

concentration of radionuclide i as measured in the grab

sample or as correlated from the SPING Noble Gas Monitor
reading (pCi/cc)

total body dose conversion factor for noble gas radionuclide i
(mrem/yr per pCi/m3, from Table 7.0-2)

beta skin dose conversion factor for noble gas radionuclide i
(mrem/yr per pCi/m3, from Table 7.0-2)

gamma air dose conversion factor for noble gas radionuclide i
(mrad/yr per pCi/m3, from Table 7.0-2)

mrem skin dose per mrad gamma air dose (mrem/mrad)

1 E + 03 (cclliter) * (1/60) (min/sec)

The above equations may also be used to verify compliance with ODCM
3.11.2.1.a when noble gases are detected in periodic (e.g. monthly) effluent
noble gas samples.

7.4 Primary Containment VENTING and PURGING

7.4.1 Release Rate Evaluation

For primary containment VENTING or PURGING, an evaluation of acceptable
release rate may be performed prior to the release. Based on the measured
noble gas concentration in the grab sample collected per the requirements of
ODCM Table 4.11.2.1.2-1, the allowable release rate from primary containment
can be calculated by the following equation:
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e 500 * AF
TL67T+01% x/0*> (K, *C))

(7-6)
or
3000 * AF
RR =
L6TE+01%* z/Q* Y ([L +11M]*C)
(7-7)
Where:
RRtp = allowable release rate so as not to exceed a dose rate of
500 mrem/yr, total body (liters/minute)
RRg = allowable release rate so as not to exceed a dose rate of
3000 mrem/yr, skin (liters/minute)
AF = allocation factor for the applicable release point from Table 7.0-1
(default value is 0.5 for Reactor Building Exhaust Plenum)
500 = total body dose rate limit (mrem/yr)
3000 = skin dose rate limit (mrem/yr)

The lesser value (RRtp or RRg) as calculated above may be used for

establishing the allowable release rate for primary containment PURGING or
VENTING, taking into account the fraction of the allocated release limit already
accounted for by continuous releases from the proposed release point. As
discussed in section 7.2.1, this evaluation is rarely necessary.

7.4.2 Alarm Setpoint Evaluation

For a primary containment VENTING or PURGING, a re-evaluation of the alarm
setpoint may be needed to ensure compliance with the requirements of

ODCM 3.3.7.12. For the identified release path (RB Exhaust Plenum or SGTS)
and associated effluent Radiation Monitor, the alarm setpoint should be
calculated using Equations (7-1), (7-2) and (7-3). In Equations (7-1) and (7-2),
the value of the Ventilation Flow VF should be established at the total release
flow rate, including the contribution from the PURGE or VENT. If the calculated
alarm setpoint is greater than the current setpoint, no adjustments are necessary.
As discussed in section 7.2.1, this setpoint evaluation is rarely necessary.
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7.5 Quantifying Releases - Noble Gases

The determination of doses in the environment from releases is dependent on the mixture
of the radioactive material. Also, NRC Regulatory Guide 1.21 requires reporting of
individual radionuclides released in gaseous effluents. Therefore, DTE Energy must
determine the quantities of the individual radionuclides released. For noble gases, these
quantities must be based on actual noble gas grab samples.

7.51

Sampling Protocol

As required by ODCM 3.11.2.1, a gas sample is collected at least monthly from
each of the five gaseous release points (Reactor Building Exhaust Plenum,
Standby Gas Treatment System, Radwaste Building, Turbine Building, and
Onsite Storage Facility). As discussed in ODCM Section 7.2.2, this gas sample
is analyzed by gamma spectroscopy to identify individual radionuclides (noble
gases). Noble gases have been detected almost exclusively in the reactor
building effluent.

As necessary to supplement grab sampling at the Reactor Building Exhaust
Plenum, samples are taken from the Offgas Vent Pipe sample lines, normally on
the same frequency as RB Exhaust Plenum samples. The Offgas Vent Pipe
sample point is upstream of the RB Exhaust Plenum and noble gases are more
concentrated at this point. Dilution factors are applied to Offgas Vent Pipe noble
gas sample concentrations when the same nuclides are detected in both
locations so that concentrations detected in RB Exhaust Plenum samples may be
compared to concentrations based on Offgas Vent Pipe samples; the more
conservative concentration values are used in release calculations.

For containment purges and containment ventings when monitoring is alarming
or not FUNCTIONALLY CAPABLE, samples are collected prior to the initiation of
the release and, for long releases, periodically throughout the release (see
ODCM Section 7.2.1). When detected activity concentrations are above a pre-
determined threshold, these samples are evaluated using Equations (7-4) and
(7-5), using release rates applicable to the vent/purge condition and taking
continuous releases into account, to ensure that the site boundary dose rate
limits of ODCM 3.11.2.1 are not exceeded. If the primary containment
atmosphere has equilibrated with the reactor building atmosphere, vent/purge
sampling and analysis is not required. Such equilibrium with the drywell
atmosphere may be considered to be established after at least one of the drywell
equipment hatches has been open for 8 hours, and equilibrium with the torus
atmosphere may be assumed after at least one torus hatch has been open for 8
hours.

As required by ODCM Table 4.11.2.1.2-1, special samples are required of the
RB Exhaust Plenum and SGTS following shutdown, startup or a THERMAL
POWER change exceeding 15% within a 1 hour period. Exceptions to this
special sampling are allowed as noted previously in ODCM Section 7.2.2.
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7.6 Calculation of Activity Released

The following equation may be used for determining the release quantities from
any release point based on the sample analysis:

0, = 1.0E +03* VF * T* C,

(7-8)

Where:

Qj = total activity released of radionuclide i (uCi)

VF = Ventilation System release rate (liters/min) -- nominal values are
shown in Table 7.0-1. If available, more accurate values, for
example reflecting a reduced number of exhaust fans in service,
may be used.

T = total time of release period (min)

1.0 E+03 = milliliters per liter

Ci = concentration of radionuclide i as determined by analysis of the
sample (uCi/cc). For noble gas grab samples, this value may be
corrected for variations during the release period by multiplying
by the ratio of the average noble gas monitor reading during the
release period to the reading at the time the sample was taken.
For iodine and particulate samples, this value should be
corrected for decay during the sampling period, for sample line
loss if adequate data are available, and for collection efficiency if
a significant fraction of the material to be collected passes
through the collection media. For all samples, this value should
be corrected for decay between sample collection and counting
and for decay during counting.

7.7 Site Boundary Dose Rate - Radioiodine and Particulates

ODCM 3.11.2.1.b limits the dose rate to <1500 mrem/yr to any organ for 1-131, 1-133,
tritium and particulates with half lives greater than 8 days. To demonstrate compliance
with this limit, an evaluation is performed at a frequency no greater than that
corresponding to the sampling and analysis time period (nominally once per 7 days). The
following equation may be used in the dose rate evaluation for 1-131, 1-133, and
particulates with half lives greater than 8 days:

DR= ZL% /O *R,_, *VF. *16.7*2@)
(7-9)

FERMI 2 ODCM - TRM VOLUME II 7-11 Rev. 23



Where:

DR = total maximum organ dose rate for all release points (mrem/yr)

210 = atmospheric dispersion factor for release point r to the controlling SITE
BOUNDARY location (sec/m3) from Table 7.0-3 or plant procedures

R = [-131 child thyroid inhalation pathway dose factor (mrem/yr per uCi/m3)
from Table 7.0-4

VFy = Average ventilation flow for release point r during release period (liters/min)

Cir = Concentration of radionuclide i (I-131, 1-133, or particulate with half life
greater than 8 days) released from release point r during the appropriate
release period (PCi/cc)--usually determined by gamma spectral analysis of
effluent sample and corrected as described in definition of C; in section 7.6

16.7 = 1000 cc/liter * 0.0167 min/sec

Release periods used in Equation (7-9) are the most recent periods evaluated for the
different release points, and these periods may not be identical.

Alternatively, the site boundary dose rate may be evaluated using the highest individual
isotopic dose factors for all age groups to calculate inhalation and ground plane exposure
at the highest dispersion factor location at or beyond the site boundary, as well as
vegetation, milk, and meat exposure at the garden, milk, and meat locations with the
highest deposition factors. Dose rate due to tritium is currently evaluated by this method,
and when tritium has been detected in gaseous effluents during the most recent release
period, the tritium dose rate must be added to the result from Equation (7-9) to evaluate
compliance with ODCM 3.11.2.1.b.

The dose rate evaluation described above may have to be performed more frequently than
once per week in order to meet the requirements of ODCM Table 4.11.2.1.2-1, footnote g:
Daily sampling is required following startup, shutdown, or thermal power changes
exceeding 15% in one hour if the applicable noble gas effluent monitor reading has
increased by a factor of 3.
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7.8 Noble Gas Effluent Dose Calculations - 10 CFR 50
7.8.1 UNRESTRICTED AREA Dose - Noble Gases

ODCM 4.11.2.2 requires that an assessment of releases of noble gases be
performed at least once per 31 days to evaluate compliance with the quarterly
dose limits of 5 mrad, gamma-air and 10 mrad, beta-air and the calendar year
limits 10 mrad, gamma-air and 20 mrad, beta-air. The following equations may
be used to calculate the gamma-air and beta-air doses. If noble gases are
detected at multiple release points, these equations must be performed for each
such release point, and the calculated air doses must be summed.

D, =3.17E—-08* y/0*> (M,*Q,)

(7-10)
and
D, =3.17E-08* y/Q*> (N, *Q,)
(7-11)
Where
D}/ = air dose due to gamma emissions for noble gas
radionuclides (mrad)
Dﬂ = air dose due to beta emissions for noble gas radionuclides (mrad)
x/0 = atmospheric dispersion factor to the controlling
SITE BOUNDARY location (sec/m?)
Qj = cumulative release of noble gas radionuclide i over the period of
interest (uCi)
M; = air dose factor due to gamma emissions from noble gas
radionuclide i (mrad/yr per uCi/m?3, from Table 7.0-2)
Nj = air dose factor due to beta emissions from noble gas
radionuclide i (mrad/yr per uCi/m3, Table 7.0-2)
317E-08 = 1/3.15E + 07 (year/sec)
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7.9 Radioiodine and Particulate Dose Calculations - 10 CFR 50
7.9.1 UNRESTRICTED AREA Dose - Radioiodine, Particulates, and Tritium

In accordance with requirements of ODCM 4.11.2.3, a periodic assessment (at
least once per 31 days) is required to evaluate compliance with the quarterly
dose limit of 7.5 mrem and the calendar year limit of 15 mrem to any organ. The
following equation may be used to evaluate the maximum organ dose due to
releases of 1-131, 1-133, tritium, and particulates with half-lives greater than

8 days:

D, =33 (W *SF,*3.17E-8*R,, *Q,)
S (7-14)

Where:

Dao = dose or dose commitment to Organ o of age group a (normally
identified in Table 7.0-3)

W = atmospheric dispersion parameter for release point r and the

residence location of interest—normally identified in Table 7.0-3.
Either:

a) x/Q, atmospheric dispersion factor for inhalation pathway
and H-3 and C-14 dose contribution via other pathways

(sec/m3), or

b) D/Q, atmospheric area deposition factor for vegetation,
milk and ground plane exposure pathways (m'2)

Raipo = dose factor (mrem/yr per pCi/m3) or (m2 - mrem/yr per uCi/sec)
from Table 7.0-4 for radionuclide i, age group a, pathway p, and
organ o, normally as identified in Table 7.0-3. Values for Rajpo
were derived in accordance with the methods described in
NUREG-0133. As noted in NUREG-0133 section 5.3.1.3, in the
case that the milk animal is a goat, parameter values from Reg
Guide 1.109 should be used. For [-131, for example, use of the
goat feed/forage consumption rate given in Table E-3 and the
stable element transfer factor given in Table E-2 of Reg Guide
1.109 results in grass-goat-milk dose factors which are equivalent
to the grass-cow-milk dose factors in Table 7.0-4 multiplied by 1.2.
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Qjr = cumulative release from release point r over the period of interest
(normally one month) for radionuclide i -- 1-131, 1-133, tritium or
radioactive material in particulate form with half-life greater than
8 days (pCi).

SFp = annual seasonal correction factor to account for the fraction of the
year that the applicable exposure pathway does not exist:

1) For milk and vegetation exposure pathways:

= 0.5 (derived from Reg Guide 1.109, Rev 1. A six
month fresh vegetation and grazing season (May
through October) limits exposure through this pathway
to half the year.

2) For inhalation and ground plane exposure pathways:
= 1.0 (derived from Reg Guide 1.109, Rev 1)

3.17E-8 = 1/3.15E+07 (year/sec)

This equation should be used to evaluate organ doses for the individual with the
highest potential offsite dose. This calculation is performed monthly and is
added to previous results for the quarter and year. The highest quarterly and
annual cumulative organ dose totals for this individual should be compared with
the limits of ODCM 3.11.2.3.

To determine regulatory compliance, the residence and the corresponding age
group and exposure pathways listed in Table 7.0-3 are used. Some pathways
listed for this residence, e.g. the vegetation pathway, may be hypothetical in a
given year. Also, an individual in the age group indicated in Table 7.0-3 may not
be living at this residence in a given year. These pathway and age group
assumptions are designed to ensure conservative dose results, i.e. that no other
offsite receptor will have a higher actual dose. If the Land Use Census indicates
that there may be another individual who may have higher actual doses in a
given year than the doses calculated using the parameters listed for the
residence in Table 7.0-3, doses to this individual may also be reported in the
Annual Radioactive Effluent Release Report and a revision of Table 7.0-3 should
be considered.

FERMI 2 ODCM - TRM VOLUME II 7-15 Rev. 23



7.10 Gaseous Effluent Dose Projection

As with liquid effluents, the Fermi 2 ODCM controls on gaseous effluents require
"processing" of gaseous effluents if the projected dose exceeds specified limits. These
controls implement the requirements of 10 CFR 50.36a on maintaining and using the
appropriate radwaste processing equipment to keep releases ALARA.

ODCM 3.11.2.5 requires that the VENTILATION EXHAUST TREATMENT SYSTEM be
used to reduce radioactive material levels prior to discharge when the projected dose
exceeds 0.3 mrem to any organ in any 31 day period (i.e., one-quarter of the design
objective rate). Figure 7.0-1 presents the gaseous effluent release points and the
VENTILATION EXHAUST TREATMENT SYSTEMS applicable for reducing effluents prior
to release.

Dose projection is performed at least once per 31 days using the following equation:

D,.., =D, *(31/d)

(7-16)
Where:
Dmaxp = maximum organ dose projection for the next 31 day period (mrem)
NOTE: The reference calendar quarter is normally the current calendar
quarter. If the dose projection is done in the first month of the
quarter and is to be based on dose calculated for the previous
quarter, the reference calendar quarter is the previous quarter.
Dmax = the cumulative maximum organ dose from the beginning of the reference
calendar quarter (normally the current quarter) to the end of the most
recently evaluated release period as determined by Equation (7-14)
(mrem)
d = number of days from the beginning of the reference calendar quarter to
the end of the most recently evaluated release period.
31 = number of days in projection
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TABLE 7.0-1

Values for Evaluating Gaseous
Release Rates and Alarm Setpoints

Release Point Flow Rate Allocation Allocated Dose
(liter/min) Factor Rate Limit
(AF) (mremlyear)
Reactor Building T Body =250
Exhaust Plenum Skin = 1500
D11-P280 2.89E6 0.50 Organ = 750
Standby Gas T Body = 50
Treatment System Skin =300
Div | D11-P275 1.07E5 0.10 Organ = 150
Standby Gas T Body = 50
Treatment System Skin =300
Div Il D11-P276 1.1285 0.10 Organ = 150
Turbine Building T Body =100
Ventilation Skin =600
D11-P279 8.98E6 0.20 Organ =300
Radwaste Building T Body = 10
Ventilation Skin = 60
D11-P281 1.01E6 0.02 Organ = 30
Onsite Storage T Body = 10
Building Skin = 60
Ventilation 3.06E5 0.02 Organ = 30
D11-P299
Reactor Building T Body =125
Ventilation* Skin =750
Gulf Atomic 2.57E6 0.50 Organ = 375
Monitors
D11-N408, N410

*  D11-N408 and N410 will start the SGTS, close the Drywell Purge/Vent Valves, isolate
Rx Building Ventilation System, isolate Control Center, and initiate emergency recirculation

mode.
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TABLE 7.0-2

Dose Factors for Noble Gases*

Nuclide Total Body Skin Beta Dose Gamma Air Dose Beta Air Dose
Gamma Dose Factor L Factor Mj Factor N;j
Factor Kj (mreml/yr per (mradlyr per (mradlyr per
(mrem/yr per pCi/m3) pCi/m3) pCi/m3)
Ci/m3)
Kr-83m 7.56E-02 | @ - 1.93E+01 2.88E+02
Kr-85m 1.17E+03 1.46E+03 1.23E+03 1.97E+03
Kr-85 1.61E+01 1.34E+03 1.72E+01 1.95E+03
Kr-87 5.92E+03 9.73E+03 6.17E+03 1.03E+04
Kr-88 1.47E+04 2.37E+03 1.52E+04 2.93E+03
Kr-89 1.66E+04 1.01E+04 1.73E+04 1.06E+04
Kr-90 1.56E+04 7.29E+03 1.63E+04 7.83E+03
Xe-131m 9.15E+01 4.76E+02 1.56E+02 1.11E+03
Xe-133m 2.51E+02 9.94E+02 3.27E+02 1.48E+03
Xe-133 2.94E+02 3.06E+02 3.53E+02 1.05E+03
Xe-135m 3.12E+03 7.11E+02 3.36E+03 7.39E+02
Xe-135 1.81E+03 1.86E+03 1.92E+03 2.46E+03
Xe-137 1.42E+03 1.22E+04 1.51E+03 1.27E+04
Xe-138 8.83E+03 4.13E+03 9.21E+03 4.75E+03
Ar-41 8.84E+03 2.69E+03 9.30E+03 3.28E+03
NOTE:
*  Dose factors taken from NRC Regulatory Guide 1.109
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TABLE 7.0-3

Controlling Locations, Pathways, and Atmospheric
Dispersion for Dose Calculations

ODCM Control Location Pathway(s) Controlling 2Q b/Q
Age Group (seclm3) (1Im2)
3.11.2.1a site boundary noble gases N/A RB: 7.9E-7 N/A
(0.57 mi, NW) | direct exposure TB: 3.6E-6
RW: 1.1E-6
SGTS 7.3E-7
3.11.2.1b site boundary inhalation child RB: 7.9E-7 N/A
(0.57 mi, NW) TB: 3.6E-6
RW: 1.1E-6
SGTS 7.3E-7
3.11.2.2 site boundary | gamma-air N/A RB: 7.9E-7 N/A
(0.57 mi, NW) | beta-air TB: 3.6E-6
RW: 1.1E-6
SGTS 7.3E-7
3.11.2.3 residence vegetation child RB: 6.6E-7 1.4E-8
(0.71 mi, inhalation, and TB: 2.8E-6 2.5E-8
WNW) ground plane RW: 9.1E-7 1.5E-8
SGTS 6.5E-7 1.3E-8 \

NOTE (1): The identified controlling locations and pathways listed above are derived from Land
Use Census data and dispersion and deposition factor data tables. The dispersion and
deposition factor values listed are five year averages for the years 2009 - 2013.

NOTE (2): The controlling residence location listed above is the closest residence to the plant and
has the highest y/Q and D/Q factors of any residence. A child in residence and a vegetation pathway
is assumed for the purposes of calculating a conservative offsite dose at this location. It has been
determined that dose calculated for the assumed receptor and pathways at this location is
conservative, i.e. that there is no other location at which a higher realistic dose will be calculated.
However, if it is ever determined by the Land Use Census that there is another location at which
higher doses are calculated, this table will be revised to use that location as the new controlling
location.
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Table 7.0-4
Gaseous Effluent Pathway Dose Commitment Factors
Raipo, Inhalation Pathway Dose Factors — ADULT

(mrem/yr per uCi/m3)

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T. Body
H-3 - 1.26E+3 1.26E+3 1.26E+3 1.26E+3 1.26E+3 1.26E+3
C-14 1.82E+4 3.41E+3 3.41E+3 3.41E+3 3.41E+3 3.41E+3 3.41E+3
Na-24 1.02E+4 1.02E+4 1.02E+4 1.02E+4 1.02E+4 1.02E+4 1.02E+4
P-32 1.32E+6 7.71E+4 - - - 8.64E+4 5.01E+4
Cr-51 - - 5.95E+1 2.28E+1 1.44E+4 3.32E+3 1.00E+2
Mn-54 - 3.96E+4 - 9.84E+3 1.40E+6 7.74E+4 6.30E+3
Mn-56 - 1.24E+0 - 1.30E+0 9.44E+3 2.02E+4 1.83E-1
Fe-55 2.46E+4 1.70E+4 - - 7.21E+4 6.03E+3 3.94E+3
Fe-59 1.18E+4 2.78E+4 - - 1.02E+6 1.88E+5 1.06E+4
Co-57 - 6.92E+2 - - 3.70E+5 3.14E+4 6.71E+2
Co-58 - 1.58E+3 - - 9.28E+5 1.06E+5 2.07E+3
Co-60 - 1.15E+4 - - 5.97E+6 2.85E+5 1.48E+4
Ni-63 4.32E+5 3.14E+4 - - 1.78E+5 1.34E+4 1.45E+4
Ni-65 1.54E+0 2.10E-1 - - 5.60E+3 1.23E+4 9.12E-2
C-64 - 1.46E+0 - 4.62E+0 6.78E+3 4.90E+4 6.15E-1
Zn-65 3.24E+4 1.03E+5 - 6.90E+4 8.64E+5 5.34E+4 4.66E+4
Zn-69 3.38E-2 6.51E-2 - 4.22E-2 9.20E+2 1.63E+1 4.52E-3
Br-82 - - - - - 1.04E+4 1.35E+4
Br-83 - - - - - 2.32E+2 2.41E+2
Br-84 - - - - - 1.64E-3 3.13E+2
Br-85 - - - - - - 1.28E+1
Rb-86 - 1.35E+5 - - - 1.66E+4 5.90E+4
Rb-88 - 3.87E+2 - - - 3.34E-9 1.93E+2
Rb-89 - 2.56E+2 - - - - 1.70E+2
Sr-89 3.04E+5 - - - 1.40E+6 3.50E+5 8.72E+3
Sr-90 9.92E+7 - - - 9.60E+6 7.22E+5 6.10E+6
Sr-91 6.19E+1 - - - 3.65E+4 1.91E+5 2.50E+0
Sr-92 6.74E+0 - - - 1.65E+4 4.30E+4 2.91E-1
Y-90 2.09E+3 - - - 1.70E+5 5.06E+5 5.61E+1
Y-91m 2.61E-1 - - - 1.92E+3 1.33E+0 1.02E-2
Y-91 4.62E+5 - - - 1.70E+6 3.85E+5 1.24E+4
Y-92 1.03E+1 - - - 1.57E+4 7.35E+4 3.02E-1
Y-93 9.44E+1 - - - 4.85E+4 4.22E+5 2.61E+0
Zr-95 1.07E+5 3.44E+4 - 5.42E+4 1.77E+6 1.50E+5 2.33E+4
Zr-97 9.68E+1 1.96E+1 - 2.97E+1 7.87E+4 5.23E+5 9.04E+0
Nb-95 1.41E+4 7.82E+3 - 7.T4E+3 5.05E+5 1.04E+5 4.21E+3
Nb-97 2.22E-1 5.62E-2 - 6.54E-2 2.40E+3 2.42E+2 2.05E-2
Mo-99 - 1.21E+2 - 2.91E+2 9.12E+4 2.48E+5 2.30E+1
Tc-99m 1.03E-3 2.91E-3 - 4.42E-2 7.64E+2 4.16E+3 3.70E-2
Tc-101 4.18E-5 6.02E-5 - 1.08E-3 3.99E+2 - 5.90E-4
Ru-103 1.53E+3 - - 5.83E+3 5.05E+5 1.10E+5 6.58E+2
Ru-105 7.90E-1 - - 1.02E+0 1.10E+4 4.82E+4 3.11E-1
Ru-106 6.91E+4 - - 1.34E+5 9.36E+6 9.12E+5 8.72E+3
Rh-103m - - - - - - -

Rh-106 - - - - - - -

FERMI 2 ODCM - TRM VOLUME Il  7-20 Rev. 23




Table 7.0-4
Gaseous Effluent Pathway Dose Commitment Factors

Raipo, Inhalation Pathway Dose Factors — ADULT (cont.)

(mrem/yr per uCi/m3)

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T. Body
Ag-110m 1.08E+4 1.00E+4 - 1.97E+4 4.63E+6 3.02E+5 5.94E+3
Sb-124 3.12E+4 5.89E+2 7.55E+1 - 2.48E+6 4.06E+5 1.24E+4
Sb-125 5.34E+4 5.95E+2 5.40E+1 - 1.74E+6 1.01E+5 1.26E+4
Te-125m 3.42E+3 1.58E+3 1.05E+3 1.24E+4 3.14E+5 7.06E+4 4.67E+2
Te-127m 1.26E+4 5.77E+3 3.29E+3 4.58E+4 9.60E+5 1.50E+5 1.57E+3
Te-127 1.40E+0 6.42E-1 1.06E+0 5.10E+0 6.51E+3 5.74E+4 3.10E-1
Te-129m 9.76E+3 4.67E+3 3.44E+3 3.66E+4 1.16E+6 3.83E+5 1.58E+3
Te-129 4.98E-2 2.39E-2 3.90E-2 1.87E-1 1.94E+3 1.57E+2 1.24E-2
Te-131m 6.99E+1 4.36E+1 5.50E+1 3.09E+2 1.46E+5 5.56E+5 2.90E+1
Te-131 1.11E-2 5.95E-3 9.36E-3 4.37E-2 1.39E+3 1.84E+1 3.59E-3
Te-132 2.60E+2 2.15E+2 1.90E+2 1.46E+3 2.88E+5 5.10E+5 1.62E+2
1-130 4.58E+3 1.34E+4 1.14E+6 2.09E+4 - 7.69E+3 5.28E+3
1-131 2.52E+4 3.58E+4 1.19E+7 6.13E+4 - 6.28E+3 2.05E+4
1-132 1.16E+3 3.26E+3 1.14E+5 5.18E+3 - 4.06E+2 1.16E+3
1-133 8.64E+3 1.48E+4 2.15E+6 2.58E+4 - 8.88E+3 4.52E+3
1-134 6.44E+2 1.73E+3 2.98E+4 2.75E+3 - 1.01E+0 6.15E+2
I-135 2.68E+3 6.98E+3 4.48E+5 1.11E+4 - 5.25E+3 2.57E+3
Cs-134 3.73E+5 8.48E+5 - 2.87E+5 9.76E+4 1.04E+4 7.28E+5
Cs-136 3.90E+4 1.46E+5 - 8.56E+4 1.20E+4 1.17E+4 1.10E+5
Cs-137 4.78E+5 6.21E+5 - 2.22E+5 7.52E+4 8.40E+3 4.28E+5
Cs-138 3.31E+2 6.21E+2 - 4.80E+2 4.86E+1 1.86E-3 3.24E+2
Ba-139 9.36E-1 6.66E-4 - 6.22E-4 3.76E+3 8.96E+2 2.74E-2
Ba-140 3.90E+4 4.90E+1 - 1.67E+1 1.27E+6 2.18E+5 2.57E+3
Ba-141 1.00E-1 7.53E-5 - 7.00E-5 1.94E+3 1.16E-7 3.36E-3
Ba-142 2.63E-2 2.70E-5 - 2.29E-5 1.19E+3 - 1.66E-3
La-140 3.44E+2 1.74E+2 - - 1.36E+5 4.58E+5 4.58E+1
La-142 6.83E-1 3.10E-1 - - 6.33E+3 2.11E+3 7.72E-2
Ce-141 1.99E+4 1.35E+4 - 6.26E+3 3.62E+5 1.20E+5 1.53E+3
Ce-143 1.86E+2 1.38E+2 - 6.08E+1 7.98E+4 2.26E+5 1.53E+1
Ce-144 3.43E+6 1.43E+6 - 8.48E+5 7.78E+6 8.16E+5 1.84E+5
Pr-143 9.36E+3 3.75E+3 - 2.16E+3 2.81E+5 2.00E+5 4.64E+2
Pr-144 3.01E-2 1.25E-2 - 7.05E-3 1.02E+3 2.15E-8 1.53E-3
Nd-147 5.27E+3 6.10E+3 - 3.56E+3 2.21E+5 1.73E+5 3.65E+2
W-187 8.48E+0 7.08E+0 - - 2.90E+4 1.55E+5 2.48E+0
Np-239 2.30E+2 2.26E+1 - 7.00E+1 3.76E+4 1.19E+5 1.24E+1
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Table 7.0-4
Raipo, Inhalation Pathway Dose Factors - TEENAGER

(mrem/yr per uCi/m?3)

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T. Body
H-3 - 1.27E+43 1.27E+3 1.27E+43 1.27E+43 1.27E+3 1.27E+43
C-14 2.60E+4 4.87E+3 4.87E+3 4.87E+3 4.87E+3 4.87E+3 4.87E+3
Na-24 1.38E+4 1.38E+4 1.38E+4 1.38E+4 1.38E+4 1.38E+4 1.38E+4
P-32 1.89E+6 1.10E+5 - - - 9.28E+4 7.16E+4
Cr-51 - - 7.50E+1 3.07E+1 2.10E+4 3.00E+3 1.35E+2
Mn-54 - 5.11E+4 - 1.27E+4 1.98E+6 6.68E+4 8.40E+3
Mn-56 - 1.70E+0 - 1.79E+0 1.52E+4 5.74E+4 2.52E-1
Fe-55 3.34E+4 2.38E+4 - - 1.24E+5 6.39E+3 5.54E+3
Fe-59 1.59E+4 3.70E+4 - - 1.53E+6 1.78E+5 1.43E+4
Co-57 - 6.92E+2 - - 5.86E+5 3.14E+4 9.20E+2
Co-58 - 2.07E+3 - - 1.34E+6 9.52E+4 2.78E+3
Co-60 - 1.51E+4 - - 8.72E+6 2.59E+5 1.98E+4
Ni-63 5.80E+5 4.34E+4 - - 3.07E+5 1.42E+4 1.98E+4
Ni-65 2.18E+0 2.93E-1 - - 9.36E+3 3.67E+4 1.27E-1
Cu-64 - 2.03E+0 - 6.41E+0 1.11E+4 6.14E+4 8.48E-1
Zn-65 3.86E+4 1.34E+5 - 8.64E+4 1.24E+6 4.66E+4 6.24E+4
Zn-69 4.83E-2 9.20E-2 - 6.02E-2 1.58E+3 2.85E+2 6.46E-3
Br-82 - - - - - - 1.82E+4
Br-83 - - - - - - 3.44E+2
Br-84 - - - - - - 4.33E+2
Br-85 - - - - - - 1.83E+1
Rb-86 - 1.90E+5 - - - 1.77E+4 8.40E+4
Rb-88 - 5.46E+2 - - - 2.92E-5 2.72E+2
Rb-89 - 3.52E+2 - - - 3.38E-7 2.33E+2
Sr-89 4.34E+5 - - - 2.42E+6 3.71E+5 1.25E+4
Sr-90 1.08E+8 - - - 1.65E+7 7.65E+5 6.68E+6
Sr-91 8.80E+1 - - - 6.07E+4 2.59E+5 3.51E+0
Sr-92 9.52E+0 - - - 2.74E+4 1.19E+5 4.06E-1
Y-90 2.98E+3 - - - 2.93E+5 5.59E+5 8.00E+1
Y-91m 3.70E-1 - - - 3.20E+3 3.02E+1 1.42E-2
Y-91 6.61E+5 - - - 2.94E+6 4.09E+5 1.77E+4
Y-92 1.47E+1 - - - 2.68E+4 1.65E+5 4.29E-1
Y-93 1.35E+2 - - - 8.32E+4 5.79E+5 3.72E+0
Zr-95 1.46E+5 4.58E+4 - 6.74E+4 2.69E+6 1.49E+5 3.15E+4
Zr-97 1.38E+2 2.72E+1 - 4.12E+1 1.30E+5 6.30E+5 1.26E+1
Nb-95 1.86E+4 1.03E+4 - 1.00E+4 7.51E+5 9.68E+4 5.66E+3
Nb-97 3.14E-1 7.78E-2 - 9.12E-2 3.93E+3 2.17E+3 2.84E-2
Mo-99 - 1.69E+2 - 4.11E+2 1.54E+5 2.69E+5 3.22E+1
Tc-99m 1.38E-3 3.86E-3 - 5.76E-2 1.15E+3 6.13E+3 4.99E-2
Tc-101 5.92E-5 8.40E-5 - 1.52E-3 6.67E+2 8.72E-7 8.24E-4
Ru-103 2.10E+3 - - 7.43E+3 7.83E+5 1.09E+5 8.96E+2
Ru-105 1.12E+0 - - 1.41E+0 1.82E+4 9.04E+4 4.34E-1
Ru-106 9.84E+4 - - 1.90E+5 1.61E+7 9.60E+5 1.24E+4
Rh-103m - - - - - - -

Rh-106 - - - - - - -
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Table 7.0-4
Raipo, Inhalation Pathway Dose Factors - TEENAGER (cont.)

(mrem/yr per uCi/m?3)

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T. Body
Ag-110m 1.38E+4 1.31E+4 - 2.50E+4 6.75E+6 2.73E+5 7.99E+3
Sb-124 4.30E+4 7.94E+2 9.76E+1 - 3.85E+6 3.98E+5 1.68E+4
Sb-125 7.38E+4 8.08E+2 7.04E+1 - 2.74E+6 9.92E+4 1.72E+4
Te-125m 4.88E+3 2.24E+3 1.40E+3 - 5.36E+5 7.50E+4 6.67E+2
Te-127m 1.80E+4 8.16E+3 4.38E+3 6.54E+4 1.66E+6 1.59E+5 2.18E+3
Te-127 2.01E+0 9.12E-1 1.42E+0 7.28E+0 1.12E+4 8.08E+4 4.42E-1
Te-129m 1.39E+4 6.58E+3 4.58E+3 5.19E+4 1.98E+6 4.05E+5 2.25E+43
Te-129 7.10E-2 3.38E-2 5.18E-2 2.66E-1 3.30E+3 1.62E+3 1.76E-2
Te-131m 9.84E+1 6.01E+1 7.25E+1 4.39E+2 2.38E+5 6.21E+5 4.02E+1
Te-131 1.58E-2 8.32E-3 1.24E-2 6.18E-2 2.34E+3 1.51E+1 5.04E-3
Te-132 3.60E+2 2.90E+2 2.46E+2 1.95E+3 4.49E+5 4.63E+5 2.19E+2
1-130 6.24E+3 1.79E+4 1.49E+6 2.75E+4 - 9.12E+3 7.17E+3
1-131 3.54E+4 4.91E+4 1.46E+7 8.40E+4 - 6.49E+3 2.64E+4
1-132 1.59E+3 4.38E+3 1.51E+5 6.92E+3 - 1.27E+3 1.58E+3
1-133 1.22E+4 2.05E+4 2.92E+6 3.59E+4 - 1.03E+4 6.22E+3
1-134 8.88E+2 2.32E+3 3.95E+4 3.66E+3 - 2.04E+1 8.40E+2
I-135 3.70E+3 9.44E+3 6.21E+5 1.49E+4 - 6.95E+3 3.49E+3
Cs-134 5.02E+5 1.13E+6 - 3.75E+5 1.46E+5 9.76E+3 5.49E+5
Cs-136 5.15E+4 1.94E+5 - 1.10E+5 1.78E+4 1.09E+4 1.37E+5
Cs-137 6.70E+5 8.48E+5 - 3.04E+5 1.21E+45 8.48E+3 3.11E+5
Cs-138 4.66E+2 8.56E+2 - 6.62E+2 7.87E+1 2.70E-1 4.46E+2
Ba-139 1.34E+0 9.44E-4 - 8.88E-4 6.46E+3 6.45E+3 3.90E-2
Ba-140 5.47E+4 6.70E+1 - 2.28E+1 2.03E+6 2.29E+5 3.52E+3
Ba-141 1.42E-1 1.06E-4 - 9.84E-5 3.29E+3 7.46E-4 4.74E-3
Ba-142 3.70E-2 3.70E-5 - 3.14E-5 1.91E+3 - 2.27E-3
La-140 4.79E+2 2.36E+2 - - 2.14E+5 4.87E+5 6.26E+1
La-142 9.60E-1 4.25E-1 - - 1.02E+4 1.20E+4 1.06E-1
Ce-141 2.84E+4 1.90E+4 - 8.88E+3 6.14E+5 1.26E+5 2.17E+3
Ce-143 2.66E+2 1.94E+2 - 8.64E+1 1.30E+5 2.55E+5 2.16E+1
Ce-144 4.89E+6 2.02E+6 - 1.21E+6 1.34E+7 8.64E+5 2.62E+5
Pr-143 1.34E+4 5.31E+3 - 3.09E+3 4.83E+5 2.14E+5 6.62E+2
Pr-144 4.30E-2 1.76E-2 - 1.01E-2 1.75E+3 2.35E-4 2.18E-3
Nd-147 7.86E+3 8.56E+3 - 5.02E+3 3.72E+5 1.82E+5 5.13E+2
W-187 1.20E+1 9.76E+0 - - 4.74E+4 1.77E+5 3.43E+0
Np-239 3.38E+2 3.19E+1 - 1.00E+2 6.49E+4 1.32E+5 1.77E+1
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Table 7.0-4
Raipo, Inhalation Pathway Dose Factors — CHILD

(mrem/yr per uCi/m?3)

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T. Body
H-3 - 1.12E+3 1.12E+3 1.12E+3 1.12E+3 1.12E+3 1.12E+3
C-14 3.59E+4 6.73E+3 6.73E+3 6.73E+3 6.73E+3 6.73E+3 6.73E+3
Na-24 1.61E+4 1.61E+4 1.61E+4 1.61E+4 1.61E+4 1.61E+4 1.61E+4
P-32 2.60E+6 1.14E+5 - - - 4.22E+4 9.88E+4
Cr-51 - - 8.55E+1 2.43E+1 1.70E+4 1.08E+3 1.54E+2
Mn-54 - 4.29E+4 - 1.00E+4 1.58E+6 2.29E+4 9.51E+3
Mn-56 - 1.66E+0 - 1.67E+0 1.31E+4 1.23E+5 3.12E-1
Fe-55 4.74E+4 2.52E+4 - - 1.11E+5 2.87E+3 7.77E+3
Fe-59 2.07E+4 3.34E+4 - - 1.27E+6 7.07E+4 1.67E+4
Co-57 - 9.03E+2 - - 5.07E+5 1.32E+4 1.07E+3
Co-58 - 1.77E+3 - - 1.11E+6 3.44E+4 3.16E+3
Co-60 - 1.31E+4 - - 7.07E+6 9.62E+4 2.26E+4
Ni-63 8.21E+5 4.63E+4 - - 2.75E+5 6.33E+3 2.80E+4
Ni-65 2.99E+0 2.96E-1 - - 8.18E+3 8.40E+4 1.64E-1
Cu-64 - 1.99E+0 - 6.03E+0 9.58E+3 3.67E+4 1.07E+0
Zn-65 4.26E+4 1.13E+5 - 7.14E+4 9.95E+5 1.63E+4 7.03E+4
Zn-69 6.70E-2 9.66E-2 - 5.85E-2 1.42E+3 1.02E+4 8.92E-3
Br-82 - - - - - - 2.09E+4
Br-83 - - - - - - 4.74E+2
Br-84 - - - - - - 5.48E+2
Br-85 - - - - - - 2.53E+1
Rb-86 - 1.98E+5 - - - 7.99E+3 1.14E+5
Rb-88 - 5.62E+2 - - - 1.72E+1 3.66E+2
Rb-89 - 3.45E+2 - - - 1.89E+0 2.90E+2
Sr-89 5.99E+5 - - - 2.16E+6 1.67E+5 1.72E+4
Sr-90 1.01E+8 - - - 1.48E+7 3.43E+5 6.44E+6
Sr-91 1.21E+2 - - - 5.33E+4 1.74E+5 4.59E+0
Sr-92 1.31E+1 - - - 2.40E+4 2.42E+5 5.25E-1
Y-90 4.11E+3 - - - 2.62E+5 2.68E+5 1.11E+2
Y-91m 5.07E-1 - - - 2.81E+3 1.72E+3 1.84E-2
Y-91 9.14E+5 - - - 2.63E+6 1.84E+5 2.44E+4
Y-92 2.04E+1 - - - 2.39E+4 2.39E+5 5.81E-1
Y-93 1.86E+2 - - - 7.44E+4 3.89E+5 5.11E+0
Zr-95 1.90E+5 4.18E+4 - 5.96E+4 2.23E+6 6.11E+4 3.70E+4
Zr-97 1.88E+2 2.72E+1 - 3.89E+1 1.13E+5 3.51E+5 1.60E+1
Nb-95 2.35E+4 9.18E+3 - 8.62E+3 6.14E+5 3.70E+4 6.55E+3
Nb-97 4.29E-1 7.70E-2 - 8.55E-2 3.42E+3 2.78E+4 3.60E-2
Mo-99 - 1.72E+2 - 3.92E+2 1.35E+5 1.27E+5 4.26E+1
Tc-99m 1.78E-3 3.48E-3 - 5.07E-2 9.51E+2 4.81E+3 5.77E-2
Tc-101 8.10E-5 8.51E-5 - 1.45E-3 5.85E+2 1.63E+1 1.08E-3
Ru-103 2.79E+3 - - 7.03E+3 6.62E+5 4.48E+4 1.07E+3
Ru-105 1.53E+0 - - 1.34E+0 1.59E+4 9.95E+4 5.55E-1
Ru-106 1.36E+5 - - 1.84E+5 1.43E+7 4.29E+5 1.69E+4
Rh-103m - - - - - - -

Rh-106 - - - - - - -
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Table 7.0-4
Raipo, Inhalation Pathway Dose Factors — CHILD (cont.)

(mrem/yr per uCi/m?3)
Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T. Body
Ag-110m 1.69E+4 1.14E+4 - 2.12E+4 5.48E+6 1.00E+5 9.14E+3
Sb-124 5.74E+4 7.40E+2 1.26E+2 - 3.24E+6 1.64E+5 2.00E+4
Sb-125 9.84E+4 7.59E+2 9.10E+1 - 2.32E+6 4.03E+4 2.07E+4
Te-125m 6.73E+3 2.33E+3 1.92E+3 - 4.77E+5 3.38E+4 9.14E+2
Te-127m 2.49E+4 8.55E+3 6.07E+3 6.36E+4 1.48E+6 7.14E+4 3.02E+3
Te-127 2.77E+0 9.51E-1 1.96E+0 7.07E+0 1.00E+4 5.62E+4 6.11E-1
Te-129m 1.92E+4 6.85E+3 6.33E+3 5.03E+4 1.76E+6 1.82E+5 3.04E+3
Te-129 9.77E-2 3.50E-2 7.14E-2 2.57E-1 2.93E+3 2.55E+4 2.38E-2
Te-131m 1.34E+2 5.92E+1 9.77E+1 4.00E+2 2.06E+5 3.08E+5 5.07E+1
Te-131 217E-2 8.44E-3 1.70E-2 5.88E-2 2.05E+3 1.33E+3 6.59E-3
Te-132 4.81E+2 2.72E+2 3.17E+2 1.77E+3 3.77E+5 1.38E+5 2.63E+2
1-130 8.18E+3 1.64E+4 1.85E+6 2.45E+4 - 5.11E+3 8.44E+3
1-131 4.81E+4 4.81E+4 1.62E+7 7.88E+4 - 2.84E+3 2.73E+4
1-132 2.12E+3 4.07E+3 1.94E+5 6.25E+3 - 3.20E+3 1.88E+3
1-133 1.66E+4 2.03E+4 3.85E+6 3.38E+4 - 5.48E+3 7.70E+3
1-134 1.17E+43 2.16E+3 5.07E+4 3.30E+3 - 9.55E+2 9.95E+2
1-135 4.92E+3 8.73E+3 7.92E+5 1.34E+4 - 4.44E+3 4.14E+3
Cs-134 6.51E+5 1.01E+6 - 3.30E+5 1.21E+5 3.85E+3 2.25E+5
Cs-136 6.51E+4 1.71E+5 - 9.55E+4 1.45E+4 4.18E+3 1.16E+5
Cs-137 9.07E+5 8.25E+5 - 2.82E+5 1.04E+5 3.62E+3 1.28E+5
Cs-138 6.33E+2 8.40E+2 - 6.22E+2 6.81E+1 2.70E+2 5.55E+2
Ba-139 1.84E+0 9.84E-4 - 8.62E-4 5.77E+3 5.77E+4 5.37E-2
Ba-140 7.40E+4 6.48E+1 - 2.11E+1 1.74E+6 1.02E+5 4.33E+3
Ba-141 1.96E-1 1.09E-4 - 9.47E-5 2.92E+3 2.75E+2 6.36E-3
Ba-142 5.00E-2 3.60E-5 - 2.91E-5 1.64E+3 2.74E+0 2.79E-3
La-140 6.44E+2 2.25E+2 - - 1.83E+5 2.26E+5 7.55E+1
La-142 1.30E+0 4.11E-1 - - 8.70E+3 7.59E+4 1.29E-1
Ce-141 3.92E+4 1.95E+4 - 8.55E+3 5.44E+5 5.66E+4 2.90E+3
Ce-143 3.66E+2 1.99E+2 - 8.36E+1 1.15E+5 1.27E+5 2.87E+1
Ce-144 6.77E+6 2.12E+6 - 1.17E+6 1.20E+7 3.89E+5 3.61E+5
Pr-143 1.85E+4 5.55E+3 - 3.00E+3 4.33E+5 9.73E+4 9.14E+2
Pr-144 5.96E-2 1.85E-2 - 9.77E-3 1.57E+3 1.97E+2 3.00E-3
Nd-147 1.08E+4 8.73E+3 - 4.81E+3 3.28E+5 8.21E+4 6.81E+2
W-187 1.63E+1 9.66E+0 - - 4.11E+4 9.10E+4 4.33E+0
Np-239 4.66E+2 3.34E+1 - 9.73E+1 5.81E+4 6.40E+4 2.35E+1
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Table 7.0-4
Raipo, Inhalation Pathway Dose Factors — INFANT

(mrem/yr per uCi/m?3)

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T. Body
H-3 - 6.47E+2 6.47E+2 6.47E+2 6.47E+2 6.47E+2 6.47E+2
C-14 2.65E+4 5.31E+3 5.31E+3 5.31E+3 5.31E+3 5.31E+3 5.31E+3
Na-24 1.06E+4 1.06E+4 1.06E+4 1.06E+4 1.06E+4 1.06E+4 1.06E+4
P-32 2.03E+6 1.12E+5 - - - 1.61E+4 7.74E+4
Cr-51 - - 5.75E+1 1.32E+1 1.28E+4 3.57E+2 8.95E+1
Mn-54 - 2.53E+4 - 4.98E+3 1.00E+6 7.06E+3 4.98E+3
Mn-56 - 1.54E+0 - 1.10E+0 1.25E+4 7.17E+4 2.21E-1
Fe-55 1.97E+4 1.17E+4 - - 8.69E+4 1.09E+3 3.33E+3
Fe-59 1.36E+4 2.35E+4 - - 1.02E+6 2.48E+4 9.48E+3
Co-57 - 6.51E+2 - - 3.79E+5 4.86E+3 6.41E+2
Co-58 - 1.22E+3 - - 7.77E+5 1.11E+4 1.82E+3
Co-60 - 8.02E+3 - - 4.51E+6 3.19E+4 1.18E+4
Ni-63 3.39E+5 2.04E+4 - - 2.09E+5 2.42E+3 1.16E+4
Ni-65 2.39E+0 2.84E-1 - - 8.12E+3 5.01E+4 1.23E-1
Cu-64 - 1.88E+0 - 3.98E+0 9.30E+3 1.50E+4 7.74E-1
Zn-65 1.93E+4 6.26E+4 - 3.25E+4 6.47E+5 5.14E+4 3.11E+4
Zn-69 5.39E-2 9.67E-2 - 4.02E-2 1.47E+3 1.32E+4 7.18E-3
Br-82 - - - - - - 1.33E+4
Br-83 - - - - - - 3.81E+2
Br-84 - - - - - - 4.00E+2
Br-85 - - - - - - 2.04E+1
Rb-86 - 1.90E+5 - - - 3.04E+3 8.82E+4
Rb-88 - 5.57E+2 - - - 3.39E+2 2.87E+2
Rb-89 - 3.21E+2 - - - 6.82E+1 2.06E+2
Sr-89 3.98E+5 - - - 2.03E+6 6.40E+4 1.14E+4
Sr-90 4.09E+7 - - - 1.12E+7 1.31E+5 2.59E+6
Sr-91 9.56E+1 - - - 5.26E+4 7.34E+4 3.46E+0
Sr-92 1.05E+1 - - - 2.38E+4 1.40E+5 3.91E-1
Y-90 3.29E+3 - - - 2.69E+5 1.04E+5 8.82E+1
Y-91m 4.07E-1 - - - 2.79E+3 2.35E+3 1.39E-2
Y-91 5.88E+5 - - - 2.45E+6 7.03E+4 1.57E+4
Y-92 1.64E+1 - - - 2.45E+4 1.27E+5 4.61E-1
Y-93 1.50E+2 - - - 7.64E+4 1.67E+5 4.07E+0
Zr-95 1.15E+5 2.79E+4 - 3.11E+4 1.75E+6 2.17E+4 2.03E+4
Zr-97 1.50E+2 2.56E+1 - 2.59E+1 1.10E+5 1.40E+5 1.17E+1
Nb-95 1.57E+4 6.43E+3 - 4.72E+3 4.79E+5 1.27E+4 3.78E+3
Nb-97 3.42E-1 7.29E-2 - 5.70E-2 3.32E+3 2.69E+4 2.63E-2
Mo-99 - 1.65E+2 - 2.65E+2 1.35E+5 4.87E+4 3.23E+1
Tc-99m 1.40E-3 2.88E-3 - 3.11E-2 8.11E+2 2.03E+3 3.72E-2
Tc-101 6.51E-5 8.23E-5 - 9.79E-4 5.84E+2 8.44E+2 8.12E-4
Ru-103 2.02E+3 - - 4.24E+3 5.52E+5 1.61E+4 6.79E+2
Ru-105 1.22E+0 - - 8.99E-1 1.57E+4 4.84E+4 4.10E-1
Ru-106 8.68E+4 - - 1.07E+5 1.16E+7 1.64E+5 1.09E+4
Rh-103m - - - - - - -

Rh-106 - - - - - - -
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Table 7.0-4
Raipo, Inhalation Pathway Dose Factors — INFANT (cont.)

(mrem/yr per uCi/m?3)

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T. Body
Ag-110m 9.98E+3 7.22E+3 - 1.09E+4 3.67E+6 3.30E+4 5.00E+3
Sb-124 3.79E+4 5.56E+2 1.01E+2 - 2.65E+6 5.91E+4 1.20E+4
Sb-125 5.17E+4 4.77TE+2 6.23E+1 - 1.64E+6 1.47E+4 1.09E+4
Te-125m 4.76E+3 1.99E+3 1.62E+3 - 4.47E+5 1.29E+4 6.58E+2
Te-127m 1.67E+4 6.90E+3 4.87E+3 3.75E+4 1.31E+6 2.73E+4 2.07E+3
Te-127 2.23E+0 9.53E-1 1.85E+0 4.86E+0 1.03E+4 2.44E+4 4.89E-1
Te-129m 1.41E+4 6.09E+3 5.47E+3 3.18E+4 1.68E+6 6.90E+4 2.23E+3
Te-129 7.88E-2 3.47E-2 6.75E-2 1.75E-1 3.00E+3 2.63E+4 1.88E-2
Te-131m 1.07E+2 5.50E+1 8.93E+1 2.65E+2 1.99E+5 1.19E+5 3.63E+1
Te-131 1.74E-2 8.22E-3 1.58E-2 3.99E-2 2.06E+3 8.22E+3 5.00E-3
Te-132 3.72E+2 2.37E+2 2.79E+2 1.03E+3 3.40E+5 4.41E+4 1.76E+2
1-130 6.36E+3 1.39E+4 1.60E+6 1.53E+4 - 1.99E+3 5.57E+3
1-131 3.79E+4 4.44E+4 1.48E+7 5.18E+4 - 1.06E+3 1.96E+4
1-132 1.69E+3 3.54E+3 1.69E+5 3.95E+3 - 1.90E+3 1.26E+3
1-133 1.32E+4 1.92E+4 3.56E+6 2.24E+4 - 2.16E+3 5.60E+3
1-134 9.21E+2 1.88E+3 4.45E+4 2.09E+3 - 1.29E+43 6.65E+2
1-135 3.86E+3 7.60E+3 6.96E+5 8.47E+3 - 1.83E+3 2.77E+3
Cs-134 3.96E+5 7.03E+5 - 1.90E+5 7.97E+4 1.33E+3 7.45E+4
Cs-136 4.83E+4 1.35E+5 - 5.64E+4 1.18E+4 1.43E+43 5.29E+4
Cs-137 5.49E+5 6.12E+5 - 1.72E+5 7.13E+4 1.33E+3 4.55E+4
Cs-138 5.05E+2 7.81E+2 - 4.10E+2 6.54E+1 8.76E+2 3.98E+2
Ba-139 1.48E+0 9.84E-4 - 5.92E-4 5.95E+3 5.10E+4 4.30E-2
Ba-140 5.60E+4 5.60E+1 - 1.34E+1 1.60E+6 3.84E+4 2.90E+3
Ba-141 1.57E-1 1.08E-4 - 6.50E-5 2.97E+3 4.75E+3 4.97E-3
Ba-142 3.98E-2 3.30E-5 - 1.90E-5 1.55E+3 6.93E+2 1.96E-3
La-140 5.05E+2 2.00E+2 - - 1.68E+5 8.48E+4 5.15E+1
La-142 1.03E+0 3.77E-1 - - 8.22E+3 5.95E+4 9.04E-2
Ce-141 2.77E+4 1.67E+4 - 5.25E+3 5.17E+5 2.16E+4 1.99E+3
Ce-143 2.93E+2 1.93E+2 - 5.64E+1 1.16E+5 4.97E+4 2.21E+1
Ce-144 3.19E+6 1.21E+6 - 5.38E+5 9.84E+6 1.48E+5 1.76E+5
Pr-143 1.40E+4 5.24E+3 - 1.97E+3 4.33E+5 3.72E+4 6.99E+2
Pr-144 4.79E-2 1.85E-2 - 6.72E-3 1.61E+3 4.28E+3 2.41E-3
Nd-147 7.94E+3 8.13E+3 - 3.15E+3 3.22E+5 3.12E+4 5.00E+2
W-187 1.30E+1 9.02E+0 - - 3.96E+4 3.56E+4 3.12E+0
Np-239 3.71E+2 3.32E+1 - 6.62E+1 5.95E+4 2.49E+4 1.88E+1
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(mrem/yr per uCi/m?3) for H-3 and C-14
(m?2 x mrem/yr per uCi/sec) for others

Table 7.0-4
Raipo, Grass—Cow-Milk Pathway Dose Factors — ADULT

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T. Body
H-3 - 7.63E+2 7.63E+2 7.63E+2 7.63E+2 7.63E+2 7.63E+2
C-14 3.63E+5 7.26E+4 7.26E+4 7.26E+4 7.26E+4 7.26E+4 7.26E+4
Na-24 2.54E+6 2.54E+6 2.54E+6 2.54E+6 2.54E+6 2.54E+6 2.54E+6
P-32 1.71E+10 1.06E+9 - - - 1.92E+9 6.60E+8
Cr-51 - - 1.71E+4 6.30E+3 3.80E+4 7.20E+6 2.86E+4
Mn-54 - 8.40E+6 - 2.50E+6 - 2.57E+7 1.60E+6
Mn-56 - 4.23E-3 - 5.38E-3 - 1.35E-1 7.51E-4
Fe-55 2.51E+7 1.73E+7 - - 9.67E+6 9.95E+6 4.04E+6
Fe-59 2.98E+7 7.00E+7 - - 1.95E+7 2.33E+8 2.68E+7
Co-57 - 1.28E+6 - - - 3.25E+7 2.13E+6
Co-58 - 4.72E+6 - - - 9.57E+7 1.06E+7
Co-60 - 1.64E+7 - - - 3.08E+8 3.62E+7
Ni-63 6.73E+9 4.66E+8 - - - 9.73E+7 2.26E+8
Ni-65 3.70E-1 4.81E-2 - - - 1.22E+0 2.19E-2
Cu-64 - 2.41E+4 - 6.08E+4 - 2.05E+6 1.13E+4
Zn-65 1.37E+9 4.36E+9 - 2.92E+9 - 2.75E+9 1.97E+9
Zn-69 - - - - - - -

Br-82 - - - - - 3.72E+7 3.25E+7
Br-83 - - - - - 1.49E-1 1.03E-1
Br-84 - - - - - - -

Br-85 - - - - - - -

Rb-86 - 2.59E+9 - - - 5.11E+8 1.21E+9
Rb-88 - - - - - - -

Rb-89 - - - - - - -

Sr-89 1.45E+9 - - - - 2.33E+8 4.16E+7
Sr-90 4.68E+10 - - - - 1.35E+9 1.15E+10
Sr-91 3.13E+4 - - - - 1.49E+5 1.27E+3
Sr-92 4.89E-1 - - - - 9.68E+0 2.11E-2
Y-90 7.07E+1 - - - - 7.50E+5 1.90E+0
Y-91m - - - - - - -

Y-91 8.60E+3 - - - - 4.73E+6 2.30E+2
Y-92 5.42E-5 - - - - 9.49E-1 1.58E-6
Y-93 2.33E-1 - - - - 7.39E+3 6.43E-3
Zr-95 9.46E+2 3.03E+2 - 4.76E+2 - 9.62E+5 2.05E+2
Zr-97 4.26E-1 8.59E-2 - 1.30E-1 - 2.66E+4 3.93E-2
Nb-95 8.25E+4 4.59E+4 - 4.54E+4 - 2.79E+8 2.47E+4
Nb-97 - - - - - 5.47E-9 -

Mo-99 - 2.52E+7 - 5.72E+7 - 5.85E+7 4.80E+6
Tc-99m 3.25E+0 9.19E+0 - 1.40E+2 4.50E+0 5.44E+3 1.17E+2
Tc-101 - - - - - - -

Ru-103 1.02E+3 - - 3.89E+3 - 1.19E+5 4.39E+2
Ru-105 8.57E-4 - - 1.11E-2 - 5.24E-1 3.38E-4
Ru-106 2.04E+4 - - 3.94E+4 - 1.32E+6 2.58E+3
Rh-103m - - - - - - -

Rh-106 - - - - - - -
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(mrem/yr per uCi/m?3) for H-3 and C-14
(m? x mrem/yr per uCi/sec) for others

Table 7.0-4
Raipo, Grass—Cow-Milk Pathway Dose Factors — ADULT (cont.)

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T. Body
Ag-110m 5.83E+7 5.39E+7 - 1.06E+8 - 2.20E+10 3.20E+7
Sb-124 2.57TE+7 4.86E+5 6.24E+4 - 2.00E+7 7.31E+8 1.02E+7
Sb125 2.04E+7 2.28E+5 2.08E+4 - 1.58E+7 2.25E+8 4.86E+6
Te-125m 1.63E+7 5.90E+6 4.90E+6 6.63E+7 - 6.50E+7 2.18E+6
Te-127m 4.58E+7 1.64E+7 1.17E+7 1.86E+8 - 1.54E+8 5.58E+6
Te-127 6.72E+2 2.41E+2 4.98E+2 2.74E+3 - 5.30E+4 1.45E+2
Te-129m 6.04E+7 2.25E+7 2.08E+7 2.52E+8 - 3.04E+8 9.57E+6
Te-129 - - - - - - -

Te-131m 3.61E+5 1.77E+5 2.80E+5 1.79E+6 - 1.75E+7 1.47E+5
Te-131 - - - - - - -

Te-132 2.39E+6 1.55E+6 1.71E+6 1.49E+7 - 7.32E+7 1.45E+6
1-130 4.26E+5 1.26E+6 1.07E+8 1.96E+6 - 1.08E+6 4.96E+5
1-131 2.96E+8 4.24E+8 1.39E+11 7.27E+8 - 1.12E+8 2.43E+8
1-132 1.64E-1 4.37E-1 1.53E+1 6.97E-1 - 8.22E-2 1.53E-1
1-133 3.97E+6 6.90E+6 1.01E+9 1.20E+7 - 6.20E+6 2.10E+6
1-134 - - - - - - -

1-135 1.39E+4 3.63E+4 2.40E+6 5.83E+4 - 4.10E+4 1.34E+4
Cs-134 5.65E+9 1.34E+10 - 4.35E+9 1.44E+9 2.35E+8 1.10E+10
Cs-136 2.61E+8 1.03E+9 - 5.74E+8 7.87E+7 1.17E+8 7.42E+8
Cs-137 7.38E+9 1.01E+10 - 3.43E+9 1.14E+9 1.95E+8 6.61E+9
Cs-138 - - - - - - -

Ba-139 4.70E-8 - - - - 8.34E-8 1.38E-9
Ba-140 2.69E+7 3.38E+4 - 1.15E+4 1.93E+4 5.54E+7 1.76E+6
Ba-141 - - - - - - -

Ba142 - - - - - - -

La-140 4.49E+0 2.26E+0 - - - 1.66E+5 5.97E-1
La-142 - - - - - 3.03E-8 -

Ce-141 4.84E+3 3.27E+3 - 1.52E+3 - 1.25E+7 3.71E+2
Ce-143 4.19E+1 3.09E+4 - 1.36E+1 - 1.16E+6 3.42E+0
Ce-144 3.58E+5 1.50E+5 - 8.87E+4 - 1.21E+8 1.92E+4
Pr-143 1.59E+2 6.37E+1 - 3.68E+1 - 6.96E+5 7.88E+0
Pr-144 - - - - - - -

Nd-147 9.42E+1 1.09E+2 - 6.37E+1 - 5.23E+5 6.52E+0
W-187 6.56E+3 5.48E+3 - - - 1.80E+6 1.92E+3
Np-239 3.66E+0 3.60E-1 - 1.12E+0 - 7.39E+4 1.98E-1
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(mrem/yr per uCi/m?3) for H-3 and C-14
(m? x mrem/yr per uCi/sec) for others

Table 7.0-4
Raipo, Grass—Cow-Milk Pathway Dose Factors - TEENAGER

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T. Body
H-3 - 9.94E+2 9.94E+2 9.94E+2 9.94E+2 9.94E+2 9.94E+2
C-14 6.70E+5 1.34E+5 1.34E+45 1.34E+45 1.34E+5 1.34E+5 1.34E+5
Na-24 4.44E+6 4.44E+6 4.44E+6 4.44E+6 4.44E+6 4.44E+6 4.44E+6
P-32 3.15E+10 1.95E+9 - - - 2.65E+9 1.22E+9
Cr-51 - - 2.78E+4 1.10E+4 7.13E+4 8.40E+6 5.00E+4
Mn-54 - 1.40E+7 - 4.17E+6 - 2.87E+7 2.78E+6
Mn-56 - 7.51E-3 - 9.50E-3 - 4.94E-1 1.33E-3
Fe-55 4.45E+7 3.16E+7 - - 2.00E+7 1.37E+7 7.36E+6
Fe-59 5.20E+7 1.21E+8 - - 3.82E+7 2.87E+8 4.68E+7
Co-57 - 2.25E+6 - - - 4.19E+7 3.76E+6
Co-58 - 7.95E+6 - - - 1.10E+8 1.83E+7
Co-60 - 2.78E+7 - - - 3.62E+8 6.26E+7
Ni-63 1.18E+10 8.35E+8 - - - 1.33E+8 4.01E+8
Ni-65 6.78E-1 8.66E-2 - - - 4.70E+0 3.94E-2
Cu-64 - 4.29E+4 - 1.09E+5 - 3.33E+6 2.02E+4
Zn-65 2.11E+49 7.31E+9 - 4.68E+9 - 3.10E+9 3.41E+9
Zn-69 - - - - - - -

Br-82 - - - - - - 5.64E+7
Br-83 - - - - - - 1.91E-1
Br-84 - - - - - - -

Br-85 - - - - - - -

Rb-86 - 4.73E+9 - - - 7.00E+8 2.22E+9
Rb-88 - - - - - - -

Rb-89 - - - - - - -

Sr-89 2.67E+9 - - - - 3.18E+8 7.66E+7
Sr-90 6.61E+10 - - - - 1.86E+9 1.63E+10
Sr-91 5.75E+4 - - - - 2.61E+5 2.29E+3
Sr-92 8.95E-1 - - - - 2.28E+1 3.81E-2
Y-90 1.30E+2 - - - - 1.07E+6 3.50E+0
Y-91m - - - - - - -

Y-91 1.58E+4 - - - - 6.48E+6 4.24E+2
Y-92 1.00E-4 - - - - 2.75E+0 2.90E-6
Y-93 4.30E-1 - - - - 1.31E+4 1.18E-2
Zr-95 1.65E+3 5.22E+2 - 7.67E+2 - 1.20E+6 3.59E+2
Zr-97 7.75E-1 1.53E-1 - 2.32E-1 - 4.15E+4 7.06E-2
Nb-95 1.41E+5 7.80E+4 - 7.57E+4 - 3.34E+8 4.30E+4
Nb-97 - - - - - 6.34E-8 -

Mo-99 - 4.56E+7 - 1.04E+8 - 8.16E+7 8.69E+6
Tc-99m 5.64E+0 1.57E+1 - 2.34E+2 8.73E+0 1.03E+4 2.04E+2
Tc-101 - - - - - - -

Ru-103 1.81E+3 - - 6.40E+3 - 1.52E+5 7.75E+2
Ru-105 1.57E-3 - - 1.97E-2 - 1.26E+0 6.08E-4
Ru-106 3.75E+4 - - 7.23E+4 - 1.80E+6 4.73E+3
Rh-103m - - - - - - -

Rh-106 - - - - - - -
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(mrem/yr per uCi/m?3) for H-3 and C-14
(m? x mrem/yr per uCi/sec) for others

Table 7.0-4
Raipo, Grass—Cow-Milk Pathway Dose Factors - TEENAGER (cont.)

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T. Body
Ag-110m 9.63E+7 9.11E+7 - 1.74E+8 - 2.56E+10 5.54E+7
Sb-124 4.59E+7 8.46E+5 1.04E+5 - 4.01E+7 9.25E+8 1.79E+7
Sb-125 3.65E+7 3.99E+5 3.49E+4 - 3.21E+7 2.84E+8 8.54E+6
Te-125m 3.00E+7 1.08E+7 8.39E+6 - - 8.86E+7 4.02E+6
Te-127m 8.44E+7 2.99E+7 2.01E+7 3.42E+8 - 2.10E+8 1.00E+7
Te-127 1.24E+3 4.41E+2 8.59E+2 5.04E+3 - 9.61E+4 2.68E+2
Te-129m 1.11E+8 4.10E+7 3.57E+7 4.62E+8 - 4.15E+8 1.75E+7
Te-129 - - - 1.67E-9 - 2.18E-9 -

Te-131m 6.57E+5 3.15E+5 4.74E+5 3.29E+6 - 2.53E+7 2.63E+5
Te-131 - - - - - - -

Te-132 4.28E+6 2.71E+6 2.86E+6 2.60E+7 - 8.58E+7 2.55E+6
1-130 7.49E+5 2.17E+6 1.77E+8 3.34E+6 - 1.67E+6 8.66E+5
1-131 5.38E+8 7.53E+8 2.20E+11 1.30E+9 - 1.49E+8 4.04E+8
1-132 2.90E-1 7.59E-1 2.56E+1 1.20E+0 - 3.31E-1 2.72E-1
1-133 7.24E+6 1.23E+7 1.72E+9 2.15E+7 - 9.30E+6 3.75E+6
1-134 - - - - - - -

1-135 2.47E+4 6.35E+4 4.08E+6 1.00E+5 - 7.03E+4 2.35E+4
Cs-134 9.81E+9 2.31E+10 - 7.34E+9 2.80E+9 2.87E+8 1.07E+10
Cs-136 4.45E+8 1.75E+9 - 9.53E+8 1.50E+8 1.41E+8 1.18E+9
Cs-137 1.34E+10 1.78E+10 - 6.06E+9 2.35E+9 2.53E+8 6.20E+9
Cs-138 - - - - - - -

Ba-139 8.69E-8 - - - - 7.75E-7 2.53E-9
Ba-140 4.85E+7 5.95E+4 - 2.02E+4 4.00E+4 7.49E+7 3.13E+6
Ba-141 - - - - - - -

Ba-142 - - - - - - -

La-140 8.06E+0 3.96E+0 - - - 2.27E+5 1.05E+0
La-142 - - - - - 2.23E-7 -

Ce-141 8.87E+3 5.92E+3 - 2.79E+3 - 1.69E+7 6.81E+2
Ce-143 7.69E+1 5.60E+4 - 2.51E+1 - 1.68E+6 6.25E+0
Ce-144 6.58E+5 2.72E+5 - 1.63E+5 - 1.66E+8 3.54E+4
Pr-143 2.92E+2 1.17E+2 - 6.77E+1 - 9.61E+5 1.45E+1
Pr-144 - - - - - - -

Nd-147 1.81E+2 1.97E+2 - 1.16E+2 - 7.11E+5 1.18E+1
W-187 1.20E+4 9.78E+3 - - - 2.65E+6 3.43E+3
Np-239 6.99E+0 6.59E-1 - 2.07E+0 - 1.06E+5 3.66E-1
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(mrem/yr per uCi/m?3) for H-3 and C-14
(m? x mrem/yr per uCi/sec) for others

Table 7.0-4
Raipo, Grass—Cow-Milk Pathway Dose Factors — CHILD

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T. Body
H-3 - 1.57E+3 1.57E+3 1.57E+3 1.57E+3 1.57E+3 1.57E+3
C-14 1.65E+6 3.29E+5 3.29E+5 3.29E+5 3.29E+5 3.29E+5 3.29E+5
Na-24 9.23E+6 9.23E+6 9.23E+6 9.23E+6 9.23E+6 9.23E+6 9.23E+6
P-32 7.77E+10 3.64E+9 - - - 2.15E+9 3.00E+9
Cr-51 - - 5.66E+4 1.55E+4 1.03E+5 5.41E+6 1.02E+5
Mn-54 - 2.09E+7 - 5.87E+6 - 1.76E+7 5.58E+6
Mn-56 - 1.31E-2 - 1.58E-2 - 1.90E+0 2.95E-3
Fe-55 1.12E+8 5.93E+7 - - 3.35E+7 1.10E+7 1.84E+7
Fe-59 1.20E+8 1.95E+8 - - 5.65E+7 2.03E+8 9.71E+7
Co-57 - 3.84E+6 - - - 3.14E+7 7.77E+6
Co-58 - 1.21E+7 - - - 7.08E+7 3.72E+7
Co-60 - 4.32E+7 - - - 2.39E+8 1.27E+8
Ni-63 2.96E+10 1.59E+9 - - - 1.07E+8 1.01E+9
Ni-65 1.66E+0 1.56E-1 - - - 1.91E+1 9.11E-2
Cu-64 - 7.55E+4 - 1.82E+5 - 3.54E+6 4.56E+4
Zn-65 4.13E+9 1.10E+10 - 6.94E+9 - 1.93E+9 6.85E+9
Zn-69 - - - - - 2.14E-9 -

Br-82 - - - - - - 1.15E+8
Br-83 - - - - - - 4.69E-1
Br-84 - - - - - - -

Br-85 - - - - - - -

Rb-86 - 8.77E+9 - - - 5.64E+8 5.39E+9
Rb-88 - - - - - - -

Rb-89 - - - - - - -

Sr-89 6.62E+9 - - - - 2.56E+8 1.89E+8
Sr-90 1.12E+11 - - - - 1.51E+9 2.83E+10
Sr-91 1.41E+5 - - - - 3.12E+5 5.33E+3
Sr-92 2.19E+0 - - - - 4.14E+1 8.76E-2
Y-90 3.22E+2 - - - - 9.15E+5 8.61E+0
Y-91m - - - - - - -

Y-91 3.91E+4 - - - - 5.21E+6 1.04E+3
Y-92 2.46E-4 - - - - 7.10E+0 7.03E-6
Y-93 1.06E+0 - - - - 1.57E+4 2.90E-2
Zr-95 3.84E+3 8.45E+2 - 1.21E+3 - 8.81E+5 7.52E+2
Zr-97 1.89E+0 2.72E-1 - 3.91E-1 - 4.13E+4 1.61E-1
Nb-95 3.18E+5 1.24E+5 - 1.16E+5 - 2.29E+8 8.84E+4
Nb-97 - - - - - 1.45E-6 -

Mo-99 - 8.29E+7 - 1.77E+8 - 6.86E+7 2.05E+7
Tc-99m 1.29E+1 2.54E+1 - 3.68E+2 1.29E+1 1.44E+4 4.20E+2
Tc-101 - - - - - - -

Ru-103 4.29E+3 - - 1.08E+4 - 1.11E+5 1.65E+3
Ru-105 3.82E-3 - - 3.36E-2 - 2.49E+0 1.39E-3
Ru-106 9.24E+4 - - 1.25E+5 - 1.44E+6 1.15E+4
Rh-103m - - - - - - -

Rh-106 - - - - - - -
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(mrem/yr per uCi/m?3) for H-3 and C-14
(m? x mrem/yr per uCi/sec) for others

Table 7.0-4
Raipo, Grass—Cow-Milk Pathway Dose Factors — CHILD (cont.)

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T. Body
Ag-110m 2.09E+8 1.41E+8 - 2.63E+8 - 1.68E+10 1.13E+8
Sb-124 1.09E+8 1.41E+8 2.40E+5 - 6.03E+7 6.79E+8 3.81E+7
Sb-125 8.70E+7 1.41E+6 8.06E+4 - 4.85E+7 2.08E+8 1.82E+7
Te-125m 7.38E+7 2.00E+7 2.07E+7 - - 7T12E+7 9.84E+6
Te-127m 2.08E+8 5.60E+7 4.97E+7 5.93E+8 - 1.68E+8 2.47E+7
Te-127 3.06E+3 8.25E+2 2.12E+3 8.71E+3 - 1.20E+5 6.56E+2
Te-129m 2.72E+8 7.61E+7 8.78E+7 8.00E+8 - 3.32E+8 4.23E+7
Te-129 - - - 2.87E-9 - 6.12E-8 -

Te-131m 1.60E+6 5.53E+5 1.14E+6 5.35E+6 - 2.24E+7 5.89E+5
Te-131 - - - - - - -

Te-132 1.02E+7 4.52E+6 6.58E+6 4.20E+7 - 4.55E+7 5.46E+6
1-130 1.75E+6 3.54E+6 3.90E+8 5.29E+6 - 1.66E+6 1.82E+6
1-131 1.30E+9 1.31E+9 4.34E+11 2.15E+9 - 1.17E+8 7.46E+8
1-132 6.86E-1 1.26E+0 5.85E+1 1.93E+0 - 1.48E+0 5.80E-1
1-133 1.76E+7 2.18E+7 4.04E+9 3.63E+7 - 8.77E+6 8.23E+6
1-134 - - - - - - -

1-135 5.84E+4 1.05E+5 9.30E+6 1.61E+5 - 8.00E+4 4.97E+4
Cs-134 2.26E+10 3.71E+10 - 1.15E+10 4.13E+9 2.00E+8 7.83E+9
Cs-136 1.00E+9 2.76E+9 - 1.47E+9 2.19E+8 9.70E+7 1.79E+9
Cs-137 3.22E+10 3.09E+10 - 1.01E+10 3.62E+9 1.93E+8 4.55E+9
Cs-138 - - - - - - -

Ba-139 2.14E-7 - - - - 1.23E-5 6.19E-9
Ba-140 1.17E+8 1.03E+5 - 3.34E+4 6.12E+4 5.94E+7 6.84E+6
Ba-141 - - - - - - -

Ba-142 - - - - - - -

La-140 1.93E+1 6.74E+0 - - - 1.88E+5 2.27E+0
La-142 - - - - - 2.51E-6 -

Ce-141 2.19E+4 1.09E+4 - 4.78E+3 - 1.36E+7 1.62E+3
Ce-143 1.89E+2 1.02E+5 - 4.29E+1 - 1.50E+6 1.48E+1
Ce-144 1.62E+6 5.09E+5 - 2.82E+5 - 1.33E+8 8.66E+4
Pr-143 7.23E+2 2.17E+2 - 1.17E+2 - 7.80E+5 3.59E+1
Pr-144 - - - - - - -

Nd-147 4.45E+2 3.60E+2 - 1.98E+2 - 5.71E+5 2.79E+1
W-187 2.91E+4 1.72E+4 - - - 2.42E+6 7.73E+3
Np-239 1.72E+1 1.23E+0 - 3.57E+0 - 9.14E+4 8.68E-1
FERMI 2 ODCM - TRM VOLUME Il 7-33 Rev. 23




(mrem/yr per uCi/m?3) for H-3 and C-14
(m? x mrem/yr per uCi/sec) for others

Table 7.0-4
Raipo, Grass—Cow-Milk Pathway Dose Factors — INFANT

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T. Body
H-3 - 2.38E+3 2.38E+3 2.38E+3 2.38E+3 2.38E+3 2.38E+3
C-14 3.23E+6 6.89E+5 6.89E+5 6.89E+5 6.89E+5 6.89E+5 6.89E+5
Na-24 1.61E+7 1.61E+7 1.61E+7 1.61E+7 1.61E+7 1.61E+7 1.61E+7
P-32 1.60E+11 9.42E+9 - - - 2.17E+9 6.21E+9
Cr-51 - - 1.05E+5 2.30E+4 2.05E+5 4.71E+6 1.61E+5
Mn-54 - 3.89E+7 - 8.63E+6 - 1.43E+7 8.83E+6
Mn-56 - 3.21E-2 - 2.76E-2 - 2.91E+0 5.53E-3
Fe-55 1.35E+8 8.72E+7 - - 4.27E+7 1.11E+7 2.33E+7
Fe-59 2.25E+8 3.93E+8 - - 1.16E+8 1.88E+8 1.55E+8
Co-57 - 8.95E+6 - - - 3.05E+7 1.46E+7
Co-58 - 2.43E+7 - - - 6.05E+7 6.06E+7
Co-60 - 8.81E+7 - - - 2.10E+8 2.08E+8
Ni-63 3.49E+10 2.16E+9 - - - 1.07E+8 1.21E+9
Ni-65 3.51E+0 3.97E-1 - - - 3.02E+1 1.81E-1
Cu-64 - 1.88E+5 - 3.17E+5 - 3.85E+6 8.69E+4
Zn-65 5.55E+9 1.90E+10 - 9.23E+9 - 1.61E+10 8.78E+9
Zn-69 - - - - - 7.36E-9 -
Br-82 - - - - - - 1.94E+8
Br-83 - - - - - - 9.95E-1
Br-84 - - - - - - -
Br-85 - - - - - - -
Rb-86 - 2.22E+10 - - - 5.69E+8 1.10E+10
Rb-88 - - - - - - -
Rb-89 - - - - - - -
Sr-89 1.26E+10 - - - - 2.50E+8 3.61E+8
Sr-90 1.22E+11 - - - - 1.52E+9 3.10E+10
Sr-91 2.94E+5 - - - - 3.48E+5 1.06E+4
Sr-92 4.65E+0 - - - - 5.01E+1 1.73E-1
Y-90 6.80E+2 - - - - 9.39E+5 1.82E+1
Y-91m - - - - - - -
Y-91 7.33E+4 - - - - 5.26E+6 1.95E+3
Y-92 5.22E-4 - - - - 9.97E+0 1.47E-5
Y-93 2.25E+0 - - - - 1.78E+4 6.13E-2
Zr-95 6.83E+3 1.66E+3 - 1.79E+3 - 8.28E+5 1.18E+3
Zr-97 3.99E+0 6.85E-1 - 6.91E-1 - 4.37E+4 3.13E-1
Nb-95 5.93E+5 2.44E+5 - 1.75E+5 - 2.06E+8 1.41E+5
Nb-97 - - - - - 3.70E-6 -
Mo-99 - 2.12E+8 - 3.17E+8 - 6.98E+7 4.13E+7
Tc-99m 2.69E+1 5.55E+1 - 5.97E+2 2.90E+1 1.61E+4 7.15E+2
Tc-101 - - - - - - -
Ru-103 8.69E+3 - - 1.81E+4 - 1.06E+5 2.91E+3
Ru-105 8.06E-3 - - 5.92E-2 - 3.21E+0 2.71E-3
Ru-106 1.90E+5 - - 2.25E+5 - 1.44E+6 2.38E+4
Rh-103m - - - - - - -
Rh-106 - - - - - - -
FERMI 2 ODCM - TRM VOLUME Il 7-34 Rev. 23




(mrem/yr per uCi/m?3) for H-3 and C-14
(m? x mrem/yr per uCi/sec) for others

Table 7.0-4
Raipo, Grass—Cow-Milk Pathway Dose Factors — INFANT (cont.)

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T. Body
Ag-110m 3.86E+8 2.82E+8 - 4.03E+8 - 1.46E+10 1.86E+8
Sb-124 2.09E+8 3.08E+6 5.56E+5 - 1.31E+8 6.46E+8 6.49E+7
Sb-125 1.49E+8 1.45E+6 1.87E+5 - 9.38E+7 1.99E+8 3.07E+7
Te-125m 1.51E+8 5.04E+7 5.07E+7 - - 7.18E+7 2.04E+7
Te-127m 4.21E+8 1.40E+8 1.22E+8 1.04E+9 - 1.70E+8 5.10E+7
Te-127 6.50E+3 2.18E+3 5.29E+3 1.59E+4 - 1.36E+5 1.40E+3
Te-129m 5.59E+8 1.92E+8 2.15E+8 1.40E+9 - 3.34E+8 8.62E+7
Te-129 2.08E-9 - 1.75E-9 5.18E-9 - 1.66E-7 -
Te-131m 3.38E+6 1.36E+6 2.76E+6 9.35E+6 - 2.29E+7 1.12E+6
Te-131 - - - - - - -
Te-132 2.10E+7 1.04E+7 1.54E+7 6.51E+7 - 3.85E+7 9.72E+6
1-130 3.60E+6 7.92E+6 8.88E+8 8.70E+6 - 1.70E+6 3.18E+6
1-131 2.72E+9 3.21E+9 1.05E+12 3.75E+9 - 1.15E+8 1.41E+9
1-132 1.42E+0 2.89E+0 1.35E+2 3.22E+0 - 2.34E+0 1.03E+0
1-133 3.72E+7 5.41E+7 9.84E+9 6.36E+7 - 9.16E+6 1.58E+7
1-134 - - 1.01E-9 - - - -
1-135 1.21E+5 2.41E+5 2.16E+7 2.69E+5 - 8.74E+4 8.80E+4
Cs-134 3.65E+10 6.80E+10 - 1.75E+10 7.18E+9 1.85E+8 6.87E+9
Cs-136 1.96E+9 5.77E+9 - 2.30E+9 4.70E+8 8.76E+7 2.15E+9
Cs-137 5.15E+10 6.02E+10 - 1.62E+10 6.55E+9 1.88E+8 4.27E+9
Cs-138 - - - - - - -
Ba-139 4.55E-7 - - - - 2.88E-5 1.32E-8
Ba-140 2.41E+8 2.41E+5 - 5.73E+4 1.48E+5 5.92E+7 1.24E+7
Ba-141 - - - - - - -
Ba-142 - - - - - - -
La-140 4.03E+1 1.59E+1 - - - 1.87E+5 4.09E+0
La-142 - - - - - 5.21E-6 -
Ce-141 4.33E+4 2.64E+4 - 8.15E+3 - 1.37E+7 3.11E+3
Ce-143 4.00E+2 2.65E+5 - 7.72E+1 - 1.55E+6 3.02E+1
Ce-144 2.33E+6 9.52E+5 - 3.85E+5 - 1.33E+8 1.30E+5
Pr-143 1.49E+3 5.59E+2 - 2.08E+2 - 7.89E+5 7.41E+1
Pr-144 - - - - - - -
Nd-147 8.82E+2 9.06E+2 - 3.49E+2 - 5.74E+5 5.55E+1
W-187 6.12E+4 4.26E+4 - - - 2.50E+6 1.47E+4
Np-239 3.64E+1 3.25E+0 - 6.49E+0 - 9.40E+4 1.84E+0
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(mrem/yr per uCi/m?3) for H-3 and C-14
(m?2 x mrem/yr per uCi/sec) for others

Table 7.0-4
Raipo, Grass—Cow—Meat Pathway Dose Factors — ADULT

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T. Body
H-3 - 3.25E+2 3.25E+2 3.25E+2 3.25E+2 3.25E+2 3.25E+2
C-14 3.33E+5 6.66E+4 6.66E+4 6.66E+4 6.66E+4 6.66E+4 6.66E+4
Na-24 1.84E-3 1.84E-3 1.84E-3 1.84E-3 1.84E-3 1.84E-3 1.84E-3
P-32 4.65E+9 2.89E+8 - - - 5.23E+8 1.80E+8
Cr-51 - - 4.22E+43 1.56E+3 9.38E+3 1.78E+6 7.07E+3
Mn-54 - 9.15E+6 - 2.72E+6 - 2.80E+7 1.75E+6
Mn-56 - - - - - - -
Fe-55 2.93E+8 2.02E+8 - - 1.13E+8 1.16E+8 4.72E+7
Fe-59 2.67E+8 6.27E+8 - - 1.75E+8 2.09E+9 2.40E+8
Co-57 - 5.64E+6 - - - 1.43E+8 9.37E+6
Co-58 - 1.83E+7 - - - 3.70E+8 4.10E+7
Co-60 - 7.52E+7 - - - 1.41E+9 1.66E+8
Ni-63 1.89E+10 1.31E+49 - - - 2.73E+8 6.33E+8
Ni-65 - - - - - - -
Cu-64 - 2.95e-7 - 7.45E-7 - 2.52E-5 1.39E-7
Zn-65 3.56E+8 1.13E+9 - 7.57E+8 - 7.13E+8 5.12E+8
Zn-69 - - - - - - -
Br-82 - - - - - 1.44E+3 1.26E+3
Br-83 - - - - - - -
Br-84 - - - - - - -
Br-85 - - - - - - -
Rb-86 - 4.87E+8 - - - 9.60E+7 2.27E+8
Rb-88 - - - - - - -
Rb-89 - - - - - - -
Sr-89 3.01E+8 - - - - 4.84E+7 8.65E+6
Sr-90 1.24E+10 - - - - 3.59E+8 3.05E+9
Sr-91 - - - - - 1.38E-9 -
Sr-92 - - - - - - -
Y-90 1.07E+2 - - - - 1.13E+6 2.86E+0
Y-91m - - - - - - -
Y-91 1.13E+6 - - - - 6.24E+8 3.03E+4
Y-92 - - - - - - -
Y-93 - - - - - 2.08E-7 -
Zr-95 1.88E+6 6.04E+5 - 9.48E+5 - 1.91E+9 4.09E+5
Zr-97 1.83E-5 3.69E-6 - 5.58E-6 - 1.14E+0 1.69E-6
Nb-95 2.29E+6 1.28E+6 - 1.26E+6 - 7.75E+9 6.86E+5
Nb-97 - - - - - - -
Mo-99 - 1.09E+5 - 2.46E+5 - 2.52E+5 2.07E+4
Tc-99m - - - - - - -
Tc-101 - - - - - - -
Ru-103 1.06E+8 - - 4.03E+8 - 1.23E+10 4.55E+7
Ru-105 - - - - - - -
Ru-106 2.80E+9 - - 5.40E+9 - 1.81E+11 3.54E+8
Rh-103m - - - - - - -
Rh-106 - - - - - - -
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(mrem/yr per uCi/m?3) for H-3 and C-14
(m? x mrem/yr per uCi/sec) for others

Table 7.0-4
Raipo, Grass—Cow-Meat Pathway Dose Factors — ADULT (cont.)

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T. Body
Ag-110m 6.69E+6 6.19E+6 - 1.22E+7 - 2.52E+9 3.67E+6
Sb-124 1.98E+7 3.74E+5 4.80E+4 - 1.54E+7 5.62E+8 7.85E+6
Sb-125 1.91E+7 2.13E+5 1.94E+4 - 1.47E+7 2.10E+8 4.54E+6
Te-125m 3.59E+8 1.30E+8 1.08E+8 1.46E+9 - 1.43E+9 4.81E+7
Te-127m 1.12E+9 3.99E+8 2.85E+8 4.53E+9 - 3.74E+9 1.36E+8
Te-127 - - - 1.09E-9 - 2.10E-8 -
Te-129m 1.14E+9 4.27E+8 3.93E+8 4.77E+9 - 5.76E+9 1.81E+8
Te-129 - - - - - - -
Te-131m 4.51E+2 2.21E+2 3.50E+2 2.24E+3 - 2.19E+4 1.84E+2
Te-131 - - - - - - -
Te-132 1.40E+6 9.07E+5 1.00E+6 8.73E+6 - 4.29E+7 8.51E+5
1-130 2.35E-6 6.94E-6 5.88E-4 1.08E-5 - 5.98E-6 2.74E-6
1-131 1.08E+7 1.54E+7 5.05E+9 2.64E+7 - 4.07E+6 8.83E+6
1-132 - - - - - - -
1-133 4.30E-1 7.47E-1 1.10E+2 1.30E+0 - 6.72E-1 2.28E-1
1-134 - - - - - - -
1-135 - - - - - - -
Cs-134 6.57E+8 1.56E+9 - 5.06E+8 1.68E+8 2.74E+7 1.28E+9
Cs-136 1.18E+7 4.67E+7 - 2.60E+7 3.56E+6 5.30E+6 3.36E+7
Cs-137 8.72E+8 1.19E+9 - 4.05E+8 1.35E+8 2.31E+7 7.81E+8
Cs-138 - - - - - - -
Ba-139 - - - - - - -
Ba-140 2.88E+7 3.61E+4 - 1.23E+4 2.07E+4 5.92E+7 1.89E+6
Ba-141 - - - - - - -
Ba-142 - - - - - - -
La-140 3.60E-2 1.81E-2 - - - 1.33E+3 4.79E-3
La-142 - - - - - - -
Ce-141 1.40E+4 9.48E+3 - 4.40E+3 - 3.62E+7 1.08E+3
Ce-143 2.09E-2 1.55E+1 - 6.80E-3 - 5.78E+2 1.71E-3
Ce-144 1.46E+6 6.09E+5 - 3.61E+5 - 4.93E+8 7.83E+4
Pr-143 2.13E+4 8.54E+3 - 4.93E+3 - 9.33E+7 1.06E+3
Pr-144 - - - - - - -
Nd-147 7.08E+3 8.18E+3 - 4.78E+3 - 3.93E+7 4.90E+2
W-187 2.16E-2 1.81E-2 - - - 5.92E+0 6.32E-3
Np-239 2.56E-1 2.51E-2 - 7.84E-2 - 5.15E+3 1.39E-2
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(mrem/yr per uCi/m?3) for H-3 and C-14
(m? x mrem/yr per uCi/sec) for others

Table 7.0-4
Raipo, Grass—Cow-Meat Pathway Dose Factors - TEENAGER

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T. Body
H-3 - 1.94E+2 1.94E+2 1.94E+2 1.94E+2 1.94E+2 1.94E+2
C-14 2.81E+5 5.62E+4 5.62E+4 5.62E+4 5.62E+4 5.62E+4 5.62E+4
Na-24 1.47E-3 1.47E-3 1.47E-3 1.47E-3 1.47E-3 1.47E-3 1.47E-3
P-32 3.93E+9 2.44E+8 - - - 3.30E+8 1.52E+8
Cr-51 - - 3.14E+3 1.24E+3 8.07E+3 9.50E+5 5.65E+3
Mn-4 - 6.98E+6 - 2.08E+6 - 1.43E+7 1.38E+6
Mn-56 - - - - - - -
Fe-55 2.38E+8 1.69E+8 - - 1.07E+8 7.30E+7 3.93E+7
Fe-59 2.13E+8 4.98E+8 - - 1.57E+8 1.18E+9 1.92E+8
Co-57 - 4.53E+6 - - - 8.45E+7 7.59E+6
Co-58 - 1.41E+7 - - - 1.94E+8 3.25E+7
Co-60 - 5.83E+7 - - - 7.60E+8 1.31E+8
Ni-63 1.52E+10 1.07E+9 - - - 1.71E+8 5.15E+8
Ni-65 - - - - - - -
Cu-64 - 2.41E-7 - 6.10E-7 - 1.87E-5 1.13E-7
Zn-65 2.50E+8 8.69E+8 - 5.56E+8 - 3.68E+8 4.05E+8
Zn-69 - - - - - - -
Br-82 - - - - - - 9.98E+2
Br-83 - - - - - - -
Br-84 - - - - - - -
Br-85 - - - - - - -
Rb-86 - 4.06E+8 - - - 6.01E+7 1.91E+48
Rb-88 - - - - - - -
Rb-89 - - - - - - -
Sr-89 2.54E+8 - - - - 3.03E+7 7.29E+6
Sr-90 8.05E+9 - - - - 2.26E+8 1.99E+9
Sr-91 - - - - - 1.10E-9 -
Sr-92 - - - - - - -
Y-90 8.98E+1 - - - - 7.40E+5 2.42E+0
Y-91m - - - - - - -
Y-91 9.56E+5 - - - - 3.92E+8 2.56E+4
Y-92 - - - - - - -
Y-93 - - - - - 1.69E-7 -
Zr-95 1.51E+6 4.76E+5 - 6.99E+5 - 1.10E+9 3.27E+5
Zr-97 1.53E-5 3.02E-6 - 4.58E-6 - 8.18E-1 1.39E-6
Nb-95 1.79E+6 9.94E+5 - 9.64E+5 - 4.25E+9 5.47E+5
Nb-97 - - - - - - -
Mo-99 - 8.98E+4 - 2.06E+5 - 1.61E+5 1.71E+4
Tc-99m - - - - - - -
Tc-101 - - - - - - -
Ru-103 8.60E+7 - - 3.03E+8 - 7.18E+9 3.68E+7
Ru-105 - - - - - - -
Ru-106 2.36E+9 - - 4.55E+9 - 1.13E+11 2.97E+8
Rh-103m - - - - - - -
Rh-106 - - - - - - -
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(mrem/yr per uCi/m?3) for H-3 and C-14
(m? x mrem/yr per uCi/sec) for others

Table 7.0-4
Raipo, Grass—Cow—-Meat Pathway Dose Factors - TEENAGER (cont.)

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T. Body
Ag-110m 5.06E+6 4.79E+6 - 9.14E+6 - 1.35E+9 2.91E+6
Sb-124 1.62E+7 2.98E+5 3.67E+4 - 1.41E+7 3.26E+8 6.31E+6
Sb-125 1.56E+7 1.71E+5 1.49E+4 - 1.37E+7 1.22E+8 3.66E+6
Te-125m 3.03E+8 1.09E+8 8.47E+7 - - 8.94E+8 4.05E+7
Te-127m 9.41E+8 3.34E+8 2.24E+8 3.82E+9 - 2.35E+9 1.12E+8
Te-127 - - - - - 1.75E-8 -
Te-129m 9.58E+8 3.56E+8 3.09E+8 4.01E+9 - 3.60E+9 1.52E+8
Te-129 - - - - - - -
Te-131m 3.76E+2 1.80E+2 2.71E+2 1.88E+3 - 1.45E+4 1.50E+2
Te-131 - - - - - - -
Te-132 1.15E+6 7.26E+5 7.66E+5 6.97E+6 - 2.30E+7 6.84E+5
1-130 1.89E-6 5.48E-6 4.47E-4 8.44E-6 - 4.21E-6 2.19E-6
1-131 8.95E+6 1.25E+7 3.66E+9 2.16E+7 - 2.48E+6 6.73E+6
1-132 - - - - - - -
1-133 3.59E-1 6.10E-1 8.51E+1 1.07E+0 - 4.61E-1 1.86E-1
1-134 - - - - - - -
1-135 - - - - - - -
Cs-134 5.23E+8 1.23E+9 - 3.91E+8 1.49E+8 1.53E+7 5.71E+8
Cs-136 9.22E+6 3.63E+7 - 1.97E+7 3.11E+6 2.92E+6 2.44E+7
Cs-137 7.24E+8 9.63E+8 - 3.28E+8 1.27E+8 1.37E+7 3.36E+8
Cs-138 - - - - - - -
Ba-139 - - - - - - -
Ba-140 2.38E+7 2.91E+4 - 9.88E+3 1.96E+4 3.67E+7 1.53E+6
Ba-141 - - - - - - -
Ba-142 - - - - - - -
La-140 2.96E-2 1.45E-2 - - - 8.35E+2 3.87E-3
La-142 - - - - - - -
Ce-141 1.18E+4 7.86E+3 - 3.70E+3 - 2.25E+7 9.03E+2
Ce-143 1.76E-2 1.28E+1 - 5.74E-3 - 3.85E+2 1.43E-3
Ce-144 1.23E+6 5.08E+5 - 3.04E+5 - 3.09E+8 6.60E+4
Pr-143 1.79E+4 7.15E+3 - 4.16E+3 - 5.90E+7 8.92E+2
Pr-144 - - - - - - -
Nd-147 6.24E+3 6.79E+3 - 3.98E+3 - 2.45E+7 4.06E+2
W-187 1.81E-2 1.48E-2 - - - 3.99E+0 5.17E-3
Np-239 2.23E-1 211E-2 - 6.61E-2 - 3.39E+3 1.17E-2
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(mrem/yr per uCi/m?3) for H-3 and C-14
(m? x mrem/yr per uCi/sec) for others

Table 7.0-4
Raipo, Grass—Cow—-Meat Pathway Dose Factors - CHILD

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T. Body
H-3 - 2.34E+2 2.34E+2 2.34E+2 2.34E+2 2.34E+2 2.34E+2
C-14 5.29E+5 1.06E+5 1.06E+5 1.06E+5 1.06E+5 1.06E+5 1.06E+5
Na-24 2.34E-3 2.34E-3 2.34E-3 2.34E-3 2.34E-3 2.34E-3 2.34E-3
P-32 7.41E+9 3.47E+8 - - - 2.05E+8 2.86E+8
Cr-51 - - 4.89E+3 1.34E+3 8.93E+3 4.67E+5 8.81E+3
Mn-54 - 7.99E+6 - 2.24E+6 - 6.70E+6 2.13E+6
Mn-56 - - - - - - -
Fe-55 4.57E+8 2.42E+8 - - 1.37E+8 4.49E+7 7.51E+7
Fe-59 3.78E+8 6.12E+8 - - 1.77E+8 6.37E+8 3.05E+8
Co-57 - 5.92E+6 - - - 4.85E+7 1.20E+7
Co-58 - 1.65E+7 - - - 9.60E+7 5.04E+7
Co-60 - 6.93E+7 - - - 3.84E+8 2.04E+8
Ni-63 2.91E+10 1.56E+9 - - - 1.05E+8 9.91E+8
Ni-65 - - - - - - -
Cu-64 - 3.24E-7 - 7.82E-7 - 1.52E-5 1.96E-7
Zn-65 3.75E+8 1.00E+9 - 6.30E+8 - 1.76E+8 6.22E+8
Zn-69 - - - - - - -
Br-82 - - - - - - 1.56E+3
Br-83 - - - - - - -
Br-84 - - - - - - -
Br-85 - - - - - - -
Rb-86 - 5.76E+8 - - - 3.71E+7 3.54E+8
Rb-88 - - - - - - -
Rb-89 - - - - - - -
Sr-89 4.82E+8 - - - - 1.86E+7 1.38E+7
Sr-90 1.04E+10 - - - - 1.40E+8 2.64E+9
Sr-91 - - - - - 1.01E-9 -
Sr-92 - - - - - - -
Y-90 1.70E+2 - - - - 4.84E+5 4.55E+0
Y-91m - - - - - - -
Y-91 1.81E+6 - - - - 2.41E+8 4.83E+4
Y-92 - - - - - - -
Y-93 - - - - - 1.55E-7 -
Zr-95 2.68E+6 5.89E+5 - 8.43E+5 - 6.14E+8 5.24E+5
Zr-97 2.84E-5 4.10E-6 - 5.89E-6 - 6.21E-1 2.42E-6
Nb-95 3.09E+6 1.20E+6 - 1.13E+6 - 2.23E+9 8.61E+5
Nb-97 - - - - - - -
Mo-99 - 1.25E+5 - 2.67E+5 - 1.03E+5 3.09E+4
Tc-99m - - - - - - -
Tc-101 - - - - - - -
Ru-103 1.56E+8 - - 3.92E+8 - 4.02E+9 5.98E+7
Ru-105 - - - - - - -
Ru-106 4.44E+9 - - 5.99E+9 - 6.90E+10 5.54E+8
Rh-103m - - - - - - -
Rh-106 - - - - - - -
FERMI 2 ODCM - TRM VOLUME Il 7-40 Rev. 23




(mrem/yr per uCi/m?3) for H-3 and C-14
(m? x mrem/yr per uCi/sec) for others

Table 7.0-4
Raipo, Grass—Cow-Meat Pathway Dose Factors — CHILD (cont.)

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T. Body
Ag-110m 8.40E+6 5.67E+6 - 1.06E+7 - 6.75E+8 4.53E+6
Sb-124 2.93E+7 3.80E+5 6.46E+4 - 1.62E+7 1.83E+8 1.03E+7
Sb-125 2.85E+7 2.19E+5 2.64E+4 - 1.59E+7 6.80E+7 5.96E+6
Te-125m 5.69E+8 1.54E+8 1.60E+8 - - 5.49E+8 7.59E+7
Te-127m 1.77E+49 4.78E+8 4.24E+8 5.06E+9 - 1.44E+9 2.11E+8
Te-127 - - - 1.21E-9 - 1.66E-8 -
Te-129m 1.81E+9 5.04E+8 5.82E+8 5.30E+9 - 2.20E+9 2.80E+8
Te-129 - - - - - - -
Te-131m 7.00E+2 2.42E+2 4.98E+2 2.34E+3 - 9.82E+3 2.58E+2
Te-131 - - - - - - -
Te-132 2.09E+6 9.27E+5 1.35E+6 8.60E+6 - 9.33E+6 1.12E+6
1-130 3.39E-6 6.85E-6 7.54E-4 1.02E-5 - 3.20E-6 3.53E-6
1-131 1.66E+7 1.67E+7 5.52E+9 2.74E+7 - 1.49E+6 9.49E+6
1-132 - - - - - - -
1-133 6.68E-1 8.26E-1 1.53E+2 1.38E+0 - 3.33E-1 3.12E-1
1-134 - - - - - - -
1-135 - - - - - - -
Cs-134 9.22E+8 1.51E+9 - 4.69E+8 1.68E+8 8.15E+6 3.19E+8
Cs-136 1.59E+7 4.37E+7 - 2.33E+7 3.47E+6 1.54E+6 2.83E+7
Cs-137 1.33E+9 1.28E+9 - 4.16E+8 1.50E+8 7.99E+6 1.88E+8
Cs-138 - - - - - - -
Ba-139 - - - - - - -
Ba-140 4.39E+7 3.85E+4 - 1.25E+4 2.29E+4 2.22E+7 2.56E+6
Ba-141 - - - - - - -
Ba-142 - - - - - - -
La-140 5.41E-2 1.89E-2 - - - 5.27E+2 6.38E-3
La-142 - - - - - - -
Ce-141 2.22E+4 1.11E+4 - 4.84E+3 - 1.38E+7 1.64E+3
Ce-143 3.30E-2 1.79E+1 - 7.51E-3 - 2.62E+2 2.59E-3
Ce-144 2.32E+6 7.26E+5 - 4.02E+5 - 1.89E+8 1.24E+5
Pr-143 3.39E+4 1.02E+4 - 5.51E+3 - 3.66E+7 1.68E+3
Pr-144 - - - - - - -
Nd-147 1.17E+4 9.48E+3 - 5.20E+3 - 1.50E+7 7.34E+2
W-187 3.36E-2 1.99E-2 - - - 2.79E+0 8.92E-3
Np-239 4.20E-1 3.02E-2 - 8.73E-2 - 2.23E+3 2.12E-2
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(mrem/yr per uCi/m?3) for H-3 and C-14
(m? x mrem/yr per uCi/sec) for others

Table 7.0-4
Raipo, Vegetation Pathway Dose Factors — ADULT

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T. Body
H-3 - 2.26E+3 2.26E+3 2.26E+3 2.26E+3 2.26E+3 2.26E+3
C-14 8.97E+5 1.79E+5 1.79E+45 1.79E+5 1.79E+5 1.79E+5 1.79E+5
Na-24 2.76E+5 2.76E+5 2.76E+5 2.76E+5 2.76E+5 2.76E+5 2.76E+5
P-32 1.40E+9 8.73E+7 - - - 1.58E+8 5.42E+7
Cr-51 - - 2.79E+4 1.03E+4 6.19E+4 1.17E+7 4.66E+4
Mn-54 - 3.11E+8 - 9.27E+7 - 9.54E+8 5.94E+7
Mn-56 - 1.61E+1 - 2.04E+1 - 5.13E+2 2.85E+0
Fe-55 2.09E+8 1.45E+8 - - 8.06E+7 8.29E+7 3.37E+7
Fe-59 1.27E+8 2.99E+8 - - 8.35E+7 9.96E+8 1.14E+8
Co-57 - 1.17E+7 - - - 2.97E+8 1.95E+7
Co-58 - 3.09E+7 - - - 6.26E+8 6.92E+7
Co-60 - 1.67E+8 - - - 3.14E+9 3.69E+8
Ni-63 1.04E+10 7.21E+8 - - - 1.50E+8 3.49E+8
Ni-65 6.15E+1 7.99E+0 - - - 2.03E+2 3.65E+0
Cu-64 - 9.27E+3 - 2.34E+4 - 7.90E+5 4.35E+3
Zn-65 3.17E+8 1.01E+9 - 6.75E+8 - 6.36E+8 4.56E+8
Zn-69 8.75E-6 1.67E-5 - 1.09E-5 - 2.51E-6 1.16E-6
Br-82 - - - - - 1.73E+6 1.51E+6
Br-83 - - - - - 4.63E+0 3.21E+0
Br-84 - - - - - - -
Br-85 - - - - - - -
Rb-86 - 2.19E+8 - - - 4.32E+7 1.02E+8
Rb-88 - - - - - - -
Rb-89 - - - - - - -
Sr-89 9.96E+9 - - - - 1.60E+9 2.86E+8
Sr-90 6.05E+11 - - - - 1.75E+10 1.48E+11
Sr-91 3.20E+5 - - - - 1.52E+6 1.29E+4
Sr-92 4.27E+2 - - - - 8.46E+3 1.85E+1
Y-90 1.33E+4 - - - - 1.41E+8 3.56E+2
Y-91m 5.83E-9 - - - - 1.71E-8 -
Y-91 5.13E+6 - - - - 2.82E+9 1.37E+5
Y-92 9.01E-1 - - - - 1.58E+4 2.63E-2
Y-93 1.74E+2 - - - - 5.52E+6 4.80E+0
Zr-95 1.19E+6 3.81E+5 - 5.97E+5 - 1.21E+49 2.58E+5
Zr-97 3.33E+2 6.73E+1 - 1.02E+2 - 2.08E+7 3.08E+1
Nb-95 1.42E+5 7.91E+4 - 7.81E+4 - 4.80E+8 4.25E+4
Nb-97 2.90E-6 7.34E-7 - 8.56E-7 - 2.71E-3 2.68E-7
Mo-99 - 6.25E+6 - 1.41E+7 - 1.45E+7 1.19E+6
Tc-99m 3.06E+0 8.66E+0 - 1.32E+2 4.24E+0 5.12E+3 1.10E+2
Tc-101 - - - - - - -
Ru-103 4.80E+6 - - 1.83E+7 - 5.61E+8 2.07E+6
Ru-105 5.39E+1 - - 6.96E+2 - 3.30E+4 2.13E+1
Ru-106 1.93E+8 - - 3.72E+8 - 1.25E+10 2.44E+7
Rh-103m - - - - - - -
Rh-106 - - - - - - -
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(mrem/yr per uCi/m?3) for H-3 and C-14
(m? x mrem/yr per uCi/sec) for others

Table 7.0-4
Raipo, Vegetation Pathway Dose Factors — ADULT (cont.)

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T. Body
Ag-110m 1.06E+7 9.76E+6 - 1.92E+7 - 3.98E+9 5.80E+6
Sb-124 1.04E+8 1.96E+6 2.52E+5 - 8.08E+7 2.95E+9 4.11E+7
Sb-125 1.36E+8 1.52E+6 1.39E+45 - 1.05E+8 1.50E+9 3.25E+7
Te-125m 9.66E+7 3.50E+7 2.90E+7 3.93E+8 - 3.86E+8 1.29E+7
Te-127m 3.49E+8 1.25E+8 8.92E+7 1.42E+9 - 1.17E+49 4.26E+7
Te-127 5.76E+3 2.07E+3 4.27E+3 2.35E+4 - 4.54E+5 1.25E+3
Te-129m 2.55E+8 9.50E+7 8.75E+7 1.06E+9 - 1.28E+9 4.03E+7
Te-129 6.65E-4 2.50E-4 5.10E-4 2.79E-3 - 5.02E-4 1.62E-4
Te-131m 9.12E+5 4.46E+5 7.06E+5 4.52E+6 - 4.43E+7 3.72E+5
Te-131 - - - - - - -

Te-132 4.29E+6 2.77E+6 3.06E+6 2.67E+7 - 1.31E+8 2.60E+6
1-130 3.96E+5 1.17E+6 9.90E+7 1.82E+6 - 1.01E+6 4.61E+5
1-131 8.09E+7 1.16E+8 3.79E+10 1.98E+8 - 3.05E+7 6.63E+7
1-132 5.74E+1 1.54E+2 5.38E+3 2.45E+2 - 2.89E+1 5.38E+1
1-133 2.12E+6 3.69E+6 5.42E+8 6.44E+6 - 3.31E+6 1.12E+6
1-134 1.06E-4 2.88E-4 5.00E-3 4.59E-4 - 2.51E-7 1.03E-4
1-135 4.08E+4 1.07E+5 7.04E+6 1.71E+45 - 1.21E+45 3.94E+4
Cs-134 4.66E+9 1.11E+10 - 3.59E+9 1.19E+9 1.94E+8 9.07E+9
Cs-136 4.20E+7 1.66E+8 - 9.24E+7 1.27E+7 1.89E+7 1.19E+8
Cs-137 6.36E+9 8.70E+9 - 2.95E+9 9.81E+8 1.68E+8 5.70E+9
Cs-138 - - - - - - -

Ba-139 2.95E-2 2.10E-5 - 1.96E-5 1.19E-5 5.23E-2 8.64E-4
Ba-140 1.29E+8 1.62E+5 - 5.49E+4 9.25E+4 2.65E+8 8.43E+6
Ba-141 - - - - - - -

Ba-142 - - - - - - -

La-140 1.97E+3 9.92E+2 - - - 7.28E+7 2.62E+2
La-142 1.40E-4 6.35E-5 - - - 4.64E-1 1.58E-5
Ce-141 1.96E+5 1.33E+5 - 6.17E+4 - 5.08E+8 1.51E+4
Ce-143 1.00E+3 7.42E+5 - 3.26E+2 - 2.77E+7 8.21E+1
Ce-144 3.29E+7 1.38E+7 - 8.16E+6 - 1.11E+10 1.77E+6
Pr-143 6.34E+4 2.54E+4 - 1.47E+4 - 2.78E+8 3.14E+3
Pr-144 - - - - - - -

Nd-147 3.34E+4 3.86E+4 - 2.25E+4 - 1.85E+8 2.31E+3
W-187 3.82E+4 3.19E+4 - - - 1.05E+7 1.12E+4
Np-239 1.42E+3 1.40E+2 - 4.37E+2 - 2.87E+7 7.72E+1

FERMI 2 ODCM - TRM VOLUME Il 7-43

Rev. 23




(mrem/yr per uCi/m?3) for H-3 and C-14
(m? x mrem/yr per uCi/sec) for others

Table 7.0-4
Raipo, Vegetation Pathway Dose Factors - TEENAGER

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T. Body
H-3 - 2.50E+3 2.50E+3 2.50E+3 2.50E+3 2.50E+3 2.59E+3
C-14 1.45E+6 2.91E+5 2.91E+5 2.91E+5 2.91E+5 2.91E+5 2.91E+5
Na-24 2.45E+5 2.45E+5 2.45E+5 2.45E+5 2.45E+5 2.45E+5 2.45E+5
P-32 1.61E+9 9.96E+7 - - - 1.35E+8 6.23E+7
Cr-51 - - 3.44E+4 1.36E+4 8.85E+4 1.04E+7 6.20E+4
Mn-54 - 4.52E+8 - 1.35E+8 - 9.27E+8 8.97E+7
Mn-56 - 1.45E+1 - 1.83E+1 - 9.54E+2 2.58E+0
Fe-55 3.25E+8 2.31E+8 - - 1.46E+8 9.98E+7 5.38E+7
Fe59 1.81E+8 4.22E+8 - - 1.33E+8 9.98E+8 1.63E+8
Co-57 - 1.79E+7 - - - 3.34E+8 3.00E+7
Co-58 - 4.38E+7 - - - 6.04E+8 1.01E+8
Co-60 - 2.49E+8 - - - 3.24E+9 5.60E+8
Ni-63 1.61E+10 1.13E+9 - - - 1.81E+8 5.45E+8
Ni-65 5.73E+1 7.32E+0 - - - 3.97E+2 3.33E+0
Cu-64 - 8.40E+3 - 2.12E+4 - 6.51E+5 3.95E+3
Zn-65 4.24E+8 1.47E+9 - 9.41E+8 - 6.23E+8 6.86E+8
Zn-69 8.19E-6 1.56E-5 - 1.02E-5 - 2.88E-5 1.09E-6
Br-82 - - - - - - 1.33E+6
Br-83 - - - - - - 3.01E+0
Br-84 - - - - - - -
Br-85 - - - - - - -
Rb-86 - 2.73E+8 - - - 4.05E+7 1.28E+8
Rb-88 - - - - - - -
Rb-89 - - - - - - -
Sr-89 1.51E+10 - - - - 1.80E+9 4.33E+8
Sr-90 7.51E+11 - - - - 2.11E+10 1.85E+11
Sr-91 2.99E+5 - - - - 1.36E+6 1.19E+4
Sr-92 3.97E+2 - - - - 1.01E+4 1.69E+1
Y-90 1.24E+4 - - - - 1.02E+8 3.34E+2
Y-91m 5.43E-9 - - - - 2.56E-7 -
Y-91 7.87E+6 - - - - 3.23E+9 2.11E+5
Y-92 8.47E-1 - - - - 2.32E+4 2.45E-2
Y-93 1.63E+2 - - - - 4.98E+6 4.47E+0
Zr-95 1.74E+6 5.49E+5 - 8.07E+5 - 1.27E+9 3.78E+5
Zr-97 3.09E+2 6.11E+1 - 9.26E+1 - 1.65E+7 2.81E+1
Nb-95 1.92E+5 1.06E+5 - 1.03E+5 - 4.55E+8 5.86E+4
Nb-97 2.69E-6 6.67E-7 - 7.80E-7 - 1.59E-2 2.44E-7
Mo-99 - 5.74E+6 - 1.31E+7 - 1.03E+7 1.09E+6
Tc-99m 2.70E+0 7.54E+0 - 1.12E+2 4.19E+0 4.95E+3 9.77E+1
Tc-101 - - - - - - -
Ru-103 6.87E+6 - - 2.42E+7 - 5.74E+8 2.94E+6
Ru-105 5.00E+1 - - 6.31E+2 - 4.04E+4 1.94E+1
Ru-106 3.09E+8 - - 5.97E+8 - 1.48E+10 3.90E+7
Rh-103m - - - - - - -
Rh-106 - - - - - - -
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Raipo, Vegetation Pathway Dose Factors — TEENAGER (cont.)
(mrem/yr per uCi/m?3) for H-3 and C-14

Table 7.0-4

(m? x mrem/yr per uCi/sec) for others

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T. Body
Ag-110m 1.52E+7 1.44E+7 - 2.74E+7 - 4.04E+9 8.74E+6
Sb-124 1.55E+8 2.85E+6 3.51E+5 - 1.35E+8 3.11E+9 6.03E+7
Sb-125 2.14E+8 2.34E+6 2.04E+5 - 1.88E+8 1.66E+9 5.00E+7
Te-125m 1.48E+8 5.34E+7 4.14E+7 - - 4.37E+8 1.98E+7
Te-127m 5.51E+8 1.96E+8 1.31E+8 2.24E+9 - 1.37E+9 6.56E+7
Te-127 5.43E+3 1.92E+3 3.74E+3 2.20E+4 - 4.19E+5 1.17E+3
Te-129m 3.67E+8 1.36E+8 1.18E+8 1.54E+9 - 1.38E+9 5.81E+7
Te-129 6.22E-4 2.32E-4 4.45E-4 2.61E-3 - 3.40E-3 1.51E-4
Te-131m 8.44E+5 4.05E+5 6.09E+5 4.22E+6 - 3.25E+7 3.38E+5
Te-131 - - - - - - -

Te-132 3.90E+6 2.47E+6 2.60E+6 2.37E+7 - 7.82E+7 2.32E+6
1-130 3.54E+5 1.02E+6 8.35E+7 1.58E+6 - 7.87E+5 4.09E+5
1-131 7.70E+7 1.08E+8 3.14E+10 1.85E+8 - 2.13E+7 5.79E+7
1-132 5.18E+1 1.36E+2 4.57E+3 2.14E+2 - 5.91E+1 4.87E+1
1-133 1.97E+6 3.34E+6 4.66E+8 5.86E+6 - 2.53E+6 1.02E+6
1-134 9.59E-5 2.54E-4 4.24E-3 4.01E-4 - 3.35E-6 9.13E-5
1-135 3.68E+4 9.48E+4 6.10E+6 1.50E+5 - 1.05E+5 3.52E+4
Cs-134 7.09E+9 1.67E+10 - 5.30E+9 2.02E+9 2.08E+8 7.74E+9
Cs-136 4.29E+7 1.69E+8 - 9.19E+7 1.45E+7 1.36E+7 1.13E+8
Cs-137 1.01E+10 1.35E+10 - 4.59E+9 1.78E+9 1.92E+8 4.69E+9
Cs-138 - - - - - - -

Ba-139 2.77E-2 1.95E-5 - 1.84E-5 1.34E-5 2.47E-1 8.08E-4
Ba-140 1.38E+8 1.69E+5 - 5.75E+4 1.14E+5 2.13E+8 8.91E+6
Ba-141 - - - - - - -

Ba-142 - - - - - - -

La-140 1.80E+3 8.84E+2 - - - 5.08E+7 2.35E+2
La-142 1.28E-4 5.69E-5 - - - 1.73E+0 1.42E-5
Ce-141 2.82E+5 1.88E+5 - 8.86E+4 - 5.38E+8 2.16E+4
Ce-143 9.37E+2 6.82E+5 - 3.06E+2 - 2.05E+7 7.62E+1
Ce-144 5.27E+7 2.18E+7 - 1.30E+7 - 1.33E+10 2.83E+6
Pr-143 7.12E+4 2.84E+4 - 1.65E+4 - 2.34E+8 3.55E+3
Pr-144 - - - - - - -

Nd-147 3.63E+4 3.94E+4 - 2.32E+4 - 1.42E+8 2.36E+3
W-187 3.55E+4 2.90E+4 - - - 7.84E+6 1.02E+4
Np-239 1.38E+3 1.30E+2 - 4.09E+2 - 2.10E+7 7.24E+1
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(mrem/yr per uCi/m?3) for H-3 and C-14

Table 7.0-4
Raipo, Vegetation Pathway Dose Factors — CHILD

(m? x mrem/yr per uCi/sec) for others

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T. Body
H-3 - 4.01E+3 4.01E+3 4.01E+3 4.01E+3 4.01E+3 4.01E+3
C-14 3.50E+6 7.01E+5 7.01E+5 7.01E+5 7.01E+5 7.01E+5 7.01E+5
Na-24 3.83E+5 3.83E+5 3.83E+5 3.83E+5 3.83E+5 3.83E+5 3.83E+5
P-32 3.37E+9 1.58E+8 - - - 9.30E+7 1.30E+8
Cr-51 - - 6.54E+4 1.79E+4 1.19E+5 6.25E+6 1.18E+5
Mn-54 - 6.61E+8 - 1.85E+8 - 5.55E+8 1.76E+8
Mn-56 - 1.90E+1 - 2.29E+1 - 2.75E+3 4.28E+0
Fe-55 8.00E+8 4.24E+8 - - 2.40E+8 7.86E+7 1.31E+8
Fe-59 4.01E+8 6.49E+8 - - 1.88E+8 6.76E+8 3.23E+8
Co-57 - 2.99E+7 - - - 2.45E+8 6.04E+7
Co-58 - 6.47E+7 - - - 3.77E+8 1.98E+8
Co-60 - 3.78E+8 - - - 2.10E+9 1.12E+49
Ni-63 3.95E+10 2.11E+9 - - - 1.42E+8 1.34E+9
Ni-65 1.05E+2 9.89E+0 - - - 1.21E+3 5.77E+0
Cu-64 - 1.11E+4 - 2.68E+4 - 5.20E+5 6.69E+3
Zn-65 8.12E+8 2.16E+9 - 1.36E+9 - 3.80E+8 1.35E+9
Zn-69 1.51E-5 2.18E-5 - 1.32E-5 - 1.38E-3 2.02E-6
Br-82 - - - - - - 2.04E+6
Br-83 - - - - - - 5.55E+0
Br-84 - - - - - - -

Br-85 - - - - - - -

Rb-86 - 4.52E+8 - - - 2.91E+7 2.78E+8
Rb-88 - - - - - - -

Rb-89 - - - - - - -

Sr-89 3.59E+10 - - - - 1.39E+9 1.03E+9
Sr-90 1.24E+12 - - - - 1.67E+10 3.15E+11
Sr-91 5.50E+5 - - - - 1.21E+6 2.08E+4
Sr-92 7.28E+2 - - - - 1.38E+4 2.92E+1
Y-90 2.30E+4 - - - - 6.56E+7 6.17E+2
Y-91m 9.94E-9 - - - - 1.95E-5 -

Y-91 1.87E+7 - - - - 2.49E+9 5.01E+5
Y-92 1.56E+0 - - - - 4.51E+4 4.46E-2
Y-93 3.01E+2 - - - - 4.48E+6 8.25E+0
Zr-95 3.90E+6 8.58E+5 - 1.23E+6 - 8.95E+8 7.64E+5
Zr-97 5.64E+2 8.15E+1 - 1.17E+2 - 1.23E+7 4.81E+1
Nb-95 4.10E+5 1.59E+5 - 1.50E+5 - 2.95E+8 1.14E+5
Nb-97 4.90E-6 8.85E-7 - 9.82E-7 - 2.73E-1 4.13E-7
Mo-99 - 7.83E+6 - 1.67E+7 - 6.48E+6 1.94E+6
Tc-99m 4.65E+0 9.12E+0 - 1.33E+2 4.63E+0 5.19E+3 1.51E+2
Tc-101 - - - - - - -

Ru-103 1.55E+7 - - 3.89E+7 - 3.99E+8 5.94E+6
Ru-105 9.17E+1 - - 8.06E+2 - 5.98E+4 3.33E+1
Ru-106 7.45E+8 - - 1.01E+9 - 1.16E+10 9.30E+7
Rh-103m - - - - - - -

Rh-106 - - - - - - -
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(mrem/yr per uCi/m?3) for H-3 and C-14

Table 7.0-4
Raipo, Vegetation Pathway Dose Factors — CHILD (cont.)

(m? x mrem/yr per uCi/sec) for others

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T. Body
Ag-110m 3.22E+7 217E+7 - 4.05E+7 - 2.58E+9 1.74E+7
Sb-124 3.52E+8 4.57E+6 7.78E+5 - 1.96E+8 2.20E+9 1.23E+8
Sb-125 4.99E+8 3.85E+6 4.62E+5 - 2.78E+8 1.19E+9 1.05E+8
Te-125m 3.51E+8 9.50E+7 9.84E+7 - - 3.38E+8 4.67E+7
Te-127m 1.32E+9 3.56E+8 3.16E+8 3.77E+9 - 1.07E+9 1.57E+8
Te-127 1.00E+4 2.70E+3 6.93E+3 2.85E+4 - 3.91E+5 2.15E+3
Te-129m 8.54E+8 2.39E+8 2.75E+8 2.51E+9 - 1.04E+9 1.33E+8
Te-129 1.15E-3 3.22E-4 8.22E-4 3.37E-3 - 7A7E-2 2.74E-4
Te-131m 1.54E+6 5.33E+5 1.10E+6 5.16E+6 - 2.16E+7 5.68E+5
Te-131 - - - - - - -

Te-132 6.98E+6 3.09E+6 4.50E+6 2.87E+7 - 3.11E+7 3.73E+6
1-130 6.21E+5 1.26E+6 1.38E+8 1.88E+6 - 5.87E+5 6.47E+5
1-131 1.43E+8 1.44E+8 4.76E+10 2.36E+8 - 1.28E+7 8.18E+7
1-132 9.20E+1 1.69E+2 7.84E+3 2.59E+2 - 1.99E+2 7.77E+1
1-133 3.59E+6 4.44E+6 8.25E+8 7.40E+6 - 1.79E+6 1.68E+6
1-134 1.70E-4 3.16E-4 7.28E-3 4.84E-4 - 2.10E-4 1.46E-4
1-135 6.54E+4 1.18E+5 1.04E+7 1.81E+5 - 8.98E+4 5.57E+4
Cs-134 1.60E+10 2.63E+10 - 8.14E+9 2.92E+9 1.42E+8 5.54E+9
Cs-136 8.06E+7 2.22E+8 - 1.18E+8 1.76E+7 7.79E+6 1.43E+8
Cs-137 2.39E+10 2.29E+10 - 7.46E+9 2.68E+9 1.43E+8 3.38E+9
Cs-138 - - - - - - -

Ba-139 5.11E-2 2.73E-5 - 2.38E-5 1.61E-5 2.95E+0 1.48E-3
Ba-140 2.77E+8 2.43E+5 - 7.90E+4 1.45E+5 1.40E+8 1.62E+7
Ba-141 - - - - - - -

Ba142 - - - - - - -

La-140 3.23E+3 1.13E+3 - - - 3.15E+7 3.81E+2
La-142 2.32E-4 7.40E-5 - - - 1.47E+1 2.32E-5
Ce-141 1.23E+5 6.14E+4 - 2.69E+4 - 7.66E+7 9.12E+3
Ce-143 1.73E+3 9.36E+5 - 3.93E+2 - 1.37E+7 1.36E+2
Ce-144 1.27E+8 3.98E+7 - 2.21E+7 - 1.04E+10 6.78E+6
Pr-143 1.48E+5 4.46E+4 - 2.41E+4 - 1.60E+8 7.37E+3
Pr-144 - - - - - - -

Nd-147 7.16E+4 5.80E+4 - 3.18E+4 - 9.18E+7 4.49E+3
W-187 6.47E+4 3.83E+4 - - - 5.38E+6 1.72E+4
Np-239 2.55E+3 1.83E+2 - 5.30E+2 - 1.36E+7 1.29E+2
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Raipo, Ground Plane Pathway Dose Factors
(m? x mrem/yr per uCi/sec)

Table 7.0-4

Nuclide Any Organ
H-3 -
C-14 -
Na-24 1.21E+7
P-32 -
Cr-51 4.68E+6
Mn-54 1.34E+9
Mn-56 9.05E+5
Fe-55 -
Fe-59 2.75E+8
Co-58 3.82E+8
Co-60 2.16E+10
Ni-63 -
Ni-65 2.97E+5
Cu-64 6.09E+5
Zn-65 7.45E+8
Zn-69 -
Br-83 4.89E+3
Br-84 2.03E+5
Br-85 -
Rb-86 8.89E+6
Rb-88 3.20E+4
Rb-89 1.21E+5
Sr-89 2.16E+4
Sr-90 -
Sr-91 2.19E+6
Sr-92 7.77E+5
Y-90 4.48E+3
Y-91m 1.01E+5
Y-91 1.08E+6
Y-92 1.80E+5
Y-93 1.85E+5
Zr-95 2.48E+8
Zr-97 2.94E+6
Nb-95 1.36E+8
Mo-99 4.05E+6
Tc-99m 1.83E+5
Tc-101 2.04E+4
Ru-103 1.09E+8
Ru-105 6.36E+5
Ru-106 4.21E+8
Rh-103m -
Rh-106 -
Ag-110m 3.47E+9
Te-125m 1.55E+6
Te-127m 9.17E+4
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Raipo, Ground Plane Pathway Dose Factors
(m? x mrem/yr per uCi/sec) (cont.)

Table 7.0-4

Nuclide Any Organ
Te-127 3.00E+3
Te-129m 2.00E+7
Te-129 2.60E+4
Te-131m 8.03E+6
Te-131 2.93E+4
Te-132 4.22E+6
1-130 5.53E+6
1-131 1.72E+7
1-132 1.24E+6
1-133 2.47E+6
1-134 4.49E+5
1-135 2.56E+6
Cs-134 6.75E+9
Cs-136 1.49E+8
Cs-137 1.04E+10
Cs-138 3.59E+5
Ba-139 1.06E+5
Ba-140 2.05E+7
Ba-141 4.18E+4
Ba-142 4.49E+4
La-140 1.91E+7
La-142 7.36E+5
Ce-141 1.36E+7
Ce-143 2.32E+6
Ce-144 6.95E+7
Pr-143 -
Pr-144 1.83E+3
Nd-147 8.40E+6
W-187 2.36E+6
Np-239 1.71E+6
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FIGURE 7.0-1

GASEOUS RADIOACTIVE EFFLUENT MONITORING AND VENTILATION
SYSTEMS DIAGRAM
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NOTE:

The HEPA and charcoal filters identified on the Standby Gas Treatment System (SGTS) are engineered safety features and are not
considered Ventilation Exhaust Treatment Systems (VETS). No effluent reduction was credited in the UFSAR 10CFR50 Appendix |
evaluation for filters installed in plant ventilation systems. Fermi 2 conforms to 10CFR50 Appendix | without filtration installed.

END OF SECTION 7.0
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SECTION 8.0

SPECIAL DOSE ANALYSIS
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8.0

8.1

8.2

SPECIAL DOSE ANALYSES
Doses Due to Activities Inside the SITE BOUNDARY

In accordance with ODCM 5.9.1.8, the Annual Radioactive Effluent Release Report
submitted prior to May 1 of each year shall include an assessment of radiation doses from
radioactive liquid and gaseous effluents to MEMBERS OF THE PUBLIC due to their
activities inside the SITE BOUNDARY.

Two locations within the Fermi 2 SITE BOUNDARY are accessible to MEMBERS OF THE
PUBLIC for activities unrelated to DTE Energy operational and support activities. One is
the over-water portion of the SITE BOUNDARY due east of the plant. Ice fishermen
sometimes fish here during the winter. The other is the Fermi 2 Visitor's Center, outside
the protected area (but inside the Owner Controlled Area), approximately 470 meters SSW
of the Reactor Building. The Visitor's Center is open to the public and is routinely visited
by MEMBERS OF THE PUBLIC, including school tour groups on a frequency of once per
year.

Conservative assumptions of locations, exposure times, and exposure pathways for
assessing doses from gaseous and liquid effluents due to activities inside the

SITE BOUNDARY are presented in Table 8.0-1. The calculational methods presented in
ODCM Sections 7.6 and 7.7 may be used for determining the maximum potential dose to
a MEMBER OF THE PUBLIC based on the above assumptions. Alternatively, the effluent
concentration values of Appendix B, Table 2, of the revised 10 CFR Part 20 may be used
to assess dose since these concentrations, if continuously inhaled or ingested, produce a
total effective dose equivalent of 50 mrem per year.

The potential dose from the fish pathway to a MEMBER OF THE PUBLIC engaged in ice
fishing within the SITE BOUNDARY is accounted for by the modeling presented in ODCM
Section 6.5. Therefore, no additional special dose analyses are required for this exposure
pathway for reporting in the Annual Radioactive Effluent Release Report.

Doses to MEMBERS OF THE PUBLIC - 40 CFR 190

The Annual Radioactive Effluent Release Report shall also include an assessment of the
radiation dose to the likely most exposed MEMBER OF THE PUBLIC for reactor releases
and other nearby uranium fuel cycle sources (including dose contributions from effluents
and direct radiation from onsite sources). For the likely most exposed MEMBER OF THE
PUBLIC in the vicinity of the Fermi 2 site, the sources of exposure need consider only the
radioactive effluents and direct exposure contribution from Fermi 2.

No other fuel cycle facilities contribute significantly to the cumulative dose to a MEMBER
OF THE PUBLIC in the immediate vicinity of the site. Davis-Besse is the closest fuel cycle
facility located about 20 miles to the SSE. Due to environmental dispersion, any routine
releases from Davis-Besse would contribute insignificantly to the potential doses in the
vicinity of Fermi 2.

As appropriate for demonstrating/evaluating compliance with the limits of

ODCM 3.11.4 (40 CFR 190), the results of the environmental monitoring program may be
used to provide data on actual measured levels of radioactive material in the actual
pathways of exposure.
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8.2.1 Effluent Dose Calculations

For purposes of implementing the surveillance requirements of ODCM 3.11.4
and the reporting requirements of ODCM 5.9.1.8, dose calculations for Fermi 2
may be performed using the calculational methods contained within this ODCM
and the conservative controlling pathways and locations of Table 7.0-3. Liquid
pathway doses may be calculated using Equation (6-10). Doses due to releases
of radioiodines, tritium and particulates may be calculated based on

Equation (7-14).

The following equations may be used for calculating the doses to MEMBERS OF
THE PUBLIC from releases of noble gases. Equation (8-2) is not used for
evaluating compliance with 40 CFR Part 190, since this regulation does not
address skin dose. If noble gases are being released from more than one point,
these equations must be used to evaluate each release point separately, and
then the doses must be added to obtain the total noble gas dose.

Dtb:3.17E—08*;(IQ*Z(Ki *Qi)

(8-1)
and

Dg=3.17E-08 *Z/Q*Z[(Li +1.1Mi)*Qi]

(8-2)

where:

Dtp = total body dose due to gamma emissions for noble gas
radionuclides (mrem)

Ds = skin dose due to gamma and beta emissions for noble gas
radionuclides (mrad)

x/Q = atmospheric dispersion to the offsite location (sec/m3)

Qj = cumulative release of noble gas radionuclide i over the
period of interest (uCi)--may be determined according to
Equation (7-8)

1.67E+01 = (1E + 03 ml/liter) * (1 min/60 sec)
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Kij = total body dose factor due to gamma emissions from noble
gas radionuclide i (mrem/yr per uCi/m?) (from Table 7.0-2)

Lj = skin dose factor due to beta emissions from noble gas
radionuclide i (mrem/yr per uCi/m3) (from Table 7.0-2)

M; = gamma air dose factor for noble gas radionuclide i (mrad/yr
per uCi/m3) (from Table 7.0-2)

1.1 = mrem skin dose per mrad gamma air dose (mrem/mrad)

3.17E-08

1/3.15E + 07 yr/sec

Note: Average annual meteorological dispersion parameters or meteorological
conditions concurrent with the release period under evaluation may be used
(e.g., quarterly averages or year-specific annual averages, 5-year averages).

8.2.2 Direct Exposure Dose Determination

From evaluations performed in the Fermi 2 Environmental Report, Section 5.3.4,
the direct exposure to the highest offsite location from the Turbine Building N-16
skyshine dose has been calculated to be approximately 3 mrem/year. The
introduction of hydrogen injection at Fermi 2 in 1997 (hydrogen water chemistry)
tends to increase direct exposure. Direct exposure to offsite or onsite individuals
may be evaluated based on the results of environmental measurements (e.g.
area TLD and survey meter data) or by the use of a radiation transport and
shielding calculational method. Only during atypical conditions will there exist
any potential for significant onsite sources at Fermi 2 that would yield potentially
significant offsite doses to a MEMBER OF THE PUBLIC. However, should a
situation exist whereby the direct exposure contribution is potentially significant,
onsite measurements, offsite measurements and calculational techniques will be
used for determination of dose for assessing 40 CFR 190 compliance. The
calculational techniques will be identified, reviewed, and approved at that time,
and will be included in any report on doses due to such atypical conditions.

823 Dose Assessment Based on Radiological Environmental Monitoring Data

Normally, the assessment of potential doses to MEMBERS OF THE PUBLIC
must be calculated based on the measured radioactive effluents at the plant.
The resultant levels of radioactive material in the offsite environment are usually
so minute as to be undetectable. The calculational methods presented in this
ODCM are used for modeling the transport in the environment and the resultant
exposure to offsite individuals.
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The results of the radiological environmental monitoring program can provide
input into the overall assessment of impact of plant operations and radioactive
effluents. With measured levels of plant related radioactive material in principal
pathways of exposure, a quantitative assessment of potential exposures can be
performed. With the monitoring program not identifying any measurable levels,
the data provides a qualitative assessment - a confirmatory demonstration of the
negligible impact.

Dose modeling can be simplified into three basic parameters that can be applied
in using environmental monitoring data for dose assessment:

D = Cx* U * DF

(8-3)
where:
D = dose or dose commitment
C = concentration in the exposure media, such as air concentration for the
inhalation pathway, or fish, vegetation or milk concentration for the
ingestion pathway
U = individual exposure to the pathway, such as hr/yr for direct exposure,

kgl/yr for ingestion pathway

DF = dose conversion factor to convert from an exposure or uptake to an
individual dose or dose commitment

The applicability of each of these basic modeling parameters to the use of
environmental monitoring data for dose assessment is addressed below:

Concentration - C

The main value of using environmental sampling data to assess potential doses
to individuals is that the data represents actual measured levels of radioactive
material in the exposure pathways. This eliminates one main uncertainty and the
modeling has been removed - the release from the plant and the transport to the
environmental exposure medium.

Environmental samples are collected on a routine frequency per the ODCM. To
determine the annual average concentration in the environmental medium for

use in assessing cumulative dose for the year, an average concentration should
be determined based on the sampling frequency and measured levels:

C; = X(c;*t) /363

(8-4)
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Ci = average concentration in the sampling medium for the year

Ci = concentration of each radionuclide i measured in the individual sampling
medium

t = period of time that the measured concentration is considered

representative of the sampling medium (typically equal to the sampling
frequency; e.g., 7 days for weekly samples, 30 days for monthly
samples).

If the concentration in the sampling medium is below the detection capabilities
(i.e., less than Lower Limits of Detection (LLD), a value of zero should be used
for Cj (Cj = 0).

Exposure - U

Default Exposure Values (U) as recommended in Regulatory Guide 1.109 are
presented in Table 8.0-2. These values should be used only when specific data
applicable to the environmental pathway being evaluated is unavailable.

Also, the routine radiological environmental monitoring program is designed to
sample/monitor the environmental media that would provide early indications of
any measurable levels in the environment but not necessarily levels to which any
individual is exposed. For example, sediment samples are collected in the area
of the liquid discharge: typically, no individuals are directly exposed. To apply
the measured levels of radioactivity in samples that are not directly applicable to
exposure to real individuals, the approach recommended is to correlate the
location and measured levels to actual locations of exposure.

Hydrological or atmospheric dilution factors can be used to provide reasonable
correlations of concentrations (and doses) at other locations. The other
alternative is to conservatively assume a hypothetical individual at the sampling
location. Doses that are calculated in this manner should be presented as
hypothetical and very conservatively determined - actual exposure would be
much less. Samples collected from the Monroe water supply intake should be
used for estimating the potential drinking water doses. Other water samples
collected, such as near field dilution area, are not applicable to this pathway.

Dose Factors - DF
The dose factors are used to convert the intake of the radioactive material to an
individual dose commitment. Values of the dose factors are presented in

NRC Regulatory Guide 1.109. The use of the RG 1.109 values applicable to the
exposure pathway and maximum exposed individual is referenced in Table 8.0-2.
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Assessment of Direct Exposure Doses from Noble Gases

Thermoluminescent Dosimeters (TLD) are routinely used to assess the direct
exposure component of radiation doses in the environment. However, because
routine releases of radioactive material (noble gases) are so low, the resultant
direct exposure doses are also very low. A study* performed for the NRC
concluded that it was generally impractical to distinguish any plant contribution to
the natural background radiation levels (direct exposure) below around 10 mrem
per year. Therefore, for routine releases from nuclear power plants the use of
TLD is mainly confirmatory - ensuring actual exposures are within the expected
natural background variation.

For releases of noble gases, environmental modeling using plant measured
releases and atmospheric transport models as presented in ODCM Sections 7.6
and 8.2.1 represents the best method of assessing potential environmental
doses. However, under unusual conditions, direct radiation from noble gas
concentrations could be sufficient to cause significant increases in TLD readings;
any observed variations in TLD measurements outside the norm should be
evaluated.

*  NUREG/CR-0711, Evaluation of Methods for the Determination of X- and Gamma-Ray
Exposure Attributable to a Nuclear Facility Using Environmental TLD Measurements, Gail
dePlanque, June 1979, USNRC.
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TABLE 8.0-1

Assumptions for Assessing Doses Due to
Activities inside SITE BOUNDARY

Periodic Onsite
Work for Another
Employer

Site Tours

Distance / Direction:

0.25 miles / SSW

0.25 miles / SSE

Estimated 400 hrlyr 16 hrfyr
Exposure (8 hr/week for (8 hrivisit, 2 visits
Time: 50 weeks) per year)
Exposure direct exposure direct exposure
Pathways: from noble gases from noble gases

inhalation of tritium,
iodines particulates

inhalation of tritium, iodines
particulates

Meteorological
Dispersion

annual average
(as determined
for year(s) being
evaluated)

1.04E-05 sec/m3*

annual average
(as determined
for year(s) being
evaluated)

2.03E-5 sec/m3*

* 2009 — 2013 Five-year average y/Q values for the Turbine Building release
point. These values are shown as examples of the range of values to be

expected.
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TABLE 8.0-2

Recommended Exposure Rates in Lieu of
Site Specific Data*

Exposure Pathway Maximum Exposure Rates Table Reference for
Exposed Age Dose Factor from
Group RG 1.109

Liquid Releases

Fish Adult 21 kgly E-11

Drinking Water Adult 730 lly E-11

Bottom Sediment Teen 67 hly E-6
Atmospheric Releases

Inhalation Teen 8,000 m3/y E-8

Direct Exposure All 6,100 h/y** N/A

Leafy Vegetables Child 26 kgly E-13

Fruits, Vegetables and Teen 630 kgly E-12

Grain

Milk Infant 330 Ity E-14

Adapted from Regulatory Guide 1.109, Table E-5. This table is not a complete list of

exposure rates; other applicable values may be found in Regulatory Guide 1.109.

*%

shielding factor as recommended in Regulatory Guide 1.109.

END OF SECTION 8.0
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SECTION 9.0

ASSESSMENT OF LAND USE CENSUS DATA
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9.0 ASSESSMENT OF LAND USE CENSUS DATA

A Land Use Census (LUC) is conducted annually in the vicinity of the Fermi 2 site. This census
fulfills two main purposes: 1) Meet requirements of ODCM 3.12.2 for identifying controlling
location/pathway for dose assessment of ODCM 3.11.2.3; and 2) provide data on actual
exposure pathways for assessing realistic doses to MEMBERS OF THE PUBLIC.

9.1

Land Use Census as Required by ODCM 3.12.2

As required by ODCM 3.12.2, a Land Use Census shall be conducted during the growing
season at least once per twelve months. The purpose of the census is to identify within a
5 mile distance the location in each of the 16 meteorological sectors of all milk producing

animals, all meat producing animals, all gardens larger than 500 ft2 producing broadleaf
vegetation, and the closest residence to the plant. The data from the LUC is used for
updating the location/pathway for dose assessment and for updating the Radiological
Environmental Monitoring Program.

If the census identifies a location/pathway(s) yielding a higher potential dose to a
MEMBER OF THE PUBLIC than currently being assessed as required by ODCM 3.11.2.3
(and ODCM Section 7.7 and Table 7.0-3), this new location pathway(s) shall be used for
dose assessment. In this case, Table 7.0-3 shall be updated to include the currently
identified controlling location/pathway(s). Also, if the census identifies a location(s) that
yields a calculated potential dose (via the same exposure pathway) 20% greater than a
location currently included in the Radiological Environmental Monitoring Program, the new
location(s) shall be added to the program within 30 days, unless permission to take
samples cannot be obtained from the affected landowner or site boundary vegetation
sampling is being performed per the note in section 9.1.3. The sampling location(s),
excluding control locations, having the lowest calculated dose may be deleted from the
program after October 31 following the current census. As required by ODCM 3.12.2 and
5.9.1.8, the new location/pathway(s) shall be identified in the next Annual Radioactive
Effluent Release Report. The following guideline shall be used for assessing the results
from the land use census to ensure compliance with ODCM 3.12.2.

9.11 Data Compilation

1. Compile all locations and pathways of exposure as identified by the land
use census.

2.  From these compiled data, identify any changes from the previous year's
census. ldentify the current controlling location/pathway (critical receptor)
used in ODCM Table 7.0-3. Also, identify any location currently included in
the REMP (Table 10.0-1).
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3.  Perform relative dose calculations based on actual Fermi 2 gaseous
effluent releases for a recent period of reactor operation, using the pathway
dose equations of the ODCM. In identifying the critical receptor for Table
7.0-3, all age groups and all pathways relevant to ODCM 3.11.2.3 that may
be present at each evaluated location are considered. The critical receptor
is assumed to be a member of the age group with the highest calculated
dose to the maximally exposed organ due to 1-131, I-133, H-3, C-14 and
particulates with half lives greater than 8 days. Other receptors may have
higher doses to other organs than the critical receptor has to those organs.

4.  Formulate a listing of locations of high dose significance in descending
order of relative dose significance. Include the relative dose significance in
the listing.

9.1.3 Program Updates

1. If any receptor is identified with a higher relative dose than the current
critical receptor in ODCM Table 7.0-3, this receptor and its associated
location and pathways should replace the previously identified critical
receptor information in Table 7.0-3.

2. The Land Use Census data should be used to revise the REMP and
Section 10.0 of the ODCM in accordance with ODCM 3.12.2, Action Item b.

3.  Any changes in either the controlling location/pathway(s) (critical receptor)
for the ODCM dose calculations (Section 7.7 and Table 7.0-3) or the REMP
(ODCM Section 10.0 and Table 10.0-1) shall be reported to NRC in
accordance with ODCM 3.12.2, Action Items a. and b. and ODCM 5.9.1.8.

NOTE: As permitted by footnote to ODCM 3.12.2, broadleaf vegetation
sampling may be performed at the SITE BOUNDARY in two locations, in
different sectors with highest predicted D/Qs, in lieu of the garden sampling.
Also, for conservatism in dose assessment for compliance wit