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INTRODUCTION

The submittal of the 2019 Radioactive Effluent Release Report is in accordance with
Susquehanna Nuclear, LLC Tech Spec. 5.6.3. The enclosed information is consistent
with the objectives outlined in the Offsite Dose Calculation Manual (ODCM) and
Process Control Program (PCP). The 2019 Radioactive Effluent Release Report is in
conformance with 10CFR50.36a and 10CFR50, Appendix |, Section IV.B.1.

Susquehanna Nuclear, LLC is located in Salem Township, Luzerne County,
Pennsylvania. Itis on the west bank of the Susquehanna River, 8 km northeast of
Berwick. The station consists of two boiling water reactor generating units. Each unit
has completed an Extended Power Uprate process which has increased licensed
thermal power from 3293 MWt (megawatt thermal) to 3952 MW1t. Unit-1 completed the
power uprate in 2010 and Unit 2 completed the power uprate in 2011. The reactor and
generating units were supplied by General Electric, while the Bechtel Corporation
served as architect-engineer and constructor.

Construction of the Station began in the early 1970s. Fuel load began in Unit 1 in July
of 1982. Initial criticality was achieved in the Unit 1 reactor on September 10, 1982.
The reactor reached 100% power for the first time on February 4, 1983. Commercial
operation of Unit 1 was declared on June 8, 1983. Initial criticality of Unit 2 occurred on
May 8, 1984. Unit 2 was declared commercial on February 12, 1985.

Airborne effluents are released from the Station via five rooftop vents on the reactor
building (see Figure 1-1). Continuous sampling for particulates and iodines is
performed at each vent as well as continuous monitoring for noble gases. A program of
periodic sampling and analysis for tritium and noble gases along with periodic analysis
of particulate and iodine samples is conducted as specified in the plant Technical
Requirements. All waterborne effluents are released in batch mode and are sampled
and analyzed prior to release. Waterborne effluents from the site are released into the
cooling tower blowdown line for dilution prior to release to the Susquehanna River (see
Figure 1-2). Blowdown line flow rates are at least 5,000 gpm during periods of liquid
radwaste release. The diluted effluent is introduced to the river by way of a perforated
diffuser pipe placed on the river bed. The diffuser serves to mix the station discharge
with the main flow of the river.

This report presents a summary of the quantities of radioactive materials which were
released from the Station during the period from January 1 to December 31, 2019. In
addition, this report serves as a medium for notifying the US Nuclear Regulatory
Commission staff of changes to the ODCM, PCP and documentation of any exceptions
to the effluent monitoring program which must be reported per Technical Requirements.

Airborne and waterborne radioactive effluent releases to the environment during the

report period were sampled and analyzed in accordance with the Technical
Requirements. All radioactive effluent releases were within the concentration and
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release limits specified in the Technical Requirements. Calculations and terms utilized
in this report are those outlined in the ODCM.

Section 1 contains supplemental information pertaining to effluents from the
Susquehanna plant. Included are regulatory limits (Table 1-1), sampling and analysis
methods, characterization of the number and duration of batch and abnormal releases
and a brief summary of the applicable year’s effluents.

Section 2 contains effluent and waste disposal data for the report period. Table 2-1
contains a summation of all airborne releases, grouped into the radionuclide categories
of gases, particulates, iodines, and tritium. Average release rates are presented and
compared to the applicable limits. Table 2-2 presents the activity totals of specific
radionuclides in airborne effluents.

Waterborne effluents are summarized in Table 2-3. Average diluted concentrations are
presented and compared to the applicable limits. Table 2-4 presents the release
quantities of specific radionuclides in waterborne effluents over the report period.
Figures 2-1 and 2-2 present the Susquehanna River Monthly Average Flow Rates for
2019 and the Monthly Liquid Radwaste Discharge Totals for 2019, respectively.

Table 2-5 contains estimates of the errors associated with the measurements involved
in quantifying effluents. Sampling errors, counting errors, and errors associated with
determining effluent flow rates and volumes all contribute to the total error of effluent
measurements. Error estimates are presented for each category of radionuclide
detected in airborne and waterborne effluents and solid wastes during the report period
(Error Analysis of the Radioactive Effluent Sampling and Analysis Program at the
SSES, Hydro Nuclear Services; 1985).

All solid radioactive waste shipped offsite from the Susquehanna station during 2019
was shipped directly to waste processing facilities. Tables 2-6 through 2-8 present a
characterization of the solid radioactive waste shipped offsite for processing during the
report period. Tables 2-9 and 2-10 present a characterization of solid radioactive waste
which was buried during 2019. An estimate of major nuclide composition is included for
each waste type. Also included is the volume and curie content associated with each
type of solid waste.

Section 3 presents meteorological data for 2019, including data recovery, joint
frequency distribution of wind speed and direction, stability class distribution, and
atmospheric dispersion estimates for selected locations.

Section 4 of this report contains an assessment of the calculated doses attributed to the
reported radiological effluents for the calendar year. The Radioactive Effluent Tracking
and Dose Assessment Software (RETDAS) computer code was used for calculation of
doses from waterborne effluents. Site-specific parameters used in the calculations for
the Danville receiver are shown in Table 4-1. The RETDAS code was also used for
calculation of doses from airborne effluents. The calculated doses and direct radiation
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estimates can be used to estimate the doses to maximally exposed members of the
public. Table 4-2 summarizes maximum calculated doses to members of the public
from airborne and waterborne effluents. Table 4-3 presents calculated collective doses
to members of the public within the Riverlands/Energy Information Center Complex.
Table 4-4 summarizes the calculated doses for residences and other occupied areas
within the site boundary and the nearest dairy. Additionally, Section 4 includes a
description of the methodology used in the calculation and resultant dose impact of
Carbon-14 released from the station.

Section 5 of this report documents changes to the Offsite Dose Calculation Manual,
Technical Requirements Manual and the Solid Radioactive Waste Process Control
Program.

Section 6 presents a listing of cases (if any) in which airborne or waterborne effluent
monitoring instrumentation was declared inoperable and was not restored to operability
within the time period specified in Technical Requirements 3.11.1.4, 3.11.1.5 and
3.11.2.6 Action Statements. In addition, this section presents issues (if any) with the
collection of milk or fresh leafy vegetables per Technical Requirement 3.11.4.1 and
changes due to the land use census per Technical Requirement 3.11.4.2. Section 6
also includes reporting associated with the Nuclear Energy Institute (NEI) Groundwater
Protection Initiative.

Section 7 contains corrections (if any) to previous Radioactive Effluent Release
Reports.

Section 8 contains information on effluent and offsite dose from the systems classified
as insignificant effluent pathways.
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SUMMARY

During 2019 there were fifty-one (51) liquid batch releases resulting in a total release
volume of approximately seven hundred three thousand seven hundred (703,700)
gallons. The total number of liquid batch releases and total volume released in 2019
was lower than the corresponding values for 2018 (75 releases resulting in 871,400
gallons released in 2018). The predominant radionuclide released in liquid effluents
during 2019 was tritium. Approximately thirty-two (32) curies of tritium were released in
liquid effluents in 2019, compared to thirty-one (31) curies released in 2018. When
compared with all radionuclides released in liquid effluents in 2019, Co-60 and Nb-95
were the main contributors to the resultant offsite dose. Consistent with previous years,
the offsite dose from liquid releases in 2019 was less than one percent (1%) of the
annual limits for both organ and whole body dose.

In 2010, an industry initiative (supported by EPRI and NEI) was established to evaluate
and report gaseous effluent Carbon-14 (C-14) in the Annual Radioactive Effluent
Release Report. The initiative is rooted in Regulatory Guide 1.21, Revision 2,
“Measuring, Evaluating, and Reporting Radioactive Material in Liquid and Gaseous
Effluents and Solid Waste”, in that the NRC has recommended that U.S. nuclear power
plants evaluate whether C-14 is a "principal radionuclide", and if so, report the amount
of C-14 released. The C-14 reported as released from the Susquehanna station in 2019
is calculated based on samples taken from each unit's Offgas system in October 2012,
specifically the Offgas post-treatment sample stream. Approximately 47 Curies of C-14
were released in gaseous effluents in 2019. See section 4 for additional details on C-14
released in airborne effluents.

Historically, tritium has been the predominant radionuclide (both in curies and resultant
offsite dose) released in gaseous effluents from the Susquehanna station.
Approximately one hundred eighty (180) curies of tritium were released in gaseous
effluents in 2019 compared to seventy-four (74) curies in 2018. The resultant maximum
offsite organ dose due to gaseous effluents from Unit-1 for 2019 was 3.42E-1 mrem,
which is 2.28% of the per unit annual limit of fifteen (15) mrem. The resultant maximum
offsite organ dose due to gaseous effluents from Unit-2 for 2019 was 1.13 mrem, which
is 7.53% of the per unit annual limit of fifteen (15) mrem. The maximum offsite dose
from gaseous effluents in 2019 is higher than the maximum offsite dose from gaseous
effluents in 2018 primarily due to increased airborne tritium releases resulting from a
steam leak in Unit-2.

During 2019, there were no fission or activation gases identified above analysis
detection levels in any airborne effluent samples. Additionally, airborne effluent
radiation monitor trend data did not indicate any effluent releases above normal
background during 2019.
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FIGURE 1-2
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SUPPLEMENTAL INFORMATION

Requlatory Limits

Technical Requirements 3.11.1 and 3.11.2 outline requirements for release of
radioactive liquid and gaseous effluents, respectively. Concentration of radioactive
materials released in liquid effluents and resulting dose are limited in unrestricted
areas. Dose and dose rate due to radioactive materials released in gaseous
effluents are limited in areas at or beyond the site boundary. Technical
Requirement limits are listed in Table 1-1.

Maximum Permissible Concentrations in Waterborne Effluents

The concentration of radioactive material released in liquid effluents to unrestricted
areas is limited to 10 times the concentrations 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 is limited to
2.0E-04 pCi/ml total activity (TRO 3.11.1.1).

Average Energy of Fission and Activation Gas

The Susquehanna station airborne effluent noble gas release rate limits are based
on the TRM annual dose rate limits of 500 mrem/year to the total body and 3000
mrem/year to the skin. Therefore, the average beta and gamma energies of the
radionuclide mixture in releases of fission and activation gases as described in
Regulatory Guide 1.21, Revision 1, Appendix B, Section A.3 are not applicable to
Susquehanna.

Measurements and Approximations of Total Radioactivity

Analyses of specific radionuclides in effluent samples are used to evaluate the
radioactive composition and concentration of effluents.

Methods of Quantifying Effluents

a. Fission and Activation Gases: Gas samples are routinely collected monthly
and analyzed with a high resolution (HPGE) detector system which
incorporates a data reduction program to determine radionuclide composition
in terms of specific activity. Data from the continuous vent monitors are used
to determine the average concentration of noble gases. The high resolution
(HPGE) isotopic scan is used to convert the continuous vent monitor activity
to actual activity based on the determined nuclide mixture. The vent and
sample flow rates are continuously monitored and the average flow rates for
each vent are used to calculate the total activity released in a given time
period. When the continuous monitors are out of service, manual grab
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samples are taken from each vent once every eight hours (once every four
hours for the standby gas treatment vent when standby gas treatment system
is in service).

lodines: lodine is continuously collected on charcoal or silver zeolite
cartridges via an representative sampling assembly in each vent. Filters are
normally exchanged once per week and analyzed on a high resolution
(HPGE) system. The daily average flow rates for the vents and sample
pumps are averaged for the duration of the sampling period and a ratio of
vent flow rate to sample flow rate is determined. The ratio is used to
determine the total activity of each isotope released during the time period in
question. When the continuous samplers are out of service, iodine is
continuously collected from alternate sampling ports available on the sample
lines or directly from the affected rooftop vent(s).

Particulates: Particulates are continuously collected via an isokinetic
sampling assembly in each vent. Filters are normally exchanged once per
week and analyzed on a high resolution (HPGE) system. Flow rate
corrections are performed the same as for iodines. When the continuous
samplers are out of service, particulates are continuously collected from
alternate sampling ports available on the sample lines or directly from the
affected rooftop vent(s).

Tritium: Airborne tritium is collected monthly via bubbler sampler. The
sample is collected for one hour at a flow rate of approximately 1000 cc/min.
Tritium activity in the bubbler sample is determined by liquid scintillation
counting. The liquid sample tritium concentration is then converted to air
concentration by volume proportion.

Waterborne Effluents: Each tank of liquid radwaste is sampled and
analyzed for principal gamma emitters prior to release. Each sample tank is
recirculated for a sufficient amount of time prior to sampling to ensure that a
representative sample is obtained. Samples are analyzed on a high
resolution (HPGE) system and release permits are generated based on the
values obtained from the isotopic analysis and the most recent values for
tritium, gross alpha, iron-55, and strontium-89 and -90. An aliquot based on
release volume is saved and added to monthly and quarterly composite
containers. The monthly tritium analysis is done in-house. A monthly
composite is sent to a vendor laboratory for gross alpha analysis. A quarterly
composite is sent to a vendor laboratory for iron-55, strontium-89 and-90
analyses.

The concentration of each radionuclide in each batch is multiplied by the
volume of the batch to determine the total quantity of each nuclide released in
each batch. The isotopic totals for each batch are summed to determine the
total source term for the report period.
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TABLE 1-1

TECHNICAL REQUIREMENT LIMITS

NOBLE GASES:

1. <500 mrem/year - TOTAL BODY
<3000 mrem/year - SKIN

- instantaneous dose rate limit at and beyond the site boundary
(TRO 3.11.2.1.1)

2. <5 mrad - AIR GAMMA
<10 mrad - AIR BETA

- quarterly air dose limits per reactor unit at and beyond the site
boundary (TRO 3.11.2.2a)

3. <10 mrad - AIR GAMMA
<20 mrad - AIR BETA

- annual air dose limits per reactor unit at and beyond the site
boundary (TRO 3.11.2.2.b)

AIRBORNE [1-131, 1-133, TRITIUM, PARTICULATES WITH
HALF-LIVES > 8 DAYS:

1. <1500 mrem/year — ORGAN (inhalation pathways only)

- instantaneous dose rate limit at and beyond the site boundary
(TRO 3.11.2.1.1LLA)

2. <7.5 mrem — ORGAN quarterly dose limit per reactor unit at and beyond
the site boundary (TRO 3.11.2.3.a)

3. <15 mrem - ORGAN

- annual dose limit per reactor unit at and beyond the site boundary
(TRO 3.11.2.3.b)



LIQUID EFFLUENTS:

1. <1.5mrem-TOTAL BODY
<5.0 mrem - ORGAN
- quarterly dose limits per unit (TRO 3.11.1.2.a)

2. <3.0 mrem - TOTAL BODY
<10.0 mrem - ORGAN
- annual dose limits per unit (TRO 3.11.1.2.b)

AIRBORNE EFFLUENT: BASES FOR PERCENT OF APPLICABLE LIMIT
VALUES IN TABLE 2-1

Fission and Activation Gases

Derived release rate limits based on the Technical Requirement

(TRO 3.11.2.1.1.A and B) limits of 500 mrem/yr to the total body and 3000
mrem/yr to the skin were calculated (PPL calculation EC-ENVR-1041 Rev. 7)
from the expected mix of noble gas radionuclides presented in Attachment A
of ODCM-QA-003, Effluent Monitor Setpoints. The lower limit of 2.00E+06
MCi/min (3.33E+04 uCi/sec) based on total body dose rate is used.

lodine-131

A derived release rate limit for I-131 based on the Technical Requirement
(TRO 3.11.2.1.11LA) limit of 1500 mrem/yr from 1-131, 1-133, tritium and
particulates with half-lives greater than 8 days was calculated (PPL
calculation EC-ENVR-1041 Rev. 7) based on the ratio of the expected annual
release quantities of 1-131 and I-133 provided in Attachment E of ODCM-QA-
004, Airborne Effluent Dose Calculations. The limitis 1.36E+02 puCi/min [-131
(2.27E+00 pCi/sec).

Particulates

A derived release rate limit for particulate activity other than iodines based on
the Technical Requirement (TRO 3.11.2.1.11.A) limit of 1500 mrem/yr from I-
131, 1-133, tritium and particulates with half-lives greater than 8 days was
calculated (PPL calculation EC-ENVR-1041 Rev. 7) based on the expected
annual release quanities of particulate radionuclides provided in Attachment E
of ODCM-QA-004, Airborne Effluent Dose Calculations. The limit is
3.83E+03 uCi/min (6.38E+01 uCi/sec).



Tritium

A derived release rate was calculated based on the 10 CFR 20, Appendix B,
Table 2, Column 1, Effluent Concentration Limit for tritium (1.0E-07 uCi/cc) to
unrestricted areas. An atmospheric dispersion factor of 4.1E-05 sec/m? was
assumed (PPL calculation EC-ENVR-1040). The limitis 1.46E+05 pCi/min
(2.44E+03 pCi/sec).

Radionuclide Fractional Summation

The sum of the percentages of applicable limits for particulates, iodine and
tritium must be less than 100%.

WATERBORNE EFFLUENT: BASES FOR PERCENT OF APPLICABLE
LIMIT VALUES IN TABLE 2-3

Fission and Activation Products

Concentrations of fission and activation products in liquid effluent from
radwaste effluent are determined for each batch prior to release. Each
isotope concentration is compared to ten times the 10CFR20 Appendix B,
Table 2, Column 2 Effluent Concentration Values (TRO 3.11.1.1).

Tritium
Liquid effluent quarterly tritium concentrations are compared to ten times the
10 CFR 20 Appendix B, Table 2, Column 2, Effluent Concentration value of

1.0E-03 pCi/ml to unrestricted areas.

Dissolved and Entrained Gases

Liquid effluent concentrations for dissolved and entrained gases are
compared to the limiting value for total noble gas activity of 2.0E-04 uCi/ml
(TRO 3.11.1.1).

Radionuclide Fractional Summation

The sum of the percentages of applicable limits for fission and activation
products, tritium and dissolved and entrained gases must be less than 100%.
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Airborne Effluents

Summaries of the radionuclide total curie activities and average release rates are
included in Tables 2-1 and 2-2. Total for Period values in Table 2-2 may not equal the
sum of the Curies listed for each radionuclide due to unit rounding of the individual
isotopes. Carbon-14 (C-14) activity released is not included in Tables 2-1 or 2-2. See
Section 4 for additional details on the calculation of C-14 released in 2019 from the
Susquehanna station. If a radionuclide was not detected, zero activity was used for that
isotope in dose calculations and the activity is listed as “<MDC” (less than the minimum
detectable concentration) in Tables 2-1 and 2-2. <MDC indicates that no activity was
positively detected in any sample when samples were analyzed with techniques which
achieved the required Lower Limits of Detection (LLD) as specified in the Technical
Requirement (TRO) Table 3.11.2.1-1, Radioactive Gaseous Effluent Sampling and
Analysis Program. In all cases, the measurement laboratory MDCs were at or below
the LLD levels required by Technical Requirements. The following are typical
measurement laboratory MDCs.

Typical MDCs

Radionuclide @ MDC (uCi/cc)

Kr-87 4.3 E-08
Kr-88 4.6 E-08
Xe-133 3.0 E-08
Xe-133m 1.1 E-07
Xe-135 1.5 E-08
Xe-135m 8.0 E-08
Xe-138 1.5 E-07
Mn-54 29E-13
Fe-59 2.8 E-13
Co-58 1.8 E-13
Co-60 3.8 E-13
Zn-65 1.0 E-13
Mo-99 1.0 E-12
Cs-134 2.4 E-13
Cs-137 1.1 E-13
Ce-141 1.0 E-13
Ce-144 5.0 E-13
1-131 4.4 E-14
Sr-89 1.1 E-13
Sr-90 1.3 E-14
H-3 1.5 E-08
Gross Alpha 2.3 E-14
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Batch Releases

Number of Batch Releases:
Total Time Period for Batch Release:

Average Time Period for a Batch Release:
Minimum Time Period for a Batch Release:

aobrwn =~

Abnormal Releases

1. Number of Releases
2. Total Activity Released

2-3

Maximum Time Period for a Batch Release:

NA
NA
NA
NA

o o



AIRBORNE EFFLUENT - SUMMATION OF ALL RELEASES

TABLE 2-1

First Second Third Fourth

Fission and Activation Gas Unit Quarter Quarter Quarter Quarter
Total Release Ci <MDC <MDC <MDC <MDC
Average Release Rate for Period 0 0 0 0 0
Percent of Applicable Limit (3.33E+04 % 0 0 0 0
uCi/sec)
lodines
Total I-131 Ci <MDC <MDC <MDC <MDC
Average Release Rate for Period pCi/sec 0 0 0 0
Percent of Applicable Limit (2.27E+00 % 0 0 0 0
uCi/sec)
Particulate
Particulate with Half-Life >8 Days Ci 2.74E-05 2.93E-04 <MDC <MDC
Average Release Rate for Period uCi/sec | 3.53E-06 3.73E-05 0 0
Percent of Applicable Limit (6.38E+01 % 5.53E-06 5.85E-05 0 0
uCi/sec)
Gross Alpha Radioactivity Ci <MDC <MDC <MDC <MDC

Tritium
Total Release Ci 1.36E+01 1.45E+01 2.30E+01 1.29E+02
Average Release Rate for Period pCi/sec | 1.75E+00 1.85E+00 2.89E+00 1.63E+01
Percent of Applicable Limit (2.44E+03 % 7.15E-02 7.57E-02 1.18E-01 6.66E-01
uCi/sec)

Radionuclide Fractional Summation
Sum of Percent of Applicable Limit % 0.07 0.08 0.12 0.67

During Period for B, C and D (Limit =
100%)
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TABLE 2-2

AIRBORNE EFFLUENT - RADIONUCLIDES RELEASED

Releases in Continuous Mode

First Second Third Fourth
Nuclides Released Unit Quarter Quarter Quarter Quarter
A. Fission and Activation Gases
N-13 Ci <MDC <MDC <MDC <MDC
Ar-41 Ci <MDC <MDC <MDC <MDC
Kr-85 Ci <MDC <MDC <MDC <MDC
Kr-85m Ci <MDC <MDC <MDC <MDC
Kr-87 Ci <MDC <MDC <MDC <MDC
Kr-88 Ci <MDC <MDC <MDC <MDC
Kr-89 Ci <MDC <MDC <MDC <MDC
Xe-133 Ci <MDC <MDC <MDC <MDC
Xe-135 Ci <MDC <MDC <MDC <MDC
Xe-135m Ci <MDC <MDC <MDC <MDC
Xe-137 Ci <MDC <MDC <MDC <MDC
Xe-138 Ci <MDC <MDC <MDC <MDC
Total for Period Ci 0 0 0 0
B. lodines
1-131 Ci <MDC <MDC <MDC <MDC
[-132 Ci <MDC <MDC <MDC <MDC
[-133 Ci <MDC <MDC <MDC <MDC
[-135 Ci <MDC <MDC <MDC <MDC
Total for Period Ci 0 0 0 0
C. Particulate
Cr-51 Ci 2.74E-05 2.05E-04 <MDC <MDC
Mn-54 Ci <MDC 7.83E-06 <MDC <MDC
Fe-59 Ci <MDC <MDC <MDC <MDC
Co-57 Ci <MDC <MDC <MDC <MDC
Co-58 Ci <MDC 1.03E-05 <MDC <MDC
Co-60 Ci <MDC 7.00E-05 <MDC <MDC
Zn-65 Ci <MDC <MDC <MDC <MDC
Sr-89 Ci <MDC <MDC <MDC <MDC
Sr-90 Ci <MDC <MDC <MDC <MDC
Cs-134 Ci <MDC <MDC <MDC <MDC
Cs-137 Ci <MDC <MDC <MDC <MDC
Ce-141 Ci <MDC <MDC <MDC <MDC
Ce-144 Ci <MDC <MDC <MDC <MDC
Ba-133 Ci <MDC <MDC <MDC <MDC
Ba-La-140 Ci <MDC <MDC <MDC <MDC
Nb-95 Ci <MDC <MDC <MDC <MDC
Total for Period Ci 2.74E-05 2.93E-04 0 0
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Waterborne Effluents

Summaries of the radionuclide total curie activities, average diluted concentrations, and
percent of applicable Technical Requirement limits are included in Tables 2-3 and 2-4.

Total for Period values in Table 2-4 may not equal the sum of the Curies listed for each
radionuclide due to unit rounding of the individual isotopes.

Batch Releases*

Number of Batch Releases

Total Time Period for Batch Releases

Maximum Time Period for a Batch

Release

4. Average Time Period for a Batch
Release

5. Minimum Time Period for a Batch
Release

6. Average Cooling Tower Blowdown
Flow Rate During Periods of Release

7. Susquehanna River Flow Rate

W=

Qtr. 1
9
1.39E+03
2.97E+02
1.55E+02
6.00E+01
7.83E+03

1.10E+07

Qtr. 2
27
5.41E+03
2.89E+02
2.00E+02
4 .00E+01
7.48E+03

1.19E+07

Qtr. 3
9
1.28E+03
2.90E+02
1.42E+02
6.30E+01
6.58E+03

2.23E+06

Qtr. 4
6
6.57E+02
2.79E+02
1.10E+02
5.50E+01
7.43E+03

7.92E+06

*Units of time and flow are expressed in minutes and gallons per minute (gpm),

respectively.

If a radionuclide was not detected, zero activity was used for that isotope in dose

calculations and the activity is listed as “<MDC” (less than the minimum detectable
concentration) in Tables 2-3 and 2-4. <MDC indicates that no activity was positively

Annual
51
8.74E+03
2.97E+02
1.71E+02
4 .00E+01
7.33E+03

8.24E+06

detected in any sample when samples were analyzed with techniques which achieved
the required Lower Limits of Detection (LLD) as specified in the Technical Requirement
3.11.1.1-1, Radioactive Liquid Waste Sampling and Analysis Program. In all cases, the
measurement laboratory MDCs were at or below the LLD levels required by Technical

Requirements. The following are typical measurement laboratory MDCs.

Radionuclide

Mn-54
Fe-59
Co-58
Co-60
Zn-65
Mo-99
1-131
Cs-134
Cs-137
Ce-141
Ce-144
Sr-89
Sr-90
Fe-55
H-3
Gross Alpha

2-6

MDC (uCi/ml)

4.5 E-08
5.0 E-08
4.0 E-08
5.4 E-08
4.9 E-08
1.7 E-07
2.0 E-08
2.2 E-08
2.6 E-08
3.2 E-08
1.3 E-07
4.4 E-08
1.6 E-08
8.2 E-07
3.6 E-06
3.7 E-09



Abnormal Releases

Number of releases 0 0 0 0
Volume Released (Gallons) N/A N/A N/A N/A
Total Activity Released (Ci) N/A N/A N/A N/A
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F.

TABLE 2-3

WATERBORNE EFFLUENT - SUMMATION OF ALL RELEASES

First Second Third Fourth
A. Fission and Activation Products Unit Quarter Quarter Quarter Quarter
1. Total Release (excluding: Tritium, Ent.
Gases, Alpha) Ci 6.59E-03 5.18E-02 1.06E-03 4.80E-04
2. Average Diluted Concentration
During Period pCi/ml 1.55E-07 3.31E-07 2.55E-08 2.17E-08
3. Sum of Average Diluted Cn/Ln Ratio
During Period Unitless | 1.74E-03 7.30E-03 7.83E-04 6.73E-04
4. Percent of Applicable Limit (Ratio < 1.0) % 0.17 0.73 0.08 0.07
. Tritium
1. Total Release Ci 5.04E+00 1.98E+01 4.53E+00 2.08E+00
2. Average Diluted Concentration
During Period pCi/ml 1.18E-04 1.27E-04 1.10E-04 9.42E-05
3. Percent of Applicable Limit (1.0E-2 % 1.18 1.27 1.10 0.94
pCi/ml)
. Dissolved and Entrained Gases
1. Total Release Ci <MDC <MDC <MDC <MDC
2. Average Diluted Concentration pCi/ml 0 0 0 0
During Period
3. Percent of Applicable Limit (2.0E-4 % 0
pCi/ml) 0 0 0
Radionuclide Fractional Summation
1. Sum of Percent of Applicable Limit During
Period for A, B and C (Limit = 100%) % 1.35 2.00 1.18 1.01
E. Gross Alpha Radioactivity
| 1. Total Release Ci <MDC | <MDC <MDC <MDC
Volume of Water Released Gallons | 1.12E+05 4.44E+05 1.01E+05 4.65E+04
(Prior to Dilution) Liters 4.23E+05 1.68E+06 3.84E+05 1.76E+05
Volume of Dilution Water Gallons | 1.11E+07 4.09E+07 1.08E+07 5.78E+06
Used During Period of Release Liters 4 .21E+07 1.55E+08 4.10E+07 2.19E+07
Volume of Dilution Water Gallons | 1.01E+09 9.81E+08 8.72E+08 9.85E+08
Used Over Entire Period Liters 3.84E+09 3.71E+09 3.30E+09 3.73E+09
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TABLE 2-4

WATERBORNE EFFLUENT - RADIONUCLIDES RELEASED

Releases in Batch Mode

Nuclides Unit First Second Third Fourth
Released Quarter Quarter Quarter Quarter
A. Fission and Activation Products
Fe-59 Ci 6.52E-05 4.28E-04 <MDC <MDC
Cr-51 Ci 3.17E-03 9.60E-03 <MDC <MDC
Mn-54 Ci 1.68E-04 3.12E-03 5.86E-05 2.38E-05
Fe-55 Ci <MDC <MDC <MDC <MDC
Co-58 Ci 8.78E-04 3.79E-03 2.77E-05 1.08E-05
Co-60 Ci 1.94E-03 3.14E-02 9.50E-04 4.38E-04
Zn-65 Ci 1.01E-04 1.33E-03 2.12E-05 7.18E-06
Sr-89 Ci <MDC <MDC <MDC <MDC
Sr-90 Ci <MDC <MDC <MDC <MDC
Tc-99m Ci 1.15E-05 <MDC <MDC <MDC
Sb-124 Ci <MDC 7.47E-05 <MDC <MDC
Ru-105 Ci <MDC 5.68E-05 <MDC <MDC
Cd-115m Ci <MDC 8.49E-04 <MDC <MDC
Nb-95 Ci 3.41E-05 3.45E-04 <MDC <MDC
Zn-69m Ci 5.87E-05 <MDC <MDC <MDC
Zr-95 Ci 1.39E-05 6.07E-05 <MDC <MDC
Ta-182 Ci 4.74E-05 6.93E-04 <MDC <MDC
Ta-183 Ci 5.57E-05 <MDC <MDC <MDC
W-187 Ci 4.23E-05 <MDC <MDC <MDC
Total for Period | Ci 6.59E-03 5.18E-02 1.06E-03 4.80E-04
B. Tritium
Total for Period | Ci 5.04E+00 1.98E+01 4.53E+00 2.08E+00
C. Dissolved and Entrained Gases
Ar-41 Ci <MDC <MDC <MDC <MDC
Kr-85 Ci <MDC <MDC <MDC <MDC
Kr-85m Ci <MDC <MDC <MDC <MDC
Kr-87 Ci <MDC <MDC <MDC <MDC
Kr-88 Ci <MDC <MDC <MDC <MDC
Xe-131m Ci <MDC <MDC <MDC <MDC
Xe-133m Ci <MDC <MDC <MDC <MDC
Xe-133 Ci <MDC <MDC <MDC <MDC
Xe-135m Ci <MDC <MDC <MDC <MDC
Xe-135 Ci <MDC <MDC <MDC <MDC
Total for Period | Ci 0 0 0 0
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Figure 2-1

Average Flow Rate (million gpm)

Susquehanna River Monthly Average Flow Rates
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3.

TABLE 2-5

ESTIMATED TOTAL ERRORS ASSOCIATED WITH

EFFLUENTS MEASUREMENTS

MEASUREMENT

Airborne Effluents

a.

b
c.
d

Fission and Activation Gases
[-131

Particulates (incl. Gross Alpha)
Tritium

Waterborne Effluents

a.

b
C.
d
e

Fission and Activation Products
Tritium

Dissolved and Entrained Gases
Gross Alpha Activity

Volume of Waste Released
(Prior to Dilution)

Volume of Dilution Water Used During Period

Solid Wastes

a.
b.

C.

Spent Resins, Filters, Sludges
Dry Active Waste (DAW)

Other Waste (Contaminated Waste Oil)

2-12

ESTIMATED
TOTAL ERROR

15.9%
13.3%
15.8%
13.6%

5.0%
3.3%
8.4%
6.0%
5.0%

15.0%

ESTIMATED MAXIMUM
MEASUREMENT ERROR

+25%
+25%
+25%



SUSQUEHANNA STEAM ELECTRIC STATION
RADIOACTIVE WASTE REPORT
RADIOACTIVE EFFLUENT RELEASE REPORT

SOLID RADIOCACTIVE WASTE

DATA PERIOD: JANUARY 1, 2019 - DECEMBER 31,2019

PREPARED BY:

L/

APPROVED BY:

Jarrad Barhart
RADIOLOGICAL OPERATIONS SUPERVISOR
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REPORT NOTES

All activities reported in Curies (Ci) unless otherwise noted.

Reported activities, as indicated with the (<) sign, are comprised in whole or part of
MDL values.

Estimated maximum measurement error is +25%.
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TABLE 2-6

WASTE DISPOSITION

Data Period: January 1, 2019 - December 31, 2019
A. SOLID WASTE SHIPPED OFF-SITE FOR PROCESSING

Number of Shipments Mode of Transportation Destination

40 Highway Oak Ridge, Tennessee

B. IRRADIATED FUEL SHIPMENTS

Number of Shipments Mode of Transportation Destination

0 N/A NA
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Table 2-7

Totals for Solid Radioactive Waste Shipments Sent Offsite for Processing

Number Number of | Waste Mode of Container Shipment Sh|pr.nent To_tél
of Containers Class Transport Type Volume Weight | Activity
Shipments P yp (m?3) (Lbs) (Curies)
Spent Resins, Tractor/
Filters, 15 15 A . Liner/HIC 65.35 108537.5 53.74
Highway
Sludges
DAW 24 42 A Tractor/ |4 er/sealand | 93652 | 356577 | 1.96
Highway
Other 1 1 A Tractor/ | Sealand of 7.48 14000 | 7.73E-6
Highway drums
TOTALS: 40 2 |GGG 00535 | 4791145 | 55.7
Notes:

1. All 2019 shipments sent to vendor for processing prior to burial.
2. No items solidified

Totals for 2019
%
Radionuclide | Abundance

Fe-55 48.01%
Co-60 42.74%
Ni-63 2.26%
Co-58 1.79%
Zn-65 1.75%

H-3 0.17%
Mn-54 1.65%




Radionuclide Percent Abundance for Solid Radioactive Waste Shipments Sent

Table 2-8

Offsite for Processing

1. Spent Resins, Filters, Sludges

2. Dry Active Waste

3. Other Waste (contaminated oil)

%
Radionuclide | Abundance
Fe-55 49.48%
Co-60 41.42%
Ni-63 2.33%
Co-58 1.77%
Zn-65 1.75%
H-3 0.10%
Mn-54 1.62%
%
Radionuclide | Abundance
Fe-55 7.7%
Co-60 79.13%
Ni-63 0.46%
Co-58 2.12%
Zn-65 1.68%
H-3 2.29%
Mn-54 2.58%
%
Radionuclide | Abundance
Fe-55 8.10%
Co-60 90.79%
Ni-63 0.47%
Co-58 0.00%
Zn-65 0.00%
H-3 0.00%




|  wns4a 053% |

Table 2-9

Totals for Solid Radioactive Waste Buried in 2019

Number of | Number . Disposed | Disposed | Total
. Waste | Mode of | Container . L.
Shipments of Class | Transoort | Tvoe Volume | Weight | Activity
included | Containers P yp (m?) (Lbs) (Curies)
Spent
Resins, 57 13 p | ractor/ HIC 45.25 | 69660.01 | 60.1
Filters, Highway
Sludges
DAW 35 72 p | Tractor/ | JHIC | 31683 | 247532 | 169.1
Highway
TOTALS: 92 91 _ 362.08 | 317192.01 229.1
Notes:

1. Total buried for 2019 includes items shipped for processing in 2017-2019.
2. No items solidified.

Total buried for 2019
Radionuclide | % Abundance
Fe-55 34.19%
Co-60 56.50%
Ni-63 5.23%
Co-58 0.32%
Zn-65 0.93%

H-3 0.05%
Mn-54 1.59%
Sbh-125 0.50%




Table 2-10

Radionuclide Percent Abundance for Solid Radioactive Waste Buried in 2019

1. Spent Resins, Filters, Sludges

2019 Wet Waste Buried
%
Radionuclide | Abundance

Fe-55 64.53%
Co-60 28.77%
Ni-63 2.59%
Co-58 0.60%
Zn-65 1.23%
C-14 0.54%
H-3 0.08%
Mn-54 1.17%
C-14 0.54%
Sb-125 0.10%

2. Dry Active Waste

2019 DAW Buried
%
Radionuclide | Abundance

Co-60 66.36%
Fe-55 23.40%
Ni-63 6.16%
Mn-54 1.74%
Zn-65 0.83%
Sb-125 0.64%
Nb-95 0.25%
Co-58 0.23%




SECTION 3

METEOROLOGICAL DATA AND DISPERSION ESTIMATES



METEOROLOGY AND DISPERSION DATA

Meteorological data have been collected at the Susquehanna Nuclear, LLC site since the
early 1970s. At the present time, the meteorological system is based on a 200-foot high
tower located approximately 1,000 feet to the southeast of the plant. Wind sensors are
mounted at the 10m and 60m elevations on this tower. Vertical temperature differential is
measured with redundant sensor pairs between the 10m and 60m levels. Sigma theta (the
standard deviation of horizontal wind direction) is calculated from wind direction at both
levels. Dew point and ambient temperature sensors are present at the 10m level.
Precipitation is measured at ground level.

A back-up meteorological tower was erected in 1982. Itis a 10m tower providing alternate
measurements of wind speed, wind direction, and sigma theta. A 10m downriver
meteorological tower is also available. This tower measures wind speed, wind direction,
sigma theta, temperature and dew point.

Meteorological data are transmitted to the plant Control Room, Technical Support Center,
Emergency Operations Facility for emergency response availability, and ABSG Consulting,
Inc. ABSG Consulting, Inc., located in Rockville, Maryland, provides meteorological
consulting services to Susquehanna Nuclear, LLC.

Regulatory Guide 1.23 requires at least 90% data recovery for meteorological
instrumentation. During 2019, all meteorological instrumentation met the 90% data
recovery requirement with the exception of the primary tower 60 meter elevation wind
direction sensor, which was 57%. The percent valid data recovery for the 60 meter
elevation composite of wind speed, wind direction and Delta Temperature for 2019 was
56.3%. The 60 meter wind direction vane was discovered damaged during the November
2019 instrument calibration surveillance and was replaced with a new vane. Table 3-1 lists
the percent valid data recovery values for the parameters monitored as part of the
Susquehanna Nuclear, LLC Meteorological Monitoring Program.

Dispersion modeling for effluents from normal operation is done using the MIDAS system
XDCALC program, a straight-line Gaussian plume model designed to estimate average
relative concentration. The model was developed in accordance with Regulatory Guide
1.111. For periods when the wind speed is calm, the actual wind direction that last occurred
is used.

XDCALC and the XQINTR program that interpolates X/Q values to exact locations both use
terrain correction factors to account for the temporal and spatial variations in the airflow in
the region. A straight-line trajectory model assumes that a constant mean wind transports
and diffuses effluents in the direction of airflow from the release point within the entire
region of interest. The terrain correction factors were taken from FSAR Table 2.3-128.

Tables 3-2 and 3-3 provide the joint frequency distribution of wind speed and direction (as a
function of delta temperature) at the 10 and 60 meter elevations of the primary
meteorological tower.



Table 3-4 lists dispersion and deposition values at various locations near the site. Tables 3-
5 through 3-8 list dispersion and deposition values at the nearest residence, garden,
nearest animal raised for meat consumption and dairy farm in each sector within a 5-mile
radius of the site.

Meteorological dispersion conditions during 2019 were consistent with 2018. Cloudy
conditions once again dominated but precipitation totals in 2019 were less than 2018.

The overall X/Q values during 2019 were slightly lower than 2018 for peak locations, but the
overall values did vary by location.



TABLE 3-1

METEOROLOGICAL DATA RECOVERY FOR 2019

Parameter Percent Valid Data Recovery

Wind Speed 10m — Primary () 98.9
Wind Speed 60m - Primary 98.9
Wind Speed 10m — Backup @ 98.0
Wind Speed 10m — Downriver ©) 96.2
Wind Direction 10m — Primary 98.9
Wind Direction 60m — Primary 57.0
Wind Direction 10m — Backup 100.0
Wind Direction 10m - Downriver 100.0
Temperature 10m - Primary 98.9
Dew Point 10m - Primary 99.0
Delta Temperature 60m - Primary 98.4
Sigma Theta 10m - Primary 99.3
Sigma Theta 60m - Primary 99.7
Sigma Theta 10m - Backup 100.0
Sigma Theta 10m - Downriver 100.0
Precipitation - Primary 99.0
COMPOSITE PARAMETERS

Wind Speed and Direction 10m, Delta 98.3
Temperature 60-10m

Wind Speed and Direction 60m, Delta 56.3
Temperature 60-10m

(1) SSES “Primary” meteorological tower
(2) SSES “Backup” meteorological tower
(3) SSES “Downriver” meteorological tower




TABLE 3-2

SSES Joint Frequency Distribution Of Wind Speed And Wind Direction 10m Versus Delta
Temperature 60-10m For The Period Of January 1, 2019 Through December 31, 2019

Joint Frequency Distribution

Hours at Each Wind Speed and Direction

Total Period
Period of Record = 1/1/2019 00:00 - 12/31/2019 23:00
Elevation:  Speed: 10 SPD Direction: 10 WD Lapse: DT60-10A
Stability Class A Delta Temperature Extremely Unstable

Wind Speed (mph)

Wind Direction 0.6-3.5 3.6-7.5 7.6-12.5 12.6-18.5 18.6-24.5 >24.6 Total
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW

SO OO ONONWWND—~,NDO O
SO OO ANA I —LODOONDWO O
SO ODO—WHROODODODOoODOoOoOOoO O
SO DD oo0oo0o0o00o 0
[e=leolelolaoleololololololololaol o Ne]
SO DD OO0
OO0~ VOMNWWWNDWWLOoOo

_.
W
[\
—
(o)
o
(e}
(e}
o
=

Total

Calm Hours not Included above for : Total Period 119
Variable Direction Hours for: Total Period 0
Invalid Hours for: Total Period 153
Valid Hours for this Stability Class for: Total Period 41
Total Hours for Period 8759
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TABLE 3-2
(Continued)

SSES Joint Frequency Distribution Of Wind Speed And Wind Direction 10m Versus
Delta Temperature 60-10m For The Period Of January 1, 2019 Through December 31,
2019 (Continued)

Joint Frequency Distribution

Hours at Each Wind Speed and Direction

Total Period
Period of Record = 1/1/2019 00:00 - 12/31/2019 23:00
Elevation:  Speed: 10 SPD Direction: 10 WD Lapse: DT60-10A
Stability Class B Delta Temperature Moderately Unstable

Wind Speed (mph)

Wind Direction 0.6-3.5  3.6-7.5 7.6-12.5 12.6-18.5 18.6-24.5
N 1
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW

\
N
NS
=)

OO O«

Total

—
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O OO PRAWNWNDND—~, B OVI/ O —
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SOOI~~~ O0nWOoO
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SO ODONNOVHARNVNODODODOOWW

[e=Nelelelael S eleoleolololole oo Ne]

SO DD OO0 O

(o)
N
_
w
N
&}
(e}
()
o0
[

Total

Calm Hours not Included above for : Total Period 119
Variable Direction Hours for: Total Period 0
Invalid Hours for: Total Period 153
Valid Hours for this Stability Class for: Total Period 85
Total Hours for Period 8759
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TABLE 3-2
(Continued)

SSES Joint Frequency Distribution Of Wind Speed And Wind Direction 10m Versus
Delta Temperature 60-10m For The Period Of January 1, 2019 Through December 31,
2019 (Continued)

Joint Frequency Distribution

Hours at Each Wind Speed and Direction

Total Period
Period of Record = 1/1/2019 00:00 - 12/31/2019 23:00
Elevation:  Speed: 10 SPD Direction: 10 WD Lapse: DT60-10A
Stability Class C Delta Temperature Slightly Unstable

Wind Speed (mph)

Wind Direction 0.6-3.5 3.6-7.5 7.6-12.5 12.6-18.5 18.6-24.5 >24.6 Total
N 0 7 4 0 0 0 11
NNE 0 13 11 0 0 0 24
NE 4 18 2 0 0 0 24
ENE 6 3 0 0 0 0 9
E 3 3 0 0 0 0 6
ESE 1 4 0 0 0 0 5
SE 0 4 1 0 0 0 5
SSE 0 5 1 0 0 0 6
S 2 10 4 0 0 0 16
SSW 0 17 5 0 0 0 22
SW 0 44 40 1 0 0 85
WSW 0 4 13 1 0 0 18
\%% 0 2 1 0 0 0 3
WNW 0 0 3 0 0 0 3
NW 0 0 2 0 0 0 2
NNWwW 0 0 4 2 0 0 6
Total 16 134 91 4 0 0 245
Calm Hours not Included above for : Total Period 119
Variable Direction Hours for: Total Period 0
Invalid Hours for: Total Period 153
Valid Hours for this Stability Class for: Total Period 245
Total Hours for Period 8759
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TABLE 3-2
(Continued)

SSES Joint Frequency Distribution Of Wind Speed And Wind Direction 10m Versus
Delta Temperature 60-10m For The Period Of January 1, 2019 Through December 31,
2019 (Continued)

Joint Frequency Distribution

Hours at Each Wind Speed and Direction

Total Period
Period of Record = 1/1/2019 00:00 - 12/31/2019 23:00
Elevation:  Speed: 10 SPD Direction: 10 WD Lapse: DT60-10A
Stability Class D Delta Temperature Neutral

Wind Speed (mph)

Wind Direction 0.6-3.5 3.6-7.5 7.6-12.5 12.6-18.5 18.6-24.5 > 24.6 Total
N 28 81 62 3 0 0 174
NNE 59 164 33 0 0 0 256
NE 152 196 12 0 0 0 360
ENE 122 88 4 0 0 0 214
E 118 39 3 0 0 0 160
ESE 105 51 7 0 0 0 163
SE 108 86 13 0 0 0 207
SSE 70 123 20 0 0 0 213
S 69 122 56 1 0 0 248
SSwW 59 199 25 1 0 0 284
SW 40 232 186 18 0 0 476
WSwW 28 77 135 72 3 0 315
w 6 39 91 36 2 0 174
WNW 6 40 91 22 0 0 159
NW 8 50 190 45 1 0 294
NNW 6 62 152 9 0 0 229
Total 984 1649 1080 207 6 0 3926
Calm Hours not Included above for : Total Period 119
Variable Direction Hours for: Total Period 0
Invalid Hours for: Total Period 153
Valid Hours for this Stability Class for: Total Period 3926
Total Hours for Period 8759
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TABLE 3-2
(Continued)

SSES Joint Frequency Distribution Of Wind Speed And Wind Direction 10m Versus
Delta Temperature 60-10m For The Period Of January 1, 2019 Through December 31,
2019 (Continued)

Joint Frequency Distribution

Hours at Each Wind Speed and Direction

Total Period
Period of Record = 1/1/2019 00:00 - 12/31/2019 23:00
Elevation:  Speed: 10 SPD Direction: 10 WD Lapse: DT60-10A
Stability Class E Delta Temperature Slightly Stable

Wind Speed (mph)

Wind Direction 0.6-3.5 3.6-7.5 7.6-12.5 12.6-18.5 18.6-24.5 >24.6 Total
N 24 28 3 0 0 0 55
NNE 91 97 9 0 0 0 197
NE 227 110 3 0 0 0 340
ENE 342 41 0 0 0 0 383
E 286 16 0 0 0 0 302
ESE 167 31 2 0 0 0 200
SE 188 31 4 0 0 0 223
SSE 153 82 5 0 0 0 240
S 148 161 36 4 0 0 349
SSW 86 164 27 0 0 0 277
SW 41 94 31 2 0 0 168
WSW 19 30 27 7 4 0 87
A% 8 28 13 12 2 0 63
WNW 5 15 5 6 0 0 31
NW 2 27 10 4 0 0 43
NNW 6 29 16 0 0 0 51
Total 1793 984 191 35 6 0 3009
Calm Hours not Included above for : Total Period 119
Variable Direction Hours for: Total Period 0
Invalid Hours for: Total Period 153
Valid Hours for this Stability Class for: Total Period 3009
Total Hours for Period 8759
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TABLE 3-2
(Continued)

SSES Joint Frequency Distribution Of Wind Speed And Wind Direction 10m Versus
Delta Temperature 60-10m For The Period Of January 1, 2019 Through December 31,
2019 (Continued)

Joint Frequency Distribution

Hours at Each Wind Speed and Direction

Total Period
Period of Record = 1/1/2019 00:00 - 12/31/2019 23:00
Elevation:  Speed: 10 SPD Direction: 10 WD Lapse: DT60-10A
Stability Class F Delta Temperature Moderately Stable

Wind Speed (mph)

‘Wind Direction 0.6-3.5 3.6-7.5 7.6-12.5 12.6-18.5 18.6-24.5 >24.6 Total
N 2 4 0 0 0 0 6
NNE 18 9 0 0 0 0 27
NE 102 5 0 0 0 0 107
ENE 348 12 0 0 0 0 360
E 179 0 0 0 0 0 179
ESE 57 0 0 0 0 0 57
SE 26 0 0 0 0 0 26
SSE 20 0 0 0 0 0 20
S 32 6 0 0 0 0 38
SSW 11 3 0 0 0 0 14
SW 5 4 0 0 0 0 9
WSW 1 0 0 0 0 0 1
W 0 0 0 0 0 0 0
WNW 0 1 0 0 0 0 1
NW 0 0 0 0 0 0 0
NNW 1 1 0 0 0 0 2
Total 802 45 0 0 0 0 847
Calm Hours not Included above for : Total Period 119
Variable Direction Hours for: Total Period 0
Invalid Hours for: Total Period 153
Valid Hours for this Stability Class for: Total Period 847
Total Hours for Period 8759
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TABLE 3-2
(Continued)

SSES Joint Frequency Distribution Of Wind Speed And Wind Direction 10m Versus
Delta Temperature 60-10m For The Period Of January 1, 2019 Through December 31,
2019 (Continued)

Joint Frequency Distribution

Hours at Each Wind Speed and Direction

Total Period
Period of Record = 1/1/2019 00:00 - 12/31/2019 23:00
Elevation:  Speed: 10 _SPD Direction: 10_WD Lapse: DT60-10A
Stability Class G Delta Temperature Extremely Stable

Wind Speed (mph)

Wind Direction 0.6-3.5 3.6-7.5 7.6-12.5 12.6-18.5 18.6-24.5 >24.6 Total
N 1 0 0 0 0 0 1
NNE 6 1 0 0 0 0 7
NE 35 2 0 0 0 0 37
ENE 180 8 0 0 0 0 188
E 58 3 0 0 0 0 61
ESE 10 0 0 0 0 0 10
SE 12 0 0 0 0 0 12
SSE 14 0 0 0 0 0 14
S 4 0 0 0 0 0 4
SSW 0 0 0 0 0 0 0
SwW 0 0 0 0 0 0 0
WSW 0 0 0 0 0 0 0
W 0 0 0 0 0 0 0
WNW 0 0 0 0 0 0 0
NW 0 0 0 0 0 0 0
NNW 0 0 0 0 0 0 0
Total 320 14 0 0 0 0 334
Calm Hours not Included above for : Total Period 119
Variable Direction Hours for: Total Period 0
Invalid Hours for: Total Period 153
Valid Hours for this Stability Class for: Total Period 334
Total Hours for Period 8759
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TABLE 3-2
(Continued)

SSES Joint Frequency Distribution Of Wind Speed And Wind Direction 10m Versus
Delta Temperature 60-10m For The Period Of January 1, 2019 Through December 31,
2019 (Continued)

Joint Frequency Distribution

Hours at Each Wind Speed and Direction

Summary of All Stability Classes

Total Period
Period of Record = 1/1/2019 00:00 - 12/31/2019 23:00
Elevation:  Speed: 10 SPD Direction: 10 WD Lapse: DT60-10A

Delta Temperature

Wind Speed (mph)

Wind Direction 0.6-3.5 3.6-7.5 7.6-12.5 12.6-18.5 18.6-24.5 >24.6 Total
N 55 120 70 3 0 0 248
NNE 175 287 56 0 0 0 518
NE 525 339 20 0 0 0 884
ENE 1000 158 4 0 0 0 1162
E 649 62 3 0 0 0 714
ESE 343 87 9 0 0 0 439
SE 337 123 18 0 0 0 478
SSE 259 213 26 0 0 0 498
S 255 302 98 5 0 0 660
SSW 158 398 62 1 0 0 619
SW 86 392 279 23 0 0 780
WSW 48 113 178 80 7 0 426
W 14 69 105 48 4 0 240
WNW 11 56 99 28 0 0 194
NW 10 77 202 49 1 0 339
NNW 13 92 172 11 0 0 288
Total 3938 2888 1401 248 12 0 8487
Calm Hours not Included above for : Total Period 119
Variable Direction Hours for: Total Period 0
Invalid Hours for: Total Period 153
Valid Hours for this Stability Class for: Total Period 8487
Total Hours for Period 8759
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TABLE 3-3

SSES Joint Frequency Distribution Of Wind Speed And Wind Direction 60m Versus Delta
Temperature 60-10m For The Period Of January 1, 2019 Through December 31, 2019

Joint Frequency Distribution

Hours at Each Wind Speed and Direction

Total Period
Period of Record = 1/1/2019 00:00 - 12/31/2019 23:00
Elevation:  Speed: 60 SPD Direction: 60 WD Lapse: DT60-10A
Stability Class A Delta Temperature Extremely Unstable

Wind Speed (mph)

S
N
%)
n

Wind Direction 3.6-7.5 7.6-12.5 12.6-18.5 18.6-24.5 >24.6 Total
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSw
SwW
WSwW
W
WNW
NwW
NNW

OO DDDODODODOODNNODO O
SO OO~ OO RO O
SO OO hRr—OOOOoOOO—,ROO
SO DD 0o
elolololololeololololololololeo N
SO DD 0o 0o
SO DD ODUN—,RODODODODODNDUKNO O

\S]
(V)]
(o)
()
()
S
—_
(O8]

Total

Calm Hours not Included above for : Total Period 31
Variable Direction Hours for: Total Period 0
Invalid Hours for: Total Period 3824
Valid Hours for this Stability Class for: Total Period 13
Total Hours for Period 8759
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TABLE 3-3
(Continued)

SSES Joint Frequency Distribution Of Wind Speed And Wind Direction 60m Versus
Delta Temperature 60-10m For The Period Of January 1, 2019 Through December 31,
2019 (Continued)

Joint Frequency Distribution

Hours at Each Wind Speed and Direction

Total Period
Period of Record = 1/1/2019 00:00 - 12/31/2019 23:00
Elevation:  Speed: 60 SPD Direction: 60 WD Lapse: DT60-10A
Stability Class B Delta Temperature Moderately Unstable

Wind Speed (mph)

Wind Direction 0.6-3.5 3.6-7.5 7.6-12.5 12.6-18.5 18.6-24.5 > 24.6 Total
N 0 0 0 0 0 0 0
NNE 1 0 4 2 0 0 7
NE 1 2 4 0 0 0 7
ENE 1 0 0 0 0 0 1
E 0 0 0 0 0 0 0
ESE 0 0 0 0 0 0 0
SE 0 0 0 0 0 0 0
SSE 0 0 0 0 0 0 0
S 0 0 1 2 0 0 3
SSW 0 0 1 0 0 0 1
SW 0 1 9 5 1 0 16
WSWwW 0 0 0 1 0 0 1
w 0 0 0 0 0 0 0
WNW 0 0 0 0 0 0 0
NwW 0 0 0 0 0 0 0
NNW 0 0 0 0 0 0 0
Total 3 3 19 10 1 0 36
Calm Hours not Included above for : Total Period 31
Variable Direction Hours for: Total Period 0
Invalid Hours for: Total Period 3824
Valid Hours for this Stability Class for: Total Period 36
Total Hours for Period 8759
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TABLE 3-3
(Continued)

SSES Joint Frequency Distribution Of Wind Speed And Wind Direction 60m Versus
Delta Temperature 60-10m For The Period Of January 1, 2019 Through December 31,
2019 (Continued)

Joint Frequency Distribution

Hours at Each Wind Speed and Direction

Total Period
Period of Record = 1/1/2019 00:00 - 12/31/2019 23:00
Elevation:  Speed: 60 SPD Direction: 60 WD Lapse: DT60-10A
Stability Class C Delta Temperature Slightly Unstable

Wind Speed (mph)

Wind Direction 0.6-3.5 3.6-7.5 7.6-12.5 12.6-18.5 18.6-24.5 >24.6 Total
N 0 0 1 5 0 0 6
NNE 0 4 7 2 0 0 13
NE 0 5 2 0 0 0 7
ENE 0 0 0 0 0 0 0
E 0 2 0 0 0 0 2
ESE 0 0 1 0 0 0 1
SE 0 0 4 0 0 0 4
SSE 0 0 1 1 0 0 2
S 0 1 0 1 0 0 2
SSW 0 6 3 1 0 0 10
SW 0 6 14 4 1 0 25
WSW 0 0 1 3 0 0 4
\%\Y% 0 0 0 1 0 0 1
WNW 0 0 0 0 0 0 0
NW 0 0 0 1 0 0 1
NNW 0 0 0 1 0 0 1
Total 0 24 34 20 1 0 79
Calm Hours not Included above for : Total Period 31
Variable Direction Hours for: Total Period 0
Invalid Hours for: Total Period 3824
Valid Hours for this Stability Class for: Total Period 79
Total Hours for Period 8759
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TABLE 3-3
(Continued)

SSES Joint Frequency Distribution Of Wind Speed And Wind Direction 60m Versus
Delta Temperature 60-10m For The Period Of January 1, 2019 Through December 31,
2019 (Continued)

Joint Frequency Distribution

Hours at Each Wind Speed and Direction

Total Period
Period of Record = 1/1/2019 00:00 - 12/31/2019 23:00
Elevation:  Speed: 60 SPD Direction: 60 WD Lapse: DT60-10A
Stability Class D Delta Temperature Neutral

Wind Speed (mph)

Wind Direction 0.6-3.5 3.6-7.5 7.6-12.5 12.6-18.5 18.6-24.5 >24.6 Total
N 3 21 47 19 0 0 90
NNE 12 86 96 25 0 0 219
NE 15 73 54 7 0 0 149
ENE 18 50 27 0 0 0 95
E 14 32 9 2 0 0 57
ESE 23 30 26 8 0 0 87
SE 19 38 44 12 0 0 113
SSE 23 36 51 4 2 0 116
S 25 30 34 32 6 0 127
SSW 16 59 30 24 4 0 133
SwW 13 79 121 64 3 0 280
WSW 5 15 63 130 63 11 287
W 2 8 50 76 21 4 161
WNW 2 7 56 84 8 1 158
NW 0 10 124 105 8 0 247
NNWwW 2 8 35 31 1 0 77
Total 192 582 867 623 116 16 2396
Calm Hours not Included above for : Total Period 31
Variable Direction Hours for: Total Period 0
Invalid Hours for: Total Period 3824
Valid Hours for this Stability Class for: Total Period 2396
Total Hours for Period 8759
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TABLE 3-3
(Continued)

SSES Joint Frequency Distribution Of Wind Speed And Wind Direction 60m Versus
Delta Temperature 60-10m For The Period Of January 1, 2019 Through December 31,
2019 (Continued)

Joint Frequency Distribution

Hours at Each Wind Speed and Direction

Total Period
Period of Record = 1/1/2019 00:00 - 12/31/2019 23:00
Elevation:  Speed: 60 SPD Direction: 60 WD Lapse: DT60-10A
Stability Class E Delta Temperature Slightly Stable

Wind Speed (mph)

Wind Direction 0.6-3.5 3.6-7.5 7.6-12.5 12.6-18.5 18.6-24.5 >24.6 Total
N 4 24 13 1 0 0 42
NNE 33 108 51 13 0 0 205
NE 40 95 58 2 0 0 195
ENE 38 31 11 0 0 0 80
E 43 48 11 0 0 0 102
ESE 33 37 13 5 0 0 88
SE 38 36 31 1 0 0 106
SSE 27 41 27 3 2 0 100
S 31 50 70 37 10 1 199
SSW 27 62 74 32 10 0 205
SwW 34 60 88 32 3 0 217
WSW 7 19 50 58 6 8 148
W 3 7 21 15 10 3 59
WNW 0 9 17 8 3 0 37
NW 0 8 34 10 0 0 52
NNWwW 1 7 20 1 0 0 29
Total 359 642 589 218 44 12 1864
Calm Hours not Included above for : Total Period 31
Variable Direction Hours for: Total Period 0
Invalid Hours for: Total Period 3824
Valid Hours for this Stability Class for: Total Period 1864
Total Hours for Period 8759
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TABLE 3-3
(Continued)

SSES Joint Frequency Distribution Of Wind Speed And Wind Direction 60m Versus
Delta Temperature 60-10m For The Period Of January 1, 2019 Through December 31,
2019 (Continued)

Joint Frequency Distribution

Hours at Each Wind Speed and Direction

Total Period
Period of Record = 1/1/2019 00:00 - 12/31/2019 23:00
Elevation:  Speed: 60 SPD Direction: 60 WD Lapse: DT60-10A
Stability Class F Delta Temperature Moderately Stable

Wind Speed (mph)

Wind Direction 0.6-3.5 3.6-7.5 7.6-12.5 12.6-18.5 18.6-24.5 >24.6 Total
N 3 19 1 0 0 0 23
NNE 28 71 7 0 0 0 106
NE 36 37 2 0 0 0 75
ENE 16 9 0 0 0 0 25
E 9 7 0 0 0 0 16
ESE 13 7 0 0 0 0 20
SE 11 8 0 0 0 0 19
SSE 5 6 1 0 0 0 12
S 11 7 3 0 0 0 21
SSW 3 9 2 0 0 0 14
SwW 3 10 7 2 0 0 22
WSW 1 0 2 1 0 0 4
\%% 0 2 1 0 0 0 3
WNW 1 2 0 0 0 0 3
NW 1 4 3 0 0 0 8
NNW 0 1 1 0 0 0 2
Total 141 199 30 3 0 0 373
Calm Hours not Included above for : Total Period 31
Variable Direction Hours for: Total Period 0
Invalid Hours for: Total Period 3824
Valid Hours for this Stability Class for: Total Period 373
Total Hours for Period 8759
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TABLE 3-3
(Continued)

SSES Joint Frequency Distribution Of Wind Speed And Wind Direction 60m Versus
Delta Temperature 60-10m For The Period Of January 1, 2019 Through December 31,
2019 (Continued)

Joint Frequency Distribution

Hours at Each Wind Speed and Direction

Total Period
Period of Record = 1/1/2019 00:00 - 12/31/2019 23:00
Elevation:  Speed: 60_SPD Direction: 60_WD Lapse: DT60-10A
Stability Class G Delta Temperature Extremely Stable

Wind Speed (mph)

Wind Direction 0.635 3.67.5 7.6-125 12.6-185 18.6245  >246 Total
N 7 28 1 0 0 0 36
NNE 7 42 5 0 0 0 54
NE 2 7 1 0 0 0 10
ENE 9 0 0 0 0 0 9
E 2 5 1 0 0 0 8
ESE 3 0 0 0 0 0 3
SE 1 0 0 0 0 0 1
SSE 3 0 0 0 0 0 3
S 0 5 0 0 0 0 5
SSW 1 4 2 0 0 0 7
SW 0 5 0 0 0 0 5
WSW 1 0 0 0 0 0 1
\%% 0 0 0 0 0 0 0
WNW 0 0 0 0 0 0 0
NW 0 0 0 0 0 0 0
NNW 0 1 0 0 0 0 1
Total 36 97 10 0 0 0 143
Calm Hours not Included above for : Total Period 31
Variable Direction Hours for: Total Period 0
Invalid Hours for: Total Period 3824
Valid Hours for this Stability Class for: Total Period 143
Total Hours for Period 8759
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TABLE 3-3
(Continued)

SSES Joint Frequency Distribution Of Wind Speed And Wind Direction 60m Versus
Delta Temperature 60-10m For The Period Of January 1, 2019 Through December 31,
2019 (Continued)

Joint Frequency Distribution

Hours at Each Wind Speed and Direction

Summary of All Stability Classes

Total Period
Period of Record = 1/1/2019 00:00 - 12/31/2019 23:00
Elevation:  Speed: 60 SPD Direction: 60 WD Lapse: DT60-10A

Delta Temperature

Wind Speed (mph)

Wind Direction 0.6-3.5 3.6-7.5 7.6-12.5 12.6-18.5 18.6-24.5 >24.6 Total
N 17 92 63 25 0 0 197
NNE 81 311 170 42 0 0 604
NE 94 223 122 9 0 0 448
ENE 84 90 38 0 0 0 212
E 68 94 21 2 0 0 185
ESE 72 74 40 13 0 0 199
SE 69 82 79 13 0 0 243
SSE 58 83 80 8 4 0 233
S 67 93 108 72 16 1 357
SSW 47 140 113 57 14 0 371
SW 50 162 243 107 8 0 570
WSW 14 34 116 193 69 19 445
w 5 17 72 92 31 7 224
WNW 3 18 73 92 11 1 198
NWwW 1 22 161 116 8 0 308
NNW 3 17 56 33 1 0 110
Total 733 1552 1555 874 162 28 4904
Calm Hours not Included above for : Total Period 31
Variable Direction Hours for: Total Period 0
Invalid Hours for: Total Period 3824
Valid Hours for this Stability Class for: Total Period 4904
Total Hours for Period 8759
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TABLE 3-4

2019 Atmospheric Dispersion Estimates For RETDAS Input At Selected Locations

AFFECTED X/Q DEC+
SECTOR LOCATION MiLES | xQ) | x:QpEC® | pEP® | DEPOSITION®
11/SW Maximum (X/Q) 0.61 1.17E-05 1.16E-05 1.05E-05 3.06E-08
Site Boundary
9/S Closest (X/Q) Site 038 | 3.76E-06 3.75E-06 3.48E-06 2.13E-08
Boundary
12/ WSW Maximum (X/Q) 13 8.82E-06 8.74E-06 7.50E-06 1.29E-08
Residence
16 / NNW Maximum (D/Q) 0.7 7.21E-06 7.16E-06 6.39E-06 1.87E-08
Residence
7/SE Maximum (D/Q) 0.6 1.46E-06 1 46E-06 1.31E-06 1.41E-08
Garden
12/ WSW Maximum (D/Q) 1.7 5.90E-06 5.84E-06 4.92E-06 8.38E-09
Dairy
12/ WSW Maximum (D/Q) 1.7 5.90E-06 5.84E-06 4.92E-06 8.38E-09
Meat Producer
3/NE Riverlands / EIC 0.7 3.64E-06 3.63E-06 3.23E-06 2.34E-08
12/ WSW Tower’s Club 0.5 3.70E-05 3.68E-05 3.36E-05 6.07E-08
3/NE Riverlands / Garden 0.9 2.53E-06 2.52E-06 2.20E-06 1.57E-08
11/SW SW Garden 0.5 1.58E-05 1.57E-05 1.43E-05 424E-08
1 X/0 RELATIVE CONCENTRATION (SEC/M°)
2 X/Q DEC DECAYED AND UNDEPLETED, HALF-LIFE 2.26 DAYS
3 X/Q DEC+DEP DECAYED AND DEPLETED, HALF-LIFE 8 DAYS (SEC/M)
4 DEPOSITION RELATIVE DEPOSITION RATE (1/M?)
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TABLE 3-5

2019 Atmospheric Dispersion Estimates At The Nearest Residence Within A 5-Mile Radius

Of SSES By Sector
SECTOR | AFFECTED X/Q DEC
NUMBER | SECTOR |MILES| X/Q | X/QDEC | +DEP | DEPOSITION
1 N 13 | 243E-06 | 241E-06 | 2.06E-06 7.07E-09
2 NNE 1 2.86E-06 | 2.84E-06 | 2.48E-06 1.12E-08
3 NE 0.9 | 2.52E-06 | 251E-06 | 2.20E-06 1.57E-08
4 ENE 2.1 | 3.70E-07 | 3.68E-07 | 3.04E-07 2.41E-09
5 E 14 | 2.86E-07 | 2.85E-07 | 2.42E-07 2.08E-09
6 ESE 0.5 1.18E-06 | 1.18E-06 | 1.07E-06 1.03E-08
7 SE 0.6 | 1.46E-06 | 1.46E-06 | 1.31E-06 1.41E-08
8 SSE 0.7 | 1.17E-06 | 1.17E-06 | 1.04E-06 9.33E-09
9 S 1 8.58E-07 | 8.54E-07 | 7.43E-07 4.19E-09
10 SSW 0.9 | 2.88E-06 | 2.87E-06 | 2.51E-06 1.03E-08
11 SW 1.5 | 3.01E-06 | 2.98E-06 | 2.53E-06 6.92E-09
12 WSW 13 | 8.82E-06 | 8.74E-06 | 7.50E-06 1.29E-08
13 w 12 | 591E-06 | 5.85E-06 | 5.05E-06 8.24E-09
14 WNW 1.1 | 421E-06 | 4.17E-06 | 3.62E-06 7.16E-09
15 NW 0.8 | 7.36E-06 | 7.30E-06 | 6.46E-06 1.57E-08
16 NNW 0.7 | 721E-06 | 7.16E-06 | 1.87E-08 2.42E-08
1 X/0 RELATIVE CONCENTRATION (SEC/M°)
2 X/0 DEC DECAYED AND UNDEPLETED, HALF-LIFE 2.26 DAYS
3 X/Q DEC+DEP DECAYED AND DEPLETED, HALF-LIFE 8 DAYS (SEC/M°)
4 DEPOSITION RELATIVE DEPOSITION RATE (1/M°)
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TABLE 3-6

2019 Atmospheric Dispersion Estimates At The Nearest Garden Within A 5-Mile Radius

Of SSES By Sector
I\SHE&TB%% Aggggggl) MILES | X/Q | X/QDEC X/g)ggc DEPOSITION
1 N 32 | 6.36E-07 | 6.24E-07 | 4.95E-07 1.50E-09
2 NNE 23 | 8.19E-07 | 8.10E-07 | 6.64E-07 2.75E-09
3 NE 2.7 4.87E-07 4.82E-07 3.88E-07 2.52E-09
4 ENE 24 | 3.02E-07 | 3.00E-07 | 2.44E-07 1.91E-09
5 E 49 | 3.59E-08 | 3.54E-08 | 2.66E-08 2.04E-10
6 ESE 3.1 | 6.14E-08 | 6.09E-08 | 4.81E-08 3.95E-10
7 SE 0.6 | 1.46E-06 | 146E-06 | 1.31E-06 1.41E-08
8 SSE 2.9 | 121E-07 | 120E-07 | 9.53E-08 7.56E-10
9 S 35 1.06E-07 | 1.04E-07 | 8.14E-08 4.08E-10
10 SSW 13 1.68E-06 | 1.67E-06 | 1.43E-06 5.69E-09
11 SW 1.9 | 2.11E-06 | 2.09E-06 | 1.75E-06 4.68E-09
12 WSW 13 | 8.82E-06 | 8.74E-06 | 7.50E-06 1.29E-08
13 w 32 | 122E-06 | 1.19E-06 | 9.44E-07 1.33E-09
14 WNW 1.9 | 1.87E-06 | 1.84E-06 | 1.54E-06 2.91E-09
15 NW 23 | 3.38E-06 | 3.33E-06 | 2.75E-06 7.12E-09
16 NNW 4 470E-07 | 4.58E-07 | 3.55E-07 8.39E-10
1 X0 RELATIVE CONCENTRATION (SEC/M°)
2 X/0 DEC DECAYED AND UNDEPLETED, HALF-LIFE 2.26 DAYS
3 X/0 DEC+DEP DECAYED AND DEPLETED, HALF-LIFE 8 DAYS (SEC/M)
4 DEPOSITION RELATIVE DEPOSITION RATE (1/M?)
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TABLE 3-7

2019 ATMOSPHERIC DISPERSION ESTIMATES
AT THE NEAREST ANIMAL RAISED FOR MEAT CONSUMPTION
WITHIN A 5-MILE RADIUS BY SECTOR

SECTOR | AFFECTED X/Q DEC
NUMBER SECTOR | MILES X/Q X/Q DEC +DEP DEPOSITION
2 NNE 23 8.19E-07 | 8.10E-07 6.64E-07 2.75E-09
4 ENE 24 3.02E-07 | 3.00E-07 2.44E-07 1.91E-09
5 E 4.5 4.15E-08 | 4.10E-08 3.11E-08 2.40E-10
12 WSW 1.7 5.90E-06 | 5.84E-06 4.92E-06 8.38E-09
13 A\ 5.0 5.74E-07 | 5.54E-07 4.21E-07 5.30E-10
15 NW 23 3.38E-06 | 3.33E-06 2.75E-06 7.12E-09
TABLE 3-8

2019 ATMOSPHERIC DISPERSION ESTIMATES AT ALL DAIRY LOCATIONS
WITHIN A 5-MILE RADIUS BY SECTOR

SECTOR | AFFECTED X/Q DEC
NUMBER | SECTOR |MILES| X/Q |X/QDEC | +DEP | DEPOSITION
5 E 45 | 415E-08 | 4.10B-08 | 3.11E-08 2.40E-10
12 WSW 17 | 5.90E-06 | 5.84E-06 | 4.92B-06 8.38E-09
13 W 50 | 5.74E-07 | 5.54E-07 | 4.21E-07 5.30E-10
1 X/0 RELATIVE CONCENTRATION (SEC/M’)
2 X/0 DEC DECAYED AND UNDEPLETED, HALF-LIFE 2.26 DAYS
3 X/O DEC+DEP DECAYED AND DEPLETED, HALF-LIFE 8 DAYS (SEC/M’)
4 DEPOSITION RELATIVE DEPOSITION RATE (1/M?)
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FIGURE 3-1

2019 ANNUAL WIND ROSE 10M LEVEL — PRIMARY TOWER

tHvUn Date: 21‘8/2020 9:4§:5§ AM
WIND ROSE
(WINDS FROM):
T

L 0, CIS/ PERCENT CALMS

(NOTINCLUDED IN PLOT)
Start Date VA ,'2(]1 g 01 :00
End Date. 12{3“2019 23:00

~Sensors Selected:
10-5PD
10D

~Leg end
A WIND SPEED LESS THAN 35 MPH

+ WIND SPEED LESS' THAN 7.5 MPH
o WIND SPEED LESS THAN 125 MPH
. WIND SPEED.GREATER THAN 12,6 MPH

This wind rose displays the frequency of hourly average wind direction from a given sector. In
2019, the predominant wind direction occurred 13.7 % of the time from the ENE sector. The
average wind speed was 4.9 mph and the average wind speed for the predominant sector (ENE)
was 2.6 mph. The sector with the highest average wind speed was W (9.6 mph).
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FIGURE 3-2

2019 ANNUAL WIND ROSE 60M LEVEL — PRIMARY TOWER

Rin Date: {2074202010/49:30 AW

WIND ROSE
(WINDS FROM)
N

- D.O0XPERCENT CALMS.

(NOTINCLUDED IN PLOT)
‘Start Date: 14172019 01:00

End Date: 127312019 23:00

-Legend
4 WIND SPEED LESS THAN 35 MPH
# WIND SPEED LESS THAN 7.5 MPH
NIND SPEED LESS THAN 12.5MPH

SPEED'GREATER THAN 125 MPH

This wind rose displays the frequency of hourly average wind direction from a given sector. In
2019, the predominant wind direction occurred 12.3 % of the time from the NNE sector. The
average wind speed was 8.7 mph and the average wind speed for the predominant sector (NNE)
was 6.9 mph. The sector with the highest average wind speed was WSW (14.3 mph.).
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FIGURE 3-3

PASQUIL STABILITY CLASS PREVALENCES DATA
Period: 2019

Joint Frequency Distributions at 10 Meters
Wind Speed and Direction 10M vs. Delta Temperature 60-10M
(Based on 8,558 Valid Hours)

G.3.94%
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SECTION 4

DOSE MEASUREMENTS AND ASSESSMENTS
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Radiological Impact on Man

Sampling and analysis of airborne and waterborne effluents were performed in
accordance with the frequencies, types of analysis, and Lower Limit of Detection
(LLD) outlined in the Susquehanna Nuclear, LLC Technical Requirements Manual.

Radioactive material was detected in some of the airborne and waterborne effluent
samples analyzed. Dose calculations using measured and calculated effluent
activity levels, meteorological data from the current reporting period and average
river flow dilution factors resulted in estimated doses to individuals at levels below
10 CFR 20 and 10 CFR 50, Appendix | limits. Direct radiation resulting from plant
operation (reported in the 2019 Annual Radiological Environmental Operating
Report) contributed a maximum of 6.31E-1 mrem (measured at location 9S2 and
based on an occupancy time by a member of the public of 20 hours per quarter) at
the Protected Area Boundary south of the plant. Based on airborne effluent sample
data, the maximum organ (including thyroid)/total body dose is 1.47 mrem (CHILD,
LUNG Table 4-4). The maximum organ/total body dose from all liquid effluent is
3.17E-2 mrem (ADULT, GI-LLI Table 4-2). Conservatively adding the maximum
organ/total body dose from liquid and gaseous effluent and the maximum total body
dose determined from direct radiation results in a dose of 2.13 mrem, which is 8.5%
of the 40CFR190 limit of 25 mrem to total body/organ (except thyroid) and 2.8% of
the 40CFR190 limit of 75 mrem to the thyroid.

Doses to a maximally exposed member of the public from waterborne effluents are
calculated for fish ingestion and shoreline exposure at the plant outfall, and drinking
water ingestion at Danville, PA. Site specific parameters used in the calculations for
the Danville receiver, specific for actual average blowdown and river level for the
entire year are shown in Table 4-1.

TABLE 4-1

SITE-SPECIFIC PARAMETERS USED FOR RETDAS CALCULATIONS
(DANVILLE RECEIVER)

FOR 2019
PARAMETER ENTIRE YEAR
Cooling Tower Blowdown (CFS) 16.3
Average Net River Level (ft.) 7.6
Dilution Factor at Danville(" 644.5
Transit time to Danville (hr.)" 19.3

()From ODCM-QA-005, Att. E
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Summaries of maximum individual doses resulting from airborne and waterborne
radioactive effluent releases from each unit are given in Table 4-2. Meteorological
data from Section 3 were used to calculate the dose from airborne effluents.

The Radioactive Effluent Release Report includes an assessment of the radiation
dose from radioactive effluents to members of the public within the site boundary.
Within the Site Boundary there are several areas frequented by members of the
public. There are no significant exposure pathways from waterborne effluents in
these areas. Doses from airborne effluent are calculated for members of the public
for the following locations: Riverlands Recreation Area, the Towers Club, and
residence with the maximum X/Q value; the garden, dairy and meat producing farm
with the maximum D/Q value; and the site boundary with the maximum X/Q value.
Summaries of the calculated maximum doses within the site boundary and selected
locations beyond the site boundary resulting from airborne effluents are presented
in Table 4-4. The above referenced locations are shown on Figure 4-1.

In the area comprising the Riverlands Recreation Area, three pathways of radiation
exposure can be identified: plume, ground, and inhalation. There are no significant
exposure pathways from waterborne effluents in this area. There are approximately
40,000 visitors to the Riverlands Recreation Area each year. For dose calculations,
it is assumed that the average visitor stays in the area for one hour. The calculated
dose rate and collective dose for visitors to the Riverlands Recreation Area during
2019 are shown on Table 4-3.

Use of the RETDAS code yields calculated doses for the Riverlands area for the
report period. These doses assume an occupancy factor of 100% for a member of
the public during 2019. These calculated dose values are shown on Table 4-4.

In Regulatory Guide 1.21, Revision 2, “Measuring, Evaluating, and Reporting
Radioactive Material in Liquid and Gaseous Effluents and Solid Waste”, the NRC
has recommended that U.S. nuclear power plants evaluate whether Carbon-14 (C-
14) is a "principal radionuclide", and if so, report the amount of C-14 released.
Radioactive effluent releases of C-14 have not increased but the decline in releases
of other radionuclides has resulted in C-14 possibly becoming more prominent,
specifically in airborne effluents. This regulatory guidance has led to an industry
initiative to evaluate and report C-14 in the Annual Radioactive Effluent Release
Report.

Information for C-14 dose impact is included as supplemental information in this
report. Reportable values for dose impact do not include C-14 contribution. C-14,
with a half-life of 5730 years, is a naturally occurring isotope of carbon produced by
cosmic ray interactions in the atmosphere. Nuclear weapons testing in the 1950s
and 1960s significantly increased the amount of C-14 in the atmosphere. C-14 is
also produced in commercial nuclear reactors, but the amounts produced are much
less than those produced naturally or from weapons testing.
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In December 2010 the Electric Power Research Institute (EPRI) published Report
1021106, “Estimation of Carbon-14 in Nuclear Power Plant Gaseous Effluents”,
which provides conservative technical guidance to support the calculation of C-14
released in radioactive effluents. In a BWR the majority of C-14 is generated in the
reactor core by neutron activation of reactor coolant, specifically ’O(n,a) *C. Thus
C-14 generation is directly proportional to reactor power. As documented in the
EPRI report (for a BWR), approximately 99% of the C-14 produced in the reactor
core is discharged as gaseous effluent (primarily as CO2) through the offgas
system. The remaining 1% is released in the form of solid radwaste. There is
minimal (<1%) C-14 released in the liquid effluent pathway.

In October of 2012 Susquehanna, in conjunction with an offsite lab, performed
sampling and analysis for airborne effluent C-14 released from the station via each
units offgas system.

Since both Susquehanna units are essentially identical in reactor design, a single
value for the C-14 release rate (in the CO2 form from the offgas system sample
results) is used in the calculation of C-14 released from each unit. The release rate
value is corrected to 100% power then scaled to the fraction of full power year for
each unit. The fraction of a full power year is calculated as the Effective Full Power
Days for the year in question divided by 365 to get the fraction of effective vs full
year operation.

Based on the above outlined methodology, approximately 47 Curies of C-14 were
released in gaseous effluents in 2019.

The airborne effluent pathway with the highest offsite dose potential (for C-14
releases) is the vegetation ingestion pathway. The maximum expected annual dose
from C-14 released from Susquehanna Unit-1 (3.33E-1 mrem) and Unit-2 (3.00E-1
mrem) has been calculated based on methodology in Regulatory Guide 1.109 and
includes site specific parameters (e.g., nearest garden with highest X/Q value,
producing both broad leaf and non-broad leaf vegetation). The maximum organ
dose from airborne effluent C-14 released from the Susquehanna station in 2019 is
well below the 10CFR50, Appendix |, ALARA design objective (i.e., 15 mrem/yr per
unit). The annual dose to the maximally exposed individual from all gaseous
releases of C-14 (calculated by the above referenced methodology) is 6.33E-1
mrem to the critical organ (bone) and 1.27E-1 mrem to the total body.

Conservatively adding the maximum dose (calculated based on liquid and gaseous
effluent sample results combined with direct radiation results) referenced on page 4
2 to the maximum dose due to the calculated release of C-14 (6.33E-1 mrem,
CHILD, BONE) bounds the dose that any member of the public receives from
station operations to 2.76 mrem, which is 11% of the 40CFR190 limit of 25 mrem to
total body/organ (except thyroid) and 2.8% of the 40CFR190 limit of 75 mrem to the
thyroid.
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TABLE 4-2

SUMMARY OF MAXIMUM INDIVIDUAL DOSES
TO MEMBERS OF THE PUBLIC ¥
DATA PERIOD: 1/1/19 TO 12/31/19

ESTIMATED
MAXIMUM LIMIT
AGE APPLICABLE DOSE PERCENT (MREM/
uNiT | EFFLUENT | GROUP ORGAN (MREM/MRAD) LOCATION OF LIMIT | MRAD)®
DIST AFFECTED
(MILES) SECTOR
1 Liquid®) Teen Total Body 4.19E-03 (3) 0.14 3
1 Liquid®) Teen GI-LLI 1.59E-02 (3) 0.16 10
1 Noble Gas N/A Air Dose 0.00E+00 0.5 WSW 0 10
(Gamma-mRad)
1 Noble Gas N/A Air Dose 0.00E+00 0.5 WSWwW 0 20
(Beta-mRad)
1 Airborne Child Liver 3.42E-01 0.5 WSwW 2.28 15
Todine,
Tritium and
Particulates
Liquid® Teen Total Body 4.19E-03 (3) 0.14 3
Liquid® Teen GI-LLI 1.59E-02 (3 0.16 10
2 Noble Gas N/A Air Dose 0.00E+00 0.5 WSW 0 10
(Gamma-mRad)
2 Noble Gas N/A Air Dose 0.00E+00 0.5 WSW 0 20
(Beta-mRad)
2 Airborne Child Liver 1.13E+00 0.5 WSW 7.53 15
Todine,
Tritium and
Particulates

()Estimated dose is based on a site total activity release equally divided between Unit 1 and Unit 2.

(210 CFR 50, Appendix | limits are in terms of mrad or mrem/reactor-year for airborne and
waterborne effluent from each unit.

®)Doses from liquid effluent are estimated from fish ingestion and shoreline exposure at the site
outfall and from the drinking water pathway at Danville, PA.

“Dose due to calculated release of C-14 not included.
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CALCULATED COLLECTIVE DOSES TO MEMBERS OF THE PUBLIC WITHIN THE

TABLE 4-3

RIVERLANDS RECREATION AREA
DATA PERIOD: 1/1/19 TO 12/31/19

COLLECTIVE
APPLICABLE DOSE RATE™ DOSE®
EFFLUENT AGE GROUP ORGAN (MREM/HR) (PERSON-REM)
Noble Gas N/A Total Body 0.00E+00 0.00E+00
Noble Gas N/A Skin 0.00E+00 0.00E+00
lodine, Tritium and Child GI-LLI 1.67E-05 6.68E-04
Particulates®

(Estimated dose and dose rate is based on annual site total activity release.
@Collective dose is based on 40,000 person-hours.
) Dose due to calculated release of C-14 not included.

TABLE 4-4

SUMMARY OF MAXIMUM INDIVIDUAL DOSES FROM AIRBORNE EFFLUENT

MAXIMUM MAXIMUM MAXIMUM
TOTAL BODY ORGAN THYROID
DOSE AGE DOSE AGE GROUP, DOSE AGE
LOCATION PATHWAY (MREM) GROUP (MREM) ORGAN (MREM) GROUP
1. Maximum Site Boundary X/Q
Total (All) 4.65E-01 (CHILD) 4.65E-01 (CHILD, GI-LLI) 4.65E-01 (CHILD)
2. Maximum D/Q Garden
Total (All) 5.86E-02 (CHILD) 5.86E-02 (CHILD, GI-LLI) 5.86E-02 (CHILD)
3. Maximum X/Q Residence
Total (All) 3.62E-01 (CHILD) 3.62E-01 (CHILD, GI-LLI) 3.62E-01 (CHILD)
4. Maximum D/Q Dairy
Maximum D/Q Meat Total (All) 2.34E-01 (CHILD) 2.34E-01 (CHILD, LUNG) 2.34E-01 (CHILD)
5. Tower’s Club
Total (All) 1.47E+00 (CHILD) 1.47E+00 (CHILD, LUNG) 1.47E+00 (CHILD)
6. Riverlands Recreation Area
Total (All) 1.46E-01 (CHILD) 1.46E-01 (CHILD, GI-LLI) 1.45E-01 (CHILD)

Note: The doses shown above are based on 100% occupancy at the indicated locations. They are
based on a composite of all pathways resulting in a total dose to the maximally exposed individual
due to airborne effluents from both Unit-1 and Unit-2 operations. Dose due to calculated release of
C-14 not included.
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FIGURE 4-1
AIRBORNE-DOSE CALCULATION LOCATIONS
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SECTION 5
CHANGES TO THE OFFSITE DOSE CALCULATION MANUAL (ODCM),

TECHNICAL REQUIREMENTS MANUAL (TRM)
AND THE SOLID RADIOACTIVE WASTE PROCESS CONTROL PROGRAM
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CHANGES TO THE OFFSITE DOSE CALCULATION MANUAL

The Susquehanna Nuclear LLC ODCM consists of nihe (9) individual procedures.

There were no changes to the ODCM in 2019
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CHANGES TO THE TECHNICAL REQUIREMENTS MANUAL

Section 3.11 and 3.6.1 of the Unit-1 and Unit-2 Technical Requirements Manual (TRM)
by reference are part of the ODCM. The following limits and requirements are
contained in Section 3.11: liquid and gaseous effluent dose limits, liquid and gaseous
effluent treatment system operability criteria (based on effluent dose), liquid and
gaseous effluent treatment system operability criteria and the conduct of the
Radiological Environmental Monitoring Program. Section 3.6.1 contains requirements
for venting or purging of primary containment.

Table 3.11.2.1-1 was updated in both the Unit-1 and Unit-2 TRM during 2019.
The revision to Table 3.11.2.1-1 includes the following changes:

1) Updating the requirements for Tritium (H-3) sampling/analysis in support of
primary containment purge evolutions.

2) Updating the requirements for gaseous effluent sampling following reactor
power changes of 15% or greater within a 1-hour period.
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PROCESS CONTROL PROGRAM CHANGES

There were no changes made to the Process Control Program and the following
implementing procedures during 2019.

WASTE PROCESSING

None

WASTE ANALYSIS AND CLASSIFICATION - 10CFR61

None

TESTING/TREATMENT COMBUSTIBLE GASES

None

RADIOACTIVE WASTE DEWATERING - GENERAL

None

HIGH INTEGRITY CONTAINERS

None
PACKAGING

None

TRANSPORTATION - 49CFR/10CFR37/10CFR71

None
NDAP-QA-0646 continues to fully implement the requirements and intent of the following:

1. Section 11.4 and 13.5 of the FSAR
2. Section 3.7.4 of the Technical Requirements Manual
3. 10CFR 20,10 CFR 61, 10 CFR 71, 49 CFR 100-177, and 40 CFR 261

Compliance with all applicable regulatory requirements listed above continues to be met
by the SSES Process Control Program.



SECTION 6
MISCELLANEOUS TECHNICAL REQUIREMENTS MANUAL (TRM),

FSAR, 40CFR190 AND NEI GROUNDWATER PROTECTION INITIATIVE
REPORTING
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1.

TRM Action 3.11.1.4.F.2 required the reporting of Liquid Radwaste Effluent Monitoring
Instrumentation inoperability not corrected in a timely manner.

None to report for 2019.

TRM Action 3.11.1.5.C.1 requires the reporting of Radioactive Liquid Process Effluent
Monitoring Instrumentation inoperability not corrected in a timely manner, or if required
sampling/analysis was not performed during the inoperable period.

None to report for 2019.

TRM Surveillance (TRS) 3.11.2.1.2 requires representative samples of airborne effluent
iodine, tritium and particulates (with half-lives greater than 8 days) to be obtained in
accordance with the sampling/analysis program specified in TRM Table 3.11.2.1-1.

Loss of continuous sampling on the Unit-2 Turbine vent occurred from 08:37 on 12/26/18
through 08:55 on 1/2/19, due to no particulate filter or charcoal cartridge were installed in
the VERMS Normal Sample Conditioning skid “B” sample stream.

Replacement particulate filter and charcoal cartridge were installed (08:55 on 1/2/19) and
samples obtained/analyzed on 1/3/19 per SC-233-112. No activity was identified above
analysis detection levels on the particulate filter or the charcoal cartridge.

The sample analysis results (no identified activity) for the above referenced SC-233-112
surveillance are consistent with results from previously performed SC-233-112
surveillances over the previous 7 months of 2018. Historically, particulate or iodine
radioactivity has been identified on vent samples only during refuel outage time periods.

Review of eSOMS Operations logs for Unit-2 during the 12/26/18 through 1/2/19 time
period did not identify any operational activities which resulted in an airborne effluent
release from the Unit-2 Turbine vent.

Review of the Unit-2 Turbine vent low range noble gas detector channel during the above
referenced time period did not identify any abnormal noble gas releases. The detector
response trend was consistent with recent historical trend data for the Unit-2 Turbine vent.
Additionally, a trend graph of the Unit-2 offgas pre-treatment release rate from 6/1/18
through 1/2/19 was reviewed and no abnormal releases from the Unit-2 offgas system
were identified during the above referenced time frame.

Based on the above outlined information, the particulate filter and charcoal cartridge
samples obtained from the Unit-2 Turbine vent between 1/2/19 and 1/3/19 shall be used
to represent airborne effluent releases (particulate and iodine) from the Unit-2 Turbine
vent for the period of 12/26/18 08:37 through 1/3/19 08:06. Based on the above outlined
information, there was no offsite dose impact resulting from the loss of continuous
sampling of airborne effluent releases from the Unit-2 Turbine vent from 08:37 on
12/26/18 through 08:55 on 1/2/19.

See CR 2019-00252 for additional details.



. TRM Action 3.11.2.6.K requires an explanation for Radioactive Gaseous Effluent Monitoring
Instrumentation required actions and completion times not met.

None to report for 2019.

. TRM Action 3.11.4.1.F.2 requires reporting the cause of the unavailability of milk or fresh
leafy vegetable samples and identify the new locations for obtaining replacements.

None to report for 2019.

. TRM Action 3.11.4.2.A requires reporting when land use census identifies a new location
which yields a calculated dose or dose commitment greater than the values currently being
calculated in Requirement 3.11.2.3 (Gaseous Effluent Dose due to lodine, Tritium, and
Radionuclides in Particulate Form).

None to report for 2019.

. TRM Action 3.11.4.2.B requires reporting when land use census identifies locations that yield
a calculated dose or dose commitment (via the same exposure pathway) 20 percent greater
than at a location from which samples are currently being obtained in accordance with
Requirement 3.11.4.1 (Radiological Environmental Monitoring Program).

None to report for 2019.
. The limits outlined in 40CFR190.10 (Environmental Standards for the Uranium Fuel Cycle-
Standards for Normal Operations) were not exceeded by station operations during 2019.

Refer to Section 2 and Section 4 for specific values.

. FSAR Section 11.6.11 requires the reporting of airborne radioactivity detected in the Low
Level Radwaste Holding Facility.

Only naturally occurring airborne radioactivity was detected above analysis MDC'’s in air
samples from the Low Level Radwaste Holding Facility during 2019.

10. The Susquehanna Nuclear station has implemented an Action Plan in response to the NEI

Initiative on Groundwater Protection. Part of the Action Plan includes the assessment of the
current groundwater monitoring program. Groundwater is sampled and analyzed quarterly as
part of the Radiological Environmental Monitoring Program (REMP). REMP groundwater
sampling locations are defined in ODCM-QA-008 Attachment G. In August 2006, additional
groundwater sampling was initiated at locations which are not listed in the ODCM. The
additional locations are three manholes which collect water from a perimeter drain system.
The perimeter drain system consists of perforated piping installed just above the footing along
the exterior base of the vertical walls of the reactor, turbine and radwaste buildings. In 2019,
the frequency of sampling the perimeter drain manholes was revised to “upon request”. The
perimeter drain system provides additional groundwater sampling locations to support
investigative actions following an elevated tritium or gamma emitter result from a groundwater
monitoring well sample. Figure 6-1 is a trend graph of airborne and waterborne effluent
tritium releases from the Susquehanna Nuclear Station starting in 1982.
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SECTION 7

CORRECTIONS TO PREVIOUS
RADIOACTIVE EFFLUENT RELEASE REPORTS
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CORRECTIONS TO PREVIOUS
RADIOACTIVE EFFLUENT RELEASE REPORTS

No corrections to previous Radioactive Effluent Release Reports are submitted for this
report period.
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SECTION 8

EFFLUENT FROM SYSTEMS CLASSIFIED AS
INSIGNIFICANT EFFLUENT PATHWAYS
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EFFLUENT FROM SYSTEMS CLASSIFIED AS
INSIGNIFICANT EFFLUENT PATHWAYS

Insignificant Effluent Pathways are: 1) evaporation from the Unit 1 and Unit 2
Condensate Storage Tanks (CST’s); 2) evaporation from the common Refueling Water
Storage Tank (RWST); 3) gaseous effluent from the Hydrogen Seal Oil, Main Turbine
and RFPT lubrication oil mist eliminators which vent to the turbine building roofs.

These pathways are not continuously monitored. The CSTs and RWST are sampled
monthly to determine the concentration of radionuclides present in these tanks. Tritium
analysis on these samples is performed quarterly. Airborne release to the environment
from the tanks is estimated based on conservative estimates of the evaporation rates
from each of the tanks using a modified method established within Chapter 7 of

EPA AP-42. A conservative carry-over fraction of radionuclides from the water to the
evaporated liquid is then assumed. Airborne release to the environment from the
demisters assumes the average moisture (condensate) concentration of the lubrication
oil as measured via sampling during 2019. The calculation also assumes immediate
removal of 100% of the water by the oil mist eliminators as it passes through the
turbines.

The annual release of tritium, iodines and particulates with half-lives greater than 8 days
was calculated based on the conservative assumptions outlined above. The calculated
releases are shown in Table 8-1. All nuclides, except for tritium, released from
insignificant effluent pathways are negligible compared to the airborne release data
shown in Tables 2-1 and 2-2. The maximum dose to the public from a release of 1.55
Ci of tritium is calculated to be 1.26E-2 mrem. This is a fraction of the maximum dose
from airborne effluent reported in Section 4.



TABLE 8-1

ANNUAL RELEASE FROM SYSTEMS CLASSIFIED AS

INSIGNIFICANT EFFLUENT PATHWAYS

U1-CST and

Main Turbine/RFPT

U2-CST and
Main Turbine/RFPT

Nuclide RWST Lube Oil Systems Lube Oil Systems Total
(Ci) (Ci) (Ci) (Ci)

H-3 4.91E-02 7.24E-01 7.80E-01 1.55E+00
Mn-54 2.44E-11 8.35E-10 5.16E-10 1.38E-09
Co-58 0.00E+00 1.19E-09 2.30E-09 3.49E-09
Co-60 8.18E-09 5.57E-08 1.96E-08 8.34E-08
Cr-51 0.00E+00 5.03E-09 0.00E+00 5.03E-09
Sb-125 | 0.00E+00 0.00E+00 1.10E-06 1.10E-06
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PROCEDURE REVISION SUMMARY

ODCM INTRODUCTION

The revisions described below are clarification adding detail and editorial in
nature and do not change any limits or analyses. Thus, Revision 3 of
QDCM-QA-001 maintains the level of radioactive effluent control required
pursuant to 10CFR20.1302, 40CFR190, 10CFR50.36a and Appendix | to
10CFR50 and does not impact the accuracy or reliability of effluent, dose, or
setpoint calculations.

In addition, these changes (1) do not alter the conduct of the radiological
environmental monitoring program, (2) do not change the radioactive effluent
controls and radiological environmental monitoring activities, and (3) do not
change the information to be included in the Annual Radiological Environmental
Operating and Radioactive Effluent Release Reports.

1)  Update title of Chemistry Support Supervisor-SSES to Chemistry Support
Supervisor.

2) Update Reference 3.12, and step 4.2.1 to replace NDAP-00-1203 with
NDAP-QA-0524.

3) Update position titles in the Table of Contents and Section 4.

4)  Revised Definition 5.2 to clarify the referenced drawing title.

5) Update Attachments A and B to clarify the required information to be
included in the Radioactive Effluent Release Report and the Annual
Radiological Environmental Operating Report. Update to include reporting
guidance in support of the NE! Groundwater Protection Initiative.

6) Update title of Chemistry Department-SSES to Plant Chemistry in step 6.1,

7)  Update Step 2.4 to clarify the procedure for generating the Annual
Radiological Environmental Operating Report.

8) Added/revised Reference 3.8 to support item 7 above.

9) Revised Reference 3.9 to update the procedure title,
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PURPOSE

The purpese of this procedute is to describe the overall purpose and organization of the
S8ES Ofisite Dose Calculation Manual (ODCM).

POLICY/DISCUSSION

The purpose of the ODCM is to provide the parameters and methodology to be used in
calcutating offsite doses and effluent monitoring setpoints for the Susquehanna Steam
Electric Station, Units 1 and 2. The ODCM contains the requirements of the
Radiological Effluent Control Program (RECP) as described in Section 2.2 and the
Radiological Environmental Monitoring Program (REMP) as defined in TR 3.11.4,
Remedial actions to be taken when program limits (TROs) are exceeded are specified in
the Technical Requirements Manual (TRM). The ODCM includes methods for
determining maximurn individual, whole body, and organ doses due to waterborne and
airborne effluents to ensure compliance with the dose limitations in the Technical
Requirements (TR). Methods are also included for performing dose calculations to
ensure compliance with the waterborne and airborne treatment system operability
sections of the Technical Requirements. This manual includes the required inputs for
inclusion in the Radioactive Effluent Release Report and the Annual Radiological
Environmental Operating Report.

2.1 Derived Release Concentrations and Dose Rates

The ODCM uses 10 times the concentrations of Appendix B, Table 2, Column 2
of 10CFR20.1001-20.2402 as concentration limits for liquid releases and the
instantaneous release rates which are no longer referenced in 10CFR20 but
come directly from TR 3.11.,2 for gaseous releases as confirmed in the 6/93 NRC
response to NUMARC.

2.2  Radioactive Effluent Control Program (RECP)

The Radioactive Effluent Control Program (RECP) is a comprehensive program
as detailed in TS 5.5.4 which provides control of radioactive effluent for
maintaining the dose to members of the public from radioactive effluent as low as
reasonably achievable. The RECP is defined in TR’'s 3.6.1, 3.11.1,3.11.2, and
3.11.3.

2.3  Radioactive Effluent Release Report

The Radicactive Effluent Release Report covers the operation of the station
during the previous year and must be submitted prior to May 1 of each year in
accordance with TS 5.6.3. The report is prepared in accordance with Procedure
SC-089-002 and the required topics for the report are provided in Attachment A.
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2.4  Annual Radioclogical Environmental Operating Report
This report, submitted prior to May 15 of each year, contains the summaries,
interpretations and analyses of the results of the Radiological Environmental
Monitoring Program for the previous year as spelled out in ODCM-QA-008. The
report is prepared in accordance with Procedure SC-099-004 and the required
topics for the report are provided in Attachment B.
2.5  Special Reports
These reports are required to be submitted to the NRC when the limits of
TR's 3.11.1.2,3.11.1.3,3.11.2.2,3.11.2.53, 3.11.2.4, 3.11.2.5, 3.11.3, and
3.11.4.1 (Condition B, C, or D) are exceeded. Special reports shall be submitted
within 30 days and shall address the actions required in the TRM.
REFERENCES
3.1 T8 5.5.1, Offsite Dose Calculation Manual (ODCM)
3.2 TS 5.5.4, Radioactive Effluent Control Program N
3.3 TR2.1.1,0DCM
3.4 TR 2.1.4, Radioactive Effluent Controls
35 TR 3.6.1, Containment Venting or Purging
3.6 TR 3.11, Radioactive Effluents
3.7  SC-099-002, Preparation of Radioactive Effluent Release Report
3.8  SC-099-004, Performance of REMP Annual TS/TRM Surveillances
3.9 10CFR20 Appendix B, Annual Limits on Intake and Derived Air Concentrations of
Radionuclides for Occupational Exposure; Effluent Concentrations,
Concentrations for Release to Sewerage
3.10 NDAP-QA-0646, Solid Radioactive Waste Process Control Program
3.11  Letter from T. Murley, Director, Office of Nuclear Reactor Regulations, to
T. Tipton, Vice President and Director of Operations, NUMARC, 6/93
3.12 NDAP-QA-1180, Radiological Effluent Monitoring and Control
3.13 NDAP-QA-0524, Equipment Reliability and Station Health Process
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4, RESPONSIBILITIES
4.1  Vice President-Nuclear Operations
4.1.1 Ensures that the ODCM is used in performance of the surveillance

requirements and for compliance with the TROs stated in the TRM
relative to radioactive effluent.

412 Approves revigions to the ODCM.
42  General Manager-Nuclear Engineering
421 Provides medification engineering and support in accordance with
| NDAP-QA-0524 for equipment and systems involved with the
conduct of the effluent and environmental monitoring programs at
SSES.
I 4.3  Manager-Quality Assurance
4.3.1 ' Periodically assesses the SSES effluent, environmental and
meteorclogical programs for compliance with the requirements of
the TRM and the ODCM.

4.4  Manager-Plant Chemistry

4.41 Ensures the adequacy and correctness of methodologies
described in the ODCM.

4.4.2 Is responsible for reviewing revisions to the ODCM.

4.4.3 Approves both the Radioactive Effluent Release and the Annual
Radiological Environmental Operating Reports submitted to the
NRC.

4.4.4 Manages the programs for the assessment of the radiological

environmental impact of SSES.
4.5  Manager-Regulatory Affairs

451 Submits the required radiological effluent and environmental
reports to the NRC.

452 Notifies the appropriate groups of NRC licensing requirements.
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4.7
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Chemistry Support Personnel
4.6.1 Develops methodologies used in performance of effluent dose
calculations and establishment of setpoints.
4.6.2 Performs dose calculations necessary for fulfillment of SSES
Technical Requirements Surveillance.
4.6.3 Prepares and submits the Radioactive Effluent Release Report to
Regulatory Affairs for submittal to the NRC.
4.6.4 Prepares and submits the Annual Radiological Environmenial

Operating Report to Regulatory Affairs for submittal to the NRC.
Chemistry Support Supervisor
471 Reviews Radioactive Effluent Release Report and Annual
Radiological Environmental Operating Repont to assure adequacy
of content in accordance with Attachments A and B, respectively.

4.7.2 Ensures development of appropriate revisions to the ODCM.

5. DEFINITIONS

5.1

8.2

53

ECL - Effluent Concentration Limit as defined by TRO 3.11.1.1.

Site Boundary - Is that line beyond which the fand is not owned, leased or
otherwise controlled by the licensee. (PPL Drawing C243786, SH1,
“Susquehanna S.E.S. Unit - 182 Site Facilities and Boundary Map.”)

Unrestricted Area - The area at or beyond the site boundary access to which is
neither limited nor controlled by the licensee for purposes of protection of
individuals from exposure to radiation and radioactive materials, or any area
within the site boundary used for residential quarters or for industrial,
commercial, institutional and/or recreational purposes.

6. PROCEDURE

6.1

Organization

Plant Chemistry shall develop and maintain a set of procedures as described in
the following subsections.

6.1.1 ODCM-QA-001 - ODCM Introduction

This procedure describes the overall purpose and organization of
the ODCM.



For Information Only

6.1.3

6.1.6

6.1.7
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ODCM-QA-002 - ODCM Review and Revision Control

This procedure describes the initiation, review and processing of
revisions to the ODCM and establishes responsibility for the
QODCM.

ODCM-QA-003 - Effluent Menitor Setpoints

This procedure describes the policies pertaining to and the
methodology used in establishing effluent monitor setpaints.

ODCM-QA-004 - Airborne Effluent Dose Calculations

This procedure provides the methodology and parameters used in
calculating air dose resulting from noble gas effluent and
maximum individuat, whole body, and organ doses due to airborne
effluents to ensure compliance with the dose limitations in the
Technical Requirermnents Manual.

ODCM-QA-005 - Waterborne Effluent Dose Calculations

This procedure provides the methodology and parameters to be
used in calculating maximum Individual, whole body, and organ
doses due to waterborne effluents to ensure compliance with the
dose limitations in the Technical Requirements Manual.

ODCM-QA-0086 - Total Dose Calculations

This procedure provides the methodology and parameters to
determine the total dose to a member of the public from the fuel
cycle in the vicinity of the SSES site.

ODCM-QA-007 - Radioactive Waste Treatment Systems

This procedure defines the operability requirements of the
radioactive waste treatment systems and monitoring instruments.
it also includes reporting requirements where changes are made
to systems or when operability is not maintained in accordance
with the TRM.
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6.1.8 ODCM-QA-008 - Radiological Enviropnmental Menitoting Program

This procedure provides the methodology and parameters used fo
determine doses to the public resulting from inhalation, ingestion,
and direct shine from radiologically contaminated environmental
sampling media based on measurad activity concentrations in
those media. This procedure also describes the Radiological
Environmental Monitoting Program (REMP), which includes the
annual land use census survey and interlaboratory comparison
program.

6.1.9 ODCM-QA-009 - Dose Assessment Policy Statements

The purpose of this procedure is to state dose and efffuent policy
statements that are not directly associated with any other section
of the ODCM.

7. RECORDS

Except for ODCM-QA-002, no records are specified by the ODCM. Records are
generated in performance of other procedures that use the information contained in the
ODCM. Control of these records is specified in the controlling procedures.
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CONTENTS OF RADIOACTIVE EFFLUENT RELEASE REPORT

(NOTE: All data and information is referenced to RG 1.21 unless otherwise noted.)

General

Provide an estimate of total error associated with the measurement of radioactivity
combining errors with sampling and measuring.

Values stated using three significant figures.

Values stated using external floating point form using “E” to denote exponent to the base 10.
The term “not detected” should not be used.

Annual report for previous year to be submitted prior to May 1 of each year (TS 5.6.3).

A single submittal may be made for both SSES units (TS 5.6.3).

ODCM shall be submitted to the NRC in the format of a complete legible copy of the entire
ODCM for the period of the report in which any change in the ODCM wag made. Each
change shall be identified by markings in the margin of the affected pages clearly indicating
the area of the page that was changed, and shall inclicate the date (i.e., month and year)} the
change was implemented (TS 5.5.1.C.3}.

Liquid Radwaste Effluent Monitoring Instrumentation inoperability not corrected in a timely
manner (TRM Action 3.11.1.4.F.2).

Radioactive Liquid Process Monitoring Instrumentation (Table 3.11.1.5-1) inoperability not
corrected in a timely manner (TRM Action 3.11.1.5.C.1}.

Explanation for Radioactive Gaseous Effluent Menitoring Instrumentation required actions
and completion times not met (TRM Action 3.11.2.6.K).

Land use census identities a new location which yields a calculated dose or dose
commitment greater than the values currently being calculated (TRM Action 3.11.4.2.A),

Land use census identifies a location(s) that yields a calculated dose or dose commitment
(via the same exposure pathway) 20 percent greater than at a location from which samples
are currently being obtained (TRM Action 3.11.4.2.B).

Identify the cause of the unavailability of milk or fresh leafy vegetable samples and identify
the new location(s) for obtaining replacements (THM Action 3.11.4.1.F.2).

Page 1 of 6
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Detectable airborne radioactivity in the Low Leve! Radwaste Holding Facility
(FSAR 11.6.11).

Additional miscellaneous reporting requirements (e.g., Summary of applicable sampling
performed in support of the NEI Groundwater Protection Initiative which is not included in
the Annual Radiological Environmental Operating Report).

Liquid Effluent

1.

Mixed Fission and Activation Products

Quarterly sums of total curies of radioactive material determined to be released in liquid
effluents (not including tritium, dissolved and entrained gases, and alpha-emitting
matetial}.

Average concentrations (#Ci/ml) of mixed fission and activation products released to
unrestricted areas, averaged over the quarterly periods covered by the report.

Percent of applicable limit of average concentrations released to unrestricted areas.
Iinclude the limit used and the bases in the supplemental report information.

Quarterly sums of total curies for each of the radionuclides determined to be
released in liquid effluents based on analyses performed. Data should be separated
by type of release mode, i.., continuous or batch.

Tritium

*

Quarterly sums of total curies of tritium determined to be released in liquid effluents.

Average concentrations (#Ci/ml) of tritium released in liquid effluents to unrestricted
areas, averaged over the quarterly periods covered by the report.

Percent of applicable limit of average concentrations released to unrestricted areas,
i.e., percent of 3 x 107 4Ci/ml. Include the limit and the bases in the supplemental
report information.

Dissclved and Entrained Gases

Quarterly sums of total curies of gaseous radioactive material determined to be
released in liquid effluents.

Average concentrations (#Ci/ml) of dissolved and entrained gaseous radioactive
material released to unrestricted areas averaged over the quarterly periods covered
by the report.

Page 2 of 6
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Percent of limit of average concentrations released to unrestricted areas. Include the
limit used and the bases in the supplemental report information.

Quarterly sums of total curies for each of the radionuclides determined to be
released as dissolved and entrained gases in liquid effluents.

4, Alpha Radioactivity

Quarterly sums of total curies of gross alpha-emitting material determined to be
released in liquid effluents.

5. Volumes

Quarterly sums, in liters, of total measured volume, prior to dilution, of liquid effluent
released.

Quarterly sums of total determined volume, in liters, of dilution water used during the
period of the report.

6. Stream Flow

L

Data on the average flow of the stream during periods of effluent release should be
collected and reported in the Supplemental Information section of the report.

7. Abnormal Releases

Include the number of releases, the volume released, the total aclivity released and
any applicable discussion of onsite or offsite impacts due to the abnormal release(s).
If any REMP monitored pathways were impacted due {o an abnormal release, then
applicable discussion of the impact(s) to be included in the Annual Radiological
Environmental Operating Report.

Gaseous Effiuent

1. Gases

Quarterly sums of total curies of fission and activation gases released.

Average release rates (uCi/sec) of fission and activation gases for the quarterly
periods covered by the report.

Percent of limit for releases of fission and activation gases.

Page 30f 6
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Quarterly sums of total curies for each of the radionuclides determined to be
reieased based on analyses of fission and activation gases. The data should be
categorized by: (1) elevated releases, batch and continuous modes, and (2)
ground-{evel releases, batch and continuous modes.

2. lodines

Quarterly sum of total curies of iodine-131 released.
Quarterly average release rate (pCifsec) of iodine-131.
Percent of limit for iodine-131 for each quarter.

Quarterly sums of total curies of each of the isotopes, iodine-131, iodine-133, and
iodine-135 determined to be released.

3,  Particulates

Quarterly sums of total curies of radioactive material in particulate form with half-lives
greater than eight days determined to be released.

Average release rate (uCi/sec) of radioactive material in particulate form with
half-lives greater than eight days.

Percent of limit for radioactive material in particulate form with half-lives greater than
eight days.

Quarterly sums of total curies for each of the radionuclides in particulate form
determined to be released based on analyses performed.

Quarterly sums of total curies of gross alpha radioactivity determined to be released.

4, Tritium

*

Quarterly sums of total curies of tritiurn determined to be released in gaseous
effluents.

Average release rate (uCi/sec) of tritium.

Percent of appropriate limits for tritium

5. Table 2-2 should list nuclides even if the total is reported as zero {AR 281707).

Page 4 of 6
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Abnormal Releases

* Include the number of releases, the total activity released and any applicable
discussion of onsite or offsite impacts due to the abnormal release(s). If any REMP
monitored pathways were impacted due to an abnormal release, then applicable
discussion of the impact(s) to be included in the Annual Radiological Environmental
Operating Report.

Solid Radwaste (SRW)

Total curie quantity and radionuclide composition for solid waste shipped for burial or
disposal.

Total SRW volume in cubic meters.

Total SRW radioactivity in curies for the categories of waste specified (a) spent resins, filter
sludges, evaporator bottoms, etc., (b) dry compressible waste, contaminated equipment,
etc., (¢) irradiated components, control rods, etc., (d) other (describe) as applicable. [Note:
Our reporting typically breaks these categories into more detail.]

Estimate of the major nuclide compaosition in each category of SRW

The disposition of SRW shipments (number of shipments, mode of transport and
destination). [Note: This involves shipments that lead to burial or disposal during the year. It
does not include shipments for processing.]

The disposition of irradiated fuel shipments (number of shipments, mode of transport and
destination).

Licensee initiated changes to the Process Control Program to include detailed information
to support rationale for changes, change did not reduce the overall conformance of the
solidification waste product to existing criterion for solid radwaste, changes reviewed and
recommended for approval by PORC. (FSAR 13.4.4.1)

Meteorotogical Data

Cumulative joint frequency distribution of wind speed, wind direction and atmospheric
stability.

Radiological Impact on Man

Total body and significant organ doses to individuals in unrestricted areas from receiving
water-related exposure pathways.

Page 5of 6
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» Total body and skin doses to individuals exposed at the point of maximum offsite
ground-level concentrations of radioactive materials in gaseous effluents.

+ Organ doses to individuals in unrestricted areas from radioactive iodines and radioactive
material in particulate form from all pathways of exposure,

s Total body doses to individuals in unrestricted areas from direct radiation from the facility.

» Calculated doses to members of the public within the Riverlands/Information Center
Complex.

Supplemental Information

e (PerRG 1.21, Page 1.21-13)

Standards for Normal Operation
s (Per 40 CFR 190.10)

Page 6 of 6
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CONTENTS OF
l ANNUAL RADIOLOGICAL ENVIRONMENTAL OPERATING REPORT

¢« REMP Summary Description (TS 5.6.2}

+ Sampling Location Maps and Tables with Distances and Directions from SSES
(TRS 3.11.4.1.1)

« Tables of all Detectable Primary Analysis Resulits and Radiation Measurements
(TRS83.11.4.1.2and T8 5.6.2)

+ Tables with a Statistical Summary of Analysis Results (TS 5.6.2)

e Data Interpretation (TS 5.6.2)

+ Comparison of Indicator Location Data with Other Periods and Controls (TS 5.6.2)

. T];end Analyses for Detectable Results (TS 5.6.2)

s Dose Evaluation with Environmental Impact Assessment (TRS 3.11.4.1.3)

¢ Interlaboratory Comparison Results (TRS 3.11.4.3.1)

« Deviations from Sampling/Analysis Reguirements (TRM 3.11.4.1.A)

» Non-SSES Radionuclide ActivitiﬁDetected (TRM 3.11.4.1.E)

+ Explanation of Unavailable Monitoring Results (TS 5.6.2)

« |f an abnormal release of radioactive material occurred which impacted a REMP monitored

pathway, then the REMP sample results, associated discussions and any applicable offsite
dose calculations shall be included in the report.

Page 1 of 1
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PROCEDURE REVISION SUMMARY
ODCM REVIEW AND REVISION CONTROL
1) Update procedure references and position titles throughout the
procedure.
2) Miscellaneous typographical corrections.

The above changes to ODCM-QA-002 have been evaluated as to not
decrease the level of effluent control or the accuracy and/or reliability of
dose calculations or setpoint determinations as required by 10CFR20.1302,
40CFR190, 10CFR50.36a and 10CFR50, App. .

In addition, these changes do not alter the conduct of the radiological
environmental monitoring program, do not change the radioactive effluent
controls and radiological environmental monitoring activities, and do not
change the information to be included in the Annual Radiological
Environmental Operating and Radioactive Effluent Release Reports.
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1. PURPOSE

The purpose of this procedure is to describe the initiation, review, and processing of
revisions to the ODCM and to establish responsibility for the ODCM.

This procedure constitutes part of the SSES Offsite Dose Calculation Manual (ODCM),
which is a licensing basis document.

2. POLICY/DISCUSSION
2.1 The ODCM is part of the Licensing Basis of SSES and is required by TS 5.5.1.
2.2  The ODCM procedures are controlled as Plant Functional Unit Procedures in

accordance with the requirements of NDAP-QA-0004, with the following
additional guidance and controls:

221 ODCM procedures shall be numbered as follows:
ODCM-QA-nnn, where nnn is a sequential number starting with
001.

22.2. ODCM procedures shall be reviewed and accepted by the

Manager-Plant Chemistry/Environmental prior to PORC review.

223 Changes to the procedures comprising the ODCM require PORC
review prior to approval. Changes, which are solely administrative
corrections or an expedited review revision, are exempt from
PORC review.

224 ODCM procedures shall be issued and controlled by Nuclear
’ Records Document Control Services (NR-DCS) in accordance

with NR procedures. The distribution list shall be maintained by
DCS.

2.3  Changes to the Radioactive Effluent Control Program (RECP} are confrolled in
accordance with NDAP-QA-0730, but are reported as changes to the ODCM in
the Radioactive Effluent Release Report.

3. REFERENCES
3.1 TS 5.5.1, Offsite Dose Calculation Manual (ODCM)
3.2 NDAP-QA-0004, Procedure Change Process

3.3 NDAP-QA-0101, Document Review
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3.4  OPS-1-M, Quality Assurance for Radiological Environmental Monitoring,
Radioactive Effluents, Meteorology, The Environmental Protection Plan, and The
Offsite Dose Calculation Manual
3.5 NDAP-QA-0730, Licensing Document Changes
3.6 10CFR20.1302, Compliance with Dose Limits for Individual Members of the
Public
3.7  40CFR190, Environmental Radiation Protection Standards for Nuclear Power
Operation
3.8  10CFR50.36a, Technical Specifications on Effluents from Power Reactors
3.9 10CFR50, Appendix |, Numerical Guides for Design Objectives and Limiting
Conditions for Operation to Meet “As Low As Is Reasonably Achievable” for
Radioactive Material in Light-Water Cooled Nuclear Power Reactors
RESPONSIBILITIES
41 Plant General Manager-Nuclear
4.1.1 Approves revisions to the ODCM.
42  Manager-Plant Chemistry/Environmental
4.2.1 Is the Responsible Functional Unit Manager (FUM).
4.3  Chemistry Support Supervisor
4.31 Ensures the adequacy and correctness of methodologies
described in the ODCM.
4.3.2 Responsible for reviewing revisions to the ODCM.
4.4  Chemistry Support Personnel
441 Maintain the ODCM.
442 Process revisions to the ODCM.
4.5  All Personnel
451 Submit comments on ODCM contents and proposed revisions to

the Chemistry Support Group.
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DEFINITIONS

PROCEDURE

Personnel shall submit proposed ODCM revisions on the SSES Offsite Dose
Calculation Manual Change Request Form ODCM-QA-002-1. The submitter
shall complete Sections 1 through 5 according to the directions on the form,
including sufficient detail of the revision and technical basis of the change to
support the rationale for the change and to enable the Chemistry Support Group
to proceed. The submitter should provide at least one-month lead time between
the submittal date and the requested implementation date to permit preparation,
review by interested parties, and approval of the ODCM revision. Changes
tracked by other mechanisms (e.g., Condition Reports and Modifications) do not
require use of Form ODCM-QA-002-1.

Chemistry Support Personnel shall sign and date Form(s) ODCM-QA-002-1 on
receipt, and retain the form(s) in a work file created for this ODCM revision.
Chemistry Support Personnel may contact the form submitter to discuss the
details of the revision.

Chemistry Support Personnel shall prepare a draft of the ODCM revision based
on information in Form(s) ODCM-QA-002-1.

6.3.1 The preparer shall ensure that the change does not reduce the
level of effluent control or the accuracy and/or reliability of dose
calculations or setpoint determinations as required by
10CFR20.1302, 40CFR190, 10CFR50.36a and 10CFR50,
Appendix I.

6.3.2 The preparer shall include a statement to this effect in the
Procedure Revision Summary.

6.3.3 If compliance to the criterion in Step 6.3.1 cannot be
demonstrated, the preparer shall make appropriate changes to
ensure compliance, else the proposed revision shall be dismissed.

6.34 Each change shall be identified by markings in the margin of the
affected pages, clearly indicating the area of the page that was
changed. The date the change is implemented is indicated on the
Procedure Cover sheet.
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6.6

6.7
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Chemistry Support Personnel shall follow the process described in
NDAP-QA-0004 for plant procedures.

6.4.1 All review comments and resolutions shall be documented
according to NDAP-QA-0101.

6.4.2 The review shall sustain that the change does not reduce the
accuracy or reliability of dose calculations and/or setpoint
determinations.

Chemistry Support Personnel shall schedule the proposed ODCM revision for
PORC review in accordance with PORC procedures.

Chemistry Support Personnel shall present the ODCM revision to PORC, along
with originating information (Form(s) ODCM-QA-002-1), review documentation
(Form NDAP-QA-0101-1), any technical material (calculations, studies, etc.)
necessary to support the ODCM revision, the evaluation required in Step 6.3.1
and appropriate signature approvals.

Chemistry Support Personnel shall submit to the NRC a complete, legible copy of
the revised ODCM in the Radioactive Effluent Release Report for the period of
the report in which any change to the ODCM was made.

RECORDS

The following shall be submitted to Nuclear Records in accordance with NR procedures:

7.1

7.2

Form(s) ODCM-QA-002-1, with attachments, if any.

Review package, assembled in accordance with the requirements of
NDAP-QA-0004 and NDAP-QA-0101. '
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SSES OFFSITE DOSE CALCULATION MANUAL
CHANGE REQUEST

1. ODCM-QA-___  Submit a separate form for each ODCM procedure to be revised.

2. Describe proposed revisions to the SSES ODCM below. Include references to sections,
figures, tables, parameters, and equations with sufficient detail to convey complete and correct
information. If necessary, use additional pages. If proposed revision can be more clearly
indicated on marked up copy(s) of the current ODCM, then attach these marked up pages to
this form.

3. Reason for revision: include references to Condition Reports, Audit Services observations or
findings, Licensing Issues, DCPs, etc., as applicable. If necessary, use additional pages.

4. Additional pages attached? No [] Yes []
Number of additional pages

5. Requested date for implementation of revision:

Requested by: Cost Area; Date:

To be completed by Chemistry Support - SSES

Received by: Date:

FORM ODCM-QA-002-1, Rev. 2, Page 1 of 1
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SUSQUEHANNA NUCLEAR, LLC PROCEDURE

EFFLUENT MONITOR SETPOINTS ODCM-QA-003
Revision 8

Page 1 of 16

ADHERENCE LEVEL: INFORMATION USE

QUALITY CLASSIFICATION: APPROVAL CLASSIFICATION:
) Non-Plant

(X) QAProgram ( ) Non-QAProgram | (X) Plant (
( ) Instruction

EFFECTIVE DATE: 10/31/2018

PERIODIC REVIEW FREQUENCY: N/A

PERIODIC REVIEW DUE DATE:

RECOMMENDED REVIEWS:
Nuclear Emergency Planning

Procedure Owner: Chemistry

Responsible Supervisor: Manager-Plant Chemistry/Environmental
Responsible FUM: Manager-Plant Chemistry/Environmental
Responsible Approver: Plant Manager-Nuclear
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PROCEDURE REVISION SUMMARY

EFFLUENT MONITOR SETPOINTS

The changes made do not reduce or compromise the level of effluent control or
the accuracy and/or reliability of dose calculations or setpoint determinations as
required by 10CFR20.1302, 40CFR190, 10CR50.36a and 10CFR50, Appendix .
Additionally, the changes outlined below (1) do not alter the conduct of the
radiological environmental monitoring program, (2) do not change the radioactive
effluent controls and radiological environmental monitoring activities, and (3) do
not change the information to be included in the Annual Radiological
Environmental Operating and Radioactive Effluent Release Reports.

1)  Editorial change to update the title of the Procedure Owner and
Responsible Approver.

2)  Minor typographical correction in Step 6.2.3.

20of16
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PURPOSE

This procedure discusses the methodology to be used in determining effluent monitor
alarm/trip setpoints to be used to ensure compliance with the concentration and
instantaneous release rate limits in the Technical Requirements Manual

(Sections 3.11.1.1 and 3.11.2.1) and provides operational flexibility while giving
reasonable assurance of meeting the design objectives of 10CFR50, Appendix .

ODCM-QA-003
Revision 8
Page 4 of 16

This procedure constitutes part of the SSES Offsite Dose Calculation Manual which is a
licensing basis document.

POLICY/DISCUSSION

2.1

2.2

ODCM Setpoints are Upper Limit Values

2.1.1

Effluent monitor alarm/trip setpoints calculated in accordance with
the ODCM shall be considered upper limit values. Higher (less
consetrvative) setpoints shall not be used, however, lower (more
conservative) setpoints may be used as required to maximize the

utility of the monitor.

Waterborne Effluent Monitors

2.21

2.2.2

2.2.3

224

A gross radioactivity monitor providing automatic termination of
liquid effluent releases is present on the liquid radwaste effluent
line. Flow rate measurement devices are also present on the
liquid radwaste effluent line and the discharge line (cooling tower

blowdown).

Precautions, limitations, and setpoints applicable to the operation
of the SSES liquid effluent monitors are provided in the applicable
plant procedures.

The liquid effluent monitor setpoints are determined in accordance
with the methodology and parameters described in Section 6.1
and controlled as “field set” in accordance with applicable plant
procedures.

Setpoint values are to be calculated to ensure that alarm and trip
actions occcur upon approaching 10 times the EC limits of
10CFR20, Appendix B, Table 2, Column 2 and 2E-4 uCi/ml for
total dissolved gases at the release point to the Unrestricted Area.

4 of 16
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Setpoint values for monitors used for leak detection (if set more
conservatively than the EC limits) should be based on X times
background values provided such values do not result in
concentrations greater than the EC limits at the Unrestricted Area.
The setpoint is established based on operating experience.

Airborne Effluent Monitors

2.3.1

2.3.2

2.3.3

2.3.4

2.3.5

2.3.6

Noble gas activity monitors, iodine, and particulate samplers are
present on the reactor building ventilation system (Units 1 and 2),
the turbine building ventilation system (Units 1 and 2), and the
standby gas treatment system exhaust vents. Effluent system
flow rate and sampler flow rate are measured on all of the
systems allowing the vent monitor microprocessor to calculate
release rates based on measured flow rates.

Precautions, limitations, and setpoints applicable to the operation
of the SSES airborne effluent monitors are provided in the
applicable plant procedures.

Setpoints are conservatively established for each effluent monitor
so that the instantaneous dose rates of TRO 3.11.2.1.T will not

be exceeded.

The general methodology for establishing plant ventilation
airborne effluent monitor setpoints is based upon a site limiting
release rate derived from site-specific meteorological dispersion
conditions, vent flow rates, and measured or expected
radionuclide mixtures in the gaseous effluents. The site limiting
release rate can then be converted to vent limiting concentrations
or vent limiting release rates for input as setpoints for the
applicable detectors.

The main condenser offgas pre-treatment monitor provides
indication of offgas activity prior to input to the holdup system.
Alarm setpoints are based on the Technical Specification 3.7.5
noble gas release rate limit of 330 millicuries/second or less at the
motive steam jet condenser discharge.

Noble gas activity monitor setpoints are established at release
rates which permit some margin for corrective action to be taken
before exceeding the offsite instantaneous dose rates of

TRO 3.11.2.1.1.
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2.4 Selection of Data for Determination of Dose Rate Compliance

2.4.1

242

REFERENCES

Airborne effluent monitor setpoints are maintained in accordance
with Section 2.3, to alarm before the dose rate limits of the
Technical Requirements Manual TRO 3.11.2.1. 1 are exceeded.
Station alarm response procedures contain instructions for
investigation and verification of monitor alarms. Because setpoint
calculations must include assumptions about the composition of
the monitored effluent, a monitor high alarm does not necessarily
indicate that a dose rate limit has been exceeded.

Valid 10-minute or valid 15-minute averaged data should be the
primary information used to determine the compliance status of an
incident. One-minute averaged data should also be reviewed if
available, but they may or may not provide additional information
depending on the magnitude of the release due to the manner in
which the monitors update values to be stored and associated
statistical considerations. Averages over a longer period should
be used only when data with higher resolution is not available.
Grab sample analyses should be performed whenever possible to
confirm or disprove monitor data, and to provide indication of the
nuclide specific composition of the effluent. When grab sample
data are available which, based on vent monitor data, are
indicative of the period of elevated release, dose rate calculations
should be performed using the actual effluent mix. The
determination of compliance status should not be based on
monitor data alone when it is possible to collect and analyze a
vent sample which will be representative of the period of elevated
release.

3.1 TS 3.7.5, [Radioactive Effluents] Main Condenser

3.2 TR 3.11.1.1, [Radioactive Effluents] [Liquid Effluents] Concentration

3.3 TR 3.11.1.4, Liguid Radwaste Effluent Monitoring Instrumentation

3.4 TR 3.11.1.5, Radioactive Liquid Effluent Monitoring Instrumentation

3.6 TR 3.11.2.1, [Radioactive Effluents] [Gaseous Effluents] Dose Rate

3.6 TR 3.11.2.6, Radioactive Gaseous Effluent Monitoring Instrumentation

3.7 10CFR20.1301, Dose limits for individual members of the public

6 of 16
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3.8  10CFR20 Appendix B, Annual Limits on Intake (ALIs) and Derived Air
Concentrations (DACs) of Radionuclides for Occupational Exposure: Effluent
Concentrations; Concentrations for Release to Sewerage

3.9 40CFR190, Environmental radiation protection standards for nuclear power
operations

3.10 10CFR50 Appendix [, Numerical Guides for Design Objectives and Limiting
Conditions for Operation to Meet the Criterion “As Low as is Reasonably
Achievable” for Radioactive Material in Light-Water Cooled Nuclear Power

Reactor Effluents

3.11  EC-RADN-1041, Rev. 6, SSES “Expected” Liquid and Gaseous Effluent
Releases and Aquatic and Atmospheric Doses

3.12  The importance of P-32 in Nuclear Reactor Liquid Effluents, USNRC Edward F.
Branagan Jr., Charles R. Nichals, and Charles A. Willis; 1982

3.13 PPL AR# 401298, "Deletion of LRW Composite Sample P-32 Analysis 5/2002"

3.14 EC-ENVR-1042, Airborne Effluent Dose Conversion Factors Used in Chemistry
Procedures.

RESPONSIBILITIES

4.1 Manager - Plant Chemistry/Environmental

411 . Is responsible for calibrating, functionally testing, and providing
alarm responses for radiological effluent monitoring equipment.

4.1.2 Ensures adequacy and correctness of methodology used to
establish setpoints.

4.1.3 Is responsible for development of methodology and calculations
used to establish setpoints

DEFINITIONS

5.1 Actual Tank Activity - The sum of the products of tank concentrations and volume
for each isotope.

5.2  Cs-137 Equivalent- Concentration equivalent of 1.00E-08 pnCi/ml ECL for Cs-137.

5.3 ECL - Effluent Concentration Limits as defined in 10CFR20, Appendix B.
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6. PROCEDURE

6.1

Liquid Effluent Monitoring

Chemistry shall develop procedures implementing the following requirements for
Liquid Effluent Monitoring.

6.1.1 Discharge Termination

Chemistry shall determine the setpoint concentration for the
discharge termination, which limits the maximum concentration
being released, as follows:

C,=X*3C, (Eq. 6.1-1)
n

Where:

C, = The setpoint concentration at which the discharge would be
terminated (nCi/ml).

X = A unitless number greater than one that is chosen to prevent
spurious alarms that might result from non-uniformity in the
activity concentrations of the liquid discharges.

C,» = The concentration of isotope n in the contents of the tank to be

discharged as determined by pre-release sampling and
analyses. The summation shall include gamma-emitting
isotopes only (including noble gases). The minimum 2. C,, used
in the setpoint determination is 9.0E-6 uCi/ml. 9.0E-6 uCi/ml is
the TRM concentration limit for Cs-134 which is the most
restrictive of the principal gamma emitting isotopes required to
be analyzed in liquid effluents (per TRM Bases 3.11.1.1).

The setpoint concentration is based on the activity of the isotopes to
which the monitor responds, i.e., gamma-emitting isotopes only. ltis
used to establish the radiation monitor setpoint (count rate) in units of
cpm or cps.
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6.1.2 Radiation Monitor Setpoint

The radiation monitor setpoint is the sum of the background count
rate and the count rate equivalent of the setpoint concentration.
The count rate equivalent of the setpoint concentration in units of
uCi/ml is determined by dividing the setpoint concentration by the
calibration factor (also referred to as conversion constant or
calibration constant in units of pCi/ml/cpm).

Chemistry shall determine the radiation monitor setpoint as

follows:
S=—%+B (Eq. 6.1-2)
Where:
S = the radiation monitor setpoint (cpm)
C, = the setpoint concentration at which the discharge would be
terminated from Eq. 6.1-1 (uCi/ml)
K = the radiation monitor calibration factor (uCi/ml/cpm)
B = the background radiation level for the radiation monitor (cpm)

The alarm setpointl may be established at a suitable fraction of the
setpoint for discharge termination.

9 of 16
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Discharge Flow Rate Limit Determination

The flow rate below which tank discharges must be maintained
depends on the magnitude of the dilution required to ensure
compliance with the limits of TR 3.11.1.1:

Chemistry shall establish the maximum Discharge Flow Rate
using the following equation:

F

Y*[ZC,, /L, +Y Cya /2E—4)—1

NGi

(Eq. 6.1-3)

f=

The maximum discharge rate from the tank (gpm).

The minimum dilution flow rate of 5000 gpm provided by
the blowdown flow from the Cooling Towers and any
overflow from the spray pond (gpm).

A unitless number that is chosen to ensure that the dilution
flow is conservatively determined.

11

1

= The concentration of isotope n in the contents of the tank to be
discharged as determined by pre-release sampling and
analyses. The summation shall include previous composite
sample results for non-gamma emitting radionuclides such as

H-3, Fe-65, Sr-89, and Sr-80 (uCi/ml).

= Ten (10) times the effluent concentration (EC) for isotope n
per 10CFR20, Appendix B, Table 2, Column 2 for
radionuclides other than noble gases. To maintain
compatibility with other federal regulations, the maximum
permissible concentration (MPC) value from 10CFR20,
Appendix B, Table I, Column 2 (pre-1994 10CFR20) may
be used for those isotopes for which the MPC is more
restrictive than (10 x EC).

= The concentration of noble gas isotope i in the contents of
the tank to be discharged. The summation shall include all
dissolved and entrained noble gases.

Selecting values of X (Section 6.1.1) and Y (Section 6.1.3) is a matter of
experience and the expected margin needed between the activity
concentration and the maximum concentration limit (10 x ECL).

Y must

be greater than X in order to ensure release concentrations are

within allowable limits.
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Post-Release Evaluation

Chemistry shall perform post-release evaluations using actual
composite sample results to recalculate the highest diluted

2.Cu/L,.
Service Water, SDHR Service Water, and RHR Service Water

The Service Water System provides screened water from the
cooling tower basin for cooling plant systems and equipment. The
supplemental Decay Heat Removal Service Water System
(SDHR) provides decay heat removal during refueling outages
when the Service Water System is shut down. The Residual Heat
Removal (RHR) Service Water System provides water from the
Engineered Safeguard Service Water (ESSW) spray pond to the
RHR heat exchangers. In post-accident conditions, RHR Setrvice
Water can supply water for vessel and containment flooding. The
Service Water, SDHR Service Water, and RHR Service Water
Systems are not hormal pathways for liguid effluents. Radiation
monitors are in place on these systems to provide indication of
leaks across heat exchangers into the service water.

The high radiation setpoints for these monitors are set at 1E-5/cal.
factor (IE-5 = 10 times the Cs-137 equivalent). Considering the
radionuclides predominant in SSES liquid effluents e.g., Co-58,
Co-60, Fe-59, Mn-54 and Cr-51, use of a setpoint based on the
Cs-137 ECL is reasonable based on the following parameters:

1) photon abundance (85%), photon energy (0.662 MeV)
2)  magnitude of applicable ECL (1E-6 uCi/ml)

Because Service Water, SDHR Service Water, and RHR Service
Water systems are not normal release pathways for liquid
effluents, no credit should be taken for possible dilution scenarios.
All service water should be maintained below 1E-5 pCi/ml (10
times the Cs-137 equivalent ECL) or as established by Chemistry
based on operating experience (Section 2.2.5),
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If some background contribution is to be added to the calculated
High and Alert setpoints, a Downscale or Low Rad Setpoint is also
required in order to minimize the chance of a change in the
background of a monitor masking a significant trend in monitored
activity. The alarm setpoints for Service Water, SDHR Service
Water and RHR Service Water monitors are then determined as

follows:

a.

When monitor background <(1E-5)/Cal. Factor:

HI RAD Setpoint = 0.5 Background + (1E-5)/Cal. Factor

DOWNSCALE or LOW RAD Setpoint = 0.5 Background

When monitor background >(1E-5)/Cal. Factor:

HI RAD Setpoint = Background + 0.5 (1E-5)/Cal. Factor

DOWNSCALE or LOW RAD Setpoint = Background - 0.5
(1E-5)/Cal. Factor

Where:

Setpoint

Background =

(1E-5)

Cal. Factor

i

i1

alarm threshold value to be entered into
monitor (cps for Service Water and SDHR
Service Water, cpm for RHR Service
Water)

monitor background at most recent
background determination (cps for Service
Water, and SDHR Service Water, cpm for
RHR Service Water)

10 times the Cs-137 ECL (uUCi/ml)

monitor response factor per unit Cs-137
concentration determined during most
recent calibration (UCi/ml per cps for
Service Water and SDHR Service Water,
HCi/ml per cpm for RHR Service Water)

The ALERT RAD setpoints for the RHR Service Water
monitors are maintained at 80% of the applicable HI RAD

setpoint (cpm).
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Airborne Effluent Monitoring - Noble Gas

The methodology outlined in Section 6.2 shall be utilized in implementing the
requirements for Airborne Effluent Monitoring of Noble Gas. The site limiting
release rate is based on not exceeding the instantaneous dose rates of TRO
3.11.2.1.1 . Using the site limiting release rate, methodology is provided to
determine the plant vent monitor limiting activity concentration and individual
plant vent monitor limiting activity release rates, Depending on the design of the
effluent radiation monitoring system, either the monitor limiting concentration or
the monitor limiting release rate can be used to establish plant vent radiation

monitor setpoints.

6.2.1 Site Limiting Release Rate - Noble Gas
a. The limiting total body and skin release rates are
calculated as follows;
' * * '
LTB = M (Eg. 6.2-1a)
D?B
* ®
1, = 2w " DRs TR (Eq. 6.2-1b)
DS
Where:
Lrg = limiting release rate- noble gas total body (uCi/min)
Ls = limiting release rate- noble gas skin (uCi/min)
Qne = total noble gas source term (Ci)

DRz = total body dose rate limit for the noble gas effluent (500
mrem/year) (ref. TRO 3.11.2.1, .A)

DRs = total skin dose rate limit for the noble gas effluent
(3000 mrem/year) (ref. TRO 3.11.2.1, .B)

Dz = limiting total body offsite dose resulting from the noble
gas source term Qug (mrem)

Ds = limiting skin offsite dose resulting from the noble gas
source term Qug (Mrem)

13 0f 16




ODCM-QA-003
Revision 8
Page 14 of 16

K = units conversion factor
(1E6 pCi/Ci) * (1 yr/365 days) * (1 day/ 24 hours)
* (1 hour/60 minutes)

D+ and Dg are determined in accordance with ODCM-QA-004
using the noble gas source term and dispersion parameters
provided in Attachment A.

Note, Que is the sum of the noble gas activities provided in
Attachment A. The ratio of the annual source term to the
corresponding total body and skin dose is used in the above
equations. Thus, either the total annual release per unit or the
total annual release for the site may be used.

b. The site limiting release rate for noble gas, Lyg, shall be
set as the lesser of L1z and Ls and the site limiting release
rate for noble gas implemented in the Emergency Plan.,
The Emergency Plan may be revised to implement the
lesser of L1z and Lg to provide additional flexibility in plant
operations.

6.2.2 Monitor Limiting Concentration - Noble Gas

The limiting noble gas concentration applicable to all plant vents
shall be determined as follows:

2
Where:
Cne = monitor limiting noble gas concentration (uCi/cc)
Lye = site limiting release rate - noble gas from Section 6.2.1
(UCi/min)
Fv = vent flow high limit for vent V (cc/min)
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6.2.3 Monitor Limiting Release Rate - Noble Gas

The limiting plant vent noble gas release rate shall be determined
for each plant vent as follows:

L

Ryo="L- Fy | (Eq. 6.2-3)
25
V
Where
R,’\;G = monitor limiting noble gas release rate (uCi/min) for
plant vent V
Lye = site limiting release rate - noble gas from Section 6.2.1
(UCilmin)
Fy = vent flow high limit for vent V (cc/min)
RECORDS
None
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PARAMETERS USED TO DETERMINE AIRBORNE EFFLUENTS MONITOR SETPOINTS

Ar-41 1.02E+02
Kr-83m 0.00E+00
Kr-856m 3,09E+02

Kr-85 2.60E+02

Kr-87 1.42E+01

Kr-88 6.32E+01

Kr-89 1.47E+02

Xe-131m 5.90E+01
Xe-133m 6,00E+00
Xe-133 8.36E+03
Xe-135m 8.70E+02
Xe-135 9,73E+02
Xe-137 4,68E+02
Xe-138 2.10E+02

Annual Average Dispersion Parameters - Limiting Site Boundary (2)
1.25E-5 sec/m®

1.24E-5 sec/m®
1.07E-5 sec/m?®

Relative Concentration

Decayed Relative Concentration
Decayed, Depleted Relative Concentration

Notes:

1. Design basis “expected” gaseous effluent releases ber EC-RADN-1041

2. 1999-2003 Meteorological Data per EC-ENVR-1057, Rev. 0

Page 1 of 1
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PROCEDURE REVISION SUMMARY

AIRBORNE EFFLUENT DOSE CALCULATIONS

The changes made do not reduce or compromise the level of effluent control or
the accuracy and/or reliability of dose calculations or setpoint determinations as
required by 10CFR20.1302, 40CFR190, 10CFR50.36a and 10CFR50,

Appendix |. Additionally, the changes outlined below (1) do not alter the conduct
of the radiological environmental monitoring program, (2) do not change the
radioactive effluent controls and radiological environmental monitoring activities,
and (3) do not change the information to be included in the Annual Radiological
Environmental Operating and Radioactive Effluent Release Reports.

1) Administrative change to update procedure revision number to support
documentation and correction to procedure reviews which were not
documented correctly in Revisions 6 and 7. Revision recommended per
ACT-01-CR-2018-01562 and ACT-01-CR-2018-01563.



For Information Only

ODCM-QA-004
Revision 8
Page 3 of 64
TABLE OF CONTENTS
SECTION
1. PURPOSE
2. POLICY/DISCUSSION
3. REFERENCES
4. RESPONSIBILITIES
5. DEFINITIONS
6. PROCEDURE
6.1 Noble Gases
6.2 Radionuclides Other Than Noble Gases
6.3 Airborne Effluent Monitoring - lodine and Particulate
6.4  Airborne Monitor Line Loss Corrections
6.5  Airborne Effluent Dose Calculations Exceeding Twice the
Quarterly or Annual TRM Values
6.6 Projected Dose from Gaseous Effluent
7. RECORDS
ATTACHMENTS
ATTACHMENT
A Dose Factors for Noble Gases
B Annual Average Dispersion Factors Used for Monthly Surveillances
c ODCM Maximum Pathway Dose Factors: Radionuclides other than
Noble Gases
D Evaluation of Insignificant Effluent Pathway Gaseous Releases
E Parameters Used To Determine Particulate/lodine Limiting Release

Rates

PAGE

11
12

15

16
16

16

PAGE

17

18

19

63

64



For Information Only

PURPOSE

ODCM-QA-004
Revision 8
Page 4 of 64

The purpose of this procedure is to provide the methodology and parameters used in

calculating air dose resulting from noble gas effluent and maximum individual, total body,
and organ doses due to airborne effluents to ensure compliance with the dose limitations
in the Technical Requirements Manual (Sections 3.11.2.2, 3.11.2.3, 3.11.2.5 and 3.11.3)

and 10CFR20.1302.

This procedure constitutes part of the SSES Offsite Dose Calculation Manual (ODCM)
which is a licensing basis document.

POLICY/DISCUSSION

2.1 Meteorological Parameters

211

2.2 Noble Gases

2.21

The meteorological parameters are provided by the SSES
meteorology program. Instrumentation and controls necessary to
ensure that sufficient meteorological data are available to
determine radiation doses to the public as a result of radioactive
releases are specifiedin TR 3.3.3.

Annual dose calculations for the Radioactive Effluent Release
Report are based on the actual meteorological conditions
concurrent with the reporting year.

Monthly dose calculations are based on the limiting sector
average annual dispersion factors based on a selected period of
time. The dispersion factors currently used are provided in
Attachment B.

Use of the no-decay-undepleted X/Q is recommended for dose
computations, because it is conservative for all isotopes.
Consideration for depletion of radioiodines and particulates and
radioactive decay of the plume is acceptable, but not required.

The methodology described herein incorporates parameters
outlined in Regulatory Guide 1.109, Rev. 1, October, 1977,
Calculation of Annual Doses to Man from Routine Releases of
Reactor Effluents for the Purposes of Evaluating Compliance with
10CFR50, Appendix |, and NUREG-0133, Preparation of
Radiological Effluent Technical Specifications for Nuclear Power
Plants.

The methods for sampling and analysis of continuous ventilation
releases are given in the applicable plant procedures.
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Radionuclides Other Than Noble Gases

231

Effluent Data

241

242

243

244

245

The methods for sampling and analysis of continuous ventilation
releases for radioiodines and radioactive particulates are given in
the applicable plant procedures and shall be performed in
accordance with TR Table 3.11.2.1-1.

The total number of Curies released for each radionuclide during
the time period being evaluated is supplied by the SSES effluent
monitoring program.

For determination of compliance with the Technical Requirements
Manual dose limits, effluent totals shall be based only on activity
positively detected at the 95% confidence level.

Applicable airborne pathways at SSES include immersion,
inhalation, ground exposure, vegetable ingestion, and cow-milk
ingestion. The grass-to-meat-to-man airborne pathway is
applicable depending on its identification in the annual Land Use
Census Report. If a specific airborne exposure pathway does not
exist (based on the most recent Land Use Census results) then
offsite dose calculations for the applicable exposure pathway do
not need to be performed.

Quarterly doses are the summation of the applicable monthly
values.

Effluent data from the following Insignificant Effluent Pathways
shall be included in the Radioactive Effluent Release Report:
Units 1 and 2 CSTs, Units 1 and 2 Main Turbine and RFPT Lube
Oil Systems, Units 1 and 2 Hydrogen Seal Oil Systems, the
RWST, Batch Lube Oil Tank and Noble Gases Entrained in Liquid
Effluents.

The contribution from Insignificant Effluent Pathways to the total
dose from all SSES effluents should be small enough that the
dose from these pathways combined with the dose from
Significant Effluent Pathways would not be expected to challenge
the radiological effluent dose limits for the SSES. Insignificant
Pathway Effluents will be tracked and evaluated quarterly.
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246 When a gaseous effluent noble gas monitor indicates a release
has occurred, a noble gas isotopic mix shall be selected and
assigned to that release period. If a representative sample cannot
or was not obtained during the release, then the isotopic mix
should be based on the applicable unit current conditions as
appropriate.

25 Assignment of Releases to the Reactor Units

251 For determination of compliance with SSES radioactive effluent
dose limits which are on a "per reactor unit" basis:

a.

Effluents from the Unit 1 Reactor Building vent and the Unit
1 Turbine Building vent shall be included as Unit 1
releases. Effluent from the following Insignificant Effluent
Pathways associated with Unit 1 shall also be included in
the Unit 1 releases: the Unit 1 Condensate Storage Tank
Vent, the Unit 1 Main Turbine and RFPT Lube Oil System
vents, and the Unit 1 Hydrogen Seal Oil system vent. The
Radwaste Building vent shall also be included in Unit 1
releases.

Effluents from the Unit 2 Reactor Building vent and the
Unit 2 Turbine Building vent shall be included as Unit 2
releases. Effluents from the following Insignificant Effluent
Pathways associated with Unit 2 shall also be included in
the Unit 2 releases: the Unit 2 Condensate Storage Tank
vent, the Unit 2 Main Turbine and RFPT Lube Oil System
vents, and the Unit 2 Hydrogen Seal Oil System vent.

Effluents from the Standby Gas Treatment System vent
and the following Insignificant Effluent Pathways common
to both Units 1 and 2 shall be divided equally between
Units 1 and 2 releases, or apportioned appropriately
between the units if sufficient information is available:
Refueling Water Storage Tank, Noble Gases Entrained in
Liquid Effluents and Batch Lube Oil Tank.
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3. REFERENCES

3.1
3.2

3.3

3.4

35
3.6
3.7

3.8

3.9

3.10
3.11

3.12

3.13
3.14

3.15

3.16

3.17

3.18
3.19

TR Table 3.11.2.1-1, Radioactive Gaseous Waste Sampling and Analysis Program
TR 3.11.2.2, [Radioactive Effluents] [Gaseous Effluents] Dose-Noble Gases

TR 3.11.2.3, [Radioactive Effluents] [Gaseous Effluents] Dose-lodine, Tritium,
and Radionuclides in Particulate Form

TR 3.11.2.5, [Radioactive Effluents] [Gaseous Effluents] Ventilation Exhaust
Treatment System

TR 3.11.3, Total Dose
TR 3.3.3, Meteorological Instrumentation

10CFR20 Appendix B, Annual Limits on Intake (ALIs) and Derived Air
Concentrations (DACs) of Radionuclides for Occupational Exposure; Effluent
Concentrations; Concentrations for Release to Sewage

Regulatory Guide 1.109, Rev. 1, October, 1977, Calculation of Annual Doses to
Man from Routine Releases of Reactor Effluents for the Purposes of Evaluating
Compliance with 10 CFR 50, Appendix |

NUREG-0133, Preparation of Radiological Effluent Technical Specifications for
Nuclear Power Plants, October 1978

CH-RM-005, SSES Meteorological Monitoring Program
ODCM-QA-006, Total Dose Calculations

PPL Calculation EC-ENVR-1055, Rev. 1, “Evaluation of Dose Factors for Liquids
and Gaseous Effluent Releases”

SSES Annual Land Use Census Report

PPL Calculation EC-ENVR-1008, Rev. 4, “Unmonitored Release Analysis:
Systems Identified in PLI-77223”

PPL Calculation EC-RADN-1041, Rev. 6, SSES Expected Liquid and Gaseous
Effluent Releases and Aquatic and Atmospheric Doses

PPL Calculation EC-ENVR-1057, Rev. 0, Offsite X/Q Values for the SSES Based
on 1999-2003 Meteorological Data

PPL Calculation EC-079-1034, Rev. 0, VERMS Particulate and lodine Line
Losses Analysis.

LDCN Nos. 4552, 4553

NUREG-0172, Age-Specific Radiation Dose Commitment Factors for a One-Year
Chronic Intake, November 1977



For Information Only

ODCM-QA-004
Revision 8
Page 8 of 64

3.20 NUREG/CR-4653, GASPAR Il — Technical Reference and User Guide, March

1987

4, RESPONSIBILITIES

4.1

Manager - Plant Chemistry/Environmental

411 Ensures adequacy and correctness of methodology to be used in
calculating doses resulting from airborne effluents as necessary
for fulfillment of Technical Requirement Surveillances (3.11.2.2.1,
3.11.2.3.1, 3.11.3).

412 Ensures the cumulative dose contributions for the current calendar
quarter and current calendar year are determined every 31 days in
fulfilment of TRSs 3.11.2.2.1, 3.11.2.3.1, 3.11.3.

41.3 Ensures methodology and parameters to be used in calculating
doses resulting from airborne effluents are developed to ensure
compliance with the dose limitations in the Technical
Requirements Manual.

5. DEFINITIONS

5.1

5.2

5.3

FID - Fraction of airborne radioiodine effluent that is estimated to be elemental
iodine. The fraction of iodine deposited (FID) is assumed to be 0.5 (Regulatory
Guide 1.109 (page 1.109-26)).

MEMBER(S) OF THE PUBLIC - Shall include all persons who are not
occupationally associated with the plant. This category does not include
employees of the utility, its contractors, or vendors. Also excluded from this
category are persons who enter the site to service equipment or to make
deliveries. This category does include persons who use portions of the site for
recreational, occupational, or other purposes not associated with the plant.

UNRESTRICTED AREA - Shall be any area at or beyond the site boundary,
access to which is not controlled by the licensee for purposes of protection of
individuals from exposure to radiation and radioactive materials, or any area
within the site boundary used for residential quarters or for industrial,
commercial, institutional, and/or recreational purposes.
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The dose rate at a specified location due to noble gases released
in airborne effluents shall be determined by the following equation
for total body dose:

D=3 2, (K)X/D(Q)  (Eq.1)(Ref.3.9)

and by the following equation for skin dose:

Dy =3, ¥ [L+LIM)IX/Q),(Q)  (Eq.2) (Ref. 3.9)

where:

(X/Q)y

Qly

Ds

M;

1.1

the annual total body dose (mrem/yr)

the total body dose factor due to gamma emissions
for each identified noble gas radionuclide (i) from
Attachment A (mrem/yr per uCi/m3)

the relative concentration factor for the specified
location from vent release point (v) such as from
Attachment B (sec/md)

the release rate of radionuclide (i) from vent (v)
(uCilsec)

the annual skin dose (mrem/yr)

the skin dose factor due to the beta emissions for
each identified noble gas radionuclide (i) from
Attachment A (mrem/yr per uCi/m?3)

the air dose factor due to gamma emissions for
each identified noble gas radionuclide (I) from
Attachment A (mrad/yr per uCi/m3)

unit conversion constant of 1.1 mrem/mrad
converts air dose to skin dose
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The air dose at a specified location due to noble gases released in
airborne effluents during any specified time period shall be
determined by the following equation for gamma radiation:

D, =317E-8 > (M}X/Q), (Q,,)  (Eq.3)(Ref.3.9)

and by the following equation for beta radiation:

D, =317E-8 Y (N)(X/Q), Q)  (Eq.4) (Ref.3.9)

where:

Dy

Ds

3.17E-8

M;

the total gamma air dose from airborne effluents
for the specified time period (mrad)

the total beta air dose from airborne effluents for
the specified time period (mrad)

the inverse of seconds in a year (yr/sec)

the air dose factor due to gamma emissions for
each identified noble gas radionuclide (i) from
Attachment A (mrad/yr per uCi/m3)

the air dose factor due to beta emissions for each
identified noble gas radionuclide (i) from
Attachment A (mrad/yr per uCi/m?3)

the relative concentration factor for the specified
location such as from Attachment B (sec/m3)

the integrated release of radionuclide (i) from all
vents (v) for a specified time period. (UCi)
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6.2 Radionuclides Other Than Noble Gases

6.2.1

6.2.2

The dose rate at a specified location due to inhalation of
radioactive materials released in airborne effluent (including 1-131
and [-133) shall be determined by the following equation for any
organ:

D=}, > (R)W)Q,) (Eq.5) (Ref.3.9)

where:

De = the annual organ dose (mrem/yr)

R = the dose factor based on inhalation pathway for
each radionuclide other than noble gases (i) for
the inhalation pathway from Attachment C.
(mrem/yr per uCi/m?3)

W, = the relative concentration factor for the specified
location from Attachment B. (sec/m?)

QY = the release rate of radionuclide (i) from vent (v)

(uCilsec)

The critical organ dose to an individual from radionuclides other
than noble gases released in airborne effluent (including I-131 and
[-133) during any specified time period at a specified location shall
be determined by the following equation:;

D, =317E-8 > (R)(W,)(Qy)  (Eq.6)

where:

D = the total dose to a critical organ from
radionuclides other than noble gases for a
specified time period (mrem)

R = the dose factor based on inhalation pathway for

each radionuclide other than noble gases (i) for
the inhalation pathway (mrem/yr per uCi/m?3) and
for ingestion and ground plane pathways
(mrem-m?/yr per uCi/sec) from Attachment C
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W, = Relative concentration (X/Q) (sec/m?3) for the
inhalation pathway and relative deposition (D/Q:
m2) for the ingestion and ground pathways such
as from Attachment B

Qi = the integrated release of radionuclide (i) from all
vents (v) for a specified time period (LCi)

3.17E-8

the inverse of seconds in a year (yr/sec)

For radioiodines, the deposition model considers only the
elemental fraction of the effluent. Thus, deposition is computed
only for that fraction of the effluent that is estimated to be
elemental iodine. The fraction iodine deposited (FID) is assumed
to be 0.5 (Regulatory Guide 1.109 (page 1.109-26)). The
deposition pathway dose factors for radioiodines presented in
Attachment C have been adjusted by a factor of 0.5.

Airborne Effluent Monitoring - lodine and Particulate

The methodology outlined in Equations 7, 8, 9, and 10 shall be utilized in
implementing the following requirements for Airborne Effluent Monitoring of
iodine and particulates. Note, the methodology for determining the limiting
release rate and concentration for airborne iodine and particulates is evaluated in
EC-ENVR-1040.

6.3.1 Site Limiting Release Rate — lodine
a. The limiting 1-131 release rate shall be determined as
follows:
L, =2 PRy Tk e )
D,
Where:
L = limiting release rate- 1-131 (uCi/min)
Q = total 1-131 source term (Ci)
DRp = dose rate limit for I-131, I-133, tritium, and

particulate effluent (1500 mrem/year maximum
organ, inhalation) (ref. TRO 3.11.2.1, IL.A)
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Dp = limiting (maximum) organ dose for all age groups
resulting from the total I-131 and 1-133 source
term (mrem)

k = units conversion factor
(1E6 uCi/Ci) * (1 yr/365 days) * (1 day/24 hours)
*(1 hour/ 60 minutes)

Dy shall be determined per equation 6 using the iodine source
term and dispersion parameters provided in Attachment E.

Note, Q,is the 1-131 activity provided in Attachment E. The ratio
of the annual source term to the corresponding organ dose is

used in the above equations. Thus, either the total annual release
per unit or the total annual release for the site may be used.

Limiting Concentration lodine

The limiting 1-131 concentration shall be determined as follows:

L
C, =w=> Eq. 8
"SF, (Eq. 8)
Where:
Ci = limiting 1-131 concentration (uCi/cc)
L = limiting 1-131 release rate from step 6.3.1 (UCi/min)
Fv = vent flow high limit for vent V (cc/min)
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6.3.3 Site Limiting Release Rate — Particulates

a.

The limiting release rate for particulates shall be
determined as follows:

QP * DRIP * k
L, = (Eq.9
P D, (Eq.9)

Where:

Lp = limiting release rate- particulates (uCi/min)

Qp = total particulate source term (Ci)

DRp = dose rate limit for 1-131, 1-133, tritium, and
particulate effluent (1500 mrem/year
maximum organ, inhalation) (ref. TRO
3.11.2.1, ILA)

Dp = limiting (maximum) organ dose for all age
groups resulting from the source term Qp
(mrem)

k = units conversion factor

(1E6 uCi/Ci) * (1 yr/365 days) * (1 day/ 24
hours) * (1 hour/ 60 minutes)

Dp shall be determined per equation 6 using the particulate
source term and dispersion parameters provided in
Attachment E.

Note, Qp is the sum of the particulate activities provided in
Attachment E. The ratio of the annual source term to the
corresponding organ dose is used in the above equations.
Thus, either the total annual release per unit or the total
annual release for the site may be used.
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Limiting Concentration - Particulates

The limiting particulate concentration shall be determined as
follows:

Cp = S (Eq. 10)

Where:

Co = limiting particulate concentration (uCi/cc)

L, = limiting particulate release rate from step 6.3.3
(uCi/min)

F, = vent flow high limit for vent v (cc/min)

6.4 Airborne Monitor Line Loss Corrections

6.4.1 Line Loss Correction Factors are included for the Vent Effluent
Radiation Monitoring System (VERMS) monitors. Chemistry shall
apply the following correction factors as applicable to sample analysis
results in order to correct for airborne effluent monitor sample line loss
in accordance with station procedures:
CORRECTION FACTORS
(Ref. 3.18)
Effluent Monitors (VERMS)
VERMS Monitor/Sample Location lodine Particulates
Reactor Building Unit 1: Normal Sample Cond. Skid - Refuel Floor 1.72 3.94
Reactor Building Unit 2: Normal Sample Cond. Skid - Refuel Floor 1.72 3.61
Turbine Building Unit 1: Normal Sample Cond. Skid - Refuel Floor 1.72 4.00
Turbine Building Unit 2: Normal Sample Cond. Skid - Refuel Floor 1.72 3.90
SGTS Normal Sample Cond. Skid - Refuel Floor 1.72 3.50
Turbine Building Unit 1: Sample Cond. Skid Grab Sample - Tb-2 729’ 1.73 5.90
Turbine Building Unit 2: Sample Cond. Skid Grab Sample - Tb-2 729’ 1.73 5.90
SGTS Sample Cond. Skid Grab Sample - Th-2 729’ 1.73 6.00
Turbine Building Unit 1: Sample Cond. Skid Grab Sample (Shielded)- Tb-2 729’ 1.73 14.00
Turbine Building Unit 2: Sample Cond. Skid Grab Sample (Shielded)- Tb-2 729'  1.73 13.90

SGTS Sample Cond. Skid Grab Sample (Shielded)- Tb-2 729' 1.73 13.20
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6.5  Airborne Effluent Dose Calculations Exceeding Twice the Quarterly or Annual

TRM Values

6.5.1

When the results of airborne dose calculations exceed twice the
value of TR’s 3.11.2.2.a, 3.11.2.2.b, 3.11.2.3.3, or 3.11.2.3.b,
calculations shall be made which include the direct radiation
contribution in accordance with ODCM-QA-006 to determine if the
limits of TR 3.11.3 have been exceeded. If the limits of TR 3.11.3
have been exceeded, a special report shall be prepared and
submitted to the NRC within 30 days which addresses the actions
specified in TR 3.11.3.

6.6 Projected Dose from Gaseous Effluent

6.6.1

7. RECORDS

None

Doses from gaseous effluents released to unrestricted areas are
projected at least every 31 days as required by TRM 3.11.2.5.
These projections are made by averaging the doses from previous
operating history as appropriate, for what would be indicative of
expected future operations.
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Total Body Gamma Air Beta Air
Dose Factor Skin Dose Factor Dose Factor Dose Factor
Ki L M N;
Radionuclide | (mrem/yr per uCi/m?®) | (mremiyr per uCi /m3) | (mrad/yr per uCi/m?) (mrad/yr per uCi/m?3)
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

1. The listed dose factors are for radionuclides that may be detected in airborne effluents and
derived from Table B-1 in Reg. Guide 1.109.

Page 1 of 1
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ANNUAL AVERAGE DISPERSION FACTORS
USED FOR MONTHLY SURVEILLANCES ™

Type of Location Direction | Distance XiQ XIQ XIQ D/Q
(miles) | (sec/m®) | (sec/m®) | (sec/m?) (per m?)
no decay | 2.260 day | 8.000 day
decay decay

undepleted | undepleted| depleted
Maximum Site Boundary WSW 1.22 |1.25E-05 |1.24E-05 |1.07E-05 |1.60E-08
Closest Site Boundary S 0.38 |5.88E-06 |5.87E-06 |5.47E-06 |3.88E-08
Maximum X/Q Residence WSsSw 1.3 1.14E-05 |1.13E-05 |9.70E-06 |1.43E-08
Maximum D/Q Residence NE 0.9 2.86E-06 |2.85E-06 [2.51E-06 |1.81E~-08
Maximum D/Q Dairy Animal | WSW 1.7 7.75E-06 [7.66E-06 [6.48E-06 |9.36E-09
Maximum D/Q Garden WSW 1.3 1.14E-05 |1.13E-05 |9.70E-06 |1.43E-08

Notes:

1. January, 1999, through December, 2003, meteorological data.

Page 1 of 1
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Units:

Age Group:
Pathway:

Attachment C
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DOSE FACTORS: RADIONUCLIDES OTHER THAN NOBLE GASES

(Ref.3.9 Ch. 5.2, 5.3)

Airborne Pathways & Tritium Ingestion: (mrem/yr)/(uCi/m*3))
Deposition Pathways: (m”2 * (mrem/yr)/(uCi/sec)

ADULT

Grs/Goat/Milk (GMILK)

Nuclide BRone

H-3
C-14
NA-24
pP-32
CR-51
MN-54
MN-56
FE-55
FE-59
CO-58
C0O-60
NI-63
NI-65
CU-64
ZN-65
ZN-69
ZN-69m
BR-83
BR-84
RB-86
RB-88
RB-89
SR-89
SR-90
SR-91
SR-92
Y-90
Y-91
Y-91M
Y-92
Y-93
ZR-95
ZR-97
NB-95
MO-99
TC-99M
TC-101
RU-103
RU-105

HF P WS OOWIRNADNTRPORPROOAOWOOOOONNMNRPORDOODWWODOOoOWwWwNDNO

Page 1 of 44

.00e+00
.63e+08
.94e4+05
.19e+09
.00e+00
.00e+00
.00e+00
.27e+05
.86e+05
.00e+00
.00e+00
.08e+08
.52e-02
.00e+00
.65e+08
.64e-13
.16e+04
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.05e+09
.83e+10
.11le+04
.04e+00
.51e+00
.03e+03
.5%e-21
.78e-06
.69e-02
.13e+02
.21e-02
.91e+03
.00e+00
.02e-01
.77e-61
.22e+02
.04e-04

Liver

cCouUURrNUORPRPWOOOCOODOoOCOCONNWODOCU OTOINMNUOOUOIR,P OO NOE,EORNO R

.56e+03
.27e+07
.94e+05
.28e+09
.00e+00
.0le+06
.07e-04
.26e+05
.08e+05
.66e+05
.97e+06
. 60e+07
.87e-03
.67e+03
.24e+08
.04e-13
.18e+04
.00e+00
.00e+00
.11e+08
.99%-46
.93e-55
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.63e+01
.05e-02
.51e+03
. 98e+06
.14e+00
Ade-61
.00e+00
.00e+00

C OO CCOOODC OO C OO COoOOODOCOoOOODoCOoOOoOOoOCOODTC oo NONUG R

.56e+03
.2T7e+07
.94e+05
.00e+00
.05e+03
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00

P OPOMNUORPRP 0000000000000 CWWWOHNOOoOOoOOoOoODoOow-~oNNoRk

.56e+03
.27e+07
. 94e+05
.00e+00
.56e+02
.01le+05
.44e-04
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.72e+03
.50e+08
.28e-13
.13e+04
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.70e+01
.59%e-02
.45e+03
.74e+06
.72e+01
.79e-60
. 66e+02
.34e-03

SO ONGOTOCOOOOC OO0 OC OO OC OO O OO ODOONRPRP,ODO®ONOE

.56e+03
.27e+07
. 94e+05
.00e+00
.55e+03
.00e+00
.00e+00
.26e+05
.54e+05
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.hee-01
.78e-61
.00e+00
.00e+00

R RFOOWWRORFRNUODONNMMNESMDPOAORPFPWNWONRPRPRPRPWRWERERWONDNDOR

.56e+03
.27e+07
. 94e+05
.31e+09
. 63e+05
.09%e+06
.62e~-02
.29%e+05
.03e+06
.15e+07
.70e+07
.17e+07
.49e-01
.27e+05
.30e+08
.58e-14
.16e+06
.71le-02
.65e-29
.14e+07
.1lde-57
.6le-68
.89%e4+08
.84e+09
.91e+05
.07e+01
.02e+04
.67e+05
.23e-20
.19%e-01
.54e+02
.15e+05
.26e+03
.35e+07
. 90e+06
.72e+02
. 63e-72
.43e+04
.35e-02

C OO COC O OO0 T OO OO CC OO OO OO Cc OO CoCcoco

.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00

S TR, OGNBSNJIERNNDNNMNBENNOURPEPNRRLONENNNMNARRPRPWCTOREWINOGE

.56e+03
.27e+07
.94e+05
.93e+08
.43e+03
.93e+05
.00e-05
.26e+04
.48e+05
.27e+06
.34e+06
.71le+07
.68e-03
.25e+03
.37e+08
.5le-14
.73e+03
.19e-02
.10e-24
.45e+08
.59%e-46
.58e-55
.75e+07
LAle+10
.47e4+03
.51e-02
.28e-01
.76e+01
.94e-22
. 98e-07
.44e-04
.46e+01
.8le-03
.96e+03
.66e+05
LAde+01
.33e-60
.26e+01
.10e-05
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DOSE FACTORS: RADIONUCLIDES OTHER THAN NOBLE GASES

(Ref.3.9 Ch. 5.2, 5.3)

Airborne Pathways & Tritium Ingestion: (mrem/yr)/(uCi/m*3))
Deposition Pathways: (m*2 * (mrem/yr)/(uCi/sec)

Units:

AgeGroup:  ADULT

Pathway: Grs/Goat/Milk (GMILK)
Nuclide Bone Liver Thyroid
RU-106 2.45e+03 0.00e+00 0.00e+00
AG-110M 6.99%9e+06 6.46e+06 0.00e+00
TE-125M 1.96e+06 7.08e+05 5.88e+05
TE-127 7.88e+01 2.83e+01 5.83e+01
TE-127M 5.49e+06 1.96e+06 1.40e+06
TE-129 3.53e-11 1.32e-11 2.71le-11
TE-129M 7.23e+06 2.70e+06 2.48e+06
TE-131 4.82e-34 2.02e-34 3.97e-34
TE-131M 4.34e+04 2.12e4+04 3.36e+04
TE-132 2.88e+05 1.87e+05 2.06e+05
I-130 2.53e+05 7.46e+05 6.33e+07
I-131 1.78e+08 2.54e+08 8.33e+10
I-132 1.01e~-01 2.69e-01 9.41e+00
I-133 2.33e+06 4.05e+06 5.95e+08
I-134 1.27e-12 3.46e-12 6.00e-11
I-135 7.76e+03 2.03e+04 1.34e+06
Cs-134 1.70e+10 4.04e+10 0.00e+00
CS-136 7.90e+08 3.12e+09 0.00e+00
CsS-137 2.21e+10 3.03e+10 0.00e+00
CsS-138 2.95e-23 5.83e-23 0.00e+00
BA-139 5.48e-09 3.91e-12 0.00e+00
BA-140 3.23e+06 4.05e+03 0.00e+00
BA-141 5.71e-47 4.31e-50 0.00e+00
BA-142 4,12e-81 4.24e-84 0.00e+00
LA-140 5.42e-01 2.73e-01 0.00e+00
LA-142 2.29%9-12 1.04e-12 0.00e+00
CE-141 5.81e+02 3.93e+02 0.00e+00
CE-143 5.00e+00 3.69e+03 0.00e+00
CE-144 4,.29e+04 1.79e+04 0.00e+00
PR-143 1.89e+01 7.60e+00 0.00e+00
PR-144 8.25e-55 3.43e-55 0.00e+00
ND-147 1.13e+01 1.31e+01 0.00e+00
W-187 7.83e+02 6.55e+02 0.00e+00
NP-239 4.41e-01 4.34e-02 0.00e+00
PU-239 3.36e+06 4.04e+05 0.00e+00
U-235 3.71e+08 0.00e+00 0.00e+00

Page 2 of 44

Kidney

XOWRONRPRBEBRPRPRPPOOOWRRPRPWARPRPRWONESESEEPRPRPNNDMNOREREDNDW-IRE &

.73e+03
.27e+07
.95e+06
.21e+02
.23e+07
.48e-10
.02e+07
.11e-33
.15e+05
.80e+06
.17e+06
.36e+08
.28e-01
.06e+06
.5le-12
.26e+04
.31le+10
.74e+09
.03e+10
.29%9e-23
.65e-12
.38e+03
.01le-50
.58e-84
.00e+00
.00e+00
.83e+02
. 63e+00
.06e+04
.39e+00
.93e-55
.64e+00
.00e+00
.35e-01
.76e+05
.67e+07

C OO COOCOOOCOONDNMNNEWNLEOODODOOODOOOCOOCOCOOCOOo

.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.34e+09
.38e+08
.42e+09
.23e-24
22e-12
.32e+03
.45e-50
.40e-84
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00

WWONINRFRFRORRPRENNONOOONMNUOWINWWUIaOaODONATWNRE N INPRE

.58e+05
.64e+09
.8le+06
.21e+03
.84e+07
.66e-11
. 64e+07
.83e-35
.11e+06
.82e+06
.43e+05
.71e+07
.05e-02
.64e+06
.02e-15
.29%e+04
.06e+08
.54e+08
.86e+08
.49e-28
.72e-09
.64e+06
.69%9e-56
.00e+00
.01le+04
.62e-09
.50e+06
.38e+05
.A5e+07
.30e+04
.1%e-61
.27e+04
.15e+05
.90e+03
.09e+05
.62e+07

C OO OO O T OO T OC OO0 OO OO OO OCODOCOOo

.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00

NONNIOHOCNER_RNINEPEPNRPLPNEPENWOWOIRPREPRPRPORPRPNRERER,RRRPRPORENWW

.10e+02
.84e+06
.62e+05
.70e+01
.70e+05
.5%e-12
.14e+06
.H2e-34
.77e+04
.75e+05
.95e+05
.46e+08
.41e-02
.23e+06
24e-12
.50e+03
.30e+10
.25e+09
.98e+10
.89%-23
.60e-10
.11le+05
.93e-48
.59e-82
.22e-02
.60e-13
.46e+01
.09%-01
.31le+03
.39%-01
.19%-56
.82e-01
.29%e+02
.3%-02
.86e+04
.25e+07
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DOSE FACTORS: RADIONUCLIDES OTHER THAN NOBLE GASES

(Ref.3.9 Ch. 5.2, 5.3)

Airborne Pathways & Tritium Ingestion: (mrem/yr)/(uCi/m*3))
Deposition Pathways: (m*2 * (mrem/yr)/(uCi/sec)

ADULT

Ground Plane Deposition (GPD)

Nuclide Bone

RU-106
AG-110M
TE-125M
TE-127
TE-127M
TE-129
TE-129M

)
O
o
PNONMNMPWOWOPOITPRP R AR NNNRPRRPRPREAINNEREOWQONDEREANOONDNDWNWRE SR
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.20e+07
.66e+06
.39%+09
.04e+05
.73e+08
.79e+08
.15e+10
.97e+05
.07e+05
.47e+08
.27e+06
.87e+03
.03e+05
. 99%e+06
.31e+04
.21e+05
.16e+04
.15e+06
.77e+05
.49e+03
.07e+06
.00e+05
.80e+05
.83e+05
.45e+08
.96e+06
.37e+08
.00e+06
.84e+05
.04e+04
.08e+08
.37e+05
.22e+08
.44e+09
.55e+06
.98e+03
.17e+04
.62e+04
. 98e+07

P NONMNPFPWORROORNPEPAEPRPLPNNRPRPRPRPPRPRPRPEINNPWONEREREINDNDWNDWORER &R

.20e+07
.66e+06
.39e+09
.04e+05
.73e+08
. 79e+08
.15e+10
.97e+05
.07e+05
.47e+08
.27e+06
.87e+03
.03e+05
.99%e+06
.31le+04
.21e+05
.16e+04
.15e+06
.77e+05
.49e+03
.07e+06
.00e+05
.80e+05
.83e+05
.45e4+08
. 96e+06
.37e+08
.00e+06
.84e+05
.04e+04
.08e+08
.37e+05
.22e+08
.44e+09
.55e+06
.98e+03
.17e+04
.62e+04
.98e+07

EPFNONRPWLEARNDNEAERENNNRERERRPRPREREEIONNRPRPLOWONDSEREJONDNDWDNWORS R

.20e+07
.66e+06
.3%+09
.04e+405
.73e+08
.79%+08
.15e+10
.97e+05
.07e+05
.47e+08
.27e+06
.87e+03
.03e+405
.99%e+06
.31le+04
.21le+05
.1l6e+04
.15e+06
.77e+05
.49%e+03
.07e+06
.00e+05
.80e+05
.83e+05
.45e+08
.96e+06
.37e+08
.00e+06
.84e+05
.04e+04
.08e+08
.37e+05
.22e+08
.44e+09
.55e+06
. 98e+03
.17e+04
.62e+04
. 98e+07

P NONPFPFWSEOODRPRPNEARERLPDNNMERERPRERPRSEONDNRERPOWONDSREAOIANDNDWNDWORE &R

.20e+07
.66e+06
.39e+09
.04e+05
.73e+08
. 79e+08
.15e+10
.97e+05
.07e+05
.47e4+08
.27e+06
.87e+03
.03e+05
.99%e+06
.31le+04
.21e+05
.16e+04
.15e+06
.77e+05
.49e+03
.07e+06
.00e+05
.80e+05
.83e+05
.45e+08
.96e+06
.37e+08
.00e+06
.84e+05
.04e+04
.08e+08
.37e+05
.22e+08
.44e+09
.55e+06
.98e+03
.17e+04
.62e+04
. 98e+07

PNOUNMPRPWOEOTRPRPNPEPAEPRPLPNNNRERPRPRPPRPL,REINNPEPOWONERERP IO NDNWNORE &P

.20e+07
.66e+06
.39%e+09
.04e+05
.73e+08
. 79e+08
.15e+10
.97e+05
.07e+05
.47e+08
.27e+06
.87e+03
.03e+05
.99%e+06
.31le+04
.21e+05
.16e+04
.15e+06
.77e+05
.49e+03
.07e+06
.00e+05
.80e+05
.83e+05
.45e+08
.96e+06
.37e+08
.00e+06
.84e+05
.04e+04
.08e+08
.37e+05
.22e+08
.44e+09
.55e+06
.98e+03
.17e+04
.62e+04
.98e+07

PNONMNRPWSPOAIITRPNNEARPRPNNNNRPRPRREDESEINNMNREREOWORNDEIAONDNDWNIWRE &R

.20e+07
.66e+06
.39%e+09
.04e+05
.73e+08
.79e+08
.15e+10
.97e+05
.07e+05
.47e+4+08
.27e+06
.87e+03
.03e+05
. 99%e+06
.31e+04
.21e+05
.16e+04
.15e+06
.77e+05
.49e+03
.07e+06
.00e+05
.80e+05
.83e+05
.45e+08
.96e+06
.37e+08
.00e+06
.84e+05
.04e+04
.08e+08
.37e4+05
.22e+08
.44e+09
.55e+06
.98e+03
.17e+04
.62e+04
. 98e+07

NWPRPWNEEONPNNEPRP, ONMNNNDMPEPPRPOONNRPRPWERENNYNPRPOWNDSEWREROR

.39%e+07
.51e+06
.63e+09
.07e+06
.21e+08
.44e+08
.53e+10
.45e+05
.88e+05
.60e+08
.49e+06
.08e+03
.36e+05
.03e+07
. 78e+04
.45e+05
.51e+04
.51le+06
. 63e+05
.31e+03
.21e+06
.16e+05
.14e+05
.51e+05
.84e+408
.45e+06
.6le+08
.63e+06
.11le+05
.26e+04
.26e+08
.21e+05
.07e+08
.01e+09
.13e+06
.28e+03
.08e+05
.10e+04
.31le+07

PNOUNMPWPOIITPRLPNNRPRP AR NDNNRPRPPRPREINNEPOWQONEEREREIOONDNDNDWNWE &SP

.20e+07
. 66e+06
.39%+09
.04e+05
.73e+08
.79e+08
.15e+10
.97e+05
.07e+05
.47e+08
.27e+06
.87e+03
.03e+05
.99%e+06
.31le+04
.21e+05
.16e+04
.15e+06
.77e+05
.49e+03
.06e+06
.00e+05
.80e+05
.83e+05
.45e+08
.96e+06
.37e+08
.00e+06
.84e+05
.04e+04
.08e+08
.37e+05
.22e+08
.44e+09
.55e+06
. 98e+03
.17e+04
.62e+04
. 98e+07
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DOSE FACTORS: RADIONUCLIDES OTHER THAN NOBLE GASES

(Ref.3.9 Ch. 5.2, 5.3)

Airborne Pathways & Tritium Ingestion: (mrem/yr)/(uCi/m*3))
Deposition Pathways: (m*2 * (mrem/yr)/(uCi/sec)

ADULT

Ground Plane Deposition (GPD)

Nuclide BRone

TE-131
TE-131M
TE-132
I-130
I-131
I-132
I-133
I-134
I-135
Cs-134
Cs-136
Cs-137
Cs-138

BA-140
BA-141
BA-142
LA-140
LA-142
CE-141
CE-143
CE-144
PR-144
ND-147
W-187

NP-239
PU-239
U-235

Page 4 of 44

2.92e+04
8.03e+06
4.24e4+06
5.51e+006
1.72e+07
1.25e+06
2.45e+406
4.47e+05
2.53e+06
6.86e+09
1.51e+08
1.03e+10
3.59e+05
BA-139 1.
2
4
4
1
7
1
2
6
1
8
2
1
2
9

06e+05

.05e+07
.17e+04
.49e+04
.92e+07
. 60e+05
.37e+07
.31le+06
. 95e+07
.84e+03
.39%e+06
.35e+06
.71le+06
.29%e+06
.28e+09

ONPFEPENORFRPROAOANPE IR AEEENRFPEP WRRPANEBSNER O &ON

.92e+04
.03e+06
.24e+06
.51e+06
.72e+07
.25e+06
.45e+06
.47e+05
.53e+06
.86e+09
.51e+08
.03e+10
.59e+05
.06e+05
.05e+07
.17e+04
.49e+04
.92e+07
.60e+05
.37e+07
.31le+06
.95e+07
.84e+03
.3%e+06
.35e+06
.71e+06
.29e+06
.28e+09

ONRPEPNOROAONRPE IR, EMANRPWRRPOAONBNRERRERO DN

.92e+04
.03e+06
24e+06
.51le+06
.72e+07
.25e+06
.45e+06
.47e+05
.53e+06
.86e+09
.51e+08
.03e+10
.5%+05
.06e+05
.05e+07
.17e+04
.49%e+04
.92e+07
.60e+05
.37e+07
.31e+06
. 95e+07
.84e+03
.39%+06
.35e+406
.71le+06
.29%e+06
.28e+09

ONPFPNORFROODNRPE IR, &ESENRFPWRRERAOANSNREREOSON

.92e+04
.03e+06
.24e+06
.51le+06
.12e+07
.25e+06
.45e+06
.47e4+05
.53e+06
.86e+09
.51e+08
.03e+10
.59%9e+05
.06e+05
.05e+07
.17e+04
.49e+04
.92e+07
.60e+05
.37e+07
.31le+06
. 95e+07
.84e+03
.39%e+06
.35e+06
.71le+06
.29%e+06
.28e+09

ONEPEPENOORPRPONPEPdRrREEENPEPWRERPONSNRERRERO SN

.92e+04
.03e+06
.24e+06
.51le+06
.172e+07
.25e+06
.45e+06
.47e+05
.53e+06
.86e+09
.51e+08
.03e+10
.59e+05
.06e+05
.05e+07
.17e+04
.49%e+04
.92e+07
.60e+05
.37e+07
.31e+06
. 95e+07
.84e+03
.3%e+06
.35e+06
.71le+06
.29%e+06
.28e+09

ONREFEPENORPROOAONRPE IR BN REPWRRERPAONSNRER O SON

.92e+04
.03e+06
24e+06
.5le+006
.72e+07
.25e+06
.45e+06
.47e4+05
.53e+06
.86e+09
.51e+08
.03e+10
.59e+05
.06e+05
.05e+07
.17e+04
.49e+04
.92e+07
.60e+05
.37e+07
.31le+06
.95e+07
.84e+03
.39%e+06
.35e+06
.71le+006
.29%e+06
.28e+09

P NPEPNEPEPNONPONOERNRERE AP RPRPONOONENODOW

.45e+07
.46e+06
.98e+06
.69e+06
.09e+07
.47e+06
.98e406
.31e+405
.95e+06
.00e+09
.71e+08
.20e+10
.10e+05
.19e+405
.35e+07
.75e+04
.1le+04
.18e-+07
.12e+05
.54e+07
.63e+06
.04e+07
.1le+03
.0le+07
.73e4+06
.98e+406
.23e+07
.16e+10

OWNEPEPENODRPRPANRPE RSP WOREPEAONPSNRERER O D ON

.92e+04
.03e+06
24e+06
.51e+00
.72e+07
.25e+06
.45e+06
.47e+05
.53e+06
.86e+09
.51e+08
.03e+10
.59e+05
.06e+05
.05e+07
.17e+04
.49e+04
.92e+07
.60e+05
.37e+07
.31le+06
. 95e+07
.84e+03
.39%e+06
.35e+06
.7Tle+06
.29%e+07
.28e+09
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DOSE FACTORS: RADIONUCLIDES OTHER THAN NOBLE GASES

(Ref.3.9 Ch. 5.2, 5.3)

Airborne Pathways & Tritium Ingestion: (mrem/yr)/(uCi/m*3))
Deposition Pathways: (m*2 * (mrem/yr)/(uCi/sec)

Units:

AgeGroup:  ADULT
Pathway: Inhalation (INHL.)
Nuclide Bone Liver
H-3 0.00e+00 1.26e+03
c-14 1.82e+04 3.41e+03
NA-24 1.02e+04 1.02e+04
pP-32 1.32e+06 7.71le+04
CR-51 0.00e+00 0.00e+00
MN-54 0.00e+00 3.96e+04
MN-56 0.00e+00 1.24e+00
FE-55 2.46e+04 1.70e+04
FE-59 1.18e+04 2.78e+04
CO-58 0.00e+00 1.58e+03
CO-60 0.00e+00 1.15e+04
NI-63 4.32e+05 3.14e+04
NI-65 1.54e+00 2.10e-01
CU-64 0.00e+00 1.46e+00
ZN-65 3.24e+04 1.03e+05
ZN-69 3.38e-02 6.51le-02
ZN-69M 8.16e+00 1.96e+01
BR-83 0.00e+00 0.00e+00
BR-84 0.00e+00 0.00e+00
BR-85 0.00e+00 0.00e+00
RB-86 0.00e+00 1.35e+05
RB-88 0.00e+00 3.87e+02
RB-89 0.00e+00 2.56e+02
SR-89 3.04e+05 0.00e+00
SR-90 9.92e+07 0.00e+00
SR-91 6.19e+01 0.00e+00
SR-92 6.74e+00 0.00e+00
Y-90 2.09e+03 0.00e+00
Y-91 4.62e+05 0.00e+00
Y-91M 2.61le-01 0.00e+00
Y-92 1.03e+01 0.00e+00
Y-93 9.44e+01 0.00e+00
ZR-95 1.07e+05 3.44e+04
ZR-97 9.68e+01 1.96e+01
NB-95 1.41e+04 7.82e+03
MO-99 0.00e+00 1.21e+02
TC-99M 1.03e-03 2.91e-03
TC-101 4.18e-05 6.02e-05
RU-103 1.53e+03 0.00e+00
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O OC OO C O OO OO OO DO OO OCOOOOD OO WERE

.26e+03
.41e+03
.02e+04
.00e+00
.95e+01
.00e+00
.00e+400
.00e+00
.00e+00
.00e+400
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+400
.00e+00
.00e+00
.00e+400
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00

ORPSMNINUUOOCODODOOCDOCDODOC OO0 ORLR MNP OOCOCOOCOORF, OUNORE WERE

.26e+03
.41e+03
.02e+04
.00e+00
.28e+01
.84e+03
.30e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
. 62e+00
. 90e+04
.22e-02
.18e+01
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.42e+04
.97e+01
.74e+03
.91e+02
.42e-02
.08e-03
.83e+03

GwJdowodrrdhPrPrPPPLROURPOOOCCOOCcCOoOOCRP,P OO, OO, JORRPR,ORE WE

.26e+03
.41e+03
.02e+04
.00e+00
.4de+04
.40e+06
.44e+03
.21e+04
.02e+06
.28e+05
.97e+06
. 78e+05
.60e+03
.78e+03
.64e+05
.20e+02
.90e+04
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.40e+06
.60e+06
.65e+04
.65e+04
.70e+05
.70e+06
.92e+03
.57e+04
.85e+04
.77e+06
.87e+04
.05e+05
.12e+04
.64e+02
.99%e+02
.05e+05

CWRHRORNEROAOBREPRENREREAON-JW®RWRE

PR BN R RS JdFR WO dWw

.26e+03
.41e+03
.02e+04
. 64e+04
.32e+03
.T4e+04
.02e+04
.03e+03
.88e+05
.06e+05
.85e+05
.34e+04
.23e+04
. 90e+04
.34e+04
.63e+01
.37e+05
.32e+02
.64e-03
.00e+00
. 66e+04
.34e-09
.28e-12
.50e+05
.22e4+05
.91e+05
.30e+04
.06e+05
.85e+05
.33e+00
.35e+04
.22e4+05
.50e+05
.23e+05
.04e+05
.48e+05
.16e+03
.09%e-11
.10e+05

C OO OC OO0 OO C OO C OO0 OLODOCOODODOC OO OO OO oCc oo oo

.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00

T WNEONNWRRPUONMNMNODOR PR, ORWNRESEMENORRERPNRPWRERORURWERE

.26e+03
.41e+03
.02e+04
.0le+04
.00e+02
.30e+03
.83e-01
.94e+403
.06e+04
.07e+03
.48e+04
.Ab5e+04
.12e-02
.15e-01
.6be+04
.52e-03
.79e+00
.41e+02
.13e+02
.28e+01
.90e+04
.93e+02
.70e+02
.72e+03
.10e+06
.50e+00
.91le-01
.6le+01
.24e+04
.02e-02
.02e-01
.61le+00
.33e+04
.04e+00
.21e+03
.30e+01
.70e-02
.90e-04
.58e+02
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DOSE FACTORS: RADIONUCLIDES OTHER THAN NOBLE GASES

(Ref.3.9 Ch. 5.2, 5.3)

Airborne Pathways & Tritium Ingestion: (mrem/yr)/(uCi/m*3))
Deposition Pathways: (m*2 * (mrem/yr)/(uCi/sec)

Units:

AgeGroup:  ADULT

Pathway: Inhalation (INHL.)

Nuclide Bone Liver Thyroid
RU-105 7.90e-01 0.00e+00 0.00e+00
RU-106 6.91e+04 0.00e+00 0.00e+00
AG-110M 1.08e+04 1.00e+04 0.00e+00
TE-125M 3.42e403 1.58e+4+03 1.05e+03
TE-127 1.40e+00 6.42e~01 1.06e+00
TE-127M 1.26e+04 5.77e+03 3.2%e+03
TE-129 4.98e-02 2.39%9e-02 3.90e-02
TE-129M 9.76e+03 4.67e+03 3.44e+03
TE-131 1.11e-02 5.95e-03 9.36e-03
TE-131M 6.99e+01 4.36e+01 5.50e+01
TE-132  2.60e+02 2.15e+02 1.90e+02
I-130 4.58e+03 1.34e+04 1.14e+06
I-131 2.52e+04 3.58e+04 1.19%e+07
I-132 1.16e+03 3.26e+03 1.14e+05
I-133 8.64e+03 1.48e+04 2.15e+06
I-134 6.44e+02 1.73e+03 2.98e+04
I-135 2.68e+03 6.98e+03 4.48e+05
Cs-134 3.73e+05 8.48e+05 0.00e+00
Cs-136 3.90e+04 1.46e+05 0.00e+00
Ccs8-137 4.78e+05 6.21e+05 0.00e+00
CsS-138 3.31e+02 6.21e+02 0.00e+00
BA-139 9.36e-01 6.66e-04 0.00e+00
BA-140 3.90e+04 4.90e+01 0.00e+00
BA-141 1.00e-01 7.53e-05 0.00e+00
BA-142 2.63e-02 2.70e-05 0.00e+00
LA-140 3.44e+02 1.74e+02 0.00e+00
LA-142 6.83e-01 3.10e-01 0.00e+00
CE-141 1.99e4+04 1.35e+04 0.00e+00
CE-143 1.86e+02 1.38e+02 0.00e+00
CE-144 3.43e+06 1.43e+06 0.00e+00
PR-143 9.36e+03 3.75e4+03 0.00e+00
PR-144 3.01e-02 1.25e~-02 0.00e+00
ND-147 5.27e+03 6.10e+03 0.00e+00
W-187 8.48e+00 7.08e+00 0.00e+00
NP-239 2.30e+02 2.03e+02 0.00e+00
PU-239  1.33e+10 8.56e+09 0.00e+00
U-235 8.00e+07 0.00e+00 0.00e+00
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Kidney

P N~NTOWSNNOONTOTOON IR OB NONENNOOANRE WS WERE®OORFRRPR P&

.02e+00
.34e+05
.97e+04
.24e+04
.10e+00
.58e+04
.87e-01
.66e+04
.37e-02
.09%e+02
.46e+03
.09%e+04
.13e+04
.18e+03
.58e+04
.75e+03
.1lle+04
.87e+05
.56e+04
.22e+05
.80e+02
.22e-04
.67e+01
.00e-05
.29%9e-05
.00e+00
.00e+00
.26e+03
.08e+01
.48e+05
.16e+03
.05e-03
.56e+03
.00e+00
.00e+01
.64e+09
.87e+07

WrRrWwMdhbhNhNdRPEMNMIYITWwWOYRPRRPRPRPRPRPWE P OO OOCOONRRPEPERERP, O WSO

.10e+04
.36e+06
.63e+06
.14e+05
.51e+03
.60e+05
.94e+03
.16e+06
.39%9e+03
.46e+05
.88e+05
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
. 7Toe+04
.20e+04
.52e+04
.86e+01
.76e+03
.27e+06
.94e+03
.19%9e+03
.36e+05
.33e+03
.62e+05
. 98e+04
.78e+06
.81e+05
.02e+03
.21e+05
.90e+04
.7T6e+04
.38e+09
.92e+08

WWRPRRPENMNMNONRENPEPRPNORPRORRPRPORPROESTTGUORWERUU WO

.82e+04
.12e+05
.02e+05
.06e+04
.7T4e+04
.50e+05
.57e+02
.83e+05
.84e+01
.56e+05
.10e+05
.69e+03
.28e+03
.06e+02
.88e+03
.01e+00
.25e+03
.04e+04
.17e+04
.40e+03
.86e-03
.96e+02
.18e+05
.16e-07
.57e-16
.58e+05
.11e+03
.20e+05
.26e+05
.16e+05
.00e+05
.15e-08
.73e+05
.55e+05
.19e+05
.30e+05
.87e+06

SO OO C OO OO OCCOOCCOOOOCD DO OO oD OO OO oOooOoOC o

.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00

o RPN WORERRRPRPRPRPRPREdORPRPWONDNORARREREINOOPRRRPRENUORNORR,R WSO OW

.1le-01
.72e+03
.94e+03
.67e+02
.10e-01
.57e+03
.24e-02
.58e+03
.5%-03
.90e+01
.62e+02
.28e+03
.05e+04
.16e+03
.52e403
.15e+4+02
.57e+03
.28e+05
.10e+05
.28e+05
.24e+02
.T4e-02
.57e+03
.36e-03
.66e-03
.58e+01
.72e-02
.53e+03
.53e401
.84e+05
.64e+02
.53e-03
.65e+02
.48e+00
.24e+01
.20e+08
.86e+06
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DOSE FACTORS: RADIONUCLIDES OTHER THAN NOBLE GASES

(Ref.3.9 Ch. 5.2, 5.3)

Airborne Pathways & Tritium Ingestion: (mrem/yr)/(uCi/m*3))
Deposition Pathways: (m*2 * (mrem/yr)/(uCi/sec)

Nuclide Bone

H-3
C-14
NA-24
pP-32
CR-51
MN-54
MN-56
FE-55
FE-59
CO-58
CO-60
NI-63
NI-65
CU-64
ZN-65
ZN-69M
RB-86
SR-89
SR-90
SR-91
SR-92
Y-90
Y-91
Y-92
Y-93
ZR-95
ZR~97
NB-95
MO~99
TC-99M
RU-103
RU-105
RU-106
AG-110M
TE-125M
TE-127
TE-127M
TE-129M
TE-131M

dREPMMwWOONIRERED2ONNREARPRPRPEPERRPRPPRPLOLDORPRPWONRPRPOONNOCCOOCNRFREDNO

Page 7 of 44

ADULT
Grs/Cow/Meat (CMEAT)

Liver Thyroid
.00e+00 3.25e+02 3.25e+02
.41e+08 4.83e+07 4.83e+07
.40e-03 1.40e-03 1.40e-03
.25e+08 2.90e+08 0.00e+00
.00e+00 0.00e+00 4.22e+03
.00e+00 9.18e+06 0.00e+00
.00e+00 1.8le-53 0.00e+00
.93e+08 2.03e+08 0.00e+00
.66e+08 6.24e+08 0.00e+00
.00e+00 1.82e+07 0.00e+00
.00e+00 7.52e+07 0.00e+00
.89e+10 1.31e+09 0.00e+00
.69e-52 3.50e-53 0.00e+00
.00e+00 2.81e-07 0.00e+00
.56e+08 1.13e+09 0.00e+00
.75e-05 4.19e-05 0.00e+00
.00e+00 4.88e+08 0.00e+00
.02e+08 0.00e+00 0.00e+00
.24e+10 0.00e+00 0.00e+00
.59%9e~-10 0.00e+00 0.00e+00
.39e-49 0.00e+00 0.00e+00
.08e+02 0.00e+00 0.00e+00
.13e+06 0.00e+00 0.00e+00
.73e-39 0.00e+00 0.00e+00
.91e-12 0.00e+00 0.00e+00
.87e+06 6.01le+05 0.00e+00
.12e~-05 4.28e-06 0.00e+00
.30e+06 1.28e+06 0.00e+00
.00e+00 1.0le+05 0.00e+00
.80e-21 1.36e-20 0.00e+00
.05e+08 0.00e+00 0.00e+00
.40e-28 0.00e+00 0.00e+00
.80e+09 0.00e+00 0.00e+00
.68e+06 6.18e+06 0.00e+00
.59e+08 1.30e+08 1.08e+08
.23e-10 8.00e-11 1.65e-10
.12e+09 3.99e+08 2.85e+08
.14e+09 4.23e+08 3.90e+08
.58e+02 2.24e+02 3.55e+02

NP ORFRPRPRP OO NNEHROOODOOODOOOOOOONNITOODOCOOONNRPEPL,OR W

.25e+02
.83e+07
.40e-03
.00e+00
.55e+03
.73e+06
.30e-53
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.09e-07
.57e+08
.54e-05
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.43e+05
.47e-06
.26e+06
.28e+05
.06e-19
.02e+08
.27e-27
.40e+09
.22e+07
.46e+09
.08e-10
.53e+09
.74e+09
.27e+03

OO OO C OO0 OO OO OO ODODODODOORP,P,POOCWOWO R W

.25e+02
.83e+07
.40e-03
.00e+00
.36e+03
.00e+00
.00e+00
.13e+08
.75e+08
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.65e-21
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00

NUOWRRENRPRPWOWRPRONIRPRPRPWORDNYTWSONSINONREWNRONREORDS W

.25e+02
.83e+07
.40e-03
.24e+08
.77e+06
.81le+07
.77e-52
.16e+08
.08e+09
.70e+08
.41e+09
.73e+08
.87e-52
.40e-05
.13e+08
.56e-03
.62e+07
.84e+07
.59%9e+08
.59e-10
.T6e-48
.15e+06
.23e+08
.02e~-35
.56e-07
.90e+09
.33e+00
.76e4+09
.33e+05
.03e-18
.23e+10
.91e-25
.8le+11
.52e+09
.43e+09
.76e-08
.74e+09
.71e+09
.22e+04

C OO OC OO0 OO C OO C OO0 OLODOCOODODOC OO OO OO oCc oo oo

.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00

RPRERPEAE O WOWNDEERRPRPOORDRPRPEOWNOOCOSWONWORREPRPOORMANEOWRE IR, RPRSW

.25e+02
.83e+07
.40e-03
.80e+08
.05e+03
.75e+06
.21le-54
. 73e+07
.39%9e+08
.09%e+07
.66e+08
.34e+08
.60e-53
.32e-07
.12e+08
.83e-06
.27e+08
.66e+06
.05e+09
Ade-12
.03e-51
.91e+00
.03e+04
.04e-41
.36e-13
.07e+05
.96e-06
.87e+05
.92e+04
.73e-19
.53e+07
.53e-28
.54e4+08
.67e+06
.81le+07
.82e-11
.36e+08
.80e+08
.87e+02
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DOSE FACTORS: RADIONUCLIDES OTHER THAN NOBLE GASES

(Ref.3.9 Ch. 5.2, 5.3)

Airborne Pathways & Tritium Ingestion: (mrem/yr)/(uCi/m*3))
Deposition Pathways: (m*2 * (mrem/yr)/(uCi/sec)

Nuclide Bone

TE-132
I-130
I-131
I-132
I-133
I-135
CsS-134
C8-136
CsS~137
BA-140
LA-140
LA-142
CE-141
CE-143
CE-144
PR-143
ND-147
wW-187
NP-239
PU-239
U-235

NN O EPENRERE P ONOROYN RO

Page 8 of 44

ADULT
Grs/Cow/Meat (CMEAT)

Liver Thyroid
.43e+06 9.24e+05 1.02e+06
.09e-06 3.23e~06 2.73e-04
.38e+06 7.70e+06 2.52e+09
.25e-59 1.14e-58 3.98e-57
.87e~-01 3.25e-01 4.77e+01
.37e-17 6.21e-17 4.09e-15
.58e+08 1.57e+09 0.00e+00
.21e+07 4.77e+07 0.00e+00
.72e+08 1.19e+09 0.00e+00
.88e+07 3.62e+04 0.00e+00
.75e-02 1.89%e-02 0.00e+00
.59%9e-92 2.09e-92 0.00e+00
.41le+04 9.51e+03 0.00e+00
.04e-02 1.51e+01 0.00e+00
.46e+06 6.09e+05 0.00e+00
.10e+04 8.42e+03 0.00e+00
.08e+03 8.19e+03 0.00e+00
.11e-02 1.76e-02 0.00e+00
.6le-01 2.57e-02 0.00e+00
.78e+07 3.34e+06 0.00e+00
.47e+08 0.00e+00 0.00e+00

Kidney

P LWwooddwndd oo R, NGO O~ EFE Ol

.90e+06
.04e-06
.32e+07
.81le-58
.67e~01
.96e-17
.06e+08
. 65e+07
.05e+08
.23e+04
.00e+00
.00e+00
LA42e+03
.62e-03
.62e+05
.86e+03
.79e+03
.00e+00
.01le-02
.11le+06
.74e+08

COC OO OO NPWR,OOOCOoOOOo

.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.68e+08
.63e+06
.35e+08
.07e+04
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00

NN OO WO WP R UONMNMONNIDNDDNNDND &

.37e+07
.78e-06
.03e+06
.13e-59
.92e-01
.01le-17
.T4e+07
.41e+06
.31le+07
. 93e+07
.39%e+03
.52e-88
. 63e4+07
.63e+02
.93e+08
.20e+407
. 93e+07
.77e+00
.27e+03
.56e+06
.28e+07

OO OC OO C OO OC OO OCOOOCOOOoCOooo

.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00

IR NP PO W ERE DN WS 2o

.67e+05
.27e-06
.41e+06
.98e-59
. 90e-02
.2%e-17
.28e+09
L43e+07
.81e+08
.89%e+06
.00e-03
.20e-93
.08e+03
.67e-03
.83e+04
.04e+4+03
. 90e+02
.16e-03
.42e-02
.33e+05
.53e+07
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DOSE FACTORS: RADIONUCLIDES OTHER THAN NOBLE GASES

Airborne Pathways & Tritium Ingestion: (mrem/yr)/(uCi/mA3))
Deposition Pathways: (m”*2 * (mrem/yr)/(uCi/sec)
ADULT

(Ref.3.9 Ch. 5.2, 5.3)

Grs/Cow/Milk (CMILK)

Nuclide Bone

A
os]
|
©
o
R WWOOWDdONUONOTIRNBMRPROOOOCORNMNRPOWOMNOONNOOONNNO

Page 9 of 44

.00e+00
.63e+08
.45e+06
.66e+09
.00e+00
.00e+00
.00e+00
.51e+07
. 97e+07
.00e+00
.00e+00
.73e+09
.77e-01
.00e+00
.37e+09
.20e-12
.80e+05
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.45e+09
. 68e+10
.91e+04
.97e-01
.0%e+01
.5%9e+03
.32e-20
.65e-05
.24e-01
.43e+02
.34e-01
.26e+04
.00e+00
.35e+00
.1l4e-60
.02e+03
.66e-04

QOO ONPEPODWOOOOOOOQOOONNOOEREPREEN®DDE AN ®OCORENOG

.63e+02
.2T7e+07
.45e+06
.06e+09
.00e+00
.41e+06
.23e-03
.14e+07
. 98e+07
.71le4+06
.64e+07
.67e+08
.8%e-02
.39%e+04
.37e+09
.20e-12
.31e+05
.00e+00
.00e+00
.60e+09
.49e-45
.6le-54
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.03e+02
.77e-02
.59%9e+04
.48e+07
.46e+00
.53e-60
.00e+00
.00e+00

loNeNeoRoNeNoRoNoNeoRoNoNoRoBoNoRoNeoNoRoNeNoeRoRoloRoRololololoNoNolNoRoll el SRS BEN)

.63e+02
.27e+07
.45e+06
.00e+00
.71le+04
.00e+00
.00e+400
.00e+00
.00e+00
.00e+400
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+400
.00e+00
.00e+00
.00e+400
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00

P WP ORS00 OCOOCOOOODOOCOOCDONNMNNMNGOCOOCOCOOCODUNNONOGO I

.63e+02
.27e+07
.45e+06
.00e+00
.30e+03
.50e+06
.37e-03
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.03e+04
.92e+09
.73e-12
.61le+05
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.75e+02
.32e-01
.54e+04
.6le+07
LA4e+02
.16e-59
.89%e+03
.12e-02

OONPOOCOOCOCOODOOCDOCODOCDOC OO OO OOODODOCDOORP,OVWOOWONOLUN

.63e+02
.27e+07
.45e+06
.00e+00
.79%e+04
.00e+00
.00e+00
.68e+06
.95e+07
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.63e+00
.31le-60
.00e+00
.00e+00

ORFRrP TN OdJOERES JORPREPEPENWWTORRPEPNMNONMNMNMNRERPOWONMORDNAOdRFEDNDOTJI

.63e+02
.27e+07
.45e+06
.92e+09
.19e+06
.58e+07
.35e-01
. 95e+06
.33e+08
.56e+07
.08e+08
.T4e+07
.24e+00
.04e+06
.75e+09
.31e-13
.63e+07
.43e-01
.38e-28
.12e+08
.45e-56
.84e-67
.33e+08
.35e+09
.38e+05
.84e+00
.52e+05
.73e4+06
.86e-19
.90e-01
.12e+03
.59e+05
.72e+04
.79e+08
.75e+07
.60e+03
.36e-71
.19e+05
.29e-01

C OO OC OO0 OO C OO C OO0 OLODOCOODODOC OO OO OO oCc oo oo

.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00

W PP ENSNOORNNRPRPNERL, PR, OQWNRERRPNNWRNEIERENYND O

.63e+02
.27e+07
.45e+06
.6le+08
.86e+04
.61let+06
.50e-04
.05e+06
. 68e+07
.06e+07
.62e+07
.26e+08
.23e-02
.12e+04
.97e+09
.92e-13
. 94e+04
.90e-02
.75e-23
.21e+09
.32e-45
.65e-54
.17e+07
.15e+10
.17e+03
.15e-02
.90e+00
.30e+02
.45e-21
.65e-06
.20e-03
.05e+02
.01le-02
.47e+04
.72e+06
.21e+02
.44e-59
.3%e4+02
L42e-04
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DOSE FACTORS: RADIONUCLIDES OTHER THAN NOBLE GASES

(Ref.3.9 Ch. 5.2, 5.3)

Airborne Pathways & Tritium Ingestion: (mrem/yr)/(uCi/m”3))
Deposition Pathways: (m*2 * (mrem/yr)/(uCi/sec)

ADULT

Grs/Cow/Milk (CMILK)

RU-106
AG-110M
TE-125M
TE-127
TE-127M
TE-129
TE-129M
TE-131
TE-131M
TE-132
I-130
I-131
I-132
I-133
I-134
I-135
Cs-134
Cs~136
Cs-137
CS-138
BA-139
BA-140
BA-141
BA-142
LA-140
LA-142
CE-141
CE-143
CE-144
PR-143
PR-144
ND-147
wW-187
NP-239
PU-239
U-235

WNWwWoaywo R, W EA_A,WENOITNUTOODRPORNMNNWPrON DR OGN

.04e+04
.82e+07
.63e+07
.56e+02
.58e+07
. 94e-10
.02e+07
.02e-33
.62e+05
.40e+06
.11le+05
. A8e+08
.38e-02
.94e+06
.06e-12
.46e+03
.65e+09
.63e+08
.38e+09
.85e-24
.57e-08
.69e+07
.T6e-46
.43e-80
.52e+00
.91le-11
.85e+03
.16e+01
.58e+05
.58e+02
.88e-54
.42e+01
.53e+03
.68e+00
.80e+07
.10e+09

Page 10 of 44

OQWWwWuUukrRNORWWONWWWWWERREPEERPRPNMNWDNDNOREPEPRERENEREREDNDOO O

.00e+00
.39%e+07
.90e+06
.36e+02
.64e+07
.10e-10
.25e+07
.68e-33
.1T7e+05
.56e+06
.22e+05
.12e+08
.24e-01
.37e+06
.89%e~12
.69e+04
.35e+10
.04e+09
.0le+10
.94e-23
.25e-11
.38e+04
.59%e-49
.53e-83
.28e+00
.70e-12
.28e+03
.08e+04
.50e+05
.34e+01
.86e-54
.09e+02
.46e+03
.61le-01
.37e+06
.00e+00

O COCOO0OCOO0OO0OCDOOOOOCoCoOCoCcooOoOorUId-JdJoURLPNWNNREREEDNDOO

.00e+00
.00e+00
.90e+06
.86e+02
.17e+07
.25e-10
.07e+07
.31e-33
.80e+05
.72e+06
.27e+07
.94e+10
.84e+400
.96e+408
.00e-11
.12e+06
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+400
.00e+00
.00e+00
.00e+400
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00

NN WPRPOOOPRFRPR WORPRPOONMNMWRPR WL WOEENDETOWWLWORPRPRPRPNERPRNORW

.94e+04
.06e+08
.63e+07
.67e+03
.86e+08
.24e-09
.51e+08
.76e-32
.79e+06
.50e+07
.71le+05
.63e+08
.57e-01
.8%e+06
.5%e~-12
.71le+04
.35e+09
.78e+08
.43e+09
.43e-23
.04e-11
.15e+04
.34e-49
.98e-83
.00e+00
.00e+00
.52e+03
.36e+01
.87e+04
.66e+01
.6le-54
.36e+01
.00e+00
.13e+00
.13e+06
.23e+08

OO OCOOCOCOOCCCOOCONNPEPERPPP,IPRP OO0 O0OC0O0COCOCOCOoOOooOo

.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.45e+09
. 93e+07
.14e+09
Ale-24
.85e-11
.93e+04
.04e-49
.00e-83
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00

WNJdRrRrR OGO RERPFEFORSBNUTOORPEPENRPNOMTOOOITRFRFOOWNREREODDNPRE

.32e+06
.20e+10
.51e+07
.18e+04
.54e+08
.22e-10
.03e+08
.69e-34
.T6e+07
.35e+07
.36e+05
.5%e+07
.21le-02
.03e+06
.52e-15
.91e+04
.35e+08
.18e+08
.95e+08
.29e-29
.10e-08
.54e+07
.24e-55
.83e-98
.67e+05
.35e-08
.25e+07
.15e4+06
.21e+08
.92e+05
.89%e-61
.23e+05
.79e+06
.42e+04
.57e+06
.02e+08

C O OO C OO OO C OO OO OODODODOCODODCOCOCOCOCCOoOOOCOoCOoOo oo

.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00

PNdPRPRPOWNPRPWWNONRERERPRPRPRPOOYNRPOOOR R NPENRPRPRPRRPRONORDNDWDN

.58e+03
.20e+07
.18e4+06
.42e+02
.58e+06
.16e-11
.53e+06
.27e-33
.47e+05
.46e+06
.45e+05
.21e+08
.84e-02
.03e+06
.03e-12
.25e+03
.10e+10
.48e+08
.61le+09
. 63e-24
.34e-09
.76e+06
.60e-47
.16e-81
.02e-01
.17e-12
.72e+02
.41e+00
.92e+04
.83e+00
.49e-55
.51e+00
.91e+03
.99%e-01
.38e+05
.88e+08
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DOSE FACTORS: RADIONUCLIDES OTHER THAN NOBLE GASES

(Ref.3.9 Ch. 5.2, 5.3)

Units: Airborne Pathways & Tritium Ingestion: (mrem/yr)/(uCi/m”3))
Deposition Pathways: (m*2 * (mrem/yr)/(uCi/sec)

AgeGroup: ADULT

Pathway: Vegetation (VEG)
Nuclide Bone Liver

H-3 0.00e+00 2.26e+03
c-14 2.28e+08 4.55e+07
NA-24 2.68e+05 2.68e+05
P-32 2.18e+08 8.73e+07
CR-51 0.00e+00 0.00e+00
MN-54 0.00e+00 3.13e+08
MN-56 0.00e+00 1.55e+01
FE-55 2.10e+08 1.45e+08
FE-59 1.26e+08 2,96e+08
CO-58 0.00e+00 3.07e+07
CO-60 0.00e+00 1.67e+08
NI-63 1.04e+10 7.22e+08
NI-65 5.97e+01 7.76e+00
CU-64 0.00e+00 9.15e+03
ZN-65 3.17e+08 1.01le+09
ZN-69 5.08e-06 9.71e-06
ZN-69M  2.23e+04 5.35e+04
BR-83 0.00e+00 0.00e+00
BR-84 0.00e+00 0.00e+00
RB-86 0.00e+00 2.19e+08
RB~-88 0.00e+00 2.68e-22
RB-89 0.00e+00 1.04e-26
SR-89 9.97e+09 0.00e+00
SR-90 6.05e+11 0.00e+00
SR-91 3.02e+05 0.00e+00
SR-92 4.15e+02 0.00e+00
Y-90 1.33e+04 0.00e+00
Y-91 5.11le+06 0.00e+00
Y-91M 4.78e-09 0.00e+00
Y-92 8.97e-01 0.00e+00
Y-93 1.68e+02 0.00e+00
ZR-95 1.17e+06 3.77e+05
ZR-97 3.36e+02 6.78e+01
NB-95 1.42e+05 7.92e+04
MO-99 0.00e+00 6.15e+06
TC-99M  3.06e+00 8.66e+00
TC-101  6.02e-31 8.68e-31
RU-103  4.77e+06 0.00e+00
RU-105  5.30e+01 0.00e+00
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loNeNeoRoNeNoRoNeoNeoRoNoNoRoBoNoRoNeoNoRoNeNoeRoRoloRolRololollollolNolNoloR ol o R SRV

.26e+03
.55e+07
.68e+05
.00e+00
.78e+04
.00e+00
.00e+400
.00e+00
.00e+00
.00e+400
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+400
.00e+00
.00e+00
.00e+400
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00

PP PP NP U000 O0CO0O0CO0O0O0C0O0O0C0OC0OCDOWOONOCDOCDOCOOCOORr ORLONB®IDN

.26e+03
.55e+07
. 68e+05
.00e+00
.02e+04
.31e+07
.96e+01
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.31e+04
.75e+08
.31e-06
.24e+04
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.91e+05
.02e+02
.83e+04
.39%e+07
.32e+02
.56e-29
.82e+07
.85e+02

OO PO OC OO OCOODOOCDOCODOCDOC OO OO0 ODOCDODOCDOOXMXMOOOYO NN

.26e+03
.55e+07
.68e+05
.00e+00
.16e+04
.00e+00
.00e+00
.08e+07
.28e+07
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.24e+00
.44e-31
.00e+00
.00e+00

WOUOoNOTORLMSENRPRPUOURPRPNNRPORPRPRPOWDRERLRSMWODROADNRPRPRPWOHOWOCOD ORRENDBDN

.26e+03
.55e+07
. 68e+05
.58e+08
.17e+07
.59%e+08
.93e+02
.31e+07
.88e+08
.23e4+08
.14e+09
.51e+08
.97e+02
.80e+05
.36e+08
.46e-06
.27e+006
.34e+00
.69%e-16
.32e+07
.70e-33
.02e-40
.60e+09
.75e+10
.44e4+06
.23e+03
.41e+08
.81e+09
.40e-08
.57e+04
.34e+06
.19e+09
.10e+07
.81le+08
LA43e+07
.13e+03
.6le-42
.57e+08
.24e+04

C OO OC OO0 OO C OO C OO0 OLODOCOODODOC OO OO OO oCc oo oo

.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00

NMNNORPPEPARWNMSENRPRPRPWRERPNNSRPRPRPRPNOPRRaEERQOQWWORWN O OONDSDN

.26e+03
.55e+07
. 68e+05
.43e+07
.64e+04
. 97e+07
.74e+00
.38e+07
.14e+08
.89%e+07
.69e+08
.49e+08
.54e+00
.30e+03
.56e+08
.75e-07
.89%e+03
.01e+00
.15e-11
.02e+08
A2e-22
.29e-27
.86e+08
.48e+11
.22e+04
.80e+01
.56e+02
.37e405
.85e-10
.62e-02
. 65e+00
.55e+05
.10e+01
.26e+04
.17e+06
.10e+02
.51e-30
.06e+06
.09%e+01



For Information Only

Units:

AgeGroup:
Pathway:

Nuclide

RU-106
AG-110M
TE-125M
TE-127
TE-127M
TE-129
TE-129M
TE-131
TE-131M
TE-132
I-130
I-131
I-132
I-133
I-134
I-135
Cs-134
CsS-136
Cs-137
Cs-138
BA-139
BA-140
BA-141
BA-142
LA-140
LA-142
CE-141
CE-143
CE-144
PR-143
PR-144
ND-147
W-187
NP-239
PU-239
U-235

Bone Liver
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DOSE FACTORS: RADIONUCLIDES OTHER THAN NOBLE GASES

(Ref.3.9 Ch. 5.2, 5.3)

Airborne Pathways & Tritium Ingestion: (mrem/yr)/(uCi/m*3))
Deposition Pathways: (m*2 * (mrem/yr)/(uCi/sec)

ADULT
Vegetation (VEG)

Thyroid

.93e+08 0.00e+00 0.00e+00
.05e+07 9.75e+06 0.00e+00
.65e+07 3.50e+07 2.90e+07
.62e+03 2.02e+03 4.16e+03
.49%e+08 1.25e+08 8.92e+07
.16e-04 2.69e-04 5.49e-04
.51e+08 9.37e+07 8.63e+07
.26e-15 5.26e-16 1.04e-15
.10e+05 4.45e+05 7.05e+05
.30e+06 2.78e+06 3.07e+06
.95e+05 5.75e+05 4.88e+07
.04e+07 5.77e+07 1.89e+10
.79%e+01 7.46e+01 2.61e+03
.04e+06 1.8le+06 2.66e+08
.44e-05 1.21e-04 2.09e-03
.93e+04 5.05e+04 3.33e+06
.67e+09 1.11e+10 0.00e+00
.27e+07 1.68e+08 0.00e+00
.36e+09 8.70e+09 0.00e+00
.42e-11 6.74e-11 0.00e+00
.71le-02 1.93e-05 0.00e+00
.28e+08 1.61e+05 0.00e+00
.05e-22 6.84e-25 0.00e+00
.96e-39 4.07e-42 0.00e+00
.97e+03 9.95e+02 0.00e+00
.93e-04 8.77e-05 0.00e+00
.97e+05 1.33e+05 0.00e+00
.96e+02 7.36e+05 0.00e+00
.29e+07 1.38e+07 0.00e+00
.26e+04 2.51e+04 0.00e+00
.39%-26 9.93e-27 0.00e+00
.33e+04 3.85e+04 0.00e+00
.79%9e+04 3.17e+04 0.00e+00
.43e+03 1.40e+02 0.00e+00
.81le+10 6.98e+09 0.00e+00
.42e+10 0.00e+00 0.00e+00
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Kidney

PO ONUUORPRPOWOHRODOWHRUEREENQOWODRWEROUOIN O RPRPWERENDNWEREW

.72e+08
. 92e+07
. 93e+08
.29%e+04
.42e+09
.01e-03
.05e+09
.51e-15
.51e+06
.68e+07
. 98e+05
. 90e+07
.19%e+402
.15e+06
.92e-04
.09%e+04
.59%e+09
.37e+07
.95e+09
.95e-11
.80e-05
.49e+04
.36e-25
LAde-42
.00e+00
.00e+00
.19e+04
. 24e+02
.16e+06
.45e+04
.60e-27
.25e+04
.00e+00
.37e+02
.50e+09
.50e+10

COC OO OO OONWORP,POPRPPOOOOCODODOODOCOCOOCOCOoOOoOOo

.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.19%e+09
.28e+07
.81le+08
.89%e-12
.10e~-05
.24e+04
.88e-25
.30e-42
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00

SUNRPRPWNRPNOOOATJOBNBENRPR, R RO R R B RS RBRSB RO RS WWE

.25e+10
.98e+09
.85e+08
.43e+05
.17e+09
.40e-04
.27e+09
.78e-16
LA2e+07
.32e+08
.95e+05
.52e+07
.40e+01
.63e+06
.05e-07
.70e+04
.94e+08
.91e+07
. 68e+08
.88e-16
.80e-02
.64e+08
.26e-31
.57e-57
.31e+07
L4le-01
.10e+08
. 15e+07
.1le+10
.74e+08
.44e-33
.85e+08
.04e+07
.88e+07
.34e+09
.26e+09

CCOOCODC OO0 OO COOCOODO OO OO OO OO oo oo oocoo

.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00

WP NP NMNRPWOWRPOERENNDNNMNMNRWRONWORPRORONWONNOWWWERESER,RLON

. 44e+07
.79%+06
.29%e+07
.22e+03
.26e+07
.T4e-04
.98e+07
.97e-16
.71e+05
.6le+06
.27e+05
.31e+07
.6le+01
.51e+05
.31e-05
.86e+04
.08e+09
.21e+08
.70e+09
.34e-11
.93e-04
.41e+06
.05e-23
.49e-40
. 63e+02
.19e-05
.51le+04
.15e+01
.77e+06
.10e+03
.22e-27
.30e+03
.11e+04
.73e+01
.53e+09
.90e+09
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DOSE FACTORS: RADIONUCLIDES OTHER THAN NOBLE GASES

(Ref.3.9 Ch. 5.2, 5.3)

Units: Airborne Pathways & Tritium Ingestion: (mrem/yr)/(uCi/m*3))
Deposition Pathways: (m*2 * (mrem/yr)/(uCi/sec)

AgeGroup:  TEEN
Pathway:

Nuclide Bone

Grs/Goat/Milk (GMILK)

H-3 0.00e+00
C-14 4.86e+08
NA-24 5.12e+05
pP-32 5.88e+09
CR-51 0.00e+00
MN-54 0.00e+00
MN-56 0.00e+00
FE-55 5.79e+05
FE-59 6.74e+05
CO-58 0.00e+00
CO-60 0.00e+00
NI-63 1.42e+09
NI-65 8.27e-02
CU-64 0.00e+00
ZN-65 2.53e+08
ZN-69 4.86e-13
ZN-69M 3.93e+04
BR-83 0.00e+00
BR-84 0.00e+00
RB-86 0.00e+00
RB-88 0.00e+00
RB-89 0.00e+00
SR-89 5.62e+09
SR-90 1.39%e+11
SR-91 1.12e+05
SR-92 1.91e+00
Y-90 1.56e+01
Y-91 1.90e+03
Y-91M 1.39e-20
Y-92 1.25e-05
Y-93 4.97e-02
ZR-95 1.98e+02
ZR-97 9.49%e-02
NB-95 1.69%e+04
MO-99 0.00e+00
TC-99M 6.97e-01
TC-101 6.90e-61
RU-103 2.17e+02
RU-105 1.90e-04
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.03e+03
.72e+07
.12e+05
.35e+09
.00e+00
.68e+06
.99%e-04
.11e+05
.57e+06
.52e+05
.34e+06
.00e+08
.06e-02
.75e+03
.78e+08
.25e-13
.27e+04
.00e+00
.00e+00
.68e+08
.44e-46
.40e-54
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.25e+01
.88e-02
.37e+03
.37e+06
.94e+00
.8le-61
.00e+00
.00e+00

loNeNeoRoNeNoRoNeoNeoRoNoNoRoBoNoRoNeoNoRoNeNoeRoRoloRoRololololoNoNol oo R eRS R ININ]

.03e+403
.72e+07
.12e+05
.00e+00
.33e403
.00e+00
.00e+400
.00e+00
.00e+00
.00e+400
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+400
.00e+00
.00e+00
.00e+400
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00

NP NP ONOUODODODOOOCOOOODOOCOOODOOOUNNURPROOCOCOQOCORrRr I OO W

.03e+03
.72e+07
.12e+05
.00e+00
.31e+03
.02e+05
.14e-03
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.20e+04
.62e+08
.04e-13
.63e+04
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.18e+01
.85e-02
.08e+03
.23e+07
.89%e+01
.77e-59
.66e+02
.39%9e-03

COCOoOURPRP OO0 OO0 OO OO OO ODODODOCDOORNOCODmOUION

.03e+03
.72e+07
.12e+05
.00e+00
.55e+03
.00e+00
.00e+00
.60e+05
.96e+05
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.08e+00
.98e-61
.00e+00
.00e+00

PFRPRPRPRPOPPUORPRPRPOUDOONRE S TOCWOUON PP O0OCOURPLWWUREERPRWROWREWOGODN

.03e+03
.72e+07
.12e+05
.18e+09
.01le+06
.45e+06
.92e-02
.78e+05
.72e+06
.31le+07
.35e+407
.60e+07
.73e-01
. 68e+05
.72e+08
.70e-12
.0%e+06
.00e+00
.00e+00
.40e+07
.66e-53
.15e-63
.69e+08
.90e+09
.09e+05
.86e+01
.29e+05
.17e4+05
.56e-19
.44e-01
.52e+03
.44e405
.08e+03
.01le+07
.62e+06
.28e+03
.68e-67
.82e+04
.53e-01

C OO OC OO0 OO C OO C OO0 OLODOCOODODOC OO OO OO oCc oo oo

.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00

N O OUNPFPOOORRRPRPLWOCUOUIdOPPWRER, ONNMNMWMNMNOADSND DD INOCORL,WOGROWOUN

.03e+03
.72e+07
.12e+05
.47e+09
.99e+03
.34e+05
.60e-04
.57e+04
.07e+05
.20e+06
.52e+06
.8le+07
.82e-03
.23e+03
.10e+08
.A4T7e-14
.50e+03
.19%-02
.T6e-24
.67e+08
.90e-46
.93e-55
.61le+08
LA43e+10
.46e+03
.14e-02
.21e-01
.08e+401
.3le-22
. 63e-07
.36e-03
.30e+01
.65e-03
.16e+03
.02e+06
.52e+01
.64e-60
.29e+01
.36e-05



For Information Only

Units:

AgeGroup:
Pathway:

Nuclide

RU-106
AG-110M
TE-125M
TE-127
TE-127M
TE-129
TE-129M
TE-131
TE-131M
TE-132
I-130
I-131
I-132
I-133
I-134
I-135
Cs-134
CsS-136
Cs-137
Cs-138
BA-139
BA-140
BA-141
BA-142
LA-140
LA-142
CE-141
CE-143
CE-144
PR-143
PR-144
ND-147
W-187
NP-239
PU-239
U-235
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DOSE FACTORS: RADIONUCLIDES OTHER THAN NOBLE GASES

(Ref.3.9 Ch. 5.2, 5.3)

Airborne Pathways & Tritium Ingestion: (mrem/yr)/(uCi/m*3))
Deposition Pathways: (m*2 * (mrem/yr)/(uCi/sec)

TEEN

Grs/Goat/Milk (GMILK)

.50e+03
.1loe+07
.6le+06
.46e+02
.01le+07
.49%e-11
.32e+07
.82e~-34
. 90e+04
.15e+05
.Ab5e+05
.22e+08
.78e-01
.25e+06
.27e-12
.38e+04
.95e+10
.35e+09
.02e+10
.36e-23
.01e-08
.82e+06
.05e-46
.46e-81
.74e-01
Llde-12
.07e+03
.18e+00
.90e+04
.48e+01
.52e~-54
.18e+01
.43e+03
.42e-01
.58e+06
.82e+08
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Liver

cuUdPEPENORPRWONP e I JdJP OO WwaaNddP, WwwdsNDwo e o

.00e+00
.09%e+07
.30e+06
.17e+01
.5%e+06
LA42e-11
.90e+06
.63e-34
. 79e+04
.26e+05
.2%e+06
.51e+08
.67e-01
.21e+00
.00e-12
.55e+04
.93e+10
.29e+09
.34e+10
.03e-22
.13e-12
.14e+03
.83e-50
.46e-84
.78e-01
.84e-12
.12e+02
.68e+03
.27e+04
.39%e+01
.23e-55
.36e+01
.17e+03
.94e-02
.56e+05
.00e+00

Thyroid

COOCOCOO0OOCOoOOOO0ODCDOoOOODoCoCcCoOoCcoCcoOoOoNRPRPREREPWUOOEENRERL,RERL, OO

.00e+00
.00e+00
.0le+006
.01e+02
Ale+06
.6de-11
.26e+06
.79%e-34
.70e+04
.44e+05
.05e+08
.32e+11
.57e+01
.01e+09
.00e-10
.28e+06
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+400
.00e+00
.00e+00
.00e+400
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00

Kidney

P O MNORPRPRWORWWODOOWNNTNMNONPENNOOGORE NINITFEP WWWoNs oo N

.68e+03
.0%e+07
.00e+00
.91e+02
.11le+07
.72e-10
.53e+07
.86e-33
. 95e4+05
.13e+06
.98e+06
.77e+08
.35e-01
.27e+07
.A6e-12
.60e+04
.20e+10
.88e+09
.82e+10
.5%e-23
.72e-12
.42e+03
.27e-50
.31e-84
.00e+00
.00e+00
.35e4+02
.00e+00
. 95e+04
.08e+00
.57e-55
.39%+01
.00e+00
.49%e-01
.13e+05
. 60e+08

COOCOOC OO OIPPDOCOOOCOOCODODOODOCOCOOCOCOOO

.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.41e+09
.54e+08
.06e+09
.84e-24
.92e-12
.80e+03
.36e-50
.96e-84
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00

BB R, WO R P RPNNOONNNOOD I 0WJUONOORER WS WNRERERWN

.16e+05
.07e+09
.06e+07
.13e+04
.52e+07
.55e-10
.96e+07
.24e-35
.04e+06
.03e+07
.89e+05
. 93e+07
.03e-01
.46e+06
.91e-14
.93e+04
.62e+08
.26e+08
.60e+08
.67e-26
.04e-08
. 98e+06
.24e-52
.29e-92
.75e+04
.60e-08
.04e+06
.0le+05
.99%e+07
.15e+05
.68e-57
.53e+04
.16e+05
.28e+04
.22e+05
.95e+07

CCOOCODC OO0 OO COOCOODO OO OO OO OO oo oo oocoo

.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00

RO JORBRPREPOWNUORLRWWERENNMENMNOWWNDNDNRE R WD U

.67e+02
.65e+06
.82e+05
.1ld4e+01
.20e+06
.58e-11
.09e+06
.7T6e-34
.16e+04
.07e+05
.14e+05
.43e+08
.67e-01
.20e+06
.16e-12
.32e+04
.22e+10
.55e+09
.86e+10
14e-23
.95e-10
.75e+05
.50e-48
.59%e-82
.27e-01
.58e-13
.18e+401
.46e-01
.25e+03
.73e+00
.7le-56
.42e+00
.09%e+02
.41le-02
.20e+05
.15e+07



For Information Only

Units:

AgeGroup:
Pathway:

Nuclide
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DOSE FACTORS: RADIONUCLIDES OTHER THAN NOBLE GASES

(Ref.3.9 Ch. 5.2, 5.3)

Airborne Pathways & Tritium Ingestion: (mrem/yr)/(uCi/m#3))
Deposition Pathways: (m*2 * (mrem/yr)/(uCi/sec)

TEEN

Ground Plane Deposition (GPD)

RU-106
AG-110M
TE-125M
TE-127
TE-127M
TE-129
TE-129M

PNONMNMPWOWOPOITPRP R AR NNNRPRRPRPREAINNEREOWQONDEREANOONDNDWNWRE SR

.20e+07
.66e+06
.39%+09
.04e+05
.72e+08
.79e+08
.15e+10
.97e+05
.07e+05
.47e+08
.27e+06
.87e+03
.03e+05
. 99%e+06
.31e+04
.21e+05
.16e+04
.15e+06
.77e+05
.49e+03
.07e+06
.00e+05
.80e+05
.83e+05
.45e+08
.96e+06
.37e+08
.00e+06
.84e+05
.04e+04
.08e+08
.37e+05
.22e+08
.44e+09
.55e+06
.98e+03
.16e+04
.62e+04
. 98e+07
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.20e+07
.66e+06
.39e+09
.04e+05
.72e+08
. 79e+08
.15e+10
.97e+05
.07e+05
.47e+08
.27e+06
.87e+03
.03e+05
.99%e+06
.31le+04
.21e+05
.16e+04
.15e+06
.77e+05
.49e+03
.07e+06
.00e+05
.80e+05
.83e+05
.45e4+08
. 96e+06
.37e+08
.00e+06
.84e+05
.04e+04
.08e+08
.37e+05
.22e+08
.44e+09
.55e+06
.98e+03
.16e+04
.62e+04
.98e+07

EPFNONRPWLEARNDNEAERENNNRERERRPRPREREEIONNRPRPLOWONDSEREJONDNDWDNWORS R

.20e+07
.66e+06
.3%+09
.04e+405
.72e+08
.79%+08
.15e+10
.97e+05
.07e+05
.47e+08
.27e+06
.87e+03
.03e+405
.99%e+06
.31le+04
.21le+05
.1l6e+04
.15e+06
.77e+05
.49%e+03
.07e+06
.00e+05
.80e+05
.83e+05
.45e+08
.96e+06
.37e+08
.00e+06
.84e+05
.04e+04
.08e+08
.37e+05
.22e+08
.44e+09
.55e+06
. 98e+03
.16e+04
.62e+04
. 98e+07

P NONPFPFWSEOODRPRPNEARERLPDNNMERERPRERPRSEONDNRERPOWONDSREAOIANDNDWNDWORE &R

.20e+07
.66e+06
.39e+09
.04e+05
.72e+08
. 79e+08
.15e+10
.97e+05
.07e+05
.47e4+08
.27e+06
.87e+03
.03e+05
.99%e+06
.31le+04
.21e+05
.16e+04
.15e+06
.77e+05
.49e+03
.07e+06
.00e+05
.80e+05
.83e+05
.45e+08
.96e+06
.37e+08
.00e+06
.84e+05
.04e+04
.08e+08
.37e+05
.22e+08
.44e+09
.55e+06
.98e+03
.16e+04
.62e+04
. 98e+07

PNOUNMPRPWOEOTRPRPNPEPAEPRPLPNNNRERPRPRPPRPL,REINNPEPOWONERERP IO NDNWNORE &P

.20e+07
.66e+06
.39%e+09
.04e+05
.72e+08
. 79e+08
.15e+10
.97e+05
.07e+05
.47e+08
.27e+06
.87e+03
.03e+05
.99%e+06
.31le+04
.21e+05
.16e+04
.15e+06
.77e+05
.49e+03
.07e+06
.00e+05
.80e+05
.83e+05
.45e+08
.96e+06
.37e+08
.00e+06
.84e+05
.04e+04
.08e+08
.37e+05
.22e+08
.44e+09
.55e+06
.98e+03
.16e+04
.62e+04
.98e+07

PNONMNRPWSPOAIITRPNNEARPRPNNNNRPRPRREDESEINNMNREREOWORNDEIAONDNDWNIWRE &R

.20e+07
.66e+06
.39%e+09
.04e+05
.72e4+08
.79e+08
.15e+10
.97e+05
.07e+05
.47e+4+08
.27e+06
.87e+03
.03e+05
. 99%e+06
.31e+04
.21e+05
.16e+04
.15e+06
.77e+05
.49e+03
.07e+06
.00e+05
.80e+05
.83e+05
.45e+08
.96e+06
.37e+08
.00e+06
.84e+05
.04e+04
.08e+08
.37e4+05
.22e+08
.44e+09
.55e+06
.98e+03
.16e+04
.62e+04
. 98e+07

NWPRPWNEEONPNNEPRP, ONMNNNDMPEPPRPOONNRPRPWERENNYNPRPOWNDSEWREROR

.39%e+07
.51e+06
.63e+09
.07e+06
.20e+08
.44e+08
.53e+10
.45e+05
.88e+05
.60e+08
.49e+06
.08e+03
.36e+05
.03e+07
. 78e+04
.45e+05
.51e+04
.51le+06
. 63e+05
.31e+03
.21e+06
.16e+05
.14e+05
.51e+05
.84e+408
.45e+06
.6le+08
.63e+06
.11le+05
.26e+04
.26e+08
.21e+05
.07e+08
.01e+09
.13e+06
.28e+03
.08e+05
.10e+04
.31le+07

PNOUNMPWPOIITPRLPNNRPRP AR NDNNRPRPPRPREINNEPOWQONEEREREIOONDNDNDWNWE &SP

.20e+0Q7
. 66e+06
.39%+09
.04e+05
.72e+08
.79e+08
.15e+10
.97e+05
.07e+05
.47e+08
.27e+06
.87e+03
.03e+05
.99%e+06
.31le+04
.21e+05
.16e+04
.15e+06
.77e+05
.49e+03
.07e+06
.00e+05
.80e+05
.83e+05
.45e+08
.96e+06
.37e+08
.00e+06
.84e+05
.04e+04
.08e+08
.37e+05
.22e+08
.44e+09
.55e+06
.98e+03
.16e+04
.62e+04
. 98e+07



For Information Only

Units:

AgeGroup:
Pathway:

Nuclide

TE-131
TE-131M
TE-132
I-130
I-131
I-132
I-133
I-134
I-135
Cs-134
CS-136
Cs-137
Cs-138
BA-139
BA-140
BA-141
BA-142
LA-140
LA-142
CE-141
CE-143
CE-144
PR-144
ND-147
W-187
NP-239
PU-239
U-235
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DOSE FACTORS: RADIONUCLIDES OTHER THAN NOBLE GASES

(Ref.3.9 Ch. 5.2, 5.3)

Airborne Pathways & Tritium Ingestion: (mrem/yr)/(uCi/m#3))
Deposition Pathways: (m*2 * (mrem/yr)/(uCi/sec)

TEEN

Ground Plane Deposition (GPD)

.92e+04
.03e4+06
.24e+06
.51e+06
.72e+07
.25e+06
.45e+06
.47e+05
.53e+06
.86e+09
.51le+08
.03e+10
.59%e4+05
.06e+05
.05e+07
.17e+04
.49%e+04
.92e+07
.60e+05
.37e+07
.31e+06
. 95e+07
.84e+03
.39%e+06
.35e406
.71le+06
.29e+06
.28e+09

Page 16 of 44

Liver

ONPEPEPNOoOFRPOANP-IRPREESE NP WRRPRPONSNDRE RO ON

.92e+04
.03e+06
.24e+06
.51e+06
. 12e+07
.25e+06
.45e+06
.47e+05
.53e+06
.86e+09
.51e+08
.03e+10
.59%e+05
.06e+05
.05e+07
.17e+04
.49e+04
.92e+07
.60e+05
.37e+07
.31le+06
.95e+07
.84e+03
.39%e406
.35e+06
.71le+06
.29e+06
.28e+09

Thyroid Kidney

ONPFEPENORFROAONRPE IR &EDDNRPRPWRRPRPOANDBSNRERE PRGOS ON

.92e+04
.03e+06
.24e406
.51e+06
.72e+07
.25e+06
.45e+06
LAT7e+05
.53e+406
.86e+09
.51le+08
.03e+10
.59e+405
.06e+05
.05e+07
.17e+04
.49%e+04
.92e+07
.60e+05
.37e+07
.31e+06
. 95e+07
.84e+03
.3%e+406
.35e+06
.7le+06
.29%e+06
.28e+09

ONEFEFNOFRANPEPE IR BSEDSENRPRPWRRPRPONSNDRE RO N

.92e+04
.03e+06
.24e+06
.51e+06
.12e+07
.25e+06
.45e+06
.47e+05
.53e+406
.86e+09
.51e+08
.03e+10
.59e+05
.06e+05
.05e+07
.17e+04
.49e+04
.92e+07
.60e+05
.37e+07
.31le+06
. 95e+07
.84e+03
.39%9e+06
.35e+06
.71e+06
.29e+06
.28e+09

ONPRPMNMNORFRPOONPRPRP NP, ESEMAENPRPWRPRPRPONENRERL RO HON

.92e+04
.03e+06
.24e+06
.51le+06
.72e+07
.25e+06
.45e+06
.47e+05
.53e+06
.86e+09
.51e+08
.03e+10
.59%9e+05
.06e+05
.05e+07
.17e+04
.49%e+04
.92e+07
.60e+05
.37e+07
.31e+06
. 95e+07
.84e+03
.39%e+06
.35e+06
.71le+06
.29%9e+06
.28e+09

OCNPRPMMNMNOROOAONREdRLPSESENRPWORRONDNRERLE RO ON

.92e+04
.03e+06
.24e+06
.51e+06
.72e+07
.25e+06
.45e+06
.47e+05
.53e+06
.86e+09
.51e+08
.03e+10
.59%e4+05
.06e+05
.05e+07
.17e+04
.49e+04
.92e+07
.60e+05
.37e+07
.31e+06
. 95e+07
.84e+03
.3%e4+06
.35e406
.71le+06
.29%9e4+06
.28e+09

EPFNPEPENEPENNOONP,PONMNMNOESENERESERPRPRONOONEDNDODS OW

.45e+07
.46e+06
.98e+06
.69e+06
.09e+07
.47e+06
.98e+06
.31e+05
.95e+406
.00e+09
.71e+08
.20e+10
.10e+05
.19e+405
.35e+07
.75e+04
.1le+04
.18e+07
.12e+05
.54e+07
.63e+06
.04e+07
.11e+03
.01le+07
.73e+06
.98e+06
.23e+07
.16e+10

OCNPRPMNMNORPOONNRPRP NP, BN RPRPWRRPRPONBEENRL, RGN

.92e+04
.03e4+006
.24e4+06
.51e+06
.12e+07
.25e+06
.45e+06
.47e+05
.53e+06
.86e+09
.51e+08
.03e+10
.59%4+05
.06e+05
.05e+07
.17e+04
.49%9e+04
.92e+07
.60e+05
.37e+07
.31e+06
. 95e+07
.84e+03
.39%9e406
.35e4+006
.71le+06
.29e+06
.28e+09



For Information Only
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DOSE FACTORS: RADIONUCLIDES OTHER THAN NOBLE GASES

(Ref.3.9 Ch. 5.2, 5.3)

Units: Airborne Pathways & Tritium Ingestion: (mrem/yr)/(uCi/m*3))
Deposition Pathways: (m*2 * (mrem/yr)/(uCi/sec)

AgeGroup:  TEEN
Pathway:

Nuclide Bone

Inhalation (INHL)

H-3 0.00e+00
C-14 2.60e+04
NA-24 1.38e+04
pP-32 1.89e+06
CR-51 0.00e+00
MN-54 0.00e+00
MN-56 0.00e+00
FE-55 3.34e+04
FE-59 1.59%e+04
CO-58 0.00e+00
CO-60 0.00e+00
NI-63 5.80e+05
NI-65 2,18e+00
CU-64 0.00e+00
ZN-65 3.86e+04
ZN-69M 1.15e+01
ZN-69 4.83e-02
BR-83 0.00e+00
BR-84 0.00e+00
BR-85 0.00e+00
RB-86 0.00e+00
RB-88 0.00e+00
RB-89 0.00e+00
SR-89 4.34e+05
SR-90 1.08e+08
SR-91 8.80e+01
SR-92 9.52e+00
Y-90 2.98e+03
Y-91 6.61le+05
Y-91M 3.70e-01
Y-92 1.47e+01
Y-93 1.35e+02
ZR-95 1.46e+05
ZR-97 1.38e+02
NB-95 1.86e+04
MO-99 0.00e+00
TC-99M 1.38e-03
TC-101 5.92e-05
RU-103 2.10e+03

Page 17 of 44

O WERPPEPNEOOCOOOCOCOCOOCWURPOCODODOWNENNMERNMWNE GO RRSPRE

.27e+03
.87e+03
.38e+04
.10e+05
.00e+00
.1le+04
.70e+00
.38e+04
.10e+04
.07e4+03
.51e+04
.34e+04
.93e-01
.03e+00
.34e+05
.71le+01
.20e-02
.00e+00
.00e+00
.00e+00
.90e+05
.46e+02
.52e+02
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.58e+04
.72e+01
.03e+04
.69e+02
.86e-03
.40e-05
.00e+00

O OC OO OC O OO OO OO OO OCOTCOCOT OO OO0 TORE P

.27e+03
.87e+03
.38e+04
.00e+00
.50e+01
.00e+00
.00e+400
.00e+00
.00e+00
.00e+400
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+400
.00e+00
.00e+00
.00e+400
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00

~NP O RP PPN OO0 OO OO OO OO PFPOOHNODOOOOCORFE P WOR &

.27e+03
.87e+03
.38e+04
.00e+00
.07e+01
.27e+04
.79e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.41e+00
. 64e+04
.65e+01
.02e-02
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
. T4e+04
.12e+01
.00e+04
.1le+02
.76e-02
.52e-03
.43e+03

~NoPRP R dPRPDNMNONWNMNDNMNMNORPRPRDNOOOOOORP,PRWERERRPOWOXRRPRPRPPEPENOR®PR

.27e+03
.87e+03
.38e+04
.00e+00
.10e+04
. 98e+06
.52e+04
.24e+05
.53e+06
.34e+06
.72e+06
.07e+05
.36e+03
.1lle+04
.24e+06
.14e+04
.58e+03
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.42e+006
. 65e+07
.07e+04
. Tde+04
. 93e+05
.94e+06
.20e+03
.68e+04
.32e+04
.6%e+06
.30e+05
.51le+05
.54e+05
.15e+03
.67e+02
.83e+05

PFooDMNMNoOoOnnPRP R WSMITRNMNJWWONRPRPOOONREREEOONTWRENOREOU O WIWERE B

.27e+03
.87e+03
.38e+04
.28e+04
.00e+03
. 68e+04
.7T4e+04
.39%9e+03
.78e+05
.52e+04
.59e+05
LA2e+04
.67e+04
.14e+04
.66be+04
.71e+05
.85e+02
.00e+00
.00e+00
.00e+00
.77e+04
.92e-05
.38e-07
.71e+05
.65e+05
.59e+05
.19e+05
.59e+05
.09%e+05
.02e+01
. 65e+05
.79e+05
.49e+05
.30e+05
.68e+04
.69e+05
.13e+03
.72e-07
.09e+05

C OO OC OO0 OO C OO C OO0 OLODOCOODODOC OO OO OO oCc oo oo

.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00

VTP WO RPWWAcrPRPRPRPRPOMWOHOERERNNODRPRL,PPLOOONITORPR P ENREREOONORE IR &P

.27e+03
.87e+03
.38e+04
.16e+04
.35e4+02
L A40e+03
.52e-01
.54e+403
.43e+04
.78e+03
.98e+04
.98e+04
.27e-01
.48e-01
.24e+04
.49e+00
.46e-03
A44e+02
.33e+02
.83e+01
.40e+04
.72e+02
.33e+02
.25e+04
. 68e+06
.51e+00
.06e-01
.00e+01
.77e+04
.42e-02
.29%-01
.72e+00
.15e+04
.26e+01
.66e+03
.22e+01
.99%e-02
.24e-04
. 96e+02



For Information Only

Units:

AgeGroup:
Pathway:

Nuclide

RU-105
RU-106
AG-110M
TE-125M
TE-127
TE-127M
TE-129
TE-129M
TE-131
TE-131M
TE-132
I-130
I-131
I-132
I-133
I-134
I-135
Cs-134
CS-136
Cs-137
CS-138
BA-139
BA-140
BA-141
BA-142
LA-140
LA-142
CE-141
CE-143
CE-144
PR-143
PR-144
ND-147
W-187
NP-239
PU-239
U-235

PP WR JdBP AENNORWEREOR,REUUWORFR,WOAWWOEREFE IR NP o
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DOSE FACTORS: RADIONUCLIDES OTHER THAN NOBLE GASES

(Ref.3.9 Ch. 5.2, 5.3)

Airborne Pathways & Tritium Ingestion: (mrem/yr)/(uCi/m*3))
Deposition Pathways: (m*2 * (mrem/yr)/(uCi/sec)

TEEN

Inhalation (INHL)

.12e+00
.84e+04
.38e+04
.88e+03
.01e+00
.80e+04
.10e-02
.39%e+04
.58e-02
.84e+01
.60e+02
.24e+03
.54e+04
.59e+03
.22e+04
.88e+02
.70e+03
.02e+05
.15e+04
.70e+05
.66e+02
.34e+00
LAT7e+04
L 42e-01
.70e-02
.7%e+02
.60e-01
.84e+04
.66e+02
.89%e+06
.34e+04
.30e-02
.86e+03
.20e+01
.38e+02
.38e+10
.14e+08
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CSCONOWOOCRUNRPRPRERESENWREPRHMNOXRPRPRPRPONNSEERPRPNOOOWOWOWNE OO

.00e+00
.00e+00
.31e+04
.24e+03
.12e-01
.16e+03
.38e-02
.58e+03
.32e-03
.01le+01
.90e+02
.79e+04
.91e+04
.38e+03
.05e+04
.32e+03
.44e+03
.13e+06
.94e+05
.48e+05
.56e+02
.44e-04
.70e+01
.06e-04
.70e-05
.36e+02
.25e-01
.90e+04
.94e+02
.02e+06
.31e+03
.T6e-02
.56e+03
.76e+00
.88e+02
.96e+09
.00e+00

C O O0OCOCOOCOOOOCOOOOCCoOCoOCDCoOoONWNRPRERENdROERPR,RL,OOO

.00e+00
.00e+00
.00e+00
.40e+03
LA42e+00
.38e+403
.18e-02
.58e+03
.24e-02
.25e+01
L A6e+02
.49e+4+06
.46e+07
.51e+05
.92e+06
.95e+04
.21e+05
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+400
.00e+00
.00e+00
.00e+400
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00

Kidney

MNP OURPWRPRPOMOXOODWWOUNOIOOWRPRWRERPWWOHOONREMMTTONONTONRERE

.41e+00
. 90e+05
.50e+04
.00e+00
.28e+00
.54e+04
.66e-01
.19e+04
.18e-02
.39%e+02
.95e+03
.75e+04
.40e+04
.92e+03
.59%e+04
. 66e+03
.49e+04
.75e+05
.10e+05
.04e+05
.62e+02
.88e-04
.28e+01
.84e-05
.14e-05
.00e+00
.00e+00
.88e+03
. 64e+01
.21e+06
.0%e+03
.01le-02
.02e+03
.00e+00
.00e+02
.75e+09
.67e+07

aaNhNodbwRrdbhPRrPRPORNPWNOODNRPRPRPRPPOOOOOCOONMNNRPWRRL,OGOYRE B

.82e+04
.6le+07
.75e+06
.36e+05
.12e+04
.66e+06
.30e+03
.98e+06
.34e+03
.38e+05
.49e+05
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.46e+05
. 78e+04
.21le+05
.87e+01
.46e+03
.03e+06
.29%9e+03
.91e+03
.lde+05
.02e+04
.14e+05
.30e+05
.34e+07
.83e+05
.75e+03
.72e+05
. Tde+04
.49%e+04
.34e+09
.75e+08

B WRERRPRPRPNNONRERSESEINOONOROOOTDNREREPRPOODOPP R ®SPEPERONN WO

.04e+04
.60e+05
.73e+05
.50e+04
.08e+04
.59%9e+05
.62e+03
.05e+05
.51e+01
.21e+05
.63e+05
.12e+03
.49e+03
.27e+03
.03e+04
.04e+01
.95e+03
.76e+03
.09%e+04
.A48e+03
.70e-01
.45e+03
.29e+05
.46e-04
.79e-10
.87e+05
.20e+04
.26e+05
.55e+05
. 64e+05
.14e+405
.35e-04
.82e+05
.77e+05
.32e+05
.50e+05
.10e+05

COCOOCOOC OO OO OO0 COODODOCOCOCOCOoOCoCcCOOoOoCoOooo

.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00

OO R WUNAANNMNEOOAN PP RWWDEWRERPUVWOONRENNINDOOGONREDN SRS

.34e-01
.24e+04
.99%+03
.67e+02
L42e-01
.18e+03
.76e-02
.25e+03
.04e-03
.02e+01
.19%e+02
.17e+03
. 64e+04
.58e+03
.22e+03
.40e+02
.49e+03
.49e+05
.37e+05
.1le+05
.46e+02
.90e-02
.52e+03
.74e-03
.27e-03
.26e+01
.06e-01
.17e+03
.1loe+01
.62e+05
.62e+02
.18e-03
.13e+02
.43e+00
.77e+01
.44e+08
. 94e+06



For Information Only

Units:

AgeGroup:
Pathway:

Nuclide
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DOSE FACTORS: RADIONUCLIDES OTHER THAN NOBLE GASES

(Ref.3.9 Ch. 5.2, 5.3)

Airborne Pathways & Tritium Ingestion: (mrem/yr)/(uCi/m*3))
Deposition Pathways: (m*2 * (mrem/yr)/(uCi/sec)

H-3
C-14
NA-24
pP-32
CR-51
MN-54
MN-56
FE-55
FE-59
CO-58
CO-60
NI-63
NI-65
CU-64
ZN-65
ZN-69M
RB-86
SR-89
SR-90
SR-91
SR-92
Y-90
Y-91
Y-92
Y-93
ZR-95
ZR~97
NB-95
MO~99
TC-99M
RU-103
RU-105
RU-106
AG-110M
TE-125M
TE-127
TE-127M
TE-129M
TE-131M

Page 19 of 44

TEEN
Grs/Cow/Meat (CMEAT)
Bone Liver Thyroid
0.00e+00 1.94e+02 1.94e+02
2.04e4+08 4.08e+07 4.08e+07
1.12e-03 1.12e~-03 1.12e-03
6.13e+08 2.44e+08 0.00e+00
0.00e+00 0.00e+00 3.13e+03
0.00e+00 7.00e+06 0.00e+00
0.00e+00 1.47e-53 0.00e+00
2.38e+08 1.69e+08 0.00e+00
2.12e+08 4.96e+08 0.00e+00
0.00e+00 1.41e+07 0.00e+00
0.00e+00 5.84e+07 0.00e+00
1.52e+10 1.07e+09 0.00e+00
2.26e-52 2.88e-53 0.00e+00
0.00e+00 2.30e-07 0.00e+00
2.50e+08 8.69e+08 0.00e+00
1.46e-05 3.43e-05 0.00e+00
0.00e+00 4.07e+08 0.00e+00
2.55e+08 0.00e+00 0.00e+00
8.05e+09 0.00e+00 0.00e+00
1.34e-10 0.00e+00 0.00e+00
1.17¢~49 0.00e+00 0.00e+00
9.12e+01 0.00e+00 0.00e+00
9.54e+05 0.00e+00 0.00e+00
1.46e-39 0.00e+00 0.00e+00
4.14e-12 0.00e+00 0.00e+00
1.50e+06 4.73e+05 0.00e+00
1.77e-05 3.50e-06 0.00e+00
1.80e+06 9.96e+05 0.00e+00
0.00e+00 8.33e+04 0.00e+00
3.8le-21 1.06e-20 0.00e+00
8.57e+07 0.00e+00 0.00e+00
5.35e-28 0.00e+00 0.00e+00
2.36e+09 0.00e+00 0.00e+00
5.06e+06 4.79e+06 0.00e+00
3.03e+08 1.09e+08 8.47e+07
1.89e-10 6.70e-11 1.30e-10
9.42e+08 3.34e+08 2.24e+08
9.51e+08 3.53e+08 3.07e+08
3.82e+02 1.83e+02 2.75e+02

PWLWW~-NOOUSOTWRPRREPOUIUITODOODOODOOOODODOONULWITULOOOOOORENRFE OR &R

.9%4e+02
.08e+07
.12e~-03
.00e+00
.24e+03
.09%e+06
.86e-53
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.81le-07
.56e+08
.09%9e-05
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.96e+05
.31e-06
.65e+05
.91e+05
.58e-19
.02e+08
.75e-27
.55e+09
.13e+06
.00e+00
.66e-10
.82e+09
.98e+09
.91e+03

OO OO C OO OOCOCUIOODOODOOCODODOC DO OO0 OORP,P,OOOOE ™R

.94e+02
.08e+07
.12e-03
.00e+00
.05e+03
.00e+00
.00e+00
.07e+08
.56e+08
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.90e-21
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00

HFWNRPRPORRSE JdOARPMOBRERBMRINOANWORWERERRE IR R JOROWRE S

.9%4e+02
.08e+07
.12e-03
.31e+08
.48e+05
LAde+07
.67e-52
.31e+07
.17e+09
.94e+4+08
.60e+08
.71e+08
.56e-51
.78e-05
.68e+08
.89%e-03
.02e+07
.03e+07
.26e+08
.08e-10
.98e-48
.53e+05
.91e+08
.01le-35
.27e-07
.09e+09
.A49%e-01
.26e4+09
.49e+05
.98e-18
.16e+09
.32e-25
.13e+11
.35e+09
.95e+08
.46e-08
.35e+09
.57e+09
.AT7e+04

C OO OC OO0 OO C OO C OO0 OLODOCOODODOC OO OO OO oCc oo oo

.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00

PR PESEENNMNNWRRPRUORPRWOESENNMEOOR, R, WSaERPRPRPORPWRWNREROGRRDSPRF

.9%4e+02
.08e+07
.12e-03
.53e+08
.64e+03
.39%e+06
.6le-54
.94e+07
.91e+08
.24e+07
.31e+08
.15e+08
.31e-53
.08e-07
.05e+08
.15e-06
.91e+08
.29%+06
.99%e+09
.33e-12
.98e-51
.46e+00
.56e+04
22e-41
.14e-13
.26e+05
.6le-06
.48e+05
.59%e+04
.38e-19
.66e+07
.08e-28
.97e+08
.91e+406
.05e+07
.07e-11
.12e+08
.50e+08
.53e+02



For Information Only

Units:

AgeGroup:
Pathway:

Nuclide

TE-132
I-130
I-131
I-132
I-133
I-135
CsS-134
C8-136
CsS~137
BA-140
LA-140
LA-142
CE-141
CE-143
CE-144
PR-143
ND-147
wW-187
NP-239
PU-239
U-235
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Page 38 of 64

DOSE FACTORS: RADIONUCLIDES OTHER THAN NOBLE GASES

(Ref.3.9 Ch. 5.2, 5.3)

Airborne Pathways & Tritium Ingestion: (mrem/yr)/(uCi/m*3))
Deposition Pathways: (m*2 * (mrem/yr)/(uCi/sec)

TEEN
Grs/Cow/Meat (CMEAT)
Bone Liver Thyroid
1.17e+06 7.40e+05 7.80e+05
8.81le-07 2.55e~06 2.08e-04
4.47e+06 6.26e+06 1.83e+09
3.45e-59 9.03e-59 3.04e-57
1.56e-01 2.65e~-01 3.70e+01
1.93e-17 4.97e-17 3.20e-15
5.23e+08 1.23e+09 0.00e+00
9.41e+06 3.70e+07 0.00e+00
7.24e+08 9.63e+08 0.00e+00
2.38e+07 2.92e+04 0.00e+00
3.09e-02 1.52e-02 0.00e+00
3.79e-92 1.68e-92 0.00e+00
1.18e+04 7.88e+03 0.00e+00
1.71e-02 1.25e+01 0.00e+00
1.23e+06 5.08e+05 0.00e+00
1.77e+04 7.05e+03 0.00e+00
6.24e+03 6.79e+03 0.00e+00
1.76e-02 1.44e-02 0.00e+00
2.28e-01 2.15e-02 0.00e+00
1.74e+07 2.11e+06 0.00e+00
6.28e+08 0.00e+00 0.00e+00

Page 20 of 44

Kidney

P RPOOAOWL WU WO O WOWWhwIddsPE W

.10e+06
.92e~-06
.08e+07
.42e-58
.65e-01
.84e-17
.91e+08
.02e+07
.28e+08
.88e+03
.00e+00
.00e+00
.71le+03
.59e-03
.04e+05
.10e+03
.99%e+03
.00e+00
.76e-02
.9%4e+06
.47e+08

C O C OO OO, PWR,OOOCOoOOOo

.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.49e+08
.18e+06
.27e+08
.96e+04
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00

SR WWNDNTTWWNhNITOWRENRPREONDNWRERERDND

.34e+07
.96e-06
.24e+06
.93e-59
.00e-01
.50e-17
.53e+07
.98e+06
.37e+07
.67e+07
.71le+02
.13e-88
.25e+07
.75e+02
.09e+08
.81le+07
.45e+07
.89e+00
.46e+03
.60e+06
.56e+07

OO OC OO C OO OC OO OCOOOCOOOoCOooo

.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00

Wb PO >R OB REPRPWNOROWWERES

.97e+05
.02e-06
.36e+06
.24e-59
.08e-02
.84e-17
.71e+08
.49e+07
.36e+08
.53e+06
.04e-03
.19%e-93
.05e+4+02
.3%-03
. 60e+04
.79%e+02
.07e+02
.04e-03
.20e-02
.56e+05
.82e+07



For Information Only
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DOSE FACTORS: RADIONUCLIDES OTHER THAN NOBLE GASES

(Ref.3.9 Ch. 5.2, 5.3)

Units: Airborne Pathways & Tritium Ingestion: (mrem/yr)/(uCi/m*3))
Deposition Pathways: (m*2 * (mrem/yr)/(uCi/sec)

AgeGroup:  TEEN
Pathway:

Nuclide Bone

Grs/Cow/Milk (CMILK)

H-3 0.00e+00
C-14 4.86e+08
NA-24 4.27e+06
pP-32 4.90e+09
CR-51 0.00e+00
MN-54 0.00e+00
MN-56 0.00e+00
FE-55 4.45e+07
FE-59 5.18e+07
CO-58 0.00e+00
CO-60 0.00e+00
NI-63 1.18e+10
NI-65 6.90e-01
CU-64 0.00e+00
ZN-65 2.11e+09
ZN-69 4.05e-12
ZN-69M 3.27e+05
BR-83 0.00e+00
BR-84 0.00e+00
RB-86 0.00e+00
RB-88 0.00e+00
RB-89 0.00e+00
SR-89 2.68e+09
SR-90 6.61le+10
SR-91 5.34e+04
SR-92 9.09e-01
Y-90 1.30e+02
Y-91 1.58e+04
Y-91M 1.16e-19
Y-92 1.04e-04
Y-93 4.14e-01
ZR-95 1.65e+03
ZR-97 7.91e-01
NB-95 1.41e+05
MO-99 0.00e+00
TC-99M 5.80e+00
TC-101 5.75e-60
RU-103 1.81e+03
RU-105 1.58e-03

Page 21 of 44

QOO O U000 OOQOOFR, S ROO-N-NII200XNJdF, WP OR &YW

.94e+02
.72e+07
.27e+06
.96e+09
.00e+00
.40e+07
.49e-03
.16e+07
.21e+08
.94e+06
.78e+07
.35e+08
.81le-02
.26e+04
.32e+09
.T7le-12
.72e+05
.00e+00
.00e+00
.73e+09
.53e-45
.17e-53
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.21e+02
.57e-01
.8le+04
.48e+07
.62e+01
.18e-60
.00e+00
.00e+00

QD CC O OO0 OO0 OOODOODOC OO COOODOOOODODOOODOODOCOONODEWYW

.94e+02
.72e+07
.27e+06
.00e+00
.7 7e+04
.00e+00
.00e+400
.00e+00
.00e+00
.00e+400
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+400
.00e+00
.00e+00
.00e+400
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00

P ORPRPNMNRPEPE NN N OO OO0 OO U OOCOCOOOWwds P OB W0

.9%4e+02
.72e+07
.27e+00
.00e+00
.09%e+04
.18e+06
.48e-03
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.08e+05
. 68e+09
.04e-12
.70e+05
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.65e+02
.37e-01
.57e+04
.02e+08
.41e+02
.48e-58
.38e+03
.99%e-02

OO DO OO OCOCOOODODOCDOCODOCDOC OO OO0 ODODODOCOOWNOO IO WL

.94e+02
.72e+07
.27e+06
.00e+00
.13e+04
.00e+00
.00e+00
.00e+07
.82e+07
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.99%e+00
.98e-60
.00e+00
.00e+00

FRPRPRPRPOWLERPRPRPRPMNMNUOOOOARENNMNREPRPWOR WSO P WWESEREWRDNDRESSDNOWDND QOO

.9%4e+02
.72e+07
.27e+06
.65e+09
.39e+06
.88e+07
.93e-01
.37e+07
.86e+08
.09e+08
.62e+08
.33e+08
.78e+00
.31le+06
.10e+09
LA2e-11
.24e+07
.00e+00
.00e+00
.00e+08
.88e-52
.79e-62
.19e+08
.86e+09
.42e4+05
.32e+01
.08e+06
.48e4+06
.46e-18
.87e+00
.26e+04
.20e+06
.24e+04
.34e+08
.02e+07
.06e+04
.40e-66
.51e+05
.28e+00

C OO OC OO0 OO C OO C OO0 OLODOCOODODOC OO OO OO oCc oo oo

.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00

O ~NONOEE JWRPWASEDPDPWWOWNRPRJONNWRERE N OWNDS SRS IR NS R DY

.9%4e+02
.72e+07
.27e+006
.22e+09
. 99%e+04
.78e+06
.33e-03
.36e+06
.67e+07
.83e+07
.26e+07
.01le+08
.01le-02
.01le+04
.41e+09
.39%e-13
.08e+04
.83e-01
.14e-23
.22e+09
LA2e-45
.28e-54
. 66e+07
. 63e+10
.12e403
.88e-02
.51e+00
.24e+402
LA2e-21
.02e-06
.14e-02
.58e+02
.21le-02
.30e+04
.54e+06
.10e+02
.03e-59
. T4e+02
.14e-04



For Information Only

Units:

AgeGroup:
Pathway:

Nuclide

RU-106
AG-110M
TE-125M
TE-127
TE-127M
TE-129
TE-129M
TE-131
TE-131M
TE-132
I-130
I-131
I-132
I-133
I-134
I-135
Cs-134
CsS-136
Cs-137
Cs-138
BA-139
BA-140
BA-141
BA-142
LA-140
LA-142
CE-141
CE-143
CE-144
PR-143
PR-144
ND-147
W-187
NP-239
PU-239
U-235

UGW-NPFEPFRPEPEPENJOOWOHNODEO0ORRESORPRPRPWREPNMWAESNTIR U ORFRWOW
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DOSE FACTORS: RADIONUCLIDES OTHER THAN NOBLE GASES

(Ref.3.9 Ch. 5.2, 5.3)

Airborne Pathways & Tritium Ingestion: (mrem/yr)/(uCi/m*3))
Deposition Pathways: (m*2 * (mrem/yr)/(uCi/sec)

TEEN

Grs/Cow/Milk (CMILK)

. 75e+04
. 63e+07
.00e+07
.22e+03
LAde+07
.41e-10
.10e+08
.35e-33
.58e+05
.30e+06
.71le+05
.69e+08
.49%e-01
.54e4+06
.89%e-12
.15e+04
.82e+09
.48e+08
.34e+10
.79e-23
.45e-08
.85e+07
.T4e~-46
.22e-80
.11e+00
.45e-11
.88e+03
. 65e+01
.58e+05
.90e+02
.27e-53
.8le+02
.19%e+04
.02e+00
.82e+07
.68e+009

Page 22 of 44

Liver

oL OCORPRUORNMNMNOOPRP WO OUOWRERERPRNNUOUOWWEDNWWSEDNDN®PRE OO

.00e+00
.1le+07
.08e+07
.31e+02
. 9%e+07
.02e-10
.09e+07
.03e-33
.16e+05
.72e+06
.07e+06
.76e+08
.89e-01
.0le+06
.00e-12
.96e+04
.31le+10
.76e+09
.78e+10
.43e-23
.94e-11
.95e+04
.53e-49
.22e-83
. 99e+400
.53e-11
. 93e+03
.57e+04
.72e+05
.16e+02
.19%e-54
.97e+02
.73e+03
.62e-01
.63e+06
.00e+00

Thyroid

COCOCOOCOOOOCOO0OOOCOCOOCOORP,ROOEPERPRONUTWWNwCWXOO

.00e+00
.00e+00
.39%+006
.39%e4+02
.0le+07
.86e-10
.55e+07
.66e-33
.75e+05
.87e+06
.75e+07
.10e+11
.31le+01
.39e+08
.3d4e-11
.90e+06
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+400
.00e+00
.00e+00
.00e+400
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00

Kidney

P A NORPRPNORPRPNNOODUOATNOUONMNMNOIE RO DNWWENW ORI

.24e+04
.74e+08
.00e+00
.93e+03
.42e+08
.27e-09
.61e+08
.21e-32
.29e+06
.61le+07
.65e+06
.48e+08
.12e-01
.05e+07
.89%e-12
.67e+04
.34e+09
.60e+08
.06e+09
.53e-23
.60e-11
.02e+04
.06e-49
.26e-83
.00e+00
.00e+00
.79e+03
.50e+01
. 63e+05
.73e+01
. 98e~54
.16e+02
.00e+00
.08e+00
.27e+06
.33e+09

COCOOCOCOCTCOOddEEDNNPNOOOOOODODOODOCOCOOCOCOoOOOo

.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.80e+09
.51e+08
.35e+09
.95e-24
.10e-11
.00e+04
.47e-49
.14e-83
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00

BWRN AP OR PR BNRPREREJddBENRNDMWOD 0NN B NNW®N

.80e+06
.56e+10
.86e+07
.39%e+04
.10e+08
.96e-09
.13e+08
.03e-34
.53e+07
.61le+07
.24e+05
LAde+07
.69%e-01
.55e+06
.59%e-14
.28e+04
.87e+08
.42e+08
.53e+08
.56e-26
.53e-07
.49e+07
.86e-51
.91e-91
.29e+05
.67e-07
.70e+07
.67e+06
.66e+08
.55e+05
.40e-56
.11le+05
.63e+06
.06e+05
.52e+06
.13e+08

CCOOCODC OO0 OO COOCOODO OO OO OO OO oo oo oocoo

.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00

WhRPRWWRPR AR, WAAOODWRWNWNRPORPRREPREPRPRREPENESENNMNNRRERDNDDSO D

.73e+03
.54e+07
.02e+06
.62e+02
.00e+07
.32e-10
.7T4e+07
.30e-33
. 63e+05
.56e+06
.28e+05
.02e+08
.40e-01
.83e+06
.80e-12
.10e+04
.07e+10
.19%e+09
.20e+09
.72e-23
.46e-09
.13e+06
.92e~-47
.83e-81
.06e+00
.82e-12
.8le+02
.22e+00
.54e+04
.44e+01
.43e-55
.18e+01
.41e+03
.67e-01
.00e+06
.46e+08
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DOSE FACTORS: RADIONUCLIDES OTHER THAN NOBLE GASES

(Ref.3.9 Ch. 5.2, 5.3)

Units: Airborne Pathways & Tritium Ingestion: (mrem/yr)/(uCi/m*3))
Deposition Pathways: (m*2 * (mrem/yr)/(uCi/sec)

AgeGroup:  TEEN

Pathway: Vegetation (VEG)

Nuclide Bone Liver Thyroid
H-3 0.00e+00 2.59e+03 2.59%e+03
C-14 3.69e+08 7.38e+07 7.38e+07
NA-24 2.38e+05 2.38e+05 2.38e+05
P-32 2.50e+08 9.97e+07 0.00e+00
CR~51 0.00e+00 0.00e+00 3.43e+04
MN-54 0.00e+00 4.54e+08 0.00e+00
MN-56 0.00e+00 1.39e+01 0.00e+00
FE-55 3.26e+08 2.31e+08 0.00e+00
FE-59 1.79%9e4+08 4.19e+08 0.00e+00
CO-58 0.00e+00 4.36e+07 0.00e+00
CO-60 0.00e+00 2.49e+08 0.00e+00
NI-63 1.61le+10 1.14e+09 0.00e+00
NI-65 5.56e+01 7.11e+00 0.00e+00
CU-64 0.00e+00 8.29%+03 0.00e+00
ZN-65 4,24e+08 1.47e+09 0.00e+00
ZN-69 4.75e-06 9.06e-06 0.00e+00
ZN-69M 2.07e+04 4.87e+04 0.00e+00
BR-83 0.00e+00 0.00e+00 0.00e+00
BR-84 0.00e+00 0.00e+00 0.00e+00
RB-86 0.00e+00 2.74e+08 0.00e+00
RB-88 0.00e+00 2.47e-22 0.00e+00
RB-89 0.00e+00 9.33e-27 0.00e+00
SR-89 1.51e+10 0.00e+00 0.00e+00
SR-90 7.51le+11l 0.00e+00 0.00e+00
SR-91 2.83e+05 0.00e+00 0.00e+00
SR-92 3.87e+02 0.00e+00 0.00e+00
Y-90 1.24e+04 0.00e+00 0.00e+00
Y-91 7.83e+06 0.00e+00 0.00e+00
Y-91M 4.45e-09 0.00e+00 0.00e+00
Y-92 8.43e-01 0.00e+00 0.00e+00
Y-93 1.58e+02 0.00e+00 0.00e+00
ZR~95 1.72e+06 5.43e+05 0.00e+00
ZR-97 3.11e+02 6.15e+01 0.00e+00
NB-95 1.92e+05 1.07e+05 0.00e+00
MO-99 0.00e+00 5.64e+06 0.00e+00
TC-99M 2.70e+00 7.54e+00 0.00e+00
TC-101 5.60e-31 7.97e-31 0.00e+00
RU-103 6.82e+06 0.00e+00 0.00e+00
RU-105 4.92e+01 0.00e+00 0.00e+00
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ONRPRPRPRPRPRPONOOOOOOO0OOCOOO0DO0OOCOOOCONUTOUNOOCOCOOCORRERON-NIN

.59e+03
.38e+07
.38e+05
.00e+00
.35e+04
.36e+08
.76e+01
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.10e+04
.42e408
.92e-06
.96e+04
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
. 98e+05
.33e+01
.03e+05
.29e+07
.12e+02
.Ade-29
.40e+07
.21e+02

COd P OOCODODOCODODOCOCODC OO0 OO OCOCOPRP,PP,OOXONIMND

.5%e+03
.38e+07
.38e+05
.00e+00
.80e+04
.00e+00
.00e+00
.47e+08
.32e+08
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.19%e+00
.86e-31
.00e+00
.00e+00

WO AP EAERPRPEPANNMNORPRORPNRPENSOONREOOOWRWOHOOURE, OUOURRENNDN

.59%9e+03
. 38e+07
.38e+05
.35e+08
.04e+07
.32e+08
.18e+02
.00e+08
.90e+08
.01e+08
.24e+09
.81e+08
.85e+02
.43e+05
.23e+08
.67e-05
. 68e+06
.00e+00
.00e+00
.05e+07
.12e-29
.43e-35
.80e+09
.11le+10
.28e+06
.85e+03
.02e+08
.21e+09
.10e-07
.31e+04
.82e+06
.25e+09
.67e+07
.56e+08
.01e+07
.95e+03
.36e-37
.70e+08
.97e+04

OO C OO C OO C OO0 OO OO OO OO C OO OoOCOoOOocoOoOoC o

.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00
.00e+00

PNJORPROONMNWABNENWRRRERMARRPREPNAEOOCOWWUOUOURRPUODNODDODNIN

.59%e+03
.38e+07
.38e+05
.24e+07
.17e+04
.01le+0Q7
.48e+00
.39%e+07
.62e+08
.00e+08
.60e+08
.45e+08
.24e+00
.90e+03
.87e+08
