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NOTES:

1. Yankee Nuclear Power Station's last day at any power level was October 1, 1991.
The facility is permanently shut down and in the process of decommissioning. Due
to ceased operations, short-lived nuclides have been deleted from the gaseous and
liquid effluent tables. Their activity concentrations in the fuel inventory have
decayed to zero values.
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YANKEE ATOMIC ELECTRIC COMPANY, ROWE, MASSACHUSETTS
2001 ANNUAL RADIOACTIVE EFFLUENT RELEASE REPORT

1.0 INTRODUCTION

YNPS Technical Specification 6.8.2.b requires that an Annual Radioactive Effluent
Release Report covering the operation of the unit during the previous calendar year shall be
submitted (to the NRC) before May 1 of each year. This report shall include a summary of the
quantities of radioactive liquid and gaseous effluents and solid waste released from the unit.
The material provided shall be (1) consistent with the objectives outlined in the Offsite Dose
Calculation Manual (ODCM) and Process Control Program (PCP) for solid waste, and (2) in
conformance with 10CFR50.36a and Section 1V.B.1 of Appendix | to 10CFR50. ODCM Control
7.2 details the specific information to be included in the annual report.

Tables 1 through 3 list the recorded radioactive gaseous and liquid effluents and solid
waste, respectively, with data summarized on a quarterly basis for the year. Table 4
summarizes the estimated radiological dose commitments from all radioactive liquid and
gaseous effluents released during the year 2001 along with the direct dose from station related
activities. Table 5 summarizes the total dose to the maximum off-site individual from all station
related sources for 2001.

As required by ODCM Control 7.2.b, dose commitments resulting from the release of
radioactive materials in liquids and gases were estimated in accordance with the models and
parameters identified in the ODCM (Reference 1). These dose estimates were made using a
Method Il analysis as described in the ODCM. A Method Il analysis incorporates the
methodology of Regulatory Guide 1.109 (Reference 2) using historic meteorological data. For
gaseous releases, five years of historic (1992-1996) quarterly meteorological data were used for
determining the gaseous pathway doses. As required by Control 7.2.b, this report also shall
include an assessment of the radiation doses from radioactive effluents to member(s) of the
public due to allowed recreational activities inside the site boundary during the year. However,
for this reporting period, no recreational activities inside the site boundary were permitted. As a
result, recreational activities are not addressed. The limited use of the Information Center on-
site is associated with educational activities as they pertain to the operation/decommissioning of
the plant and as such, is not included under Control 7.2.b. Assessment of radiation doses
(including direct radiation) to the likely most exposed real member(s) of the public for the

calendar year for the purposes of demonstrating conformance with 40CFR Part 190,
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"Environmental Radiation Protection Standards for Nuclear Power Operations," also are

included.

All calculated dose estimates for this reporting period are well below the regulatory dose
criteria of 10CFR Part 50, Appendix | and 40CFR Part 190.

Appendices A through J indicate the status of reportable items per the requirements of

the following documents:

Appendix Title Requirement Reference

A Radioactive Liquid Effluent Monitoring Instrumentation ODCM Control 5.1
Radioactive Gaseous Effluent Monitoring Instrumentation ODCM Control 5.2

C Liquid Holdup Tanks Technical Specification 3.4

D Radiological Environmental Monitoring Program ODCM Contro! 4.1

E Land Use Census ODCM Control 4.2

F Process Control Program (PCP) PCP Control 2.0

G Offsite Dose Calculation Manual (ODCM) ODCM Control 7.2

H Radioactive Liquid, Gaseous, and Solid Waste Treatment ODCM Control 7.3, PCP
System Control 3.0

| Supplemental Information Regulatory Guide 1.21

J Sewage Sludge Disposal ODCM Appendix A
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2.0 METEOROLOGICAL DATA

Five years of historic meteorological data (1992-1996) collected from the site's 200-foot
meteorological tower, located approximately 180 meters north of the vapor container, were used
to model the atmospheric dispersion of airborne effluents. The tower instrumentation was
designed to meet the requirements of Regulatory Guide 1.23 (Reference 3) for meteorological
monitoring. A summary of the 1992-1996 meteorological data is provided in Table 5 of this

report.

The main release point for gases discharged from the plant is via the 150-foot primary
vent stack, located between the vapor container and the primary auxiliary building. The primary
vent stack is treated as a mixed mode elevated release point dependent upon wind speed, as
described in Regulatory Guide 1.111 (Reference 4).

Atmospheric diffusion was calculated using quarterly historical data along with the
recorded quarterly effluent information. CHI/Q and D/Q values were derived for all receptor
points using a straight-line airflow model. All dispersion and deposition factors have been
calculated employing appropriate source configuration considerations and removal mechanism
(e.g., dry deposition) described in Regulatory Guide 1.111 (Reference 4). Terrain elevations,
including downwind valley flow corrections for the surrounding area, were factored into the
calculation of CHI/Q and D/Q values at each receptor location.
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3.0 DOSE ASSESSMENT

3.1 Doses From Liquid Effluents

Control 3.1 limits total body (1.5 mrem per quarter and 3 mrem per year) and organ (5
mrem per quarter and 10 mrem per year) doses from liquid effluents to a member of the public
to those specified in 10CFR Part 50, Appendix |. By implementing the requirements of 10CFR
Part 50, Appendix |, Control 3.1 assures that the release of radioactive material in liquid

effluents will be kept "as low as is reasonably achievable."

Exposure pathways that could exist as a result of liquid effluents are fish, direct
exposure from river shoreline sedimentation, milk and meat via animal ingestion of the Deerfield
River water, and meat, milk, and vegetable pathways via crop irrigation with water withdrawn
from the Deerfield River. Drinking water and aquatic invertebrate pathways do not exist
downriver of the Yankee plant at Rowe. The dose analysis for the liquid pathways assumes a
dilution based on the monthly average flow at the Sherman Dam.

The whole body and organ doses due to liquid effluents were determined by summing
the contributions from all pathways. The whole body and organ doses to a member of the
public from liquid effluents are given in Table 4. The estimated quarterly and annual doses due
to liquid effluents are well below the 10CFR Part 50, Appendix | dose criteria of Control 3.1.

3.2 Doses From Noble Gases

Control 3.4 limits the gamma air (5 mrad per quarter and 10 mrad per year) and beta air
(10 mrad per quarter and 20 mrad per year) doses from noble gases released in gaseous
effluents from the site to areas at and beyond the site boundary to those specified in 10CFR
Part 50, Appendix |. By implementing the requirements of 10CFR Part 50, Appendix |,
Control 3.4 assures that the release of radioactive noble gases in gaseous effluents will be kept
"as low as is reasonably achievable."

If noble gases are determined to be present in effluent discharge, the dose estimates are
calculated at the site boundary, nearest resident, nearest vegetable garden, and nearest milk
animal in each of the sixteen principle compass directions, as well as the point of highest off-site
ground level air concentrations of radioactive materials. Gamma and beta air doses, as well as

whole body and skin doses, are calculated at each of the above locations.
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To determine the beta contribution to the skin dose, a semi-infinite cloud model is
utilized. The whole body gamma dose is calculated using a finite cloud sector average model
with a Gaussian distribution of activity in the vertical plane. The gamma radiation received from
the cloud at a point of interest is determined by integrating the contribution from a differential
volume over the entire cloud, taking into account the geometry of the cloud, variation in
concentration, attenuation by the interaction of photons with matter in the path between the
source and receptor point, and scattering of radiation from material outside the direct path to the .
point of interest. No additional credit is taken for decay of radionuclides in transit to the receptor
point.

As a result of no power operations at the plant since October 1991, only the long lived
noble gas Kr-85 contained in spent fuel elements in storage have a potential for release from
the site. For the last calendar year, no detectable noble gas (Kr-85) was recorded in plant

effluents. Therefore, no off site beta or gamma air doses are calculated.

33 Doses From Tritium and Radionuclides in Patrticulate Form With Half-Lives Greater
Than 8 Days

Control 3.5 limits the organ doses to a member of the public from tritium and
radionuclides in particulate form with half-lives greater than 8 days in gaseous effluents
released from the site to areas at and beyond the site boundary to those specified in 10CFR
Part 50, Appendix | (7.5 mrem per quarter and 15 mrem per year). By implementing the
requirements of 10CFR Part 50, Appendix |, Control 3.5 assures that the releases of tritium and
particulates in gaseous effluents will be kept "as low as is reasonably achievable." It should be
noted that due to the permanent shutdown of the plant (last power operation was in October
1991), the lodine-131 source term has decayed away and no longer has the potential to affect
dose assessment.

Exposure pathways that could exist as a result of the release of particulates and tritium
to the atmosphere include external irradiation from activity deposited onto the ground surface,
inhalation, and ingestion of vegetables, meat, and milk. Dose estimates for 2001 were made at
the site boundary, nearest resident, nearest vegetable garden, and nearest meat animal in each
of the sixteen principle compass directions. The nearest resident, vegetable garden and milk
animal in each sector were searched for by the most recent Land Use Census, as required by
Control 4.2. Doses were calculated for pathways that were determined by the field survey to
actually exist. Conservatively, a vegetable garden is assumed to exist at each milk animal
location when the milk pathway is included. Furthermore, the meat pathway is assumed to exist
at locations where identified in the past (a meat animal inventory is not required by the annual
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Land Use Census) and at each milk animal location (when milk is identified). Meat and milk
animals are assumed to receive their entire intake from pasture during the second and third
quarters. This assumption is conservative since most dairy operations utilize supplemental
feeding of animals when on pasture or actually restrict animals to full time silage feeding
throughout the entire year.

The organ doses were determined after adding the contributions from all pathways at
each location. Doses were calculated for the whole body, Gl-tract, bones, liver, kidneys,
thyroid, lungs, and skin for aduits, teenagers, children, and infants. The maximum estimated
quarterly and annual organ doses due to tritium and particulates at any of the off-site receptor
locations are reported in Table 4. The doses to all other organs at all other locations for all
other age groups are less than the doses reported in Table 4. The estimated organ doses from
tritium and particulates in gaseous effluents are well below the 10CFR Part 50, Appendix | dose
criteria of Control 3.5.

3.4 Total Dose from Direct External Radiation, Plus Liguid and Gaseous Effluents

The annual total dose or dose commitment to any member of the public due to releases
of radioactivity and direct radiation from fixed sources are limited to the EPA's radiation
protection standards for the uranium fuel cycle (40CFR190). The dose limits are set to less
than or equal to 25 mrem per year to the total body or any organ, except the thyroid, which is
limited to less than or equal to 75 mrem per year.

Direct external dose from fixed sources of radioactive materials and from within plant
structures was evaluated by comparing Yankee Rowe's 2001 TLD data for indicator stations
versus the control locations. Since there was no distinguishable difference between the
indicator measurements and the control measurements, it was concluded that there is no

station-related direct radiation dose for 2001.

Table 5 shows that the total dose to the maximum off-site individual for 2001 is well

below the EPA dose limit criteria.
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4.0 REFERENCES

1. YNPS Offsite Dose Calculation Manual (ODCM), Revision No. 15.
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. Release of Reactor Effluents for the Purpose of Evaluating Compliance With
10CFR Part 50, Appendix I," U.S. Nuclear Regulatory Commission, Office of
Standards Development, Revision 1, October 1977.

3. Regulatory Guide 1.23, "On-Site Meteorological Programs (Safety Guide 23),"
U.S. Nuclear Regulatory Commission, Office of Standards Development,
February 1972.

4, Regulatory Guide 1.111, "Methods for Estimating Atmospheric Transport and
Dispersion of Gaseous Effluents in Routine Releases from Light - Water - Cooled

Reactors,” U.S. Nuclear Regulatory Commission, Office of Standards
Development, Revision 1, October 1977.
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TABLE
(Sheet 1

1A
of 2)

Yankee Atomic Electric Company, Rowe, Massachusetts

2001 Annual Radioactive Effluent Release Report

Gaseous Effluents — Summation of All Releases

Est. Total
Unit Quarter 1 Quarter 2 Error, %
A. Fission and Activation Gases
1. Total Release Ci ND ND +2 50E+01
2. _Average Release Rate for Period uCifsec ND ND
3. Percent of Control Limit"® % 0.00E+00 | 0.00E+00
B. lodines®
C. Particulates
1. Particluates with Half-lives > 8 days Ci 9.22E-08 ND +3.00E+01 1
2. Average Release Rate for Period uCifsec 1.19E-08 ND
3. Percent of Control Limit*” % 1.33E-02 | 2.66E-02
4. Gross Alpha Radioactivity Ci ND ND
D. Tritium
1. Total Release Ci 1.75E-02 2.45E-02 +3.00E+01
2. Average Release Rate for Period uCilsec 2.25E-03 3.12E-03
3. Percent of Control Limit % (d) (d)
ND Not detected in gaseous effluents.
(a) ODCM Control 3.4.a for gamma-air dose. Percent values for ODCM Control 3.4.b for beta-air dose would be
approximately the same.
(b) lodine-131 (and I-133, I-135) data have been deleted. These nuclides have decayed below any practicable level for
detection in effluents due to permanent plant shutdown.
(c) Per ODCM Control 3.5, the percentage of the limit is based on the combined dose contribution from iodines, tritium,

(C)

and particulates with half-lives greater than 8 days. Percent of limits are calculated using ODCM Method | dose

equations.

Per ODCM Control 3.5, percentage dose contribution from tritium is included in Part C.3.
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TABLE
(Sheet 2

1A
of 2)

Yankee Atomic Electric Company, Rowe, Massachusetts

2001 Annual Radioactive Effluent Release Report

Gaseous Effluents — Summation of All Releases

Est. Total
Unit Quarter 3 Quarter 4 Error, %
A. Fission and Activation Gases
1. Total Release Ci ND ND +2 50E+01 |
2. Average Release Rate for Period uCilsec ND ND
3. Percent of Control Limit® % 0.00E+00 | 0.00E+00
B. lodines®
C. Particulates
1. Particluates with Half-lives > 8 days Ci ND 8.12E-08 +3.00E+01
2. Average Release Rate for Period uCilsec ND 1.03E-08
3. Percent of Control Limit” % 1.33E-02 | 1.33E-02
4. Gross Alpha Radioactivity Ci ND ND
D. Tritium
1. Total Release Ci 2.57E-02 1.76E-02 +3.00E+01
2. Average Release Rate for Period uCilsec 3.23E-03 2.24E-03
3. Percent of Control Limit % (d) (d)

ND  Not detected in gaseous effluents.

(a) ODCM Control 3.4.a for gamma-air dose. Percent values for ODCM Control 3.4.b for beta-air dose would be
approximately the same.

(b) lodine-131 (and I-133, I-135) data have been deleted. These nuclides have decayed below any practicable level for
detection in effluents due to permanent plant shutdown.

(c) Per ODCM Control 3.5, the percentage of the limit is based on the combined dose contribution from icdines, tritium,
and particulates with half lives greater than 8 days. Percent of limits are calculated using ODCM Method | dose
equations.

(d) Per ODCM Control 3.5, percentage dose contribution from tritium is included in Part C.3.
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TABLE 1B
(Sheet 1 of 2)

Yankee Atomic Electric Company, Rowe, Massachusetts

2001 Annual Radioactive Effluent Release Report

Gaseous Effluents — Elevated Releases

Continuous Mode

Batch Mode®

[ Nuclides Released Unit Quarter 1 Quarter 2 Quarter 1 Quarter 2

1. Fission Gases
Krypton-85 Ci ND ND - -
Total for Period Ci ND ND - -

2. lodines®

3. Particulates
Strontium-89 Ci ND ND - -
Strontium-90 Ci ND ND -
Cesium-134 Ci ND ND - -
Cesium-137 Ci ND ND -
Zinc-65 Ci ND ND -
Cobalt-58 Ci ND ND -
Cobalt-60 Ci 9.22E-08 ND -
Cerium-144 Ci ND ND -
Manganese-54 Ci ND ND -
Total for Period Ci 9.22E-08 ND -

ND Not detected in gaseous effluents.
(a) There are no longer any batch mode gaseous releases.
(b) lodine-131, I-133 and I-135 data have been deleted. These nuclides have decayed below any

practicable level for detection in effluents due to permanent plant shutdown.

- Dash indicates no release of this type.
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TABLE 1B
(Sheet 2 of 2)

Yankee Atomic Electric Company, Rowe, Massachusetts
2001 Annual Radioactive Effluent Release Report
Gaseous Effluents — Elevated Releases

Continuous Mode Batch Mode®
Nuclides Released Unit | Quarter 3 Quarter 4 Quarter 3 Quarter 4
1. Fission Gases
Krypton-85 Ci ND ND - -
Total for Period Ci ND ND - -
2. lodines®™
3. Particulates
Strontium-89 Ci ND ND - -
Strontium-90 Ci ND ND - -
Cesium-134 Ci ND ND - -
Cesium-137 Ci ND ND - -
Zinc-65 Ci ND ND - -
Cobalt-58 Ci ND ND - -
Cobalt-60 Ci ND 8.12E-08 - -
Cerium-144 Ci ND ND - -
Manganese-54 Ci ND ND - -
Total for Period Ci ND 8.12E-08 - -

ND Not detected in gaseous effluents.
(a) There are no longer any batch mode gaseous releases.
(b) lodine-131, I-133 and |-135 data have been deleted. These nuclides have decayed below any
practicable level for detection in effluents due to permanent plant shutdown.
- Dash indicates no release of this type.
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TABLE 1C
(Sheet 1 of 1)

Yankee Atomic Electric Company, Rowe, Massachusetts .
2001 Annual Radioactive Effluent Release Report
Gaseous Effluents — Ground Level Releases

There were no gaseous ground level releases during the reporting period.
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TABLE 2A
(Sheet 1 of 2)

Yankee Atomic Electric Company, Rowe, Massachusetts

2001 Annual Radioactive Effluent Release Report

Liquid Effluents — Summation of All Releases

Est. Total
Unit Quarter 1 Quarter 2 Error, %
A. Fission and Activation Products
1. Total Release (not including tritium, gases, alpha) Ci - - +2.00E+01
2. Average Diluted Concentration During Period pCilmi - -
3. Percent of Applicable Limit® % - -
B. Tritium
1. Total Release Ci - - +1.00E+01
2. Average Diluted Concentration During Period uCi/ml - -
3. Percent of Applicable Limit® % - -
C. Dissolved and Entrained Gases
1. Total Release Ci - - +2 00E+01
2. Average Diluted Concentration During Period pCi/ml - -
3. Percent of Applicable Limit®™ % - -
D. Gross Alpha Radioactivity
| 1. Total Release Ci | - I - I +3.50E+01
| E. Volume of Waste Release (prior to dilution) Liters | 0.00E+00 | 0.00E+00 | 1.00E+01
| E. Liters | 5.52E+07 | 5.79E+07 | +1.50E+01

Volume of Dilution Water Used During Period

ND Not detected in liquid effluents.

(@) Concentration limits specified in Appendix B to 10CFR20.1-20.602, Table I, Column 2 (ODCM Control
2.1). The percent of applicable limit reported is based on the average diluted concentration during the
period. At no time did any release exceed the concentration limit.

(b) Concentration limits for dissolved and entrained noble gases is 2.00E-04 uCi/ml (ODCM Control 2.1).
The percent of applicable limit reported is based on the average diluted concentration during the
period. At no time did any release exceed the concentration limit.

-  Dash indicates no release of this type.
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TABLE 2A
(Sheet 2 of 2)

Yankee Atomic Electric Company, Rowe, Massachusetts

2001 Annual Radioactive Effluent Release Report

Liquid Effluents — Summation of All Releases

Est. Total
Unit Quarter 3 Quarter 4 Error, %
A. Fission and Activation Products
1. Total Release (not including tritium, gases, alpha) Ci ND ND +2.00E+01 ]
2. Average Diluted Concentration During Period uCifml ND ND
3. Percent of Applicable Limit® % 0.00E+00 | 0.00E+00
B. Tritium
1. Total Release Ci 3.81E-04 3.68E-04 +1.00E+01
2. Average Diluted Concentration During Period uCifml 6.30E-09 6.06E-09
3. Percent of Applicable Limit® % 2.10E-04 | 2.02E-04
C. Dissolved and Entrained Gases
1. Total Release Ci ND ND +2.00E+01
2. Average Diluted Concentration During Period uCi/mi ND ND
3. Percent of Applicable Limit®™ % 0.00E+00 | 0.00E+00
D. Gross Alpha Radioactivity
| 1. Total Release | ¢ | N | nD +3 50E+01 |
| E. Volume of Waste Release (prior to dilution) | Lites | 3.03E+04 | 1.78E+04 | 21.00E+01 |
| F. Volume of Dilution Water Used During Period | Liters | 6.056407 | 6.07E+07 | #1.50E+01 |

ND Not detected in liquid effluents.

(a) Concentration limits specified in Appendix B to 10CFR20.1-20.602, Table i, Column 2 (ODCM Control
2.1). The percent of applicable limit reported is based on the average diluted concentration during the
period. At no time did any release exceed the concentration limit.

(b) Concentration limits for dissolved and entrained noble gases is 2.00E-04 uCi/ml (ODCM Control 2.1).
The percent of applicable limit reported is based on the average diluted concentration during the
period. At no fime did any release exceed the concentration fimit.

- Dash indicates no release of this type.
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TABLE 2B
(Sheet 1 of 2)

Yankee Atomic Electric Company, Rowe, Massachusetts

2001 Annual Radioactive Effluent Release Report

Liguid Effluents — Routine Releases

Continuous Mode Batch Mode
LNucIides Released Unit Quarter 1 Quarter 2 Quarter 1 Quarter 2
Strontium-89 Ci - - - -
Strontium-90 Ci - - . -
Cesium-134 Ci - - - -
Cesium-137 Ci . - - -
Cobalt-58 Ci - - - -
Cobait-60 Ci - - - -
Zinc-65 Ci - - - -
Manganese-54 Ci - - - -
Cerium-144 Ci - - - -
Carbon-14 Ci - - - -
Iron-55 Ci - - - -
Unidentified Ci - - - -
l Total for Period (above) | Ci - - - -
| Krypton-85 | ci } ; _ }

ND Not detected in liquid effluents.
- Dash indicates no release of this type.
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TABLE 2B
(Sheet 2 of 2)

Yankee Atomic Electric Company, Rowe, Massachusetis

2001 Annual Radioactive Effluent Release Report

Liquid Effluents — Routine Releases

Continuous Mode Batch Mode
Nuclides Released Unit Quarter 3 Quarter 4 Quarter 3 Quarter 4

Strontium-89 Ci - - ND ND
Strontium-90 Ci - - ND ND
Cesium-134 Ci - - ND ND
Cesium-137 Ci - - ND ND
Cobalt-58 Ci - - ND ND
Cobalt-60 Ci - - ND ND
Zinc-65 Ci - - ND ND
Manganese-54 Ci - - ND ND
Cerium-144 Ci - - ND ND
Carbon-14 Ci - - ND ND
lron-55 Ci - - ND ND
Unidentified Ci - - ND ND

| Total for Period (above) | ci - - ND ND

| Krypton-85 | ci - - ND ND

ND Not detected in liquid effluents.
- Dash indicates no release of this type.
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TABLE 3
(Sheet 1 of 2)

Yankee Atomic Electric Company, Rowe, Massachusetts

2001 Annual Radioactive Effluent Release Report

Solid Waste and lrradiated Fuel Shipments

First and Second Quarters

A. SOLID WASTE SHIPPED FOR BURIAL OR DISPOSAL (not irradiated fuel)

6-month Est. Total
1. Type of Waste Unit Period Error, %
a. Dry Active Waste: Class A m® 114
Containers: steel box (100 ft%) Ci (est.) 1.6E-02 +-50%
b. Concrete/Soil/Asphalt Waste: Class A m® 19 +1-50%
Containers: (a) Ci (est.) 8.4E-04
c. Dry Active Waste: Class A m® 86
. . +/-50%
Containers: (a) Ci (est) 4.4E-03
d. Concrete/Soil/Asphalt Waste: Class A m® 20 o
Containers: steel boxes (100 ft®, 50 ft*) Ci(est) | 3.4E-04 +-50%
e. Sediment/Antifreeze Waste: Class A m 23 H-50%
Containers: 55-gal Drum Ci (est.) 3.9E+00
f. Sediment/Antifreeze Waste: Class B m 0.4 +1-50%
Containers: 55-gal Drum Ci (est.) 1.4E+00
g. Filter Media Waste: Class A me 56 +1-50%
Containers: 55-gal Drum (in overpack HIC) Ci (est.) 3.9E-01
h. Filter Media Waste: Class B m® 1.6 150%
Containers: 55-gal Drum (in overpack HIC) Ci (est.) 1.8E-01
2. Estimate of Nuclide Composition > 1% (by type of waste)
a. Tritium % 1
Iron-55 % 15
Cobalt-60 % 9
Nickel-63 % 15
Cesium-137 % 60
b. Iron-55 % 36
Cobalt-60 % 21
Nickel-63 % 37
Cesium-137 % 4
c. lIron-55 % 37
Cobalt-60 % 20
Nickel-63 % 37
Cesium-137 % 3
(@) Partial shipments by the processor to disposal.
NAYREFFLNT2001_revised-final.doc -17 - 04126102



TABLE 3
(Sheet 2 of 2)

Yankee Atomic Electric Company, Rowe, Massachusetts

2001 Annual Radioactive Effluent Release Report

Solid Waste and Irradiated Fuel Shipments

d. Iron-55 Y% 36
Cobalt-60 % 20
Nickel-63 % 36
Cesium-137 % 4
Cerium-144 % 3
e. {ron-55 % 26
Cobalt-60 % 20
Nickel-63 % 51
Cesium-137 % 2
f. lron-55 % 26
Cobalt-60 % 20
Nickel-63 % 51
Cesium-137 % 2
g. lron-55 % 42
Cobalt-60 % 18
Nickel-63 % 38
Plutonium-241 % 2
h. Iron-55 % 42
Cobalt-60 % 18
Nickel-63 % 38
Plutonium-241 % 2
3. Solid Waste Disposition
Number of Shipments Mode of Transportation Destination
7 Truck Clive, UT
3 (@) Truck Kingston, TN
2 (a) Truck Oak Ridge, TN
1 Truck Barnwell, SC

B. IRRADIATED FUEL SHIPMENTS (Disposition): None

ll. Third and Fourth Quarters

No radioactive waste was shipped in the third or fourth quarters.

(@) Waste shipments to processor.
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TABLE 4
(Sheet 1 of 1)

Yankee Atomic Electric Company, Rowe, Massachusetts
2001 Annual Radioactive Effluent Release Report
- Maximum® Off-Site Doses and Dose Commitments to Members of the Public®

- Source | Unit | 1"Quarter | 2@ Quarter | 3“Quarter | 4" Quarter |  Year®

1. Liquid Effluents

Whole Body mrem | 0.00E+00°” | 0.00E+00® | 4.67E-07® | 3.21E-07® 7.88E-07
Critical Organ mrem | 0.00E+00 | 0.00E+00 | 4.67E-07” | 3.21E-077 7.88E-07
_ 2. Airborne Effluents

Tritium and .

Particulates mrem 367E-059 | 6.126-05™ | 6.74E-06" | 3.78E-05% 2.03E-04
Noble Gases . ] ) )

(Beta Air) mrad | 0.00E+00% | 0.00E+00? | 0.00E+00% | 0.00E+00% 0.00E+00
Noble Gases ) ) ) .

(Gamma Air) mrad | 0.00E+00” | 0.00E+00" | 0.00E+00% | 0.00E+00% 0.00E+00

3. Direct Dose

| Direct Extemnal Dose | mrem | 0.00E+00% | 0.00E+00% | 0.00E+00% | 0.00E+00% |  0.00E+00
- - @ "Maximum” means the largest fraction of corresponding 10 CFR Part 50, Appendix |, dose design objective.
) The numbered footnotes indicate the location of the dose receptor, age group, and organ, where appropriate.
(c) “Maximum” dose for the year is the sum of the maximum doses for each quarter. This results in a conservative
yearly dose estimate, but still within the limits of 10 CFR Part 50.
(d) There were no liquid releases during the first and second quarters of 2001.
(e) Child.
[4)] Liver, kidney, lung, GI-LLI, and thyroid of child.

- (9 SW and WSW, 1300 meters; lung and GI-LLI of child.
(h) SW and WSW, 1300 meters; liver, kidney, lung, GI-LLI, thyroid, and whole body of child.
(i) SW and WSW, 1300 meters; lung of child.
()] There were no noble gases released during 2001.

(k) 2001 TLD data for indicator and control stations were compared. No statistical difference which could be attributed
to station sources was identified
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TABLE 5

(Sheet 1 of 1)

Yankee Atomic Electric Company, Rowe, Massachusetts

2001 Annual Radioactive Effluent Release Report

Total Dose to Maximum Off-Site Individual (40CFR190)

Pathway Total Body Maximum Organ®
(mrem) (mrem)
Direct External 0.0 0.0
Liquids 7.88E-07 7.88E-07
Gases 2.03E-04 2.03E-04
Annual Total 2.04E-04 2.04E-04

(a) Maximum organ includes consideration of the thyroid.
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1. 199.0 FT WIND DATA

SPEED (MPH)

CALM
(1)
(2)

c-3
(1)
(2)

4-7
(1)
(2)

8-12
(1)
(2)

13-18
(1)
(2)

19-24
(1)
(2)

GT 24
(1)
(2)

ALL SPEEDS
(1)
(2)

N

[¢]
.00
.00

0
.00
.00

0
.00
.00

0
.00
.00

0
.00
.00

0
.00
.00

0
.00
.00

0
.00
.00

TABLE 6
(Sheet 1 of 8)

Yankee Atomic Electric Company. Rowe, Massachusetts
2001 Annual Radioactive Effluent Release Report
1992-1996 Meteorological Data Joint Frequency Distribution

STABILITY CLASS A CLASS FREQUENCY (PERCENT)= .09
WIND DIRECTION FROM

NNE NE ENE B ESE SE SSE S ssw SW WSwW W WNW

0 0 0 0 0 0 0 0 0 0 0 0 0
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00

0 1 2 0 0 0 0 0 0 0 0 0 0
.00 2.56 5.13 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00

0 0 0 0 0 0 1 0 2 0 0 0 0
.00 .00 .00 .00 .00 .00 2.56 .00 5.13 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00

1 0 0 0 0 0 0 2 3 13 6 1 0
.56 .00 .00 .00 .00 .00 .00 5.13 7.69 33.33 15.38 2.56 .00
.00 .00 .00 .00 .00 .00 .00 .00 .01 .03 .01 .00 .00

0 0 0 0 0 0 0 0 0 5 1 0 0
.00 .00 .00 .00 .00 .00 .00 .00 .00 12.82 2.56 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .01 .00 .00 .00

0 0 0 0 0 0 0 0 0 0 0 0 ]
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00

0 0 0 0 0 0 0 0 0 0 0 0 0
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00

1 1 2 0 0 0 1 2 5 18 7 1 0
.56 2.56 5.13 .00 .00 .00 2.56 5.13 12.82 46.15 17.95 2.56 .00
.00 .00 .00 .00 .00 .00 .00 .00 .01 .04 .02 .00 .00

(1)=PERCENT OF ALL GOOD OBSERVATIONS FOR THIS PAGE
(2)=PERCENT OF ALL GOOD OBSERVATIONS FOR THIS PERIOD
C=CALM (WIND SPEED LESS THAN OR EQUAL TO .95 MPH)

N:AYR\EFFLNT2001_revised-final.doc
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NW

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

NNW VRBL
0 0
.00 .00
.00 .00
1 0
2.56 .00
.00 .00
0 0
.00 .00
.00 .00
0 0
.00 .00
.00 .00
0 0
.00 .00
.00 .00
0 0
.00 .00
.00 .00
0 0
.00 .00
.00 .00
1 0
2.56 .00
.00 .00

TOTAL

.00
.00

10.26
.01

.01

26
66.67
.06

15.38
.01

.00
.00

.00
.00

39
100.00
.09

04/26/02




TABLE 6
(Sheet 2 of 8)

Yankee Atomic Electric Company, Rowe, Massachusetts
2001 Annual Radioactive Effluent Release Report
1992-1996 Meteorological Data Joint Frequency Distribution

2. 199.0 FT WIND DATA STABILITY CLASS B CLASS FREQUENCY (PERCENT) = .36

SPEED (MPH)

CALM
(1)
(2)

c-3
(1)
(2)

4-7
(1)
(2)

8~12
(1)
(2)

13-18
(1)
(2)

19-24
(1)
(2)

GT 24
(1)
(2)

ALL SPEEDS
(1)
(2)

WIND DIRECTION FROM
N NNE NE ENE E ESE SE SSE S SSwW SW wsw W WNW

0 0 0 0 0 0 0 0 0 0 0 0 0 0
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00

1 1 1 1 1 0 0 0 0 0 0 0 0 0
.68 .68 .68 .68 .68 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00

1 0 0 0 0 0 0 2 11 5 6 3 1 0
.68 .00 .00 .00 .00 .00 .00 1.37 7.53 3.42 4.11 2.05 .68 .00
.00 .00 .00 .00 .00 .00 .00 .00 .03 .01 .01 .01 .00 .00

0 1 0 0 0 0 0 3 6 14 49 20 0 0
.00 .68 .00 .00 .00 .00 .00 2.05 4.11 9.59 33.56 13.70 .00 .00
.00 .00 .00 .00 .00 .00 .00 .01 .01 .03 .12 .05 .00 .00

0 1 0 0 0 0 0 0 0 0 12 6 [¢] 0
.00 .68 .00 .00 .00 .00 .00 .00 .00 .00 8.22 4.11 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .03 .01 .00 .00

0 0 0 0 0 0 0 0 0 0 0 0 0 0
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00

0 0 0 0 0 0 0 0 0 0 0 0 0 0
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00

2 3 1 1 1 0 0 5 17 19 67 29 1 0
1.37 2.05 .68 .68 .68 .00 .00 3.42 11.64 13.01 45.89 19.86 .68 .00
.00 .01 .00 .00 .00 .00 .00 .01 .04 .05 .16 .07 .00 .00

(1)=PERCENT OF ALL GOOD OBSERVATIONS FOR THIS PAGE
(2)=PERCENT OF ALL GOOD OBSERVATIONS FOR THIS PERIOD
C=CALM (WIND SPEED LESS THAN OR EQUAL TO .95 MPH)
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NW

0
.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

NNW VRBL
0 0
.00 .00
.00 .00
o] 0
.00 .00
.00 .00
0 0
.00 .00
.00 .00
0 0
.00 .00
.00 .00
0 0
.00 .00
.00 .00
0 0
.00 .00
.00 .00
0 0
.00 .00
.00 .00
0 0
.00 .00
.00 .00

TOTAL

.00
.00

3.42
.01

29
19.86
.07

93
63.70
.23

19
13.01
.05

.00
.00

.00
.00

146
100.00
.36

04126102




3. 199.0 FT WIND DATA

SPEED (MPH) N NNE

CALM 0 0
(1) .00 .00
(2) .00 .00
c-3 1 1
(O8] .20 .20
(2) .00 .00
4-7 0 3
(1) .00 .59
(2) .00 .01

8-12 1 4
(1) .20 .78
(2) .00 .01

13-18 2 2
(1) .39 .39
(2) .00 .00

19-24 0 0
(1) .00 .00
(2) .00 .00

GT 24 0 0
(1) .00 .00
(2) .00 .00

ALL SPEEDS 4 10
(1) .78 1.96
(2) .01 .02

(1)=PERCENT OF ALL GOOD OBSERVATIONS FOR THIS PAGE

TABLE 6
(Sheet 3 of 8)

Yankee Atomic Electric Company, Rowe, Massachusetts

2001 Annual Radioactive Effluent Release Report
1992-1996 Meteorological Data Joint Frequency Distribution

NE ENE
0 0
.00 .00
.00 .00
K 3
.98 .59
.01 .01
2 0
.39 .00
.00 .00
1 0
.20 .00
.00 .00
0 0
.00 .00
.00 .00
0 0
.00 .00
.00 .00
0 0
.00 .00
.00 .00
8 3
1.57 .59
.02 .01

STABILITY CLASS C

E

0
.00
.00

0
.00
.00

1
.20
.00

0
.00
.00

0
.00
.00

0
.00
.00

0
.00
.00

1
.20
.00

CLASS FREQUENCY (PERCENT) = 1.24

ESE

0
.00
.00

.00
.00

.59
.01

.00
.00

.00
.00

.00
.00

0
.00
.00

3
.59
.01

WIND DIRECTION FROM

SE  SSE
0 0
.00 .00
.00 .00
0 1
.00 .20
.00 .00
2 17
.39 3.33
.00 .04
2 7
.39 1.37
.00 .02
0 0
.00 .00
.00 .00
0 0
.00 .00
.00 .00
0 0
.00 .00
.00 .00
4 25
.78 4.90
.01 .06

(2)=PERCENT OF ALL GOOD OBSERVATIONS FOR THIS PERIOD
.95 MPH)

C=CALM (WIND SPEED LESS THAN OR EQUAL TO

NAYRIEFFLNT2001_revised-final.doc

S

0
.00
.00

.20
.00

24
4.71 4
.06

17
3.33 8
.04

1
.20
.00

.00
.00

.00
.00
43

8.43 13
.10

-23-

SSW

0
.00
.00

0
.00
.00

21
.12
.05

42
.24
.10

4
.78
.01

.00
.00

.00
.00

67
.14
.16

SW

.00
.00

.00
.00

22
4.31
.05

122
23.92
.30

20
3.92
.05

.00
.00

.00
.00

164
32.16
.40

WsW

.00
.00

.00
.00

16
3.14
.04

107
20.98
.26

27
5.29
.07

.00
.00

.00

150
29.41
.36

0
.00
.00

.00
.00

1.18
.01

10
1.96
.02

WNW

0
.00
.00

.00
.00

NW

.00
.00

.20
.00

.00

.00
.00

.59
.01

NNW VRBL
0 0
.00 .00
.00 .00
0 0
.00 .00
.00 .00
0 0
.00 .00
.00 .00
2 0
.39 .00
.00 .00
0 0
.00 .00
.00 .00
0 0
.00 .00
.00 .00
0 0
.00 .00
.00 .00
2 0
.39 .00
.00 .00

TOTAL

.00
.00

13
2.55
.03

121
23.73
.29

318
62.35
.17

58
11.37
.14

.00
.00

.00
.00

510
100.00
1.24

04/26/02




TABLE 6
(Sheet 4 of 8)

Yankee Atomic Electric Company, Rowe, Massachusetts
2001 Annual Radioactive Effluent Release Report
1992-1996 Meteorological Data Joint Frequency Distribution

4. 199.0 FT WIND DATA STABILITY CLASS D CLASS FREQUENCY (PERCENT) = 46.68

WIND DIRECTION FROM

SPEED (MPH) N NNE NE ENE E ESE SE SSE S SswW SW  WsW W WNW NW NNW VRBL TOTAL
CALM 0 0 Q 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1
(1) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .01 .00 .00 .00 .01

(2) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00

c-3 299 588 303 121 89 87 85 80 81 132 224 161 97 79 99 124 0 2649

(1) 1.56 3.07 1.58 .63 .46 .45 .44 .42 .42 .69 1.17 .84 .51 .41 .52 .65 .00 13.81

(2) .73 1.43 .74 .29 .22 .21 .21 .19 .20 .32 .55 .39 .24 .19 .24 .30 .00 6.45

4-7 786 1407 437 174 174 183 237 322 561 795 1107 761 509 358 376 454 0 8641

(1) 4.10 7.33 2.28 .91 .91 .95 1.24 1.68 2.92 4.14 5.77 3.97 2.65 1.87 1.96 2.37 .00 45.05
(2) 1.91 3.42 1.06 .42 .42 .45 .58 .78 1.36 1,93 2.69 1.85 1.24 .87 .91 1.10 .00 21.02

8-12 935 1264 163 35 37 32 39 82 162 525 792 942 569 258 241 441 0 6517
(1) 4.87 6.59 .85 .18 .19 .17 .20 .43 .84 2,74 4.13 4.91 2.97 1.34 1.26 2.30 .00 33.97
(2) 2,27 3.08 .40 .09 .09 .08 .09 .20 .39 1.28 1.93 2.29 1.38 .63 .59 1.07 .00 15.86

13-18 216 446 19 3 0 2 1 1 11 39 172 265 68 13 11 47 0 1314

(1) 1.13 2.32 .10 .02 .00 .01 .01 .01 .06 .20 .90 1.38 .35 .07 .06 .25 .00 6.85

(2) .53 1.09 .05 .01 .00 .00 .00 .00 .03 .09 .42 .64 W17 .03 .03 .11 .00 3.20

19-24 12 28 1 0 0 0 0 0 0 2 5 10 2 0 0 1 0 61

(1) .06 .15 .01 .00 .00 .00 .00 .00 .00 .01 .03 .05 .01 .00 .00 .01 .00 .32

(2) .03 .07 .00 .00 .00 .00 .00 .00 .00 .00 .01 .02 .00 .00 .00 .00 .00 .15

GT 24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

(1) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00

(2) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00

ALL SPEEDS 2248 3733 923 333 300 304 362 485 815 1493 2300 2139 1245 709 727 1067 0 19183

(1) 11.72 19.46 4.81 1.74 1,56 1.58 1.89 2.53 4.25 7.78 11.99 11.15 6.49 3.70 3.79 5.56 .00 100.00
(2) 5.47 9.08 2.25 .81 .13 .74 .88 1.18 1.98 3.63 5.60 5.20 3.03 1.73 1.77 2.60 .00 46.68

(1)=PERCENT OF ALL GOOD OBSERVATIONS FOR THIS PAGE

(2) =PERCENT OF ALL GOOD OBSERVATIONS FOR THIS PERIOD
C=CALM (WIND SPEED LESS THAN OR EQUAL TO .95 MPH)
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TABLE 6
(Sheet 5 of 8)

Yankee Atomic Electric Company, Rowe, Massachusetts
2001 Annual Radioactive Effluent Release Report
1992-1996 Meteorological Data Joint Frequency Distribution

5. 199.0 FT WIND DATA STABILITY CLASS E CLASS FREQUENCY (PERCENT) = 40.08

WIND DIRECTION FROM

SPEED (MPH) N NNE NE ENE E ESE SE SSE s SSW SW  WsW W WNW NW NNW VRBL  TOTAL
CALM 0 [ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
(1) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00

(2) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00

c-3 999 2950 1363 527 310 271 231 250 295 401 523 315 191 i 204 309 0 9310

(1) 6.06 17.91 8.27 3.20 1.88 1.65 1.40 1.52 1.79 2.43 3.17 1.91 1.16 1.04 1.24 1.88 .00 56.51
(2) 2.43 7.18 3.32 1.28 .75 .66 .56 .61 .72 .98 1.27 .17 .46 .42 .50 .75 .00 22.65

4-7 455 2014 392 83 66 59 74 168 242 501 730 340 172 92 151 164 0 5703
(1) 2.76 12.23 2.38 .50 .40 .36 .45 1.02 1.47 3.04 4.43 2.06 1.04 .56 .92 1.00 .00 34.62
(2) 1.11 4.90 .95 .20 .16 .14 .18 .41 .59 1.22 1.78 .83 .42 .22 .37 .40 .00 13.88

8-12 121 331 52 2 1 4 2 17 38 238 176 122 55 22 22 33 0 1236
(1) .73 2.01 .32 .01 .01 .02 .01 .10 .23 1.44 1.07 .74 .33 .13 .13 .20 .00 7.50
(2) .29 .81 .13 .00 .00 .01 .00 .04 .09 .58 .43 .30 .13 .05 .05 .08 .00 3.01

13-18 16 64 7 2 0 0 0 0 4 40 37 26 6 0 1 4 0 207

(1) .10 .39 .04 .01 .00 .00 .00 .00 .02 .24 .22 .16 .04 .00 .01 .02 .00 1.26

(2) .04 .16 .02 .00 .00 .00 .00 .00 .01 .10 .09 .06 .01 .00 .00 .01 .00 .50

19-24 0 7 0 0 0 0 (] 0 0 0 9 2 0 0 0 0 0 18

(1) .00 .04 .00 .00 .00 .00 .00 .00 .00 .00 .05 .01 .00 .00 .00 .00 .00 .11

(2) .00 .02 .00 .00 .00 .00 .00 .00 .00 .00 .02 .00 .00 .00 .00 .00 .00 .04

GT 24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

(1) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00

(2) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00

ALL SPEEDS 1591 5366 1814 614 377 334 307 435 579 1180 1475 805 424 285 378 510 0 16474

(1) 9.66 32.57 11.01 3.73 2.29 2.03 1.86 2.64 3.51 7.16 8.95 4.89 2.57 1.73 2.29 3.10 .00 100.00
(2) 3.87 13.06 4.41 1.49 .92 .81 .75 1.06 1.41 2.87 3,59 1.96 1.03 .69 .92 1.24 .00 40.08

(1)=PERCENT OF ALL GOOD OBSERVATIONS FOR THIS PAGE

(2)=PERCENT OF ALL GOOD OBSERVATIONS FOR THIS PERIOD
C=CALM (WIND SPEED LESS THAN OR EQUAL TO .95 MPH)
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TABLE 6
(Sheet 6 of 8)

Yankee Atomic Electric Company, Rowe, Massachusetts
2001 Annual Radioactive Effluent Release Report
1992-1996 Meteorological Data Joint Frequency Distribution

6. 199.0 FT WIND DATA STABILITY CLASS F CLASS FREQUENCY (PERCENT) = 8.76

WIND DIRECTION FRCM

SPEED (MPH) N  NNE NE ENE E ESE SE SSE S  Ssw SW  WsSW W WNW NW NNW VRBL TOTAL
CALM 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
(1) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
(2) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
c-3 156 433 448 220 148 132 112 86 105 133 152 99 92 50 71 83 0 2520
(1) 4.33 12.02 12.44 6.11 4.11 3.67 3.11 2.39 2.92 3.69 4.22 2.75 2.55 1.39 1.97 2.30 .00 69.98
(2) .38 1.05 1.09 .54 .36 .32 .27 .21 .26 .32 .37 .24 .22 .12 .17 .20 .00 6.13
4-7 69 257 83 27 17 10 25 39 54 100 144 68 38 32 34 26 0 1023
(1) 1.92 7.14 2.30 .75 .47 .28 .69 1.08 1.50 2.78 4.00 1.89 1.06 .89 .94 .72 .00 28.41
(2) .17 .63 .20 .07 .04 .02 .06 .09 .13 .24 .35 .17 .09 .08 .08 .06 .00 2.49
8-12 4 13 0 0 0 0 0 0 2 6 14 7 4 1 0 0 0 51
(1) .11 .36 .00 .00 .00 .00 .00 .00 .06 .17 .39 .19 .11 .03 .00 .00 .00 1.42
(2) .01 .03 .00 .00 .00 .00 .00 .00 .00 .01 .03 .02 .01 .00 .00 .00 .00 .12
13-18 1 5 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 7
(1) .03 .14 .00 .00 .00 .00 .00 .00 .00 .00 .03 .00 .00 .00 .00 .00 .00 .19
(2) .00 .01 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .02
19-24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
(1) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
(2) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
GT 24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
(1) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
(2) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
ALL SPEEDS 230 708 531 247 165 142 137 125 161 239 311 174 134 83 105 109 0 3601
(1) 6.39 19.66 14.75 6.86 4.58 3.94 3.80 3.47 4.47 6.64 8.64 4,83 3,72 2.30 2,92 3.03 .00 100.00
(2) .56 1.72 1.298 .60 .40 .35 .33 .30 .39 .58 .76 .42 .33 .20 .26 .27 .00 8.76

(1)=PERCENT OF ALL GOOD OBSERVATIONS FOR THIS PAGE
(2)=PERCENT OF ALL GOOD OBSERVATIONS FOR THIS PERIOD
C=CALM (WIND SPEED LESS THAN OR EQUAL TO .95 MPH)
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TABLE 6
(Sheet 7 of 8)

Yankee Atomic Electric Company, Rowe, Massachusetts
2001 Annual Radioactive Effluent Release Report
1992-1996 Meteorological Data Joint Frequency Distribution

7. 199.0 FT WIND DATA STABILITY CLASS G CLASS FREQUENCY (PERCENT) = 2.79

WIND DIRECTION FROM

SPEED (MPH) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW VRBL TOTAL
CALM 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
(1) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
(2) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
c-3 30 88 83 54 60 41 47 46 44 41 52 31 15 13 16 16 0 677
(1) 2.62 7.68 7.24 4.71 5.24 3,58 4.10 4,01 3.84 3.58 4.54 2.71 1.31 1.13 1.40 1.40 .00 59.08
(2) .07 .21 .20 .13 .15 .10 .11 .11 .11 .10 .13 .08 .04 .03 .04 .04 .00 1.65
4-7 14 54 27 16 12 9 18 38 26 73 86 29 14 10 10 4 0 440
(1) 1.22 4.71 2.36 1.40 1.05 .79 1.57 3.32 2.27 6.37 7.50 2.53 1.22 .87 .87 .35 .00 38.39
(2) .03 .13 .07 .04 .03 .02 .04 .09 .06 .18 .21 .07 .03 .02 .02 .01 .00 1.07
8-12 0 3 0 0 0 0 0 0 3 8 8 4 2 0 0 0 0 28
(1) .00 .26 .00 .00 .00 .00 .00 .00 .26 .70 .70 .35 .17 .00 .00 .00 .00 2.44
(2) .00 .01 .00 .00 .00 .00 .00 .00 .01 .02 .02 .01 .00 .00 .00 .00 .00 .07
13-18 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1
(1) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .09 .00 .00 .00 .00 .00 .00 .09
(2) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
19-24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
(1) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
(2) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
GT 24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
(1) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
(2) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
ALL SPEEDS 44 145 110 70 72 50 65 84 73 122 147 64 31 23 26 20 0 1146
(1) 3.84 12.65 9.60 6.11 6.28 4.36 5.67 7.33 6.37 10.65 12.83 5.58 2.71 2.01 2.27 1.75 .00 100.00
(2) .11 .35 .27 .17 .18 .12 .16 .20 .18 .30 .36 .16 .08 .06 .08 .05 .00 2.79

(1)=PERCENT OF ALL GOOD OBSERVATIONS FOR THIS PAGE
(2)=PERCENT OF ALL GOOD OBSERVATIONS FOR THIS PERIOD
C=CALM (WIND SPEED LESS THAN OR EQUAL TO .95 MPH)
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TABLE 6
(Sheet 8 of 8)

Yankee Atomic Electric Company, Rowe, Massachusetts
2001 Annual Radioactive Effluent Release Report
1992-1996 Meteorological Data Joint Frequency Distribution

8. 199.0 FT WIND DATA STABILITY CLASS ALL CLASS FREQUENCY (PERCENT) = 100.00

WIND DIRECTION FROM

SPEED (MPH) N NNE NE ENE E ESE SE  SSE S Ssw SW  WSW W WNW NW NNW VRBL  TOTAL
CALM 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1
(1) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00

(2) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00

c-3 1486 4061 2204 928 608 531 475 463 526 707 951 606 395 313 391 533 0 15178

(1) 3.62 9.88 5.36 2.26 1.48 1.29 1.16 1.13 1.28 1.72 2.31 1.47 .96 .76 .95 1.30 .00 36.93
(2) 3.62 9.88 5.36 2.26 1.48 1.29 1.16 1.13 1.28 1.72 2.31 1.47 .96 .76 .95 1.30 .00 36.93

4-7 1325 3735 941 300 270 264 356 587 918 1497 2095 1217 740 495 572 648 0 15960
(9] 3.22 9.09 2.29 .73 .66 .64 .87 1,43 2.23 3.64 5.10 2.96 1.80 1.20 1.39 1.58 .00 38.83
(2) 3.22 9,09 2.29 .13 .66 .64 .87 1.43 2.23 3.64 5.10 2.96 1.80 1.20 1.39 1.58 .00 38.83

8-12 1061 1617 216 37 38 36 43 109 230 836 1174 1208 641 283 264 476 0 8269
(1) 2.58 3.93 .53 .09 .09 .09 .10 .27 .56 2.03 2.86 2.94 1.56 .69 .64 1.16 .00 20.12
(2) 2.58 3.93 .53 .09 .09 .09 .10 .27 .56 2.03 2.86 2.94 1.56 .69 .64 1.16 .00 20.12

13-18 235 518 26 5 o] 2 1 1 16 83 248 325 76 13 12 51 0 1612

(1) .57 1.26 .06 .01 .00 .00 .00 .00 .04 .20 .60 .79 .18 .03 .03 .12 .00 3.92

(2) .57 1.26 .06 .01 .00 .00 .00 .00 .04 .20 .60 .79 .18 .03 .03 .12 .00 3.92

19-24 12 35 1 0 0 0 0 0 0 2 14 12 2 0 0 1 0 79

(1) .03 .09 .00 .00 .00 .00 .00 .00 .00 .00 .03 .03 .00 .00 .00 .00 .00 .19

(2) .03 .09 .00 .00 .00 .00 .00 .00 .00 .00 .03 .03 .00 .00 .00 .00 .00 .19

GT 24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

(1) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00

(2) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00

ALL SPEEDS 4119 9966 3388 1270 916 833 875 1160 1690 3125 4482 3368 1854 1105 1239 1709 0 41099

(1) 10.02 24.25 8.24 3.09 2.23 2.03 2,13 2.82 4.11 7.60 10.91 8.19 4,51 2.69 3.01 4.16 .00 100.00
(2) 10.02 24.25 8.24 3.09 2.23 2.03 2.13 2.82 4.11 7.60 10.91 8.19 4.51 2.69 3.01 4.16 .00 100.00

(1)=PERCENT OF ALL GOOD OBSERVATIONS FOR THIS PAGE

(2)=PERCENT OF ALL GOOD OBSERVATIONS FOR THIS PERIOD
C=CALM (WIND SPEED LESS THAN OR EQUAL TO .95 MPH)
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APPENDIX A

Radioactive Liquid Effluent Monitoring Instrumentation

Requirement: Radioactive liquid effluent monitoring instrumentation channels are required
to be operable in accordance with ODCM Control 5.1. With less than the
minimum number of channels operable and reasonable efforts to return the
instrument(s) to operable status within 30 days being unsuccessful, ODCM
Control 5.1 requires an explanation for the delay in correcting the
inoperability in the next Annual Radioactive Effluent Release Report.

Response: The requirements of ODCM Control 5.1 governing the operability of
radioactive liquid effluent monitoring instrumentation were met for this
reporting period.
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APPENDIX B

Radioactive Gaseous Effluent Monitoring Instrumentation

Requirement: Radioactive gaseous effluent monitoring instrumentation channels are
required to be operable in accordance with ODCM Control 5.2. With less
than the minimum number of channels operable and reasonable efforts to
return the instrument(s) to operable status within 30 days being
unsuccessful, ODCM Control 5.2 requires an explanation for the delay in
correcting the inoperability in the next Annual Radioactive Effluent Release

Report.

Response: The requirements of ODCM Control 5.2 governing the operability of
radioactive gaseous effluent monitoring instrumentation were met for this
reporting period.
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APPENDIX C

Liquid Holdup Tanks

Requirement: Defueled Technical Specification 3.4 limits the quantity of radioactive material
contained in any outside temporary tank. With the quantity of radioactive
material in any outside temporary tank exceeding the limits of Technical
Specification 3.4, a description of the events leading to this condition is
required in the next Annual Radioactive Effluent Release Report.

Response: The limits of Technical Specification 3.4 were not exceeded during this
reporting period.
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Requirement:

Response:

Requirement:

Response:

APPENDIX D

Radiological Environmental Monitoring Program

The Radiological Environmental Monitoring Program is conducted in
accordance with ODCM Control 4.1. With the Radiological Environmental
Monitoring Program not being conducted as specified in Table 4.1, ODCM
Control 4.1 requires a description of the reasons for not conducting the
program as required and the plans for preventing a recurrence be included in
the next Annual Radioactive Effluent Report.

The requirements of ODCM Control 4.1 governing the conduction of the
REMP were met for this reporting period.

With milk samples no longer available from one or more of the required
sample locations, ODCM Control 4.1 requires the identification of the new
location(s) if available, for obtaining replacement sample(s) in the next
Annual Radioactive Effluent Release Report and inclusion of revised Off-Site
Dose Calculation Manual figure(s) and table(s) reflecting the new location(s).

A total of two milk sampling locations are called for in the REMP; one
indicator location and one control. The 2001 land use census did identify two
locations with a limited number of goats within 5 miles of the Yankee site in
the South sector, one at 2.0 miles and the other at 2.8 miles. Both owners
have stated that milk would not be available on a regular basis due to the
small number of goats and need for the milk for other purposes. As a
consequence of the non-routine availability of milk from these locations, they
could not be added to the Radiological Environmental Monitoring Program.
There are no other milk animal locations identified within 5 miles.
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Requirement:

Response:

Requirement:

Response:

APPENDIX E

Land Use Census

A land use census is conducted in accordance with ODCM Control 4.2. With
a land use census identifying a location(s) which yields at least a 20 percent
greater dose or dose commitment than the values currently being calculated
in ODCM Control 3.5, ODCM Control 4.2 requires the identification of the
new location(s) in the next Annual Radioactive Effluent Release Report.

The land use census for this reporting period did not identify any locations
yielding at least 20 percent greater dose or dose commitment than the values
currently being calculated in ODCM Control 3.5.

With a land use census identifying a location(s) which yields a calculated
dose or dose commitment (via the same exposure pathway) at least 20
percent greater than at a location from which samples are currently being
obtained in accordance with ODCM Control 4.1, ODCM Control 4.2 requires
that the new location(s) be added to the Radiological Environmental
Monitoring Program if permission from the owner to collect samples can be
obtained and sufficient sample volume is available. If a new location is
found, then it must be identified in the next Annual Radioactive Effluent
Release Report.

No new Jocations were added to the Radiological Environmental Monitoring
Program as a result of the 2001 land use census.
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Requirement:

Response:

APPENDIX F

Process Control Program (PCP)

PCP Control 2.0 requires that licensee-initiated changes to the PCP be
submitted to the Commission in the Annual Radioactive Effluent Release
Report for the period in which the change(s) was made.

There were no licensee-initiated changes to the PCP during this reporting
period.
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APPENDIX G

Off-Site Dose Calculation Manual (ODCM)

Requirement: ODCM Control 7.2 requires that licensee-initiated changes to the ODCM be

submitted to the Commission in the Annual Radioactive Effluent Release

Report for the period in which the change(s) was made effective.

- Response: Revision 15 to the ODCM was issued during the reporting period. The
following explanation provides the basis for this revision.

— 1.

NAYR\EFFLNT2001_revised-final.doc

The requirements to maintain the 200-ft onsite meteorological monitoring
system were deleted. The data collected by the YNPS Met Tower were
once used to generate an annual assessment of off-site doses resulting
from routine gaseous releases. During plant operation, batch (discrete)
airborne releases were modeled using meteorological conditions
concurrent with the time of release and continuous airborne releases
were modeled using quarterly average meteorological conditions
concurrent with the quarterly release period.

The bases for this changes extends from the fact that since the Yankee
Plant has ceased power operation, potential gas source terms have
decayed and the gas holdup systems have been opened and dismantled.
Subsequently, batch gas releases have been eliminated. All remaining
airborne releases are now treated as continuous for modeling purposes
since long-term historical meteorology is expected to provide a
reasonable estimate of actual quarterly average atmospheric dispersion
factors (CHI/Q values). Revision 11 to the ODCM allowed the use of
historical average meteorological conditions to determine the gaseous
pathway doses. Because the ODCM no longer required the use of
concurrent meteorological data to perform offsite dose assessments,
Revision 12 to the ODCM eliminated the commitment to compile annual
meteorological data summaries for inclusion in the Annual Radioactive
Effluent Release Report. Consequently, there is no need to continue
operation of the Met Tower in support of the ODCM.

All references to the Technical Specifications, Section 6.7, in the ODCM
were redirected to the same requirements now located in the Yankee
Decommissioning Quality Assurance Program, Appendix D —
Administrative Controls. References to Technical Specification, Section
6.7, have been changed to the Decommissioning Quality Assurance
Program Appendix D, Section B, since Amendment # 155 to the
Technical Specifications moved the cited requirement to the YDQAP. No
change is actually made in the requirements themseives, only the
location of where they can be found. This is considered an administrative
lype change.

An out-of-date reference to the Auxiliary Service Water flow rate was
changed to a range of flows which includes an upper end of potential flow
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rate. This change also omits reference to the use of pump and valve
curves for estimating ASW flow in favor of reliance on direct
measurement of this flow.

4. Liquid and gaseous waste processing flow diagrams, Figure 6-1 and 6-2,
were updated to reflect the addition of the Fuel Transfer Enclosure (FTE)
which uses the existing south decon room drains to route and collect
liquids back to the waste storage tank for processing via the waste
evaporator. This update reflects changes resulting from on-going
decommissioning aclivities at the plant. No new release pathways are
created or reduction in treatment capability affected.

5. Table 4.4 “Radiological Environmental Monitoring Stations” was updated
to correct a typographical error in the distance and direction designated
for station TF-11. No actual relocation of TF-11 has occurred, and there
is no impact on the REMP.

No new effluent release points have been added to the plant configuration,
nor any increase in expected quantities of radioactivity expected to be
released to the environment. No changes have been made to any dose
calculations or setpoint methodologies contained in the ODCM as part of this
revision.

A determination has been made that the changes to the ODCM (Revision 15)
will maintain the level of radioactive effluent control required by
10CFR20.106 (10CFR20.1301), 40CFR190, 10CFR50.36a, and Appendix |
to 10CFR50 and not adversely impact the accuracy or reliability of effluent,
dose, or setpoint calculations.

A copy of the resulting revised ODCM (Revision 15) is enclosed along with
this report.
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APPENDIX H

Radioactive Liquid, Gaseous, and Solid Waste Treatment Systems

Requirement: ODCM Control 7.3 and PCP Control 3.0 require that licensee-initiated major
changes to the radioactive waste systems (liquid, gaseous, and solid) be
reported to the Commission in the Annual Radioactive Effluent Release
Report for the period in which the evaluation was reviewed by the Plant
Operation Review Committee.

Response: There were no licensee-initiated changes to the radioactive liquid, gaseous,
or solid waste treatment systems during this reporting period.
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APPENDIX I

Supplemental Information

1. Control Limits — Dose and Dose Rate

Control and Category

a. Noble Gases
Control 3.3, Total Body Dose Rate
Control 3.3, Skin Dose Rate
Control 3.4, Gamma Air Dose
Control 3.4, Gamma Air Dose
Control 3.4, Beta Air Dose
Control 3.4, Beta Air Dose

b. lodine-131, Tritium, and Radionuclides in Particulate Form With
Half-Lives Greater Than 8 Days

Control 3.3, Organ Dose Rate
Control 3.5, Organ Dose
Control 3.5, Organ Dose

c. Liguids
Control 3.1, Total Body Dose
Control 3.1, Total Body Dose
Control 3.1, Organ Dose
Control 3.1, Organ Dose

2. Control Limits — Concentration

Control and Category

a. Liquids

Control 2.1, Total Sum of the Fraction of MPC (10CFR20,
Appendix B, Table I}, Column 2), excluding Noble Gases less
than:

Control 2.1, Total Noble Gas Concentration

NAYR\EFFLNT2001_revised-final.doc I-1

Limit

500 mrem/year
3000 mrem/year
5 mrad/quarter
10 mrad/year

10 mrad/quarter
20 mrad/year

1500 mrem/year
7.5 mrem/quarter
15 mrem/year

1.5 mrem/quarter
3 mrem/year
5 mrem/quarter

10 mrem/year

[
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3. Measurements and Approximations of Total Radioactivity

a. Noble Gases, Krypton-85

Continuous discharges are determined by direct measurements. A primary vent stack
gas sample is taken monthly and analyzed for Krypton-85. A review of the weekly
primary vent stack noble gas integrator readings for any increase in values above the
background level also is used as a reference. There are no longer any batch
discharges. Errors associated with the above measurements are estimated to be £25
percent.

b. lodines, Particulates

There are no longer any iodine isotopes available for discharge. The sampling system
design requires the use of a charcoal cartridge as a support for the particulate filter
during particulate collection. The sampling system continuously draws a sample from
the primary vent stack through a filter and charcoal cartridge. The particulate filter is
removed and analyzed weekly. The errors associated with the determination of
particulate effluents are estimated to be +30 percent.

c. Liquid Effluents

. A gamma isotopic analysis is performed on a representative sample using a Marinelli
Beaker geometry for both a batch or continuous discharge. Composite samples for
batch and continuous discharges are analyzed for strontium-89, strontium-90, iron-55,
gross alpha activity.

Tritium analysis is performed on composite samples for continuous discharges and on
each batch discharge. The errors associated with these measurements are as follows:
fission and activation products, 20 percent; tritium, £10 percent; dissolved fission
gases, +20 percent; and alpha activity, 35 percent.

4. Batch Releases

a. Liquids
Routine
First Quarter Releases
Number of batch releases 0

Total time period for batch releases (minutes) -
Maximum time period for a batch release (minutes) -
Average time period for batch releases (minutes) -
Minimum time period for a batch release (minutes) -
Average stream flow (Sherman Dam) during period (cfs) 653
Average discharge rate (gpm) -
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b.

Second Quarter

Number of batch releases

Total time period for batch releases (minutes)

Maximum time period for a batch release (minutes)
Average time period for batch releases (minutes)
Minimum time period for a batch release (minutes)
Average stream flow (Sherman Dam) during period (cfs)
Average discharge rate (gpm)

Third Quarter

Number of batch releases

Total time period for batch releases (minutes)

Maximum time period for a batch release (minutes)
Average time period for batch releases (minutes)
Minimum time period for a batch release (minutes)
Average stream flow (Sherman Dam) during period (cfs)
Average discharge rate (gpm)

Fourth Quarter

Number of batch releases

Total time period for batch releases (minutes)

Maximum time period for a batch release (minutes)
Average time period for batch releases (minutes)
Minimum time period for a batch release (minutes)
Average stream flow (Sherman Dam) during period (cfs)
Average discharge rate (gpm)

Gases

Routine

Releases

Routine

Releases

2
1,485
1,475

743
10
299
5.4

Routine

Releases

1
1,014
1,014
1,014

1,014

193
46

There are no longer any batch-mode gaseous releases associated with plant systems.

5. Abnormal Releases

ODCM Control 7.2 requires the reporting of any unplanned releases from the site to the site
boundary of radioactive material in gaseous and liquid effluents made during the reporting
period.

a.

Liquid

There were no non-routine liquid releases during the reporting period.
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b. Gases

There were no non-routine gaseous releases during the reporting period.
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APPENDIX J

Sewage Sludge Disposal

Requirement: For periods in which disposal of septage occurs, the licensee shall report in
the Annual Radioactive Effluent Release Report, the volume discharged,
liquid and solid fractions, and total activity discharged.

Response: There were no septage disposals for the year 2001.
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REVISION RECORD

Revision Date Description

0 12/01/82 Initial printing. Approved by PORC 11/29/82. Submitted
for USNRC approval 12/03/82.

1 03/30/84 Change in environmental monitoring sampling locations
based on 1983 land use census. Errors in Table 4.1
corrected. Maps revised. ’

2 07/30/85 Addition of Intercomparison Program description to
Section 4.0. Reviewed by PORC 07/30/85.
3 03/19/86 Addition of a PVS I-131 inspection limit to demonstrate

compliance with Technical Specification 3.11.2.1.b.

4 05/21/86 Change in milk sampling location. Samples no longer
available at Station TM-11.

5 09/30/86 Change in food product sampling location based on
1986 land use census.

6 02/18/88 Change in liquid dose factors to reflect additional dose
pathways. Change in gaseous dose factors to reflect
five-year average meteorology. Change in gaseous
dose rate factors to reflect a shielding factor of 1.0.
Deletion of food product location TF-12 (samples no
longer required after 10/31/86). Update of fence line
location and several building names and locations in
Figure 4-4.

7 05/21/90 Addition of Appendix A which documents the
commitments for disposal of septage as provided in
YNPS's Application For Approval to Routinely Dispose
of Septage under 10CFR Part 20.302, and the NRC's
acceptance as transmitted in their Safety Assessment,
dated May 17, 1990.

8 08/19/92 a. The following changes were implemented in
accordance with NRC Generic Letter 89-01, which
provided guidance on the relocation of the
Radiological Effluent Technical Specifications to the
ODCM:

1. Addition of List of Controls Page (succeeds
Table of Contents);

Revision 8

i.

1




REVISION RECORD

Revision

Date

Description

8

08/19/92

Section 1.0, Introduction updated to reflect the
change in scope of the ODCM;

Technical Specifications 3/4.0.1, 3/4.0.2,
3/4.0.3, and 3/4.0.4 listed in Section 1.2,
Applicability of Controls and Surveillance
Requirements (SR), and now referred to as
Controls 1.1, 1.2, 1.3, and 1.4, respectively;

Table 1.6, Definition of Terms, modified to
include definitions petrtinent to the relocated
Technical Specifications;

Tables 1.9, OPERATIONAL MODES, and 1.10,
FREQUENCY NOTATIONS, added to Section
1.0;

Technical Specification 3/4.11.1.1, now referred
to as Control 2.1, relocated to Section 2.0;

Technical Specifications 3/4.11.1.2, 3/4.11.4,
3/4.11.2.1, 3/4.11.2.2, and 3/4.11.2.3, now
referred to as Controls 3.1, 3.2, 3.3, 3.4, and
3.5, respectively, relocated to Section 3.0;

Technical Specifications 3/4.12.1, 3/4.12.2, and
3/4.12.3, now referred to as Controls 4.1, 4.2,
and 4.3, respectively, relocated to Section 4.0;

Technical Specification 3/4.3.3.6, now referred
to as Control 5.1, relocated to Section 5.0;

10.

Technical Specification 3/4.3.3.7, now referred
to as Control 5.2, relocated to Section 5.0
(Existing requirements for explosive gas
monitoring instrumentation retained in
Technical Specification 3/4.3.3.7);
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08/19/92

11. Technical Specifications 3/4.11.1.3 and
3/4.11.2.4, now referred to as Controls 6.1 and
6.2, respectively, relocated to Section 6.0;

12. Section 7.0 created to contain reporting details
for the Annual Radiological Environmental
Monitoring Operating (Control 7.1) and
Semiannual Effluent Release Reports (Control
7.2), and Major Changes to the Liquid and
GASEOUS RADIOACTIVE WASTE
TREATMENT SYSTEMS (Control 7.3); and

13. Corresponding Technical Specification Bases
relocated with Technical Specifications to
become part of controls.

b. All pages renumbered.

05/18/93

Replacement of milk sampling location TM-12 with TM-
14 in Table 4.4 and Figure 4-2.

10

06/22/93

Technical Specification 3/4.3.3.3 (now referred to as
Control 5.5) and its Bases relocated to Section 5.0;
Technical Specification 3/4.3.3.3 nominal sensor
elevations revised to reflect actual measurement
heights; Technical Specification 3/4.3.3.3 Bases revised
to eliminate reference to protective action
recommendations.

11

10/31/96

Surveillance and analyses schedules for both the in-
plant Gaseous and Liquid Effluent Monitoring Programs
and the off-site REMP have been reduced. These
reductions reflect changes in plant configuration due to
plant dismantlement and decommissioning activities,
and the elimination of radioactive source terms due to
the cessation of the fission process with the shutdown of
power operations.

12

02/07/97

The requirement to submit an annual summary of hourly
meteorological data with the Semi-annual Radioactive
Effluent Release Report due 60 days after January 1 of
each year was eliminated.
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6/17/99

Elimination of the Turbine Building composite sampler
and analysis requirements due to change in plant
configuration. Elimination of milk sampling location due
to changes identified in the annual land use census.
Clarification of actions necessary to perform
maintenance and testing on an in---line rad-monitor, plus
expanded flexibility of operating Aux. Service Water for
Spent Fuel Pit cooling while the effluent rad-monitor is
out of service. Correction to block diagram (Figure 6-1)
to reflect current liquid waste processing system
configuration. Change in the reporting requirement for
the Radioactive Effluent Release Report from
semiannual to annual based on Technical Specification
Amendment No. 151. Editorial changes to improve
readability and correct or eliminate unnecessary text.

14

4/13/00

Clarifications to liquid effluent monitoring ACTION
STATEMENTS 1 and 4 (Table 5.1) are included to
provide clearer guidance on the existing intent of actions
needed if the liquid radiation effluent monitor is out of
service.

15

1. Eliminates the requirement to maintain the 200 foot
On-Site Meteorological Monitoring System
(Section 5.5).

2. References changed to reflect the relocation of
Technical Specification Section 6.7 into the Yankee
Decommissioning Assurance Program, Appendix
D, Administrative Controls.

3. Change the auxiliary service water flow rate to
120 gpm to reflect current operating performance
and deletes the use of pump and valve curves to
estimate flow rate.
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DISCLAIMER OF RESPONSIBILITY

This document was prepared for use by Yankee Atomic Electric Company (“Yankee®). The use
of information contained in this document by anyone other than Yankee, or the Organization for
which the document was prepared under contract, is not authorized and, with respect to any
unauthorized use, neither Yankee nor its officers, directors, agents, or employees assume any

obligation, responsibility, or liability or make any warranty or representation as to the accuracy
or completeness of the material contained in this document.

Revision 13

- Viii -e




ABSTRACT

The Yankee Nuclear Power Station (YNPS) OFF-SITE DOSE CALCULATION MANUAL
(ODCM) contains the methodology and parameters used in the calculation of off-site doses
resulting from radioactive gaseous and liquid effluents, in the calculation of gaseous and liquid
effluent monitoring alarm/trip setpoints, and in the conduct of the Environmental Radiological
Monitoring Program. The ODCM also contains (1) the Radioactive Effluent Controls and
Radiological Environmental Monitoring Programs required by Appendix D, Section B.4, of the
Yankee Decommissioning Quality Assurance Program (YDQAP) and (2) descriptions of the
information that should be included in the Annual Radiological Environmental Operating and
Annual Radioactive Effluent Release Reports required by Technical Specifications 6.8.2.a and
6.8.2.b. With initial approval by the U.S. Nuclear Regulatbry Commission and the YNPS Plant
Operation Review Committee (PORC) and approval of subsequent revisions by the
Decommissioning Manager, this manual is suitable to show compliance where referred to by the
Yankee Decommissioning Quality Assurance Program® and controls listed in this document.
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1.0 INTRODUCTION

According to Definition of Terms (Table 1.6), the OFF-SITE DOSE CALCULATION
MANUAL (ODCM) contains the methodology and parameters used in the calculation of off-site
doses resulting from radioactive gaseous and liquid effluents, in the calculation of gaseous and
liquid effluent monitoring alarm/trip setpoints, and in the conduct of the Radiological Environmental
Monitoring Program. The ODCM also contains: (1) the Radioactive Effluent Controls and
Radiological Environmental Monitoring Program required by Appendix D, Section B.4, of the
Yankee Decommissioning Quality Assurance Program (YDQAP) and (2) descriptions of the
information that should be included in the Annual Radiological Environmental Operating and Annual
Radioactive Effluent Release Reports required by Controls 7.1 and 7.2, respectively. The ODCM
forms the basis for plant procedures which document the off-site doses due to plant operation which

are used to show compliance with the numerical guides for design controls of Section i, Appendix I,
10CFR Part 50.

The methods contained herein follow accepted NRC guidance, unless otherwise noted in
the text. The basis for each method is sufficiently documented to allow regeneration of the methods
by an experienced health physicist.

All changes to the ODCM shall be reviewed and accepted by an independent Safety
Reviewer and approved by the Decommissioning Manager in accordance with Technical
Specification 6.13 prior to implementation. Changes made to the ODCM shall be submitted to the
Commission for their information in the Annual Radioactive Effluent Release Report for the period in
which the change(s) was made effective.

1.1 Summary of Methods, Dose Factors, Limits, Constants, Variables, and Definitions

This section summatizes the methods for the user. In addition, the applicability of controls
and surveillance requirements are listed in this section. The first time user should read Chapters 2
through 5. The concentration and setpoint methods are documented in Table 1.1, as well as the
Method I dose equations. Where more accurate dose calculations are needed, use the Method 11
for the appropriate dose as described in Sections 3.7 through 3.14 and 3.16. The dose factors
used in the equations are in Tables 1.2, 1.7, and 1.8 and the regulatory limits are summarized in
Table 1.3. The constants, variables, special definitions, and FREQUENCY NOTATION used in the
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ODCM are in Tables 1.4, 1.5, 1.6, and 1.10, respectively. Lastly, Figures 1-1 and 1-2 depict the
Yankee plant site boundary line and liquid effluent discharge points, respectively.

1.2 Applicability of Controls and Surveillance Requirements (SR)

Control 1.1 The controls and ACTION requirements shall be applicable during conditions
specified for each control.

Control 1.2 Adherence to the requirements of the controls and/or associated ACTION within
the specified time interval shall constitute compliance with the control. In the event that the
control is restored prior to expiration of the specified time interval, completion of the ACTION
statement is not required.

SR 1.1 Surveillance requirements shall be applicable during the conditions specified for
individual controls.

SR1.2 Each surveillance requirement shall be performed within the specified time interval

a. A maximum allowable extension not to exceed 25 percent of the surveillance
interval, and
b. A total maximum combined interval time for any three consecutive surveillance

intervals not to exceed 3.25 times the specified surveillance interval.

SR 1.3  Performance of a surveillance requirement within the specified time interval shall
constitute compliance with OPERABILITY requirements for a control and associated ACTION
statements unless otherwise required by the control.
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TABLE 1.1

Summary of Concentration and Setpoint Methods, and

Method | Dose Equations for Normal Operations at the Yankee Plant

Equation
No. Maximum Equation®
2-1 Unrestricted Area, Total Fraction of MPC in ENG CfNG .
Liquids, Except Noble Gases Fo= 2 MPC
i 1
2-2 Unrestricted Area, Concentration of Noble CNé = 2 che
Gases in Liquids 1
3-1 Total Body Dose Due to Liquids Do (mrem) = K Z Qi DFLy
3-2 Maximum Organ Dose Due to Liquids Dorgan (mrem) = K Y QDFLin
3-3 Total Body Dose Rate Due to Noble Gases
Dy (mrem ] = 7.83 Qkr.s5 DFBk-ss
yr
3-4 Skin Dose Rate Due to Noble Gases mrem
Dskin ( = Qxrss DFg_g5
yr
3-5 Critical Organ Dose Rate Due to H -3 and mrem ,
Particulates with T2 > 8 Days Deo [ v = z Q DFGi-gs
3-6 Gamma Air Dose Due to Noble Gases D}, (mrad) =0.25 Q,, o DF? .
3-6.1 Gamma Air Dose Due to Ground Level D!, (mrad)= (6.0 x107°) (Q,, )
grd Kr-85
Noble Gas Releases
3-7 Beta Air Dose Due to Noble Gases D%, (mrad) = 0.76 Q,,_,, DF. .
3-8 Critical Organ Dose Due to H-3 and Deo (Mrem) = z Q,DFGico
Particulates with T2 > 8 Days i
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TABLE 1.1
(Continued)

Summary of Concentration and Setpoint Methods, and
Method | Dose Equations for Normal Operations at the Yankee Plant

Equation .
No. Maximum Equation®
5-1 Liquid Release Rate Reading f
R= f—z (MPC.) (S¢)
1
5-3 Gaseous Release Rate Reading for Total (500) (60) (SK 85)
Body Dose Limit Ri = =
(F) (7.83) DFB,, g5
54 Gaseous Release Rate Reading for Skin R.. = (3000) (60) (Skr_gs)
Dose Limit sk = (F) DF% s
Note (a):
G = Concentration of radionuclide "i" in a mixture (uCi/mi).
F = Primary vent stack flow rate (c¢/min).
CiENG = Concentration of radionuclide "i*, except noble gases, at the point of discharge.
CiNG = Concentration of radionuclide *i*, except noble gases, at the point of discharge.
DFi' = Skin dose factor for radionuclide "i".
DF" = Gamma dose factor to air for radionuclide “i".
DFf = Beta dose factor to air for radionuclide "i*.
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DFB;, =
DFGi, =

DFGico =

DFLy =
DFLm]o =

14 =

fa =

MPC.

]

Q =

Qi =

S Kr85 =
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TABLE 1.1
(Continued)

Summary of Concentration and Setpoint Methods, and
Method | Dose Equations for Normal Operations at the Yankee Plant

Total body dose factor for radionuclide *i*.

Site-specific, critical organ dose factor for a gaseous release of radionuclide “i".

Site-specific, critical organ dose rate factor for a gaseous release of
radionuclide "i".

Site-specific, total body dose factor for a liquid release of radionuclide *i*.
Site-specific, maximum organ dose factor for a liquid release of radionuclide *i".
Flow rate past the test tank monitor (gpm).

Flow rate at the point of discharge (gpm).

Deetfield River flow rate correction factor.

Composite MPC for the mix of radionuclides (uCi/ml).

- (Eq. 5-2)

—~ MPC,
Total release (Curies) for radionuclide "i".

Release rate (uCi/sec) for radionuclide “i".

Gaseous instrumentation response factor for Kr-85 (cpm/(1Ci/cc)). |

Liquid instrumentation response factor (cpm/(uCi/cc)).



JABLE 1.2

Dose Factors Specific to the Yankee Plant for
Noble Gas Releases

Gamma
Total Body
Dose Factor

Beta Skin
Dose Factor

Combined Skin
Dose Factor

Beta Air
Dose Factor

DFﬁ{mrad -m®
p|mrad=m

|

Gamma Air
Dose Factor

p— 3 — 3 — .
DFBii m DFS; T—m DF/ m pCi-yr DF? mrad - m3
Radionuclide pCi-yr pCi-yr uCi-yr pCi— yr
Kr-85 1.61x10° 1.34x10° 3.22x10% 1.95x10° 1.72x10°
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TABLE 1.3

Summary of Radiological Effluent Controls
and Implementing Equations

B Control Category Method Limit
2.1 Oft-Site Total Fraction of MPC Eq. 2-1 <1.0
Concentrations Excluding Noble Gases '
- of Liquids Total Noble Gas Eq.2-2 | _ 2.00 x 107 pCi
Concentration = cc
- 3.1 Dose Due to Total Body Dose Eq.3-1 | <1.5mreminaqtr.
Liquid Effluents . <3.0mreminayr.
Organ Dose Eq.3-2 |<5.0mreminaqtr.
— <10.0 mremin ayr.
3.2 Total Dose Due | Total Body Dose Eq. 3-1 <25.0 mremin ayr.
to Liquid and Eq.3-6
“‘ Gaseous Eq. 3-9
Effluents Organ Dose Eq.3-2 | <25.0 mreminayr.
Eq. 3-8
- Eq. 3-9
Thyroid Dose Eq.3-2 | <75.0 mreminayr.
— Eq. 3-8
Eq. 3-9
3.3 Dose Rate Due | Total Body Dose Rate Eq. 3-3 < 500,0 Mrem
— to Gaseous Due to Noble Gases U yr
Effluents
Skin Dose Rate Due to Eq. 3-4 mrem
- Noble Gases < 30000 yr
Organ Dose Rate Due to Eq.3-5 mrem
_ H-3 and Particulates with <1500.0 yr
T2 > 8 Days
3.4 Dose Due to Gamma Air Dose Due to Eq.3-6 | <5.0mradina qtr.
— Noble Gases in | Noble Gases <10.0 mrad in a yr.
Gaseous
Effluents
- Beta Air Dose Due to Eq.3-7 | <10.0 mradinaqtr.
Noble Gases <£20.0 mrad in a yr.
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TABLE 1.3
(Continued)

Summary of Radiological Effluent Controls

and Implementing Equations

Control Category Method Limit
3.5 Dose Due to Organ Dose Due to H-3 Eq.3-8 |<7.5mreminaqtr.
Tritium and and Particulates with <15.0 mremin ayr.
Particulates in T2 > 8 Days
Gaseous
Effluents
5.1 Liquid Effluent Alarm/Trip Setpoint Eqg.5-1 | Control 2.1
Monitor Setpoint
5.2 Gaseous Alarm Setpoint for Total Eq.5-3 | Control 3.3.a (Total
Effluent Monitor | Body Dose Rate Body)
Setpoint
Alarm Setpoint for Skin Eq.5-4 | Control 3.3.a (Skin)
Dose Rate
6.1 Liquid Total Body Dose Eq. 3-1 < 0.06 mrem in a mo.
Radioactive -
Waste Organ Dose Eq.3-2 [ <0.2mremina mo.
Treatment
6.2 Gaseous Gamma Air Dose Due to Eq.3-6 | <0.4 mradina mo.
Radioactive Noble Gases
Waste
Treatment
Beta Air Dose Due to Eq.3-7 |<0.4 mradina mo.
Noble Gases
Organ Dose Due to H-3 Eg.3-8 | <0.3 mremina mo.
and Particulates with
TY2 > 8 Days
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1-8




TABLE 1.4

Summary of Constants

Constant Definition Units
0.25 j—
= (317 x 107 | SV ) vt (sec/m?)
Ci-sec pri —-yr )
= (3.17 x 10%) (7.83 x 10°) | Ci-m® )
0.76 =
. =(3.17 x 10%%) (M) [X/Q] (sec/m®) . \
Ci-sec pCi-yr
= (3.17 x 10™) (2.39 x 10%) | Gi-m®
1.11 = Average ratio of tissue to air energy absorption
ratio coefficient.
7.83 = (10*®) (pCi/uCi) (7.83 x 10®) (sec/m®) (pCi-sec )
uCi-m? |
8.69 = (1.11) (Se) [X/Q]' (sec/m?) (1.00 x 10*5) (pCi/uCi) (pCi-sec )
= (1.11) (1.00) (7.83 x 10®) (1.00 x 10*°) | nCi-m®
23.90 = (1.00 x 10*®) (X/Q) (pCi—sec )
= (1.00 x10*°) (2.39 x 10°°) ( HCi-m®
60.00 = Conversion factor. sec
min
500.00 = Total body annual dose limit from ICRP-2. mrem
3000.00 | = Skin annual dose limit from ICRP-2. mrem
3.17 x 10* = Number of picocuries per Curie divided by the pCi-yr
number of seconds per year. Ci-sec
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TABLE 1.5

Summary of Variables

Variable Definition Units
1.00 x 10*° Number of picocuries per microcurie. pCi
pGi
31.54 Ci sec Ci ‘—' sec
1.0x10%) | == [(38.154 x 10*) | = .
(1.0 x )(uCi]( 54 x 10 ){yr] iy
che Total concentration of all dissolved and entrained uCi
noble gases from all station sources. cc
che Concentration of radionuclide "i", except noble uCi
gases, at the point of discharge. cc
G Concentration of radionuclide “i“. pCiym® or
pCi/cc
D8, Beta dose to air. mrad
DY, Gamma dose to air. mrad
D!y Gamma dose to air from a ground level release. mrad
Deo Dose to the critical organ. mrem
Dorgan Dose to the maximum organ. mrem
Dsin Beta and gamma dose to the skin. mrem
De Dose to the total body. mrem
DFBk.gs Total body gamma dose factor for Kr-85. mrem—m?3
pCi—yr
DFSkrss Beta skin dose factor for Kr-85. mrem -m?3
pCi—-yr
DF¢,_gs Combined site-specific skin dose factor for Kr-85. mrem - sec
pCi—yr
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TABLE 1.5
(Continued)

Summary of Variables

Variable Definition Units
DFY g Gamma air dose factor for Kr-85. mrad —m3
pCi—yr
DF Beta air dose factor for Kr-85. mrad —m?3
pCi—yr
DFGico Critical organ gaseous dose factor for radionuclide mrem
e Ci
DFGico Critical organ gaseous dose rate factor for mrem — sec
radionuclide "i". uCi - yr
DFLimo Maximum organ liquid dose factor for radionuclide mrem
P Ci
DFLi Total body liquid dose factor for radionuclide *i*. mrem
Ci
Deo Critical organ dose rate due to tritium and mrem
particulates. yr
Dskin Skin dose rate due to noble gases. mrem
yr
Dy Total body dose rate due to noble gases. mrem
yr
D/Q Deposition factor for dry deposition of particulates. sec
m2
F Primary vent stack flow rate. cc
sec
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TABLE 1.5
(Continued)

Summary of Variables

Variable Definition Units
F Total fraction of MPC in liquid pathways.
FENG Total fraction of MPC in liquid pathways excluding
noble gases.
f1 Flow rate past the test tank monitor. gpm
f2 Flow rate at the point of discharge. gpm
MPCc¢ Composite MPC for the mix of radionuclides. See HCi
Equation 5-2. cc
MPC; Maximum permissible concentration of radionuclide | uCi
“I" (10CFR Part 20, Appendix B, Table 2, Column 2, cc
see Appendix B of the ODCM).
Qi Release for radionuclide "i". Ci
Q Total release rate of noble gas (Kr-85). HCi
sec
Q Release rate for radionuclide “i". Hei
sec
X/Q Average undepleted dispersion factor. sec
m3
x/QpP Average depleted dispersion factor. sec
m3
xQy Effective average gamma dispersion factor. sec
m3
Sk Shielding factor.
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TABLE 1.5

(Continued)
Summary of Variables
Variable Definition Units

Skr-85 = (Gaseous monitor response factor for Kr-85. cpm

pCi/cc
S, =  Liquid monitor response factor. cpm

uCi/ce
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TABLE 1.6

Definition of Terms

The defined terms of this section appear in capitalized type and are applicable throughout this
document.

ACTION

ACTION shall be those additional requirements specified as corollary statements to each principle
control and shall be part of the controls.

CHANNEL CALIBRATION

A CHANNEL CALIBRATION shall be the adjustment, as necessary, of the channel output such that it
responds with the necessary range and accuracy to known values of the parameter which the channel
monitors. The CHANNEL CALIBRATION shall encompass the entire channel, including the alarm
and/or trip functions, and shall include the CHANNEL FUNCTIONAL TEST. The CHANNEL
CALIBRATION may be performed by any series of sequential, overlapping, or total channel steps such
that the entire channel is calibrated.

CHANNEL CHECK

A CHANNEL CHECK shall be the qualitative assessment of channel behavior during operation by
observation. This determination shall include, where possible, comparison of the channel indication
and/or status with other indications and/or status derived from independent instrument channels
measuring the same parameter.

CHANNEL FUNCTIONAL TEST

A CHANNEL FUNCTIONAL TEST shall be the injection of a simulated signal into the channel as close
to the primary sensor as practicable to verify OPERABILITY, including alarm and/or trip functions.

FREQUENCY NOTATION

The FREQUENCY NOTATION specified for the performance of surveillance requirements shall
correspond to the intervals defined in Table 1.9. ‘

MEMBER(S) OF THE PUBLIC

MEMBER(S) OF THE PUBLIC (for purposes of 10CFR50, Appendix I) 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
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TABLE 1.6
(Continued)

Definition of Terms

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 site operations or
decommissioning of the plant.

OFF-SITE DOSE CALCULATION MANUAL (ODCM)

The ODCM contains the methodology and parameters used in the calculation of off-site doses
resulting from radioactive gaseous and liquid effluents, in the calculation of gaseous and liquid
effluent monitoring alarm/trip setpoints, and in the conduct of the Environmental Radiological
Monitoring Program. The ODCM also contains (1) the Radioactive Effluent Controls and
Radiological Environmental Monitoring Programs required by Appendix D, Section B.4 of the
YDQAP and (2) descriptions of the information that should be included in the Annual Radiological
Environmental Operating and Annual Radioactive Effluent Release Reports required by

Controls 7.1 and 7.2, respectively.

OPERABLE - OPERABILITY

A system, subsystem, train, component, or device shall be OPERABLE or have OPERABILITY
when it is capable of performing its specified function(s). Implicit in this definition shall be the
assumption that all necessary attendant instrumentation, controls, electric power, cooling or seal
water, lubrication, or other auxiliary equipment that are required for the system, subsystem, train,
component, or device to perform its function(s) are also capable of performing their related support
function(s).

SITE BOUNDARY

The SITE BOUNDARY shall be that line beyond which the land is not owned, leased, or otherwise
controlled by the licensee. Any area within the SITE BOUNDARY used for residential quarters or
recreational purposes shall be considered to be beyond the SITE BOUNDARY for purposes of
meeting gaseous effluent dose controls. (Realistic occupancy factors shall be applied at these
locations for the purposes of dose calculations.)

SOURCE CHECK

A SOURCE CHECK shall be the qualitative assessment of channel response when the channel
sensor is exposed to radiation.
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TABLE 1.6
(Continued)

Definition of Terms

VENTILATION EXHAUST TREATMENT SYSTEM

A VENTILATION EXHAUST TREATMENT SYSTEM is any system designed and installed to
reduce radioactive material in particulate form in gaseous effluents by passing ventilation or vent
exhaust gases through HEPA filters for the purpose of removing particulates from the gaseous
exhaust stream prior to release to the environment. Such a system is not considered to have any
effect on noble gas effluents.
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TABLE 1.7

Dose Factors Specific to the Yankee Plant for

Liquid Releases

Total Body Dose Maximum Organ
Factor Dose Factor

) Radionuclide OFta [ mgm ) DFLim.o (mgm )
- H-3 5.99 x 10 5.99 x 10™
_ C-14 1.64 x 10*° 8.18 x 10*°
Mn-54 6.07 x 107 5.47 x 10™
Fe-55 3.46 x 10?2 2.11x10"
B Co-58 4.76 x 1072 1.81 x 10”
Co-60 2.79 x 10" 9.04 x 10™
Zn-65 1.65 x 10*° 2.71 x10*°
Sr-89 2.30x 10" 8.04 x 10*°
B Sr-90 6.97 x 10" 2.75 x 10*2
Zr-95/Nb-95 1.40x 10° 2.87 x 10™
Ag-110m 2.32x10% 2.21 x 10*°
Sb-124 2.62x 102 6.48 x10™
i Cs-134 1.79 x 10%' 2.40 x 10"
Cs-137 1.07 x 10" 2.07 x 10*'
B Ce-144 1.41x10° 2.58 x 10%°
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TABLE 1.8

Dose and Dose Rate Factors Specific to the Yankee Plant for

Tritium and Particulate Gaseous Releases

Critical Organ Critical Organ
Dose Factor Dose Rate Factor
mrem mrem - sec
DFG; ( - ] DFG; (———_ ]
Radionuclide “1 Ci “| KCi-yr

H-3 7.21x103 2.27 x 10"
C-14 4.38 x 10*° 1.38 x 10*2
Mn-54 3.78 x 10*° 1.49 x 10*2
Co-58 1.98 x 10*° 7.06 x 10!
Co-60 4.08 x 10" 1.81 x10*°
Zn-65 1.99 x 10* 6.43 x 10*?
Sr-89 6.10 x 10*! 1.92 x 10*®
Sr-90 2.36 x 10*° 7.44 x 10%*
Zr-95/Nb-95 3.77 x 10*° 1.24 x 10*2
Ag-110m 3.63 x 10" 1.22 x 10*®
Sb-124 6.95 x 10*° 2.32 x 10*?

Cs-134
8.52 x 10*' 2.83x 10"

Cs-137
8.71 x 10™" 2.97 x10*°

Ce-144
2.10 x 10! 6.65 x 10*?

Revision 11




Revision 11

TABLE 1.9

Frequency Notation

Notation

Frequency

At least once per 12 hours.

At least once per 24 hours.

At least once per 7 days.

At least once per 31 days.

ol z| 5| 9] o

At least once per 92 days.

At least once per 184 days.

At least once per 18 months.

Prior to each release.

Not applicable.
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2.0 RADIOACTIVE LIQUID EFFLUENTS
2.1 Off-Site Concentrations

Control 2.1 In accordance with Yankee Decommissioning Quality Assurance Program
(Appendix D, Section B.4.a), the concentration of radioactive material released to Unrestricted
Areas (see Figure 1-2) shall be limited to the concentrations specified in 10CFR Part 20,
Appendix B, Table I, Column 2, for radionuclides other than dissolved or entrained noble gases.
For dissolved or entrained noble gases, the concentration shall be limited to 2.00 x 107 HCi/ml
‘total activity.

Applicability
At all times.
ACTION

With the concentration of radioactive material released from the site to Unrestricted
Areas exceeding the above limits, without delay, take actions to restore the concentration to
within the above limits.

Surveillance Requirements

SR 2.1.1 Radioactive liquid wastes shall be sampled and analyzed according to the sampling
and analysis program of Table 2.1.

SR 2.1.2 The results of radioactive analysis shall be used in accordance with the methods of
the ODCM to assure that concentrations at the point of release are maintained within the limits
of Control 2.1.

Bases

Control 2.1 is provided to ensure that the at any time concentration of radioactive
materials released in liquid waste effluents from the site above background (unrestricted areas
for liquids is at the point of discharge from the plant discharge structure into Sherman Pond) will
be less than the concentration levels specified in 10CFR Part 20, Appendix B, Table I,

Column 2 (Appendix B of the ODCM contains a listing of these values as taken from the
regulations). These requirements provide operational flexibility, compatible with considerations
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of health and safety, which may temporarily result in releases higher than the absolute value of
the concentration numbers in Appendix B, but still within the annual average limitation of the
revised (January 1, 1993 effective date) 10CFR, Part 20, regulation. Compliance with the
design objective doses of Section Il.A of Appendix | to 10CFR, Part 50, assure that doses are
maintained ALARA, and that annual concentration limits of Appendix B to
10CFR20.1001-20.2401 will not be exceeded.

The concentration limit for noble gases is based upon the assumption that Xe-135 is the
controlling radionuclide and that an effluent concentration in air (submersion dose equal to 500
mrem/hr) was converted to an equivalent concentration in water.
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Radioactive Liquid Waste Sampling and Analysis Program

TABLE 2.1

Lower Limit
Minimum Type of of Detection
Sampling Analysis Activity LLD®
Liquid Release Type | Frequency Frequency Analysis 1Ci/ml)
A. Batch Waste o P P Principal 5.00 x 107
Release Tanks Each Batch Each Batch Gar_nmam
Emitters
Dissolved and
Entrained -5
Gases (Gamma 1.00x10
Emitters)
P » Tritium 1.00 x 10°
= (c
Each Batch Composite Gross Alpha 1.00 x 107
P o Sr-89, Sr-90 5.00 x 10°®
= (C
Each Batch Composite Fe-55 1.00 x 10°
B. Plant Continuous
Releases® Deleted
Turbine Building (Pathway Abandoned)
Sump
C. Plant Continuous | Continuous M2 Principal Gamma 5.00 x 107
Releases® Composite® | Emitters(f)
Continuous® a Tritium 1.00 x 10°
Composite Gross Alpha 1.00 x 107
Auxiliary Service | Continuous® @ Sr-89, Sr-90 5.00 x 10
Water Composite Fe-55 1.00 x 10°

Revision 13




TABLE 2.1
(Continued)

Notation
The LLD is defined in Table Notation (a) of Table 4.3 of SR 4.1.

A batch release is the discharge of liquid wastes of a discrete volume. Prior to sampling
for analysis, each batch shall be isolated and thoroughly mixed to assure representative
sampling. ‘

A composite sample is one in which the quantity of liquid sampled is proportional to the
quantity of liquid waste discharged and in which the method of sampling employed
results in a specimen which is representative of the liquids released.

Prior to analyses, all samples taken for the composite shall be thoroughly mixed in order
for the composite sample to be representative of the average effluent release.

A continuous release is the discharge of liquid wastes of a nondiscrete volume; e.g.,
from a volume or system that has an input flow during periods when flow exist through
the system. For the auxiliary service water, continuous composite sampling is not
required when liquid waste test tank discharges are being conducted and/or the SFP
cooling pumps are tripped.

The principal gamma emitters for which the LLD requirement applies exclusively are the
following radionuclides: Mn-54, Co-58, Co-60, Zn-65, Cs-134, Cs-137, and Ce-144.
This list does not mean that only these radionuclides are to be detected and reported.
Other peaks that are measurable and identifiable, together with the above radionuclides,
also shall be identified and reported. Radionuclides that are below the LLD for the
analyses should not be reported as being present at the LLD level.
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2.2  Method to Calculate Off-Site Liquid Concentrations

The basis for plant procedures that the plant operator requires to meet Control 2.1,
- which limits the total fraction of MPC (F,ENG) in liquid pathways (excluding noble gases) at the

point of discharge (see ODCM Figure 6-1) is discussed. (F,E”G) is limited to less than or equal to
one, i.e.,

Gi

12
~MPC,
The total noble gas concentration, C¢, is limited to 2.00 x 10™ puCi/m.

Evaluation of (F,ENG) and C"® is required concurrent with the sampling and analysis
program in Table 2.1 of Control 2.1.

Determine the total fraction of MPC in liquid pathways (excluding noble gases) as

— follows:
C.
FENG — Eq.2-1
- ) s (Eq.2-1)
MPC; = Maximum permissible concentration of radionuclide “i* except for dissolved

and entrained noble gases (10CFR Part 20, Appendix B, Table 2, Column 2.
See Appendix B of ODCM for listing).

Determine the total noble gas concentration such that the following condition is met:

NG
12-C

2E-4

C¥® = Total concentration of dissolved and entrained noble gases from all station
sources (LCi/ml).
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Where:

Ci =C" +CWS 4 cPmer (Eq.2-2)

C/T = Concentration at the point of discharge of radionuclide "i* except for dissolved

and entrained noble gases from the test tank.

CS™ = Concentration at the point of discharge of radionuclide 'i* except for dissolved
and entrained noble gases from the Auxiliary Service Water System.
cP™ = Concentration at the point of discharge of radionuclide "i* except for dissolved

and entrained noble gases from any other significant sources which may be
created during plant decommissioning activities.

2.3 Method to Determine Radionuclide Concentration for Each Liquid Effluent Pathway

2.3.1 Test Tank Pathway

C{Tis determined for each radionuclide above the analytical LLD from the activity in a
proportional grab sample of the test tank and the predicted flow at the point of discharge.

Most periodic batch releases are from the two 5000-gallon capacity test tanks. When
test tanks are filled with liquid waste, they are isolated for sampling and release. The volume of
the tank's contents are determined from the liquid level in each tank. A chemist extracts a
sample for radionuclide analysis. Aliquots of the sample proportional to the volume of the tank's
contents are composited for appropriate radionuclide analyses. The composites contain
suitable acids, alkalis, or carriers to assure the composite is representative of the sample.
Composite samples are analyzed at a minimum for tritium and gross alpha activity. Ata
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minimum, each test tank batch is analyzed for dissolved and entrained noble gases, and
principal gamma emitters.

2.3.2 Auxiliary Service Water System Pathway

CP"Sis determined for each radionuclide above the analytical LLD from the activity in

composite samples from the effluent lines of the Auxiliary Service Water System downstream of
any potential inleakage source.

2.3.3 Remaining Pathways

cohe is determined for each of the remaining pathways as follows:

Miscellaneous batch releases of potentially contaminated water, i.e., rain water collected
in the containment liner of the inservice radioactive waste 20K tank, are analyzed to

environmental detection levels and treated like a Test Tank according to Section 2.3.1 if plant
related radioactivity is detected.
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3.0 DOSE/DOSE RATE CONTROLS AND CALCULATIONS
3.1 Dose Due to Radioactive Liquid Effluents

Control 3.1 In accordance with Yankee Decommissioning Quality Assurance Program
(Appendix D, Sectin B.4.a), the dose or dose commitment to a MEMBER OF THE PUBLIC from
radioactive materials in liquid effluents released from the site (see Figure 1-2) to available
uptake pathways shall be limited:

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

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

Applicability
At all times.
ACTION
a. With the calculated dose from the release of radioactive materials in liquid

effluents exceeding any of the above limits, and if not applicable to 1T0CFR
Part 50.73, prepare and submit to the Commission within 30 days, pursuant to
Control 7.4, a Special Report which identifies the cause(s) for exceeding the
limit(s) and defines the corrective actions taken to reduce the releases and the
‘proposed corrective actions to be taken to assure that subsequent releases will
be within the above limits.

Surveillance Requirement

SR 3.1 Dose Calculations - Cumulative dose contributions from liquid effluents shall be
determined in accordance with the ODCM at least once per 31 days.

Bases

Control 3.1 is provided to implement the requirements of Sections IL.A, lIl.A, and IV.A of
Appendix I, 10CFR Part 50. The control implements the guides set forth in Section ll.A. The
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ACTION statements provide the required operating flexibility and at the same time implement
the guides set forth in Section [V.A of Appendix | to assure that the releases of radioactive
materials in liquid effluents will be kept as low as is reasonably achievable. The surveillance
requirement implements the requirements in Section IIl.A of Appendix | that conformance with
the guides of Appendix | be shown by calculational procedures based on models and data such
that the actual exposure of a MEMBER OF THE PUBLIC through appropriate pathways is
unlikely to be substantially underestimated. Existing pathways of liquid exposure to
MEMBER(S) OF THE PUBLIC which form the basis for calculating liquid doses in the ODCM
are described in detail in Yankee Atomic Electric Company's design report, “Supplemental
Information for the Purpose of Evaluation of 10CFR Part 50, Appendix I, dated June 2, 1976
(with amendments). The point of exposure from existing pathways for dose calculational
purposes is taken downstream of Sherman Dam in the Deerfield River. The equations specified
in the ODCM for calculating the doses due to the actual release rates of radioactive materials in
liquid effluents were developed from the methodology provided in Regulatory Guide 1.109,
“Calculation of Annual Doses to Man from Routine Releases of Reactor Effluents for the
Purpose of Evaluating Compliance with 10CFR Part 50, Appendix 1,* Revision 1, October 1977,
and Regulatory Guide 1.113, “Estimating Aquatic Dispersion of Effluents from Accidental and
Routine Reactor Releases for the Purpose of Implementing Appendix I," April 1977. Also, there
is reasonable assurance that the operation of the facility will not result in radionuclide
concentrations in finished drinking water that are in excess of the requirements of 40CFR141.
No drinking water supplies from the Deerfield River below the plant have been identified.
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3.2  Total Dose Due to Radioactive Liquid and Gaseous Effluents

Control 3.2 In accordance with Yankee Decommissioning Quality Assurance Program
(Appendix D, Section B.4.a), the dose or dose commitment to any real MEMBER OF THE
PUBLIC from all station sources is limited to less than or equal to 25 mrem to the total body or
any organ (except the thyroid, which is limited to less than or equal to 75 mrem) over a calendar

year.

Applicability

At all times.

ACTION

a.

Revision 15

With the calculated dose from the release of radioactive materials in liquid or
gaseous effluents exceeding twice the limits of Controls 3.1.a, 3.1.b, 3.4.a, 3.4.b,
3.5.a, or 3.5.b, calculations should be made including direct radiation
contributions from the reactor and from outside storage tanks to determine
whether the above limits of Control 3.2 have been exceeded. If such is the case,
and if not applicable to 10CFR Part 50.73, prepare and submit to the
Commission within 30 days, pursuant to Control 7.4, a Special Report that
defines the corrective action to be taken to reduce subsequent releases to
prevent recurrence of exceeding the above limits and includes the schedule for
achieving conformance with the above limits. The Special Report shall include
an analysis that estimates the radiation exposure (dose) to a MEMBER OF THE
PUBLIC from station sources, including all effluent pathways and direct radiation,
for the calendar year that includes the release(s) covered by the report. It also
shall describe levels of radiation and concentrations of radioactive material
involved and the cause of the exposure levels or concentrations. If the estimated
dose(s) exceeds the above limits, and if the release condition resulting in
violation of 40CFR Part 190 has not already been corrected, the Special Report
shall include a request for a variance in accordance with the provisions of
40CFR190. Submittal of the report is considered a timely request, and a
variance is granted until staff action on the request is complete.



Surveillance Requirement

SR 3.2 Dose Calculations - Cumulative dose contributions from liquid and gaseous effluents

shall be determined in accordance with SR 3.1, 3.4, and 3.5 and in accordance with the ODCM.

Bases

Control 3.2 is provided to meet the dose limitations of 40CFR Part 190 that have been
incorporated into 10CFR Part 20 by 46FR18525. The control requires the preparation and
submittal of a Special Report whenever the calculated doses from plant radioactive effluents
exceed twice the design objective doses of Appendix I. For sites containing up to four reactors,
it is highly unlikely that the resultant dose to a MEMBER OF THE PUBLIC will exceed the dose
limits of 40CFR Part 190 if the individual reactors remain within the reporting requirement level.
The Special Report will describe a course of action that should result in the limitation of the
annual dose to a MEMBER OF THE PUBLIC to within the 40CFR Part 190 limits. For the
purposes of the Special Report, it may be assumed that the dose commitment to a MEMBER
OF THE PUBLIC from other uranium fuel cycle sources is negligible. If the dose to any
MEMBER OF THE PUBLIC is estimated to exceed the requirements of 40CFR Part 190, the
Special Report with a request for a variance (provided the release conditions resulting in
violation of 40CFR Part 190 have not already been corrected), in accordance with the
provisions of 40CFR Part 190.11, is considered to be a timely request and fuffills the
requirements of 40CFR Part 190 until NRC staff action is completed. The variance only relates
to the limits of 40CFR Part 130 and does not apply in any way to the other requirements for
dose limitation of 10CFR Part 20, as addressed in liquid and gaseous effluent controls.
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3.3 Dose Rate Due to Radioactive Gaseous Effluents

Control 3.3 In accordance with Yankee Decommissioning Quality Assurance Program
(Appendix D, Sectin B.4.a), the dose rate due to radioactive materials released in gaseous
effluents from the site to areas at and beyond the SITE BOUNDARY (see Figure 1-1) shall be
limited to the following:

a. For noble gases (Kr-85): less than or equal to 500 mrem/yr to the total body and
less than or equal to 3,000 mrem/yr to the skin, and

b. For tritium, and radionuclides in particulate form with half-lives greater than
8 days: less than or equal to 1,500 mrem/yr to any organ.

Applicability
At all times.
ACTION

With the dose rate(s) exceeding the above limits, without delay, take actions to decrease
the release rate to within the above limit(s).

Surveillance Requirements

SR 3.3.1 The dose rate due to noble gases in gaseous effluents shall be determined to be
within the above limits in accordance with the methods and procedures of the ODCM.

SR 3.3.2 The dose rate due to tritium, and radionuclides in particulate form with half-lives
greater than 8 days, in gaseous effluents shall be determined to be within the above limits in
accordance with the methods and procedures of the ODCM by obtaining representative
samples and performing analyses in accordance with the sampling and analysis program
specified in Table 3.1.

Bases

The specified limits as determined by the methodology in the ODCM, restrict, at all
times, the corresponding gamma and beta dose rates above background to a member of the
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public at or beyond the site boundary to (500) mrem/year to the total body or to

(3,000) mrem/year to the skin. This instantaneous dose rate limit allows for operational
flexibility when off normal occurrences may temporarily increase gaseous effluent release rates
from the plant, while still providing controls to ensure that licensee meets the dose objectives of
Appendix | to 10CFR50.

Control 3.3 also restricts, at all times, comparable with the length of the sampling periods
of Table 3.1 the corresponding maximum organ dose rate above background to
1500 mrem/year for the highest impacted receptor to the plant.
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TABLE 3.1

Radioactive Gaseous Waste Sampling and Analysis Program

Sampling Minimum Analysis LLD
Gaseous Release Type Frequency Frequency Type of Activity Analysis pCi/mi®

A. Plant Vent (Primary M M Principal Gamma Emitters ® 1.00x 10
Vent Stack) Grab Sample Tritium 1.00x10°
Continuous'® we Principal Gamma Emitters ®, Gross Alpha 1.00 x 10

Particulate
Continuous®® Q Sr-89, Sr-90 1.00x 10"

Composite

Particulate Sample
Continuous® Noble Gas Noble Gases 1.00x 10°
Monitor Gross Beta or Gamma
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TABLE 3.1
(Continued)

Table Notation

a. The LLD is defined in Table Notation (a) of Table 4.1 of Control 4.1.

b. The principal gamma emitters for which the LLD control applies exclusively are the
following radionuclides: Kr-85 for gaseous emissions and Mn-54, Co-58, Co-60, Zn-65,
Cs-134, Cs-137, and Ce-144 for particulate emissions. This list does not mean that only
these radionuclides are to be detected and reported. Other peaks which are measurable
and identifiable, together with the above radionuclides, also shall be identified and
reported. Radionuclides which are below the LLD for the analyses should not be
reported as being present at the LLD level for that radionuclide.

c. Samples shall be changed at least once per 7 days, and analyses shall be completed
within 48 hours after changing or after removal from samplers.

d. The ratio of the sample flow rate to the sampled stream flow rate shall be known for the

time period covered by each dose or dose rate calculation made in accordance with
Controls 3.3, 3.4, and 3.5.
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3.4 Dose Due to Noble Gases Released in Radioactive Gaseous Effluents

Control 3.4 In accordance with Yankee Decommissioning Quality Assurance Program
(Appendix D, Sectin B.4.a), the air dose due to noble gases released in gaseous effluents from
the site to areas at and beyond the SITE BOUNDARY (see Figure 1-1) shall be limited to the
following:

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

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

Applicability
At all times.
ACTION
a. With the calculated air dose from radioactive noble gases in gaseous effluents

exceeding any of the above limits and if not applicable to 10CFR Part 50.73,
prepare and submit to the Commission within 30 days, pursuant to Control 7.4, a
Special Report which identifies the cause(s) for exceeding the limit(s) and
defines the corrective actions to be taken to reduce the releases and the
proposed corrective actions to be taken to assure that subsequent releases will
be within the above limits.

Surveillance Requirement

SR 3.4 Dose Calculations - Cumulative dose contributions for current calendar quarter and
current calendar year shall be determined in accordance with the ODCM at least once every 31
days.

Bases

Control 3.4 is provided to implement the requirements of Sections II.B, lll.A, and IV.A of
Appendix |, 10CFR Part 50. The control implements the guides set forth in Section 1I.B. The
ACTION statements provide the required operating flexibility and at the same time implement
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the guides set forth in Section IV.A to assure that the releases of radioactive material in
gaseous effluents will be kept “as low as is reasonably achievable. The surveillance
requirement implements the requirements in Section lll.A of Appendix I that conformance with
the guides of Appendix | be shown by calculational procedures based on models and data such
that the actual exposure of a MEMBER OF THE PUBLIC through appropriate pathways is
unlikely to be substantially underestimated. The equations specified in the ODCM for
calculating the doses due to the actual release rates of radioactive noble gases in gaseous
effluents were developed from the methodology provided in Regulatory Guide 1.109,
"Calculation of Annual Doses to Man from Routine Releases of Reactor Effluents for the
Purpose of Evaluating Compliance with 10CFR Part 50, Appendix |," Revision 1, October 1977,
and Regulatory Guide 1.111, "Methods for Estimating Atmospheric Transport and Dispersion of
Gaseous Effluents in Routine Releases from Light-Water Cooled Reactors," Revision 1, July
1977. The ODCM provides for determining the air doses at the SITE BOUNDARY based upon
the historical average atmospheric conditions.
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3.5 Dose Due to Tritium and Radionuclides in Particulate Form With Half-Lives Greater than
Eight Days

Control 3.5 In accordance with Yankee Decommissioning Quality Assurance Program
(Appendix D, Sectin B.4.a), the dose to a MEMBER OF THE PUBLIC from tritium, and
radionuclides in particulate form with half-lives greater than 8 days in gaseous effluents
released from the site to areas at and beyond the SITE BOUNDARY (see Figure 1-1) shall be
limited to the following:

a. During any calendar quarter: less than or equal to 7.5 mrem to any organ, and
b. During any calendar year: less than or equal to 15 mrem to any organ.
Applicability
At all times.
ACTION
a. With the calculated dose from the release of radioactive materials in particulate

form, or radionuclides other than noble gases in gaseous effluents exceeding any
of the above limits, and if not applicable to 10CFR Part 50.73, prepare and
submit to the Commission within 30 days, pursuant to Control 7.4, a Special
Report which identifies the cause(s) for exceeding the limit and defines the
corrective actions taken to reduce the releases and the proposed corrective
actions to be taken to assure that subsequent releases will be within the above
limits.

Surveillance Requirement

SR 3.5 Dose Calculations - Cumulative dose contributions for the current calendar quarter and
current calendar year for tritium, and radionuclides in particulate form with half-lives greater than
8 days shall be determined in accordance with the ODCM at least once every 31 days.
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Bases

Control 3.5 is provided to implement the requirements of Sections tC, #.A, and IV.A of
Appendix |, 10CFR Part 50. The control is the guide set forth in Section II.C. The ACTION
statements provide the required operating flexibility and at the same time implement the guides
set forth in Section IV.A of Appendix | to assure that the releases of radioactive materials in
gaseous effluents will be kept "as low as is reasonably achievable.” The surveillance
requirement implements the requirements in Section IlI.A of Appendix | that conformance with
the guides of Appendix | be shown by calculational procedures based on models and data such
that the actual exposure of a MEMBER OF THE PUBLIC through appropriate pathways is
unlikely to be substantially underestimated. The equations specified in the ODCM for
calculating the doses due to the actual release rates of the subject materials were developed
using the methodology provided in Regulatory Guide 1.109, "Calculation of Annual Doses to
Man from Routine Releases of Reactor Effluents for the Purpose of Evaluating Compliance with
10CFR Part 50, Appendix I,* Revision 1, October 1977, and Regulatory Guide 1.111, "Methods
for Estimating Atmospheric Transport and Dispersion of Gaseous Effluents in Routine Releases
from Light-Water Cooled Reactors,” Revision 1, July 1977. These equations also provide for
determining the actual doses based upon the historical average atmospheric conditions. The
release rate specifications for tritium, and radionuclides in particulate form with half-lives greater
than eight days are dependent on the existing radionuclide pathways to man in areas at and
beyond the SITE BOUNDARY. The pathways which were examined in the development of
these specifications were: (1) individual inhalation of airborne radionuclides, (2) deposition of
radionuclides onto green leafy vegetation with subsequent consumption by man, (3} deposition
onto grassy areas where milk and meat animals graze with consumption of the milk and meat
by man, and (4) deposition on the ground with subsequent exposure of man.
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3.6 Dose Calculation Concepts

Controls 3.1 through 3.5 either limit dose or dose rate. The term “dose" for ingested or
inhaled radioactivity means the dose commitment, measured in mrem, which results from the
exposure to radioactive materials that, because of uptake and deposition in the body, will
continue to expose the body to radiation for some period of time after the source of radioactivity
is stopped. The time frame over which the dose commitment is evaluated is 50 years. The
phrases "annual dose" or "dose in one year" then refer to the fifty-year dose commitment from
one year's worth of releases. "Dose in a quarter” similarly means a fifty-year dose commitment
from one quarter's releases. The term "dose,” with respect to external exposures, such as to
noble gas clouds, refers only to the doses received during the actual time period of exposure to
the radioactivity released from the plant. Once the source of the radioactivity is removed, there
is no longer any additional accumulation to the dose commitment.

The quantities D and D are introduced to provide calculable quantities, related to off-site
dose or dose rate which demonstrates compliance with the controls.

The dose, D, is the quantity calculated by the Chapter 3 dose equations. The D
calculated by “Method I" equations is not necessarily the actual dose received by a real
individual, but usually provides an upper bound for a given release because of the conservative
margin built into the dose factors and the selection and definition of the critical receptors. The
radioisotope specific dose factors in each "Method I dose equation represent the greatest dose
to any organ of any age group accounting for existing or potential pathways of exposure. The
critical receptor assumed by *Method I" equations is typically a hypothetical individual whose
behavior in terms of location and intake results in a dose which is expected to be higher than
any real individual. Method Il allows for a more exact dose calculation for real individuals if
necessary by considering only existing pathways of exposure with the recorded release.
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3.7 Method to Calculate the Total Body Dose from Liquid Releases

Control 3.1 limits the total body dose commitment to a MEMBER OF THE PUBLIC from
radioactive material in liquid effluents to 1.5 mrem per quarter and 3 mrem per year. Control 6.1
requires liquid radioactive waste treatment when the total body dose estimate exceeds
0.06 mrem in any 31-day period. Control 3.2 limits the total body dose commitment to any real
MEMBER OF THE PUBLIC from all station sources (including liquids) to 25 mrem in a year.
Dose evaluation is required at least once per 31 days. If the liquid radioactive waste treatment
system is not being used, dose evaluation is required before each release.

To evaluate total body dose for Control 6.1 add the total body dose from today's
expected releases to the total body dose accumulated for the time period of interest.

3.7.1 Method |

The total body dose from a liquid release is:

Dy =KD Q;DFLy, (Eq. 3-1)

(mrem)

Where:

DFLiw = Site-specific total body dose factor (mrem/Ci) for liquid release. See
Table 1.7.

Qi = Total activity (Curies) released to liquids of radionuclide *i* during the period
of interest. Fori=Fe-55, Sr-89, Sr-90, or H-3, use the best estimates (such
as the most recent measurements).

K = 366/Fq; where Fd is the average (typically monthly average) dilution flow of
the Deerfield River below Sherman Dam (in ft¥sec). If F4 cannot be obtained
or Fqis greater than 366, K can be assumed to equal 1.0. The value, 366, is
the ten-year minimum monthly average Deerfield River flow rate below
Sherman Dam (in ft¥sec).
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Equation 3-1 can be applied under the following conditions (otherwise, justify Method | or
consider Method ll):

a. Liquid releases to the auxiliary service water pathway to Sherman Pond.
b. Any continuous or batch release over any time period.
3.7.2 Method Il

If Method | cannot be applied or if the Method | dose exceeds the limit or if a more exact
calculation is required, then Method Il should be applied. Method Il consists of the models,
input data, and assumptions in Regulatory Guide 1.109, Rev. 1 (Reference A), except where
site-specific models, data, or assumptions are more applicable. The base case analysis is a
good example of the use of Method Il. It is an acceptable starting point for a Method Il analysis.

3.7.3 Basis for Method |

Method | may be used to show that the controls which limit off-site total body dose from
liquids (Controls 3.1, 3.2, and 6.1) have been met for releases over the appropriate periods.
These requirements are based on design objectives and standards in 10CFR Part 50 and
40CFR Part 190. Control 3.1 is based on the ALARA design controls in 10CFR Part 50,
Appendix |, Subsection Il A. Control 6.1 is an "appropriate fraction", determined by the NRC, of
the ALARA design control. Control 3.2 is based on Environmental Standards for the Uranium
Fuel Cycle in 40CFR Part 190 which applies to direct radiation as well as liquid and gaseous
effluents. Method | applies only to the liquid contribution.

Method | was developed such that "the actual exposure of an individual ... is unlikely to
be substantially underestimated (10CFR Part 50, Appendix I). The definition of a single *critical
receptor” (a hypothetical individual whose behavior results in an unrealistically high dose)
provides part of the conservative margin to the calculation of total body dose in Method I.
Method Il allows that actual individuals with real behaviors be taken into account for any given
release. Infact, Method | was based on a Method Il analysis for the critical receptor and annual
average conditions instead of any real individual. The analysis was called the "base case"; it
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was then reduced to form Method . The base case, the method of reduction, and the
assumptions and data used are presented.

The steps performed in the Method | derivation follow. First, in the base case, the dose
impact to the critical receptor (in the form of dose factors in mrem/Ci) for a one Curie
release of each radionuclide in liquid effluents was derived. The base case analysis
uses the methods, data, and assumptions in Regulatory Guide 1.109 (Equations A-3, A-
7, A-13, and A-16, Reference A). Tables 3.2 and 3.3 outline human consumption and
environmental parameters used in the analysis. It is assumed that the critical receptor
fishes below Sherman Dam and eats the fish caught from this location and consumes
leafy vegetables and produce from a farm which is irrigated with water from the Deerfield
River below Sherman Dam. It also is assumed that the critical receptor drinks milk and
eats meat from cows who drink water from the Deerfield River below Sherman Dam and
eat silage from the irrigated farm above.

For any liquid release during any period, the increment in annual average total body
dose from radionuclide "i* is:

ADy, = (Q) (DFLi)

where DFLy, is the total body dose factor for radionuclide *i*, and Q; is the activity of
radionuclide "i" released in Curies.

Method | is more conservative than Method Il because it is based on the following
reduction of the base case. The dose factors, DFLu, used in Method | were chosen from the
base case to be the highest of the four age groups for that radionuclide. In effect, each
radionuclide is conservatively represented by its own critical age group.
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TJABLE 3.2

Environmental Parameters for Liquid Effluents at Yankee Rowe
(Derived from Reference A)

Food Grown with Contaminated Water

Aquatic Shoreline Leafy
Variable Food Activity Vegetables Veg. Meat Cow Milk
MP Mixing Ratio!" 0.84 0.84 0.84 0.84 0.84 0.84
TP Transit Time (hrs) 24.00 0.00 0.00 0.00 480.00 48.00
YV Agticultural Productivity ~ (kg/m?) - - 2.00 2.00 2.00 2.00
P Soil Surface Density (kg/m?) - - 240.00 240.00 240.00 240.00
IRR Irrigation Rate (V/m?hr) - - 0.15 0.15 0.15 0.15
TE Crop Exposure Time (hrs) - - 1440.00 1440.00 1440.00 1440.00
TH Holdup Time (hrs) - - 1440.00 24.00 2160.00 2160.00
QAW Water Uptake Rate for  (I/d) - - - - 50.00 60.00
Animal
QF Feed Uptake Rate (kg/d) - - - - 50.00 50.00
Location of Critical Individual Below Below Below Below Below Below
Sherman Sherman Sherman Sherman Sherman Sherman
Dam Dam Dam Dam Dam Dam
m Listed mixing ratios apply to Method | dose factors. Method Il analyses can apply calculated mixing ratios based on river flow and plant
discharge dilution flow which exist over the period of actual release.
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Age-Specific Usage Factors for Various Liquid Pathways at Yankee Rowe

TABLE 3.3

(From Reference A, Table E-5. Zero where no pathway exists)

Leafy Potable
Age Veg. Veg. Milk Meat Fish Invert. Water | Shoreline
Group | (kglyr) | (kglyr) | (Uyr) (kg/yr) | (kg/hr) | (kglyr) | (Uyr) (hrtyr)

Adult 520.00 | 64.00| 310.00( 110.00 21.00 0.00 0.00 12.00
Teen 630.00 ] 42.00| 400.00 65.00 16.00 0.00 0.00 67.00
Child 520.00 | 26.00 | 330.00 41.00 6.90 0.00 0.00 14.00
Infant 0.00 0.00 | 330.00 0.00 0.00 0.00 0.00 0.00
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3.8  Method to Calculate Maximum Organ Dose from Liquid Releases

Control 3.1 limits the maximum organ dose commitment to a MEMBER OF THE PUBLIC
from radioactive material in liquid effluents to 5 mrem per quarter and 10 mrem per year.
Control 6.1 requires liquid radioactive waste treatment when the maximum organ dose estimate
exceeds 0.2 mrem in any 31-day period. Control 3.2 limits the maximum organ dose
commitment to any real MEMBER OF THE PUBLIC from all station sources (including liquids)
to 25 mrem in a year except for the thyroid, which is limited to 75 mrem in a year. Dose
evaluation is required at least once per 31 days. If the Liquid Radioactive Waste Treatment
System is not being used, dose evaluation is required before each release.

To evaluate the maximum organ dose for Control 6.1, add the organ dose from the
expected releases to the organ dose accumulated for the time period of interest.

3.8.1 Method |

The maximum organ dose from a liquid release is:

Dorgan = K Qi DFLim, (Eq. 3-2)

(mrem)

Where:

DFLimo = Site-specific maximum organ dose factor (mrem/Ci) for a liquid release. See
Table 1.7.

Qi = Total activity (Curies) released to liquids of radionuclide “i* during the period
of interest. Fori= Fe-55, Sr-89, Sr-90, or H-3, use the best estimates (such
as the most recent measurements).

K = 366/F4; where Fg4 is the average (typically monthly average) dilution flow of
the Deerfield River below Sherman Dam (in ft¥/sec). If F4 cannot be obtained
or Fqis greater than 366, K can be assumed to equal 1.0. The value, 366, is
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the ten-year minimum monthly average Deerfield River flow rate below Sherman Dam (in
ft¥/sec).

Equation 3-2 can be applied under the following conditions (otherwise, justify Method | or
consider Method l):

a. Liquid releases to Sherman Pond.
b. Any continuous or batch release over any time period.
3.8.2 Method i

If Method | cannot be applied, or if the Method | dose exceeds the limit, or if a more
exact calculation is required, then Method Il should be applied. Method Il consists of the
models, input data, and assumptions in Regulatory Guide 1.109, Revision 1 (Reference a),
except where site-specific models, data, or assumptions are more applicable. The base case
analysis is a good example of the use of Method II. It is an acceptable starting point for a
Method Il analysis.

3.8.3 Basis for Method |

The methods to calculate the maximum organ dose parallel the total body dose methods
(see Section 3.7.3). Only the differences are presented here.

For any liquid release during any period, the increment in annual average dose from
radionuclide "i* to the maximum organ is:

ADimo = (Qi) (DFLimo)

where DFLin, is the maximum organ dose factor for radionuclide “i", and Qj is the activity of
radionuclide "i" released in Curies.

The dose factors, DFLimo, Used in Method | were chosen from the base case to be the
highest of the set of seven organs and four age groups for each radionuclide. This means that
the maximum effect of each radionuclide is conservatively represented by its own critical age
group and critical organ.
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3.9 Method to Calculate the Total Body Dose Rate from Noble Gases

Control 3.3 limits the dose rate at any time to the total body from noble gas at any
location at or beyond the SITE BOUNDARY equal to or less than 500 mrem/year.

Compliance with the dose rate limits for noble gases is continuously demonstrated when
effluent release rates are below the plant vent stack noble gas activity monitor alarm setpoint by
virtue of the fact that the alarm setpoint is based on a value which corresponds to the off-site
dose rate limit of Control 3.3 or a value below it. :

Determinations of dose rates for compliance with Control 3.3 are performed when the
effluent monitor alarm setpoint is exceeded, and the corrective action required by Control 3.3 is
— unsuccessful, or as required by the ACTION to Table 5.3 when the stack noble gas monitor is
inoperable.

= 3.9.1 Method |

The total body dose rate due to noble gases can be determined as follows:

mrem
Dm( yr ]= 783 QKI’-—BS DFBKF-—GS (Eq. 3'3)

Where:

Qkres = The release rate from the plant vent stack (uCi/sec) of Kr-85. The release
rate at the stack also can be stated in the following equation:

Q=M (81 ](F)

Kr-85

*“ (Eq. 3-10)
() e
sec cpm || sec
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Where:

M = Plant vent stack monitor count rate (cpm).

Skr-85 = Gaseous monitor response factor for Kr-85 (cpm/(uCifcc)).
F = Plant vent stack flow rate (cc/sec).

DFBkrss = Total body dose factor for Kr-85. See Table 1.2.

Equation 3-3 can be applied under the following conditions (otherwise, justify Method | or
consider Method Il):

a. Normal conditions.
b. Kr-85 gas releases via the plant vent stack to the atmosphere.
3.9.2 Method il

If Method | cannot be applied, or if the Method | dose exceeds the limit, or if a more
exact calculation is required, then Method Il may be applied. Method il consists of the models,
input data, and assumptions in Regulatory Guide 1.109, Revision 1 (Reference A), except
where site-specific models, data, or assumptions are more applicable. The base case analysis
is a good example of the use of Method Il. It is an acceptable starting point for a Method i
analysis.

3.8.3 Basis for Method |

Method | may be used to show that the Control 3.3 limit for the total body dose rate from
noble gases released to the atmosphere has been met for the peak noble gas release rate.

Method | was derived from Regulatory Guide 1.109 as follows:

D" =(3.17x 10" (X/Q) (S¥) > Q,DFB

The equation was derived by combining Equations B-4 and B-5 from Regulatory Guide 1.109,
assuming X/Q = X/Q° for noble gases, and some simplification in the notation. Assuming that
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Do = D' [X/Q]V[X/Q] and that Dy, = D}, * Q (LCi/sec) * 31.54/Q (Ci/yr), we get:

Dy (mrem/yr) = (1.0 x 10*® (S¢) [X/QJ' Qkrs5 DFB.g5

Substituting:
Sk = 1.00 (shielding factor).
Xy = Long-term average gamma dilution factor.
= 7.83 x 10 (sec/m).
Qkres = Release rate of Kr-85 (uCi/sec).
Gives:

Do (mrem/yr) =7.83 Q.85 DFBkr.gs
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3.10 Method to Calculate the Skin Dose Rate from Noble Gases

Control 3.3 limits the dose rate at any time to the skin from noble gases at locations at or |
beyond the SITE BOUNDARY to 3,000 mrem/year.

Compliance with the dose rate limits for noble gases is continuously demonstrated when
effluent release rates are below the plant vent stack noble gas activity monitor alarm setpoint by

virtue of the fact that the alarm setpoint is based on a value which corresponds to the off-site
dose rate limit or a value below it.

Determinations of dose rate for compliance with Control 3.3 are performed when the
effluent monitor alarm setpoint is exceeded, and the corrective ACTION required by Control 3.3

is unsuccessful, or as required by the notations to Table 5.3 of Control 5.2 when the stack noble
gas monitor is inoperable.

3.10.1 Method |

The skin dose rate due to noble gases (Kr-85) is:

Dsian (Mrem/yr) = Qgr-g5 DFir-gs (Eq. 3-4)
Where:

Qkres = The release rate from the plant vent stack (uCi/sec) of Kr-85. The release |
rate at the stack also can be stated in the following equation:

0=(M)(SK‘ : ](F)
r—-85

() om{e2) )
SeC cpm sec
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Where:

M = Plant vent stack monitor count rate (cpm).

Skres = Gaseous monitor response factor for Kr-85 (cpm/(uCilce)).
F = Plant vent stack flow rate (cc/sec).

DFk.es = Combined skin dose factor for Kr-85. See Table 1.2.

Equation 3-4 can be applied under the following conditions (otherwise, justify Method | or
consider Method I1):

a. Normal conditions (not emergency event),

b. Noble gas releases via the plant vent stack to the atmosphere.
3.10.2 Method Il

If Method | cannot be applied, or if the Method | dose exceeds the limit, or if a more
exact calculation is required, then Method Il may be applied. Method Il consists of the models,
input data, and assumptions in Regulatory Guide 1.109, Revision 1 (Reference A), except
where site-specific models, data, or assumptions are more applicable. The base case analysis
is a good example of the use of Method Il. Itis an acceptable starting point for a Method [
analysis.

3.10.3 Basis for Method |

The methods to calculate the skin dose rate paraliel the total body dose rate methods in
Section 3.9.3. Only the differences are presented here.

Method | was derived from Regulatory Guide 1.109 as follows:

D® = (3.17 x 10™) [(X/Q) (1.11) (S¥) ) QDR + (X/Q) Y Q; DFs; ]
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The equation was derived by combining Equations B-4, B-5, and B-7 from Regulatory Guide
1.109, assuming that X/Q = X/Q° for noble gases, and making some simplifications in notation.

Assuming that D}, = D [X/QJ¥[X/Q] and that Dg, = D* *-Q (uCifsec) * 31.54/Q (Cilyr) yields,
and that Kr-85 is the only noble gas left in plant inventory:

Dsin (Mrem/yr) = (1.11) (S¢) (1.00 x 10*°) [X/Q]" Qe85 D}, _gs

+ (1.00 x 10*%) (X/Q) Q-85 DFSkr.ss

Where:
[XAQI' = 7.83x10%sec/m®.
X/Q = 2.39x10°sec/m’.
Sk = 1.00 (shielding factor).

Substituting gives:
Dskin (Mrem/yr) = 8.69 Qxres DFY g5 + Qkrss DFSkegs 23.9 x 10%

= QKr—85 [8.69 DFlzr—as +23.9 DFSKr.ss]

Define:
DF_gs = 8.69 (DF) + 23.9 (DFSkr.gs)
= 8.69(1.72x10%) +23.9 (1.34 x 109)
= 3.22x10% (——m’ o o= ]
uCi—yr
Then:
Dsin (Mrem/yr) = Qur.as DFt,_gs = Qirss 3.22 x 107 (Eq. 3-4)
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3.11  Method to Calculate the Critical Organ Dose Rate from Tritium and Particulates with
Half-Lives Greater Than Eight Days

Control 3.3 limits the dose rate at any time at location at or beyond the Site Boundary
from H-3, and radionuclides in particulate form with half-lives greater than eight days to 1,500
mrem/year to any organ. The peak release rate averaging time in the case of particulates is
commensurate with the time the particulate samplers are in service between changeouts.

3.11.1 Method |

The critical organ dose rate can be determined as follows:

De = 2 Q; DFGi'co

(Eqg. 3-5)
mrem ) _ ( pCi }[ mrem — sec
( yr ] (sec)[ uCi—yr ]

Where:

Q = Stack activity release rate determination of radionuclide *i* (tritium, and
particulates with half-lives greater than eight days) in uCi/sec. Fori= Sr-89,
Sr-90, or H-3, use the best estimates (such as most recent measurements).

mrem - secC

DFGi, = Site-specific critical organ dose rate factor ( -
pCi—yr

} for a gaseous

release. See Table 1.8.

Equation 3-5 can be applied under the following conditions (otherwise, justify Method | or
consider Method ll):

a. Normal conditions (not emergency event),
b. Tritium and particulate releases via the plant vent stack to the atmosphere.
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3.11.2 Method Il

If Method | cannot be applied, or if the Method | dose exceeds the control limit, or if a
more exact calculation is required, then Method Il may be applied. Method Il consists of the
models, input data, and assumptions in Regulatory Guide 1.109, Revision 1 (Reference A),
except where site-specific models, data, or assumptions are more applicable. The base case
analysis is a good example of the use of Method Il. It is an acceptable starting point for a
Method Il analysis.

3.11.3 Basis for Method |

The methods to calculate the critical organ dose rate parallel the total body dose rate
methods in Section 3.9.3. Only the differences are presented here.

Method | may be used to show that Control 3.3.b which limits organ dose rate from
tritium and radionuclides in particulate form with half-lives greater than eight days
released to the atmosphere has been met for the peak tritium and particulate release
rates.

The equation for D, is derived by modifying Equation 3-8 from Section 3.14 as follows:
Deo = D, Q; DFGig,

Ci \{ mrem (Eq. 3-8)
yr Ci

Applying the conversion factor, 31.54 (Ci-sec/uCi-yr), and converting Q to Q in puCi/sec yields:

Deo =31.54 ) Q; DFG,
i

mrem | [ Ci—sec ) uCi \{ mrem
yr | | pCi-yr |l sec J| Ci
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Equation 3-5 is rewritten in the form:

Deo= > Qi DFGy,

Where:

DFG{,, = (DFGy,) (31.54)

mrem —sec )| _{mrem }{ Ci-sec
pCi—yr Ci pCi-yr
Should Method Il be needed, the analysis for critical receptor critical pathway(s) may be

performed with latest land use census data to identify the location of those pathways which are
most impacted by these types of releases.
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3.12 Method to Calculate the Gamma Air Dose from Noble Gases (Kr-85)

Control 3.4 limits the gamma dose to air from noble gases at any location at or beyond
the SITE BOUNDARY to 5 mrad in any quarter and 10 mrad in any year. Dose evaluation is
required at least once per 31 days.

3.12.1 Method |
The gamma air dose from plant vent stack releases is:
DY, (mrad) = 0.25 Qy,_gs DF{, g5 (Eq. 3-6)

Where:

Qkss = Total Kr-85 (Curies) released to the atmosphere via the plant vent stack
during the period of interest.

DRl s = Gamma air dose factor for Kr-85. See Table 1.2.

Equation 3-6 can be applied under the following conditions (otherwise, justify Method | or
consider Method ll):

a. Normal conditions (not emergency event),

b. Noble gas releases via the plant vent stack to the atmosphere.
3.12.1.1 Ground Level Releases

For ground level releases, the gamma air dose is:

D} 4 (mrad) = (6.0 x 10°°) (Qirss) (Eq. 3-6.1)
Where:

Qk-ss = The ground level release (in curies) of Kr-85.
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3.12.2 Method Ui l

If Method | cannot be applied, or if the Method | dose exceeds the limit, or if a more
exact calculation is required, then Method Il may be applied. Method ll consists of the models,
input data, and assumptions in Regulatory Guide 1.109, Revision 1 (Reference A), except
where site-specific models, data, or assumptions are more applicable. The base case analysis
is a good example of the use of Method Il. It is an acceptable starting point for a Method i
analysis.

3.12.3 Basis for Method |

Method | may be used to show that Control 3.4, which limits the off-site gamma air dose
from gaseous effluents, has been met for releases over appropriate periods. Control 3.4 is
based on 10CFR Part 50, Appendix |, Subsection B.1, which limits the estimated annual gamma
air dose at unrestricted area locations.

With Kr-85 being the only noble gas potentially available for release, the dose can be l
taken from Equations B-4 and B-5 of Regulatory Guide 1.109 with the added assumption that

DY .. = D X/QIX/QJ:

finite

. 3
DY, (mrad) =3.17 x 10 (g—c—li) [X/Q)" (sec/m®) Qur.gs (Ci) DFY, g5 (M)
i—sec pCi—yr

Where:
[X/Q)Y = Long-term average gamma dilution factor.
= 7.83x10° (sec/m®).
Qkss = Number of Curies of noble gas (Kr-85) released.

Which leads to:

DY, (mrad) = 0.25 Qgrs5 DFY, g5 (Eq. 3-6)
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The gamma air dose from a ground level release is determined by using the same
Regulatory Guide 1.109 equation to derive Equation 3-6. The only differences are:

[X/Q]' = 1.10x 10 sec/m®, which is the long-term average ground level [X/QJ' based
on the time period from May 1977 through April 1982.

D}.es = the gamma air dose factor for Kr-85 (see Table 1.2)

3
to 1.72 x 10° ["“ad—‘m)
pCi-yr

Substituting the above into the Regulatory Guide 1.109 general equation gives:

: 3
DY, (mrad) =3.17 x 10% [M] [X/Q]' (sec/m®) DFY {m’ad—‘"‘] Q (Ci)

Ci-sec pCi—yr
=3.17x 10" x1.10x 10° x 1.72 x 10”° X Qg5 (Eq. 3-6.1)
= 6.0 x 10° Qg5 (Ci)
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3.13 Method to Calculate the Beta Air Dose from Noble Gases

Control 3.4 limits the beta dose to air from noble gases at any location at or beyond the
SITE BOUNDARY to 10 mrad in any quarter and 20 mrad in any year. Dose evaluation is
required at least once per 31 days.

3.13.1 Method |

The beta air dose from plant vent stack releases is:

Df, (mrad) = 0.76 Qy,_gs DFE. . (Eq. 3-7)
Where:

DFf, 5= Beta air dose factor for Kr-85. See Table 1.2.

Ques = Total Kr-85 (Curies) released to the atmosphere via the plant vent stack
during the period of interest.

Equation 3-7 can be applied under the following conditions (otherwise, justify Method | or
consider Method ):

a. Normal conditions (not emergency event),
b. Noble gas releases via the plant vent stack to the atmosphere.
3.13.1.1  Ground Level Releases

For ground level releases, the beta air dose can be determined by using Equation 3-7 for
stack releases. Equation 3-7 results in doses that are approximately ten percent more
conservative than calculating releases using ground level methodology.

3.13.2 Method Il

If Method | cannot be applied, or if the Method | dose exceeds the limit, or if a more
exact calculation is required, then Method It may be applied. Method Il consists of the models,
input data, and assumptions in Regulatory Guide 1.108, Revision 1 (Reference A), except
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where site-specific models, data, or assumptions are more applicable. The base case analysis
is a good example of the use of Method Il. It is an acceptable starting point for a Method 1
analysis.

3.13.3 Basis for Method |

The methods to calculate the beta air dose parallel the gamma air dose methods in
Section 3.12.3. Only the differences are presented here.

Method | may be used to show that Control 3.4, which limits the off-site beta air dose
from gaseous effluents, has been met for releases over appropriate periods. Control 3.4 is
based on 10CFR Part 50, Appendix |, Subsection B.1, which limits the estimated annual beta air
dose at unrestricted area locations.

With Kr-85 being the only noble gas potentially available for release, the dose can be
taken from Equations B-4 and B-5 of Regulatory Guide 1.109:

DB (mrad) = (3.17 x 10™) [X/Q] Qg5 DF¥, g5
Substituting:

X/Q = 2.39 x 10° sec/m®

We have:

DB, (mrad) = 0.76 Qg5 DFE, g5 (Eq. 3-7)
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3.14  Method to Calculate the Critical Organ Dose from Tritium and Particulates

Control 3.5 limits the critical organ dose to a MEMBER OF THE PUBLIC from
radioactive tritium and particulates with half-lives greater than eight days in gaseous effluents to |
7.5 mrem per quarter and 15 mrem per year. Control 3.2 limits the total body and organ dose to
any real MEMBER OF THE PUBLIC from all station sources (including gaseous effluents) to 25
mrem in a year except for the thyroid, which is limited to 75 mrem in a year.

3.14.1 Method |

The critical organ dose from a gaseous release is:

Deo =Y, Qi DFGig, (Eq. 3-8)

(mrem)

Where:

Q = Total activity (Curies) released to the atmosphere of radionuclide "i* during
the period of interest. Fori = Sr-89, Sr-90, or H-3, use the best estimates
(such as the most recent measurements).

DFGioc = Site-specific critical organ dose factor (mrem/Ci) for a gaseous release. See
Table 1.8.

Equation 3-8 can be applied under the following conditions (otherwise, justify Method | or
consider Method Il):

a. Normal conditions (not emergency event), [
b. Tritium and particulate releases via the plant vent stack to the atmosphere, I
C. Any continuous or batch release over any time period.
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3.14.2 Method i

If Method I cannot be applied, or if the Method | dose exceeds the limit, or if a more
exact calculation is required, then Method Il should be applied. Method Il consists of the
models, input data, and assumptions in Regulatory Guide 1.109, Revision 1 (Reference A),
except where site-specific models, data, or assumptions are more applicable. The base case
analysis, documented below, is a good example of the use of Method Il. It is an acceptable
starting point for a Method Il analysis.

3.14.3 Basis for Method |

Method | may be used to show that Controls 3.2 and 3.5, which limit off-site organ dose
from gases, have been met for releases over the appropriate periods. Control 3.5 is based on
the ALARA requirements in 10CFR Part 50, Appendix I, Subsection It C. Control 3.2 is based
on Environmental Standards for Uranium Fuel Cycle in 40CFR190 which applies to direct
radiation as well as to liquid and gaseous effluents. These methods apply only to tritium and
particulates in gaseous effluents.

Method | was developed such that “... the actual exposure of an individual ... is unlikely
to be substantially underestimated" (10CFR Part 50, Appendix ). The use of a single “critical
receptor” provides part of the conservative margin to the calculation of critical organ dose in
Method I. Method Il allows that actual individuals with real behaviors be taken into account for
any given release. In fact, Method | was based on a Method Il analysis of the critical receptor
for the annual average conditions. For purposes of complying with Controls 3.2 and 3.5, annual
average dilution factors are appropriate for batch and continuous releases. The analysis was
called the "base case"; it was then reduced to form Method I. The base case, the method of
reduction, and the assumptions and data used are presented below.

The steps performed in the Method | derivation follow. First, in the base case, the dose
impact to the critical receptor in the form of dose factors, DFGicc (mrem/Ci}, for a one Curie
release of each tritium and particulate radionuclide to gaseous effluents was derived. Then
Method | was determined using simplifying and further conservative assumptions. The base
case analysis uses the methods, data, and assumptions in Regulatory Guide 1.109 (Equations
C-2, C-4, and C-13 in Reference a). Tables 3.4 and 3.5 outline human consumption and
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environmental parameters used in the analysis. It is conservatively assumed that the critical
receptor lives at the "maximum SITE BOUNDARY dilution factor location" as defined in
Section 3.15.

LM

For stack gas releases during any period, the dose from radionuclide "i* is:

Dico = (DFGico) (Ql)

where DFGy; is the critical dose factor for radionuclide *i*, and Q; is the activity of radionuclide
"I* released in Curies.
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(from Regulatory Guide 1.109, Table E-5)

TABLE 3.4

Age-Specific Usage Factors

Leafy
Age Vegetables Vegetables Milk Meat Inhalation
Group (kgfyr) (kglyr) (yr) (kglyr) (m°yr)

Adult 520.00 64.00 310.00 110.00. 8,000.00
Teen 630.00 42.00 400.00 65.00 8,000.00
Child 520.00 26.00 330.00 41.00 3,700.00
Infant 0.00 0.00 330.00 0.00 1,400.00
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TABLE 3.5

Environmental Parameters for Gaseous Effluents at the Yankee Plant

(Derived from Reference a)

Vegetables Cow Milk Goat Milk* Meat
Variable Stored Leafy Pasture Stored Pasture Stored Pasture Stored

YV Agricultural (kg/mz) 2.00 2.00 0.70 2.00 0.70 2.00 0.70 2.00
Productivity

P Soil Surface (kg/m?) 240.00 240.00 240.00 240.00 240.00 240.00 240.00 240.00
Density

T Transport Timeto  (hrs) - - 48.00 48.00 48.00 48.00 480.00 480.00
User

TB Soil Exposure (hrs) 131400.0 | 131400.0 | 131400.00 | 131400.00 | 131400.00 131400.00 | 131400.00 | 131400.00
Time'" 0 0

TF Crop Exposure (hrs) 1440.00 | 1440.00 720.00 1440.00 720.00 1440.00 720.00 1440.00
Time to Plume

TH Holdup After (hrs) 1440.00 24.00 0.00 2160.00 0.00 2160.00 0.00 2160.00
Harvest

QF Animals Daily (kg/day) - - 50.00 50.00 6.00 6.00 50.00 50.00
Feed

FP Fraction of Year - - 0.50 0.50 - 0.50 -
on Pasture®

FS Fraction Pasture - - 1.00 - 1.00 - 1.00 -
When on
Pasture®

FG Fraction of Stored 0.76 - - - - - - -
Veg. Grown in
Garden
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TABLE 3.5
(Continued)

Environmental Parameters for Gaseous Effluents at the Yankee Plant
(Derived from Reference a)

Vegetables Cow Milk Goat Milk* Meat
Variable Stored Leafy Pasture Stored Pasture Stored Pasture Stored

FL

Fraction of Leafy 1.00 - - - . - R
Veg. Grown in
Garden

Fl

Fraction - - - - - - - -
Elemental lodine
=05

H

Absolute®® (gm/m®) - - - . - - - .
Humidity = 5.6

*Pathway is not included in Method I. It is listed for informational purposes and the possible use in a Method Il analysis.

Notes:

M

For Method Il dose/dose rate analyses of identified radioactivity releases of less than one year, the soil exposure time for that release may
be set at 8760 hours (1 year) for all pathways.

(2) ForMethod Il dose/dose rate analyses performed for releases occurring during the first or fourth calendar quarters, the fraction of time
animals are assumed to be on pasture is zero (nongrowing season). For the second and third calendar quarters, the fraction of time on
pasture (FP) will be setat 1.0. FP may also be adjusted for specific farm locations if this information is so identified and reported as part of
the land use census.

(3) ForMethod Il analyses, the fraction of pasture feed while on pasture may be set to less than 1.0 for specific farm locations if this
information is so identified and reported as part of the land use census.

(4) Forall Method Il analyses, an absolute humidity value equal to 5.6 (gm/m®) shall be used to reflect conditions in the Northeast (Reference:
Health Physics Joumal, Vol. 39 (August), 1980; Page 318-320, Pergammon Press).
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3.15  Critical Receptors and Long-Term Average Atmospheric Dispersion Factors for
Important Exposure Pathways

The gaseous effluent dose equations (Method 1) have been simplified by assuming an
individual whose behavior and living habits inevitably lead to a higher dose than anyone else.
The following pathways of exposure to gaseous effluents as listed in Regulatory Guide 1.109
(Reference a) have been considered. They are:

a. Direct exposuré to contaminated air,

b. Direct exposure to contaminated ground,
C. Inhalation of air,

d. Ingestion of vegetables,

e. Ingestion of cow milk, and

f. Ingestion of meat.

Section 3.15.1 details the selection of important off-site locations and receptors; Section 3.15.2
describes the atmospheric model used to convert meteorological data into dispersion factors:
and Section 3.15.3 contains the resulting descriptions of the critical receptors and their
dispersion factors as a function of exposure pathway.

3.15.1 Critical Receptors

The most limiting SITE BOUNDARY location in which individuals are or are likely to be
located was assumed to be the receptor for all the gaseous pathways considered. This
provides a conservative estimate of the dose to an individual from existing and potential
gaseous pathways for the Method | analysis.

This point is the SSE sector, 800 meters.

Revision 11

3-41




3.15.2 Yankee Atmospheric Dispersion Model

The annual average dispersion factors are computed for routine {long-term) releases
using the Yankee Atomic Electric Company's (YAEC) AEOLUS (Reference b) computer code.

AEOLUS produces the following annual average dispersion factors for each location:

a. X/Q, nondepleted dispersion factors for evaluating ground level concentrations;

b. [X/Q]°, depleted dispersion factors for evaluating ground level concentrations of
particulates;

c. X/Q, effective gamma dispersion factors for evaluating gamma dose rates from a

sector-averaged finite cloud (multiple-energy, undepleted source); and

d. D/Q, deposition factors for dry deposition of particulates.

The AEOLUS diffusion model is described in the AEOLUS manual (Reference b). |

AEOLUS is based, in part, on the straight-line airflow model as discussed in Regulatory
Guide 1.111 (Reference c). |

One difference is that the gamma dose rate is calculated throughout this ODCM using
the finite cloud model presented in Meteorology and Atomic Energy 1968 (Reference h,
Section 7-5.2.5). That model is implemented through the definition (Reference b, Section 6) of
an effective gamma dispersion factor, X/Q?, and the replacement of X/Q in infinite cloud dose
equations by the X/Q".

Another difference is that the relatively narrow valley in which the plant sits is considered |
by the model. Wind channelling is assumed to occur in the seven sectors which make up the
valley. The seven sectors are SSE, S, SSW, SW, WSW, W, and WNW. If a receptor location is
in one of the valley sectors, the contributions from the other six valley sectors are averaged into
the particular valley receptor. This is done for distances greater than 500 meters from the
primary vent stack where the valley effects are assumed to cause channelling.
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3.156.3 Long-Term Average Dispersion Factors for Critical Receptors

Actual measured meteorological data for the five-year period, January 1981 through
December 1985, was analyzed to determine the locations of the maximum off-site atmospheric
dispersion factors. Each dose and dose rate calculation incorporates the maximum applicable

oft-site, long-term average atmospheric dispersion factor. The values used and their locations
are summarized in Table 3.6.
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TABLE 3.6

Yankee Nuclear Power Station Five-Year Average Atmospheric Dispersion Factors'"

Dose to Critical
Dose Rate to Individual Dose to Air Organ
Total Body Skin Critical Organ Gamma Beta Thyroid
- - 2.19x 10° - - 2.19x10°®
X/Q Depleted [fﬂif] X X
sec - 2.39x10° - - 2.39x10° -
X/Q Undepleted [-53—)
1 - - 5.02x 10 - - 5.02x 10°®
D/Q {F)
o (sec 7.83x10° 7.83x10° - 7.83x10° - -
A

MSSE SITE BOUNDARY, 800 meters from the primary vent stack.
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3.16 Method to Calculate Direct Dose from Plant Operation

Control 3.2 restricts the dose to the whole body and any organ of any real MEMBER OF
THE PUBLIC at and beyond the Site Boundary from all station sources (including direct
radiation) to the limit of 25 mrem in a year, except for the thyroid which is limited to 75 mrem in
a year.

Estimates of direct exposure above background in areas at and beyond the site
boundary (or in residential areas inside the site boundary) can be determined from
measurements made by environmental TLDs that are part of the Environmental Monitoring
Program (see Table 4.4). Alternatively, direct dose calculations from identified fixed sources
on site can be used to estimate the off-site direct dose contribution where TLD information may
not be applicable.
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4.0 RADIOLOGICAL ENVIRONMENTAL MONITORING

4.1 Monitoring Program

Control 4.1 In accordance with Yankee Decommissioning Quality Assurance Program
(Appendix D, Section B.4.b), the Radiological Environmental Monitoring Program shall be
conducted as specified in Table 4.1.

Applicability

At all times.

ACTION

a.

Revision 15

With the Radiological Environmental Monitoring Program not being conducted as
specified in Table 4.1, prepare and submit to the Commission in the Annual
Radiological Environmental Operating Report, a description of the reasons for
not conducting the program as required and the plans for preventing a
recurrence. Deviations are permitted from the required sampling schedule if
specimens are unobtainable due to hazardous conditions, seasonal
unavailability, or to malfunction of automatic sampling equipment. If the latter,
every effort shall be made to complete corrective action prior to the end of the
next sampling period.

With the level of radioactivity as the result of plant effluents in an environmental
sampling media at one or more of the locations specified in Table 4.1 exceeding
the reporting levels of Table 4.2 when averaged over any calendar quarter,
prepare and submit to the Commission within 30 days from the receipt of the
laboratory analyses, pursuant to Control 7.4, a Special Report which includes an
evaluation of any release conditions, environmental factors, or other aspects
which caused the limits of Table 4.2 to be exceeded. When more than one of the
radionuclides in Table 4.2 are detected in the sampling medium, this report shall
be submitted if:

concentration (1) + concentration (2)

21.0
reportinglevel (1)  reportinglevel (2)
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When radionuclides other than those in Table 4.2 are detected and are the result
of plant effluents, this report shall be submitted if the potential annual dose to a
MEMBER OF THE PUBLIC is equal or greater than the calendar year limits of
Controls 3.1, 3.3, and 3.4. This report is not required if the measured level of
radioactivity was not the result of plant effluents, however, in such an event, the
condition shall be reported and described in the Annual Radiological
Environmental Operating Report.

C. With milk samples no longer available from one or more sample locations
required by Table 4.1, identify new location(s), if available, for obtaining
replacement samples and add them to the Radiological Environmental
Monitoring Program within 30 days. The specific location(s) from which samples
were no longer available may then be deleted from the monitoring program.
Pursuant to Control 7.2, identify the cause of the samples no longer being
available and identify the new location(s) for obtaining available replacement
samples in the next Annual Radioactive Effluent Release Report and include
revised ODCM figure(s) and table(s) reflecting the new location(s).

Surveillance Requirement

SR 4.1 The radiological environmental monitoring samples shall be collected pursuant to Table
4.1 from the locations given in the ODCM and shall be analyzed pursuant to the requirements of
Table 4.1 and the detection capabilities required by Table 4.3.

Bases

The Radiological Environmental Monitoring Program required by Control 4.1 provides
measurements of radiation and of radioactive materials in those exposure pathways and for
those radionuclides, which lead to the highest potential radiation exposures of MEMBER(S) OF
THE PUBLIC resulting from the station operation. The monitoring program implements Section
IV.B.2 of Appendix I, 10CFR Part 50, and thereby, supplements the Radiological Effiluent
Monitoring Program by verifying that the measurable concentrations of radioactive materials and
levels of radiation are not higher than expected on the basis of the effluent measurements and
modeling of the environmental exposure pathways. Guidance for the monitoring program is
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provided by the Radiological Assessment Branch Technical Position on Environmental
Monitoring, Revision 1, November 1979. Program changes may be initiated based on
operational experience.

The detection capabilities required by Table 4.3 are considered optimum for routine
environmental measurements in industrial laboratories. It should be recognized that the LLD is
defined as an a_priori (before the fact) limit representing the capability of a measurement system
and not as an a posteriori (after the fact) limit for a particular measurement. This does not
preclude the calculation of an a posteriori LLD for a particular measurement based upon the
actual parameters for the sample in question.
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TABLE 4.1

Radiological Environmental Monitoring Program*

Exposure Pathway

Number of Sample

Shoreline

and/or Sample Locations Sampling and Collection Frequency Type and Frequency of Analysis
1. AIRBORNE
a. Particulates 5 Continuous operation of sampler with sample Gross beta radioactivity following
collections as required by dust loading, but at filter change. Composite (by
least once per two weeks. location) for gamma isotopic at
least once per quarter.
2. DIRECT RADIATION 24*** Quarterly Gamma dose, at least once per
quarter.
3. WATERBORNE
a. Surface 2 Composite sample** collected over a period of Gross beta and gamma isotopic
one month at downstream location; monthly grab | analysis of each sample. Tritium
sample at upstream control location. analysis of composite sample at
least once per quarter,
b. Ground 2 At least once per quarter. Gamma isotopic and tritium
analyses of each sample.
¢. Sedimentfrom ) R At least once per six months. Gamma isotopic analysis of each

sample.
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TABLE 4.1
(Continued)

Radiological Environmental Monitoring Program*

Exposure Pathway

Number of Sample

and/or Sample Locations Sampling and Collection Frequency Type and Frequency of Analysis
4, INGESTION
a. Mik (a) At least once per month. Gamma isotopic analysis of each
sample.

b. Fish 2 Commerecially and recreationally important Gamma isotopic analysis on
species. Seasonal or semiannually, if not edible portions.
seasonal.

c. Food Products 3 At time of harvest. One sample of any of the Gamma isotopic analysis on

following classes of food products:

1. Tuberous vegetable
2. Above ground vegetable
3. Fruit

edible portions.

Report.

*x

12212

Composite samples shall be obtained by collecting an aliquot at intervals not exceeding two hours.
Does not include Restricted Area Fence locations.

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

Specific sample locations for all media are specified in the ODCM and reported in the Annual Radiological Environmental Operating

(a) A total of two locations are included in the REMP (one indicator location and one control). However, the most recent Land Use Census
finds no locations within five miles from which milk samples can be collected. If future Land Use Census identifies an available sampling
location within five miles, it will be included in the REMP.
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TABLE 4.2

Reporting Levels for Radioactivity Concentrations in Environmental Samples

. Airborne
Water Particulates Fish Milk Food Products
Analysis (pCifl) (pCiIm®) (pCilkg, wet) (pCifl) (pCi/kg, wet)
H-3 3x10* - - - -
Mn-54 1x10% - 3x 10" - -
Co-58 1x10% - 3x 10" - -
Co-60 3x10% - 1x10™ - -
Zn-65 3x10% - 2x10% - -
Zr-Nb-95 4x10% - - - -
Cs-134 3x10" 1x10" 1x10* 6 x 10" 1x10%
Cs-137 5x10" 2x 10" 2x10% 7x 10" 2x10*

) Reporting levels for nondrinking water pathways.
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TABLE 4.3

Detection Capabilities for Environmental Sample Analysis® ©

Airborne
Water Particulates Fish Milk Food Products Sediment
Analysis® (pCifY) (pCifm®) (pCirkg. wet) (pCifl) (pCilkg. wet) (pCi/kg. dry)
Gross beta 4x10%° 1x10%? - - - -
H-3 2x10% - - - - -
Mn-54 1.5 x 10*! - 1.3x10% - - -
Co-58, -60 1.5 x 10*! - 1.3x10* - - -
Zn-65 3x 10" - 2.6 x 10* - - -
Zr-Nb-95 1.5 x 10*1® - - - - -
Cs-134 1.5x 10" 5x10% 1.3x10* 1.5 x 10*' 6 x 10" 1.5 x 10*
Cs-137 1.8 x 10* 6x102 1.5 x 10* 1.8x 10" 8 x 10™ 1.8x 10"
Revision 11
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TABLE 4.3
(Continued)

Table Notation

a. The LLD is the smallest concentration of radioactive material in a sample that will yield a
net count above system background that will be detected with 95 percent probability with

only 5 percent probability of falsely concluding that a blank observation represents a
“real" signal.

For a particular measurement system (which may include radiochemical separation):

) (4.66) (Sp)
(E)V)(2.22)(Y)[Exp(-AAt)]

Where:

LLD = A priori lower limit of detection as defined above (microcuries or picocuries
per unit mass or volume).

Sy = Standard deviation of the background counting rate or of the counting rate of
a blank sample as appropriate (counts per minute).

E = Counting efficiency (counts per disintegration).

\'4 = Sample size (units of mass or volume).

222 = Number of disintegrations per minute per picocurie.

Y = Fractional radiochemical yield (when applicable).

A = Radioactive decay constant for the particular radionuclide.

At = Elapsed time between sample collection and analysis.

Typical values of E, V, Y, and At can be used in the calculation. In calculating the LLD
for a radionuclide determined by gamma-ray spectrometry, the background shall include
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the typical contributions of other radionuclides normally present in the samples
(e.g., Potassium-40 in milk samples).

Analysis shall be performed in such a manner that the stated LLDs will be achieved
under routine conditions. Occasionally, background fluctuations, unavoidably small
sample sizes, the presence of interfering radionuclides, or other uncontrollable
circumstances may render these LLDs unavailable. In such cases, the contributing
factors will be identified and described in the Annual Radiological Environmental
Operating Report.

It should be recognized that the LLD is defined as an a priori (before the fact) limit
representing the capability of a measurement system and not as an a posteriori (after
the fact) limit for a particular measurement. This does not preclude the calculation of an
a posteriori LLD for a particular measurement based upon the actual parameters for the
sample in question and appropriate decay correction parameters such as decay while
sampling and during analysis.

Parent only.

If the measured concentration minus the 5 sigma counting statistics is found to exceed
the specified LLD, the sample does not have to be analyzed to meet the specified LLD.

This list does not mean that only these radionuclides are to be considered. Other peaks
that are identifiable, together with those of the listed radionuclides, also shall be
analyzed and reported in the Annual Radiological Environmental Operating Report
pursuant to Control 7.1.
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4.2 Land Use Census

Control 4.2 In accordance with Yankee Decommissioning Quality Assurance Program
(Appendix D, Section B.4.b), a land use census shall be conducted to identify the location of the
nearest milk animal, the nearest residence, and the nearest garden” of greater than 500 square

feet producing fresh leafy vegetables in each of the 16 meteorological sectors within a distance
of five miles.

Applicability
At all times.
ACTION
a. With a land use census identifying a location(s) which yields at least a 20 percent
greater dose or dose commitment than the values currently being calculated in
SR 3.5, identify the new location(s) in the next Annual Radioactive Effluent
Release Report.
b. With a land use census identifying a location(s) which yields a calculated dose or

dose commitment (via the same exposure pathway) at least 20 percent greater
than at a location from which samples are currently being obtained in accordance
with Control 4.1, add the new location(s) to the Radiological Environmental
Monitoring Program within 30 days if permission from the owner to collect
samples can be obtained and sufficient sample volume is available. The
sampling location(s), excluding the control station location, having the lowest
calculated dose or dose commitment (via the same exposure pathway) may be
deleted from this monitoring program after October 31 of the year in which this
land use census was conducted. Identify the new location(s) in the next Annual
Radioactive Effluent Release Report.

Surveillance Requirement

SR 4.2 The land use census shall be conducted at least once per 12 months between the dates
of June 1 and October 1 by either a door-to-door survey, aerial survey, or by consulting local
agriculture authorities.

* Inlieu of the garden census, broad leaf vegetation sampling may be performed at the site boundary in
the direction sector with the highest D/Q.
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The results of the land use census shall be included in the Annual Radiological Environmental
Operating Repott pursuant to Control 7.1.

Bases

Control 4.2 is provided to ensure that changes in the use of areas at and beyond the
SITE BOUNDARIES are identified and that modifications to the monitoring program are made if
required by the results of the land use census. The census satisfies the requirements of
Section IV.B.3 of Appendix |, 10CFR Part 50. Restricting the census to gardens of greater than
500 square feet provides assurance that significant exposure pathways via leafy vegetables will
be identified and monitored since a garden of this size is the minimum required to produce the
quantity (26 kg/year) of leafy vegetables assumed in Regulatory Guide 1.109 for consumption
by a child. To determine this minimum garden size, the following assumptions were used: (1)
20 percent of the garden was used for growing broad leaf vegetation (i.e., similar to lettuce and
cabbage) and (2) a vegetation yield of 2 kg/square meter. In lieu of the garden census, broad
leaf vegetation samples from the SITE BOUNDARY in the direction sector with the highest D/Q
may be substituted. The use of the maximum off-site D/Q value predicted for gaseous effluents
from the plant stack (the plant stack does not qualify for an elevated release as defined in
Regulatory Guide 1.111, March 1976) will generate the maximum possible calculated dose, and
thus, no real garden located at any other point could have a greater calculated dose or dose
commitment.

The addition of new sampling locations to Control 4.1, based on the land use census, is
limited to those locations which yield a calculated dose or dose commitment 20 percent greater
than the calculated dose or dose commitment at any location currently being sampled. This
eliminates the unnecessary changing of the Environmental Radiation Monitoring Program for
new locations which, within the accuracy of the calculation, contribute essentially the same to
the dose or dose commitment as the location already sampled. The substitution of a new
sampling point for one already sampled when the calculated difference in dose is less than 20
percent, would not be expected to result in a significant increase in the ability to detect plant
effluent-related radionuclides.
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4.3 Intercomparison Program

Control 4.3 In accordance with Yankee Decommissioning Quality Assurance Program
(Appendix D, Section B.4.b), analyses shall be performed on referenced radioactive materials
supplied as part of the quality assurance Laboratory Intercomparison Program.

Applicability
At all times.

ACTION

With analyses not being performed as required above, report the corrective actions
taken to prevent a recurrence to the Commission in the Annual Radiological Environmental
Operating Report.

Surveillance Requirement

SR 4.3 A summary of the results of analyses performed as part of the above required
Intercomparison Program shall be included in the Annual Radiological Environmental Operating
Report.

Bases

The control for participation in the Intercomparison Program is provided to ensure that
independent checks on the precision and accuracy of the measurements of radioactive material
in environmental sample matrices are performed. The independent checks are completed as
part of a quality assurance program for environmental monitoring in order to demonstrate that
the results are reasonably valid for the purposes of Section IV.B.2 of Appendix |, 10CFR
Part 50.

4.4 Environmental Monitoring Locations

The radiological environmental monitoring stations are listed in Table 4.4. The locations
of these stations with respect to the Yankee plant facility are shown on the maps in Figures 4-1
through 4-7.
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TABLE 4.4

Radiological Environmental Monitoring Stations*

Exposure Pathway

Sample Location and

Distance From the

Direction From

and/or Sample Designated Code** Plant (km) Plant
1. AIRBORNE
(Particulates) AP-11 | Observation Stand 0.5 NW
AP-12 | Monroe Bridge 1.1 SW
AP-13 | Rowe School 4.2 SE
AP-14 | Harriman Power Station 3.2 N
AP-21 | Williamstown, MA 222 w
2. WATERBORNE
a. Surface WR-11 | Bear Swamp Lower 6.3 Downriver
Reservoir
WR-21 | Harriman Reservoir 10.1 Upriver
b. Ground WG-11 | Plant Potable On-Site Well
WG-12 | Sherman Spring 0.2 NW
c. Sediment SE-11 Number 4 Station 36.2 Downriver
From SE-21 Harriman Reservoir 10.1 Upriver
Shoreline
3. INGESTION
a. Milk(a) TM-21 | Williamstown, MA 21.0 WSwW
b. Fish FH-11 Sherman Pond 1.5 At Discharge
and Point
Invertebrates  FH-21 Harriman Reservoir 10.1 Upriver
c. Food TF-11 Monroe Bridge 1.9 WSW
Products TF-13 Monroe, MA 1.9 WNW
TF-21 Williamstown, MA 21.0 WSsSw

(a) No milk sampling location is available within 5 miles.
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TABLE 4.4
(Continued)

Radiological Environmental Monitoring Stations*

Exposure Pathway

Sample Location and

Distance From

Direction From

and/or Sample Designated Code** the Plant (km) Plant
4. DIRECT GM-1 Furlon House 0.80 SW
RADIATION GM-2 Observation Stand 0.50 NW
GM-3 Rowe School 4.20 SE
GM-4 Harriman Station 3.20 N
GM-5 Monroe Bridge 1.10 SW
GM-6 Readsboro Road Barrier 1.30 N
GM-7 Whitingham Line 3.50 NE
GM-8 Monroe Hill Barrier 1.80 S
GM-9 Dunbar Brook 3.20 Sw
GM-10 | Cross Road 3.50 E
GM-11 | Adams High Line 2.10 WNW
GM-12 | Readsboro, VT 5.50 NNW
GM-13 | Restricted Area Fence 0.08 WSsSw
GM-14 | Restricted Area Fence 0.11 WNW
GM-15 | Restricted Area Fence 0.08 NNW
GM-16 | Restricted Area Fence 0.13 NNE
GM-17 | Restricted Area Fence 0.14 ENE
GM-18 | Restricted Area Fence 0.14 ESE
GM-19 | Restricted Area Fence 0.16 SE
GM-20 | Restricted Area Fence 0.16 SSE
GM-21 | Restricted Area Fence 0.11 SSw
GM-22 | Heartwellville 12.60 NNW
GM-23 | Williamstown Substation 22.20 w
GM-25 | Whitingham, VT 7.70 NNE
GM-27 | Number 9 Road 7.60 ENE
GM-29 | Route 8A 8.20 ESE
GM-31 | Legate Hill Road 7.60 SSE
GM-32 | Rowe Road 7.90 S
GM-33 | Zoar Road 6.90 SSW
GM-35 | Whitcomb Summit 8.60 wsw
GM-36 | Tilda Road 6.60 w
GM-38 | West Hill Road 6.60 Nw
GM-40 | Readsboro Road 0.50 W

* Sample locations are shown on Figures 4-1 through 4-7.

** Station 1X’s are indicator stations, and Station 2X's are control stations (excluding the direct
radiation stations).
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Yankee Plant Radiological Environmental Monitoring Locations Within 1 Mile (Airborne,
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Yankee Plant Radiological Environmental Monitoring Locations at the Restricted Area Fence

(Direct Radiation Pathway)
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Yankee Plant Radiological Environmental Monitoring Locations Within 1 Mile (Direct
Radiation Pathway)
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Yankee Plant Radiological Environmental Monitoring Locations Within 12 Miles (Direct
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5.0 INSTRUMENTATION
5.1 Radioactive Liquid Effluents

Control 5.1 In accordance with Yankee Decommissioning Quality Assurance Program
(Appendix D, Section B.4.a), the radioactive liquid effluent monitoring instrumentation channels
shown in Table 5.1 shall be OPERABLE with their alarm/trip setpoints set to ensure that the
limits of Control 2.1 are not exceeded. The alarm/trip setpoints of these channels shall be
determined in accordance with the ODCM.

Applicability

As shown in Table 5.1.

ACTION
a. With a radioactive liquid effluent monitoring instrumentation channel alarm/trip
setpoint less conservative than a value which will ensure that the limits of
Control 2.1 are met, without delay, take actions to suspend the release of
radioactive liquid effluents monitored by the affected channel, or declare the
channel inoperable, or change the setpoint, so it is acceptably conservative.
b. With less than the minimum number of radioactive liquid effluent monitoring

instrumentation channels OPERABLE, take the ACTION shown in Table 5.1.
Exert reasonable efforts to return the instrument(s) to OPERABLE status within
30 days and if unsuccessful, explain in the next Annual Radioactive Effluent
Release Report the reason for the delay in correcting the inoperability.

Surveillance Requirement

SR 5.1 Each radioactive liquid effluent monitoring instrumentation channel shall be
demonstrated OPERABLE by performance of the CHANNEL CHECK, SOURCE CHECK,
CHANNEL CALIBRATION, and CHANNEL FUNCTIONAL TEST operations during the MODES
and at the frequencies shown in Table 5.2.
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Bases

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

A gross radioactivity monitor which provides for automatic isolation of liquid discharges
on detection of radioactivity concentrations in excess of the values of 10CFR Part 20 (see
Appendix B of ODCM), is included on the liquid radioactive waste effluent discharge line from
the plant's test tanks. The automatic alarm/trip function provided by this monitor gives
assurance as a final check that all conditions assumed, measured, or calculated that were used
to determine effluent discharge rates have been appropriately made. This provides a degree of
protection against calculational errors on discharge rate, operator errors in setting discharge
flow, nonrepresentative samples used for isotopic content of discharge volume, or crud releases
during discharge which could lead to the discharge concentration limits of Control 2.1 being
exceeded.

The same gross radioactivity monitor provides alarm and spent fuel pool cooling pump
trip on the detection of radioactivity in the Auxiliary Service Water effluent line (normally clean)
when spent fuel pool cooling via the spent fuel pool cooling heat exchanger is in operation.

Composite samples are provided for continuous potential radioactive effluent pathways
(i.e., ASW discharge) to give assurance that potential radioactive liquid releases to the
environment are accounted for (See Figure 6-1).
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TABLE 5.1

Radioactive Liquid Effluent Monitoring Instrumentation

Minimum
Channels
Instrument . OPERABLE | Applicability ACTION
1. Gross Radioactivity Monitor Providing
Automatic Isolation
a. Liquid Radwaste Effluent Line' (1) At All Times* 1
2. Gross Radioactivity Monitor not Providing
Automatic Isolation
a. Auxiliary Service Water Effluent Line' (1) At All Times* 4
3. Continuous Composite Samplers
a. Auxiliary Service Water Effluent Line? @) * 5
4. Flow Rate Measurement Devices
a. Liquid Radwaste Effluent Line &) > 3
b. Auxiliary Service Water System Effluent (1) ** 6

' A common radioactivity monitor (ASW-RM-001) provides indication for both the Liquid
Radwaste Effluent Line and the Auxiliary Service Water Effluent Line (servicing the Spent Fuel
Pool (SFP) Heat Exchanger operation). Liquid radwaste effluent discharges from the batch
effluent test tanks will not occur when SFP cooling is active via the SFP Heat Exchanger.
Actuation of the radioactivity monitor alarm will isolate test tank releases (if in progress), and
trip SFP cooling pumps (if in operation).

? The composite sampler is intended to provide water samples from the expected clean flow
path associated with SFP cooling. When radwaste discharges from the test tanks occur, the
ASW composite sampler is secured from operation.
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TABLE 5.1
(Continued)

Table Notation

3 Not used.

* Monitor preventive maintenance, testing and calibration are permitted under the ACTION
requirements.

*

Via this pathway when SFP cooling is active on the SFP heat exchanger.

** Via this pathway during releases.
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TABLE 5.1
(Continued)

ACTION Statements

ACTION 1 - With the number of channels OPERABLE less than required by the minimum

ACTION 2 -

ACTION 3 -

ACTION 4 -

Revision 15

channels OPERABLE requirement, ASW flow shall be secured and Test Tank
releases curtailed. Effiuent releases from the Test Tank may continue, provided
that prior to initiating the release:

a.  Atleast two independent samples of the tank's contents are analyzed in
accordance with SR 2.1.1,

b.  Atleast two technically qualified members of the facility staff independently
verify the release rate calculations and discharge line valving,

c. ASW flow is re-established in accordance with the requirements of ACTION 4
below.

Deleted

With the number of channels OPERABLE less than required by the minimum
channels OPERABLE requirement, effluent releases via this pathway may
continue, provided that the flow rate is estimated at least once per four hours
during actual releases.

With the number of channels OPERABLE less than required by the minimum
channels OPERABLE requirement, Spent Fuel Pit cooling shall be shutdown and
the ASW flow secured by shutting down the ASW pump. ASW flow may be
re-established (including Spent Fuel Pit Cooling, as needed) and effluent releases
via this pathway continued, provided grab samples are taken at least once per

12 hours and analyzed for gross radioactivity (beta or gamma) at a limit of
detection of at least 1.0 x 107 microcuries/ml within 24 hours of collection.



ACTION S -

ACTION 6 -

Revision 15

TABLES.1
(Continued)

ACTION Statements

With the number of channels OPERABLE less than required by the minimum
channels OPERABLE requirement, operation of the potential effluent release
pathway may continue, provided that the associated effluent monitor is verified to
be operating and grab samples are taken at least once per 24 hours and analyzed
for gross radioactivity (beta or gamma) at a limit of detection of at least 1.0 x 10-7
microcuries/ml at least weekly on a composite sample.

With the number of channels OPERABLE less than required by the minimum
channels OPERABLE requirement, operation of the potential effluent release
pathway may continue, provided that the flow rate is estimated at least once per
four hours.
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TABLE 5.2

Radioactive Liquid Effluent Monitoring Instrumentation Surveillance Requirements

MODES in
CHANNEL Which
CHANNEL | SOURCE CHANNEL FUNCTIONAL | Surveillance
Instrument CHECK CHECK | CALIBRATION TEST is Required
1. Gross Beta or Gamma Radioactivity Monitor Providing
Alarm and Automatic Isolation
a. Liquid Radwaste Effluent Line® D P R® Qi At All Times
2. Gross Radioactivity Monitor Providing Alarm But Not
Automatic Isolation of Release
a. Auxiliary Service Water Effluent Line® (b) M (b) (b} At All Times
3. Continuous Composite Samplers
a. Auxiliary Service Water Effluent Line D NA NA Q *hr
4. Flow Rate Measurement Devices
a. Liquid Radwaste Effluent Line D® NA R NA -
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TABLE 5.2
(Continued)

Radioactive Liquid Effluent Monitoring Instrumentation Surveillance Requirements

MODES in
CHANNEL Which
CHANNEL | SOURCE CHANNEL FUNCTIONAL | Surveillance
Instrument CHECK CHECK | CALIBRATION TEST is Required
b. Auxiliary Service Water Discharge D® NA R NA i

(a)

cooling pumps (if in operation).
()
monitor.

Revision 15

Via this pathway during releases.

Via this pathway when SFP cooling is active on the SFP heat exchanger.

A common radioactivity monitor (ASW-RM-001) provides indication for both the Li
Service Water Effluent Line. Actuation of the radioactivity monitor alarm will isola

5-8

quid Radwaste Effluent Line and Auxiliary
te test tank releases (if in progress), and trip SFP

Channel Check, Channel Calibration, and Channel Functional Test surveillance requirements stated in 1.a. for this common
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TABLE 5.2
(Continued)

Table Notation

(1) - The CHANNEL FUNCTIONAL TEST also shall demonstrate that automatic isolation of the
liquid radwaste effluent line, automatic trip of SFP cooling pumps, and Control Room
alarm annunciation occurs if any of the following conditions, except as noted, exist:

a. Instrument indicates measured levels above the alarm/trip setpoint,

b.  Circuit failure,

c. Instrumentindicates a downscale failure (automatic pathway isolation, and Control Room
alarm indication.

(2) - The CHANNEL CALIBRATION shall include the use of a known radioactive source(s)
positioned in a reproducible geometry with respect to the sensor whose effect on the
system was established at the time of the primary calibration. Primary calibration is the
determination of the electronic system accuracy when the detector is exposed in a known
geometry to radiation from sources emitting beta and gamma radiation with fluences and
energies in the ranges anticipated to be measured by the channel during normal
operation. Sources should be traceable to the National Institute of Standards and
Technology (NIST).

(3) - The CHANNEL CHECK shall consist of verifying indication of flow during periods of
release. The CHANNEL CHECK shall be made at least once daily on any day on which
continuous, periodic, or batch releases are made.
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52 Radioactive Gaseous Effiuents

Control 5.2 In accordance with Yankee Decommissioning Quality Assurance Program
(Appendix D, Section B.4.a), the radioactive gaseous effluent monitoring instrumentation
channels shown in Table 5.3 shall be OPERABLE with their alarm setpoints set to ensure that
the limits of Control 3.3 are not exceeded. The alarm setpoints of these channels shall be
determined in accordance with the ODCM.

Applicability

As shown in Table 5.3.

ACTION
a. With a radioactive gaseous effluent monitoring instrumentation channel alarm
setpoint less conservative than a value which will ensure that the limits of
Control 3.3 are met, without delay, take actions to suspend the release of
radioactive gaseous effluents monitored by the affected channel, or declare the
channel inoperable, or change the setpoint, so it is acceptably conservative.
b. With less than the minimum number of radioactive gaseous effluent monitoring

instrumentation channels OPERABLE, take the ACTION shown in Table 5.3.
Exert reasonable efforts to return the instrument(s) to OPERABLE status within
30 days and if unsuccessful, explain in the next Annual Radioactive Effluent
Release Report the reason for the delay in correcting the inoperability.

Surveillance Requirement

SR 5.2 Each radioactive gaseous effluent monitoring instrumentation channel shall be
demonstrated OPERABLE by performance of the CHANNEL CHECK, SOURCE CHECK,
CHANNEL CALIBRATION, and CHANNEL FUNCTIONAL TEST operations during the MODES
and at the frequencies shown in Table 5.4.
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Bases

The radioactive gaseous effluent instrumentation in the primary vent stack is provided to
monitor, as applicable, the releases of radioactive materials in gaseous effluents during actual
or potential releases of gaseous effluents. The alarm setpoints for these instruments are set
conservatively to ensure that the limits of Control 3.3 are not exceeded. The OPERABILITY
and use of this instrumentation is consistent with the requirements of General Design
Criteria 60, 63, and 64 of Appendix A, 10CFR Part 50.

The primary vent stack exhausts building ventilation air, as well as gaseous process
streams, to the atmosphere and as such, cannot be isolated due to building ventilation
requirements.
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TABLE 5.3

Radioactive Gaseous Effluent Monitoring Instrumentation

Minimum
Channels
Instrument OPERABLE | Applicability Parameter ACTION
1. Primary Vent Stack

a. Noble Gas Activity Monitor (1) * Radioactivity Rate Measurement 9

b. Particulate Sampler Filter (1) * Verify Presence of Filter 8

c. Effluent System Flow Rate Measuring Device (1 * System Rate Measurement 7

d. Sampler Flow Rate Measuring Device (2)r * Sampler Flow Rate Measurement 7

* At all times.

# One channel per pathway (VC and PAB ventilation flow paths) required.

® One flow device channel is for the noble gas channel, and a separate channel is for the fixed particulate filter.
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ACTION 7 -

ACTION 8 -

ACTION 9 -

Revision 11

TABLE 5.3
(Continued)

ACTION Statements

With the number of channels OPERABLE less than the minimum channels
OPERABLE requirement, effluent releases may continue, provided the flow rate is
estimated at least once per 12 hours.

With the number of channels OPERABLE less than the minimum channels
OPERABLE requirement, effluent releases via this pathway may continue,
provided samples are continuously collected with auxiliary sampling equipment as
required in Table 3.1.

With the number of channels OPERABLE less than the minimum channels
OPERABLE requirement, effluent releases via this pathway may continue,
provided grab samples are taken at least once per 12 hours, and these samples
are analyzed for gross activity within 24 hours.
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TABLE 5.4

Radioactive Gaseous Effluent Monitoring Instrumentation Surveillance Requirements

MODES in
CHANNEL Which
CHANNEL | SOURCE CHANNEL FUNCTIONAL | Surveillance is
Instrument CHECK CHECK | CALIBRATION TEST Required
1. Primary Vent Stack
a. Noble Gas Activity Monitor D M R(2) Q(1) *
b. Particulate Sampler Filter w NA NA NA *
c. System Effluent Flow Rate Measuring Device D NA NA NA *
d. Sampler Flow Rate Measuring Device D NA R Q *
* At all times.
Revision 11
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TABLE 5.4
(Continued)

Table Notation

(1)  The CHANNEL FUNCTIONAL TEST also shall demonstrate that Control Room alarm
annunciation occurs if any of the following conditions exist:

a. Instrument indicates measured levels above the alarm setpoint,
b. Circuit failure,
o Instrument indicates a downscale failure.

(2) The initial CHANNEL CALIBRATION for radioactivity measurement instrumentation shall
be performed using one or more of the reference standards certified by the NIST or
using standards that have been obtained from suppliers that participate in measurement
assurance activities with NIST. Subsequent CHANNEL CALIBRATION sources that
have been related to the initial calibration can be used at intervals of at least once per 18
months.

Revision 11
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5.3 Liquid Effluent Instrumentation Setpoints

Control 5.1 requires that the radioactive liquid effluent instrumentation in Table 5.1 have
alarm/trip setpoints in order to ensure that Control 2.1 is not exceeded. Control 2.1 limits the
activity concentration in liquid effluents to the appropriate MPCs in 10CFR Part 20, as listed in
Appendix B of the ODCM, and a total noble gas MPC. l

Use the method below to determine the setpoints for the required instrumentation.
5.3.1 Method

The Liquid Radwaste Effluent monitor response (cpm) for the limiting concentration at
the point of discharge is the setpoint, denoted R, and is determined as follows:

R= [ffi] (MPCo) (S ¢) (Eq. 5-1) '
1
Where:
f4 = Flow rate past the test tank monitor (gpm).
173 = Flow rate at the point of discharge (gpm). l
S¢ = Instrument response factor (cpm/(uCi/mi)).

MPCc = Composite MPC for the mix of radionuclides (uCi/ml).

MPCc¢

Y. G/ Ci/MPC; = > 1> t/IMPC; = 1{2 fi/MPCi] (Eq. 5-2)

Where:

MPC; = MPC for radionuclide "i" from 10CFR Part 20, Appendix B, Table Il, Column 2
(uCi/ml). See ODCM Appendix B.
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Other setpoint methodologies also can be applied which are more restrictive than the

approach used here.

The setpoint, R, may be administratively set lower to accommodate pathways which
normally are nonradioactive (Auxiliary Service Water). The auxiliary Service Water is a normally
clean system. The same radiation effluent monitor provides detection of the presence of an off
normal condition that may have unexpectedly introduced radioactive contamination to this clean
system. The alarm setpoint when only ASW cooling flow is in operation is set at two to three
times background to give as early an alarm as practicable. SFP cooling flow is secured from
the SFP heat exchanger when test tank discharges are made. This requirement allows the
common radiation monitor to see either the expected clean ASW pathway flow when SFP
cooling operations are on going (potential source), or the expected radioactivity in the test tank
effluent flow when this discharge pathway is in operation.

5.3.2 Liquid Effluent Setpoint Example

The effluent monitor for the test tank release pathway is gamma sensitive monitor. It has
a typical sensitivity, S, of 2.8E+8 cpm per pCi/ml of gamma emitters which emit one photon per
disintegration and a typical background of about 330 cpm.

The composite MPC and setpoint can be calculated based on the following example

Fraction of radionuclide "i" in mixture.

Concentration of radionuclide “i* in mixture (uCi/ml).

data:
i f; MPC; (uCi/ml)
Cs-134 0.02 9x10°
Cs-137 0.18 2x10°%
Co-60 0.80 3x10°
Revision 11
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_ 1 (Eq. 5-2)
(0.02/9 x107® +0.18/2x 107 +0.80/3 x 1075)

MPC, = 2.6 x10-5 (uCi/ml)

For this example, normal liquid effluent flow rate, (f1), is assumed to be 2.8 gpm. Dilution water
flow, f2, is assumed to be 200 gpm (equivalent to total flow of both contaminated and clean
water). The setpoint for the monitor when the test tank effluent pathway is operating is then
calculated for these example conditions to be:

R = (;i] (MPC,) (S¢)
1

= (M}l} (2.6 x 1075 pCi/ml) (2.8E +8 cpm/(1Ci/ml)) (Eq. 5-1)
2.8 gpm

= 520,000 cpm

This setpoint value may be administratively set lower than the maximum count rate for
conservatism.

6.3.3 Basis
The liquid effluent monitor setpoint must ensure that Control 2.1 is not exceeded for the

appropriate in-plant pathways. The monitor responds to the concentration of radioactivity as
follows:

(c*;‘m) = (S¢) [Z fi si ](CMON) (Eq. 5-5)

Revision 11
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Where variables are the same as those in Section 5.3.1 except:

Cvon = Total concentration (HCi/ml) seen by the monitor.

Si Ratio of response from equal activities of radionuclide “i* to a reference

radionuclide.
Calibration of the radiation monitors have established that the gross gamma detector response,

S 2 fis; was fairly independent of gamma energy as expected. Thus, the response is a
i

function of radioactivity concentration and the gamma yield of the mixture. Since Z fis; is
i

approximately one:
R =(S¢) (Cwon) (Eq. 5-6)

For simplicity, assume that the monitor looks at a flow for f;. We know that:

c= (;—] Crion) (Eq. 5-7)
2

C = Total concentration at the point of discharge.

Solve Equation 5-5 for Cyon and substitute into Equation 5-4 to get:

R= [‘fi) () (S¢) (Eq.5-8)
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We defined C = ZCi and define the composite MPC, such that:

c _ C;
MPC, 4 MPC,

(Eq. 5-9)

The right side of the equation is the sum of the ratios of the MPC limits in 10CFR Part 20
(Appendix B of the ODCM). Solving for MPC,, the composite MPC for the mixture, we get the
definition of MPC,:

MPCC _ { . (Eq. 5‘2)

Substituting MPC. into Equation 5-6, we get the response of the monitor as MPC. is reached at
the point of discharge, which is the setpoint:

R= (1—2) (MPC.) (S¢) (Eq. 5-1)
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5.4 Gaseous Effluent Instrumentation Setpoints

Control 6.2 requires that the radioactive gaseous effluent instrumentation in Table 5.3

have their alarm setpoints set to ensure that Control 3.3.a is not exceeded.

Use the method below to determine the setpoint for the noble gas activity monitor.

5.4.1 Method

The noble gas activity monitor response (cpm) at the limiting noble gas dose (either total
body or skin off-site) is the setpoint, denoted R, and is determined for Kr-85 as the only noble

gas left in the spent fuel following permanent shutdown in October 1991.

R is the lesser of:

_ (500) (60) (Skr-ss)

® = (F) (7.83) DFBy, g5
And:
v = (3000) (60) (Skr-s5)
(F) DR _es
Where:
7.83 = 10 (pCi/uCi) 7.83 x 10 (sec/m®)
DF¢.gs = Combined Skin dose factor for Kr-85. See Table 1.2.
DFBkres = Total body dose factor for Kr-85. See Table 1.2.
Revision 11
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F = Primary vent stack flow rate (cc/min).

Skres = Gaseous monitor response factor for Kr-85 (cpm/(uCilcc)).

Other setpoint methodologies also can be applied which are more restrictive than the
approach used here.

5.4.2 Gaseous Effluent Setpoint Example

The primary vent stack noble gas activity monitor is an off-line system consisting of a
beta sensitive scintillation detector, electronics, an analog ratemeter readout, and a digital
scaler which counts the detector output pulses. System characteristics are:

a. Typical sensitivity - 1 cpm ~ 3 x 10°® pCi/cc of Kr-85; that is,
S ~ 3.3 x 10*7 cpm/(uCilcc)

b. Typical background - 100 to 200 cpm
Under normal plant stack flow, F, of 5.80 x 10*® cc/min (20,500 cfm x 28,300 cc/ft?).
Applying Equations 5-3 and 5-4:

(500) (60) (3.3 x 10*7)

R,. =
® " (5.80 x10%) (7.83) (1.61 x 10~°)

=1.35 x10*7 cpm

R __(3000) (60) (3.3 x 10*)
sk

= = 318,000 cpm
(5.80 x10%%) (3.22 x 1072)

The setpoint, R, is the lesser of Ry, and Rq; therefore, it is equal to 318,000 cpm. Since
Kr-85 is the only noble gas radionuclide left for potential release, the skin dose rate limit
calculated in the example is the maximum setpoint permitted.
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5.4.3 Basis

The noble gas activity monitor setpoint must ensure that Control 3.3.a is not exceeded.
Sections 3.9 and 3.10 show that Equations 3-3 and 3-4 are acceptable methods for complying
with Control 3.3.a. The derivation of Equations 5-3 and 5-4 starts with the general equation for
the response, R (cpm), of a radiation monitor and the basic assumption that only one noble gas
radionuclide is expected to be available for detection (Kr-85) for the long-term shutdown mode:

R = (Skres) (C)

(Eq.5-5) |
(cpm) = (epm/(uCi/cc)) (1) (uCi/ce)
Expanding for the concentration:
R = (Skrss) (Q) (60/F)
(Eq. 5-10) |

(cpm) = (cpm/(uCilcc)) (1) (LCi/sec) (sec/min)/(cc/min)

The response of the monitor at the release rate which causes the total body dose rate
limit to be reduced, Ry, begins with Equation 3-3.

Dy = 7.83 Qkr.s5s DFBkr.ss |

where 7.83 is equal to the limiting off-site gamma X/Q from Table 3-6 times a unit conversion
factor of 10*° pCi/uCi.

Rearranging to solve for Q:

Dy

= b Eq. 5-13
7.83 DFBy, g5 (Eq )

Substituting Equation 5-13 into Equation 5-10 and substituting the total body dose rate limit
gives:
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Skr-gs (cpm/(uCi/cc)) 500 (mrem/ yr) 60 (sec/min)
® F (cc/min) 7.83 (pci— sec/ pCi—m?) DFBy,_gs (mrem—m?/pCi-yr)

(Eq. 5-3) l
The response of the monitor at the release rate which causes the skin dose rate limit to
be reduced, R, begins with Equation 3-4:
DSk: QDFI'<r—85
Rearranging to solve for Q:

Dsk

= — (Eq. 5-15
DFKI’—85 )

Substituting Equation 5-15 into Equation 5-10 and substituting the skin dose rate limit of 3,000
mrem/yr gives:

Skr-gs (cpm/(uCi/cc)) 3000 (mrem/ yr) 60 (sec/min)

R
sk F (cc/min) DFg,_gs (mrem - sec/ uCi—yr)
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6.0 RADIOACTIVE WASTE TREATMENT SYSTEMS, EFFLUENT PATHWAYS, AND
RADIATION MONITORS

6.1 Liquid Radioactive Waste Treatment

Control 6.1 In accordance with Yankee Decommissioning Quality Assurance Program
(Appendix D, Section B.4.a), the Liquid Radioactive Waste Treatment System shall be used to
reduce the radioactive materials in the liquid waste prior to its discharge when the estimated
doses due to the liquid effluent from the site (see Figure 1-2) when averaged over 31 days,
would exceed 0.06 mrem to the total body or 0.20 mrem to any organ.

Applicability
At all times.

ACTION

a. With liquid waste being discharged without processing through appropriate
treatment systems as defined in the ODCM and estimated doses in excess of the
above limits, and if not applicable to 10CFR Part 50.73, prepare and submit to
the Commission within 30 days pursuant to Contro! 7.4, a Special Report which
includes the following information:

1. Explanation of why liquid radioactive waste was being discharged without
treatment, identification of any inoperable equipment or subsystems, and
the reasons for the inoperability;

2. Action(s) taken to restore the inoperable equipment to OPERABLE
status, and

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

Surveillance Requirement

SR 6.1 Doses due to liquid releases shall be estimated at least once per 31 days in accordance
with the ODCM. No dose estimates are required if the Liquid Radioactive Waste Treatment
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System has been continually used to reduce the radioactive materials in liquid waste prior to its
discharge or if no liquid discharges have taken place over the appropriate 31-day period.

Bases

The control that the appropriate portions of the Liquid Radioactive Waste Treatment
System be used when specified provides assurance that the releases of radioactive materials in
liquid effluents will be kept "as low as is reasonably achievable.* Control 6.1 implements the
requirements of 10CFR Part 50.36a, General Design Criterion 60 of Appendix A, 10CFR
Part 50, and the design objective of Section I1.D of Appendix I, 10CFR Part 50. The specified
limits governing the use of appropriate portions of the Liquid Radioactive Waste Treatment
System were specified as a suitable fraction of the dose design controls set forth in Section Il.A
of Appendix |, 10CFR Part 50, for liquid effluents.
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6.2 Gaseous Radioactive Waste Treatment

Control 6.2 In accordance with Yankee Decommissioning Quality Assurance Program
(Appendix D, Section B.4.a), the VENTILATION EXHAUST TREATMENT SYSTEM shall be
used to reduce radioactive materials in gaseous waste prior to their discharge when the
estimated doses due to gaseous effluent releases from the site to areas at and beyond the SITE
BOUNDARY (see Figure 5.1-3) would exceed 0.30 mrem to any organ over 31 days.

Applicability
At all times.
ACTION
a. With gaseous waste being discharged without processing through appropriate

treatment systems as defined in the ODCM and in excess of the above limits and
if not applicable to 10CFR Part 50.73, prepare and submit to the Commission
within 30 days, pursuant to Control 7.4, a Special Report that includes the
following information:

1. Explanation of why gaseous radioactive waste was being discharged
without treatment, identification of any inoperable equipment or
subsystems, and the reasons for the inoperability;

2. Action(s) taken to restore any inoperable equipment to OPERABLE
status, and

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

Surveillance Requirement

SR 6.2 Doses due to gaseous releases from the site shall be estimated at least once per
31 days in accordance with the ODCM.
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Bases

The control that the appropriate portions of the VENTILATION EXHAUST TREATMENT l

SYSTEM be used when specified provides reasonable assurance that the releases of
radioactive materials in gaseous effluents will be kept “as low as is reasonably achievable."
Control 6.2 implements the requirements of 10CFR Part 50.36a, General Design Criterion 60 of
Appendix A, 10CFR Part 50, and the design controls of Appendix I, 10CFR Part 50.
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6.3  Liquid and Gaseous Effluent Streams, Radiation Monitors, and Radioactive Waste
Treatment Systems

Figure 6-1 shows the liquid effluent streams, radiation monitors, and the appropriate
Liquid Radioactive Waste Treatment System. Figure 6-2 shows the gaseous effluent streams,
radiation monitors, and the appropriate Ventilation Exhaust Treatment System.

6.4 In-Plant Liquid Effluent Pathways

Batch effluent tanks called “test tanks" collect the distillate from the atmospheric liquid
radioactive waste evaporator. Normally, liquid waste accumulates at about 0.3 gpm and is
processed at about 1 gpm. When the test tanks are full, they are sampled, analyzed, and
released at a nominal 5 gpm.

Auxiliary service water provides dilution water flow. Typically, flow rates range up to
120 gpm for normal auxiliary service water use.

Calibrations of the radiation monitor has established that the gross gamma detector
response was fairly independent of the gamma energy, as expected. Thus, the response is a
function of the radioactivity concentration and the gamma yield of the mixture, but not the

gamma energies of the mixture. The electronics of the monitor channel has an adjustable alarm
setpoint.
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6.5  In-Plant Gaseous Effluent Pathways J

The primary vent stack noble gas effluent monitor is an off-line system consisting of a
beta sensitive scintillation detector, electronics, an analog ratemeter readout, and a digital |
scaler which counts the detector output pulses. Calibration data is provided by the l -
manufacturer which indicates the response of the beta sensitive detector to various gaseous
radionuclides. The calibration data was verified on installation and periodically thereafter.
System characteristics are:

a. Typical sensitivity 1 cpm ~ 3 x 10°® pCilcc Kr-85 4

b. Typical background 100-200 cpm
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FIGURE 6-1

Liquid Effluent Streams, Radiation Monitors, and

Radioactive Waste Treatment System at the Yankee Plant
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FIGURE 6-2

Gaseous Effluent Streams, Radiation Monitors, and

Radioactive Waste Treatment System at the Yankee Plant
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7.0 REPORTING REQUIREMENTS

71 Annual Radiological Environmental Operating Report

Control 7.1

a.

Revision 13

An Annual Radiological Environmental Operating Report covering the operation
of the unit during the previous calendar year shall be submitted to the NRC in
accordance with Technical Specification 6.8.2.a prior to May 1 of each year.

The Annual Radiological Environmental Operating Report shall include
summaries, interpretations, and an analysis of trends of the results of the
radiological environmental surveillance activities for the report period, including a
comparison with operational controls (as appropriate), and previous
environmental surveillance reports and an assessment of the observed impacts
of the plant operation on the environment. The report also shall include the
results of the land use census required by Control 4.2.

The Annual Radiological Environmental Operating Report shall include
summarized and tabulated results of all radiological environmental samples
taken during the report period pursuant to the table and figures in the ODCM. In
the event that some results are not available to include in the report, the report
shall be submitted noting and explaining the reasons for the missing results. The
missing data shall be submitted as soon as possible in a supplementary report.

The report also shall include the following: a summary description of the
Radiological Environmental Monitoring Program with a map of all sampling
locations keyed to a table giving distances and directions from the reactor, the
results of licensee participation in the Intercomparison Program required by
Control 4.3, and a discussion of all analyses in which the LLD required by
Table 4.3 was not achievable.
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7.2 Annual Radioactive Effluent Release Report

Control 7.2

a.

Revision 13

Before May 1 of each year, a report shall be submitted to the NRC in accordance
with the requirements of Technical Specification 6.8.2.b covering the radioactive
content of effluents released to unrestricted areas during the previous calendar
year.

The Annual Radioactive Effluent Release Report shall include a summary of the
quantities of radioactive liquid and gaseous effluents released from the unit as
outlined in Regulatory Guide 1.21, Revision 1, June 1974, “Measuring,
Evaluating, and Reporting Radioactivity in Solid Wastes and Releases of
Radioactive Materials in Liquid and Gaseous Effluents from Light-Water-Cooled
Nuclear Power Plants," with data summarized on a quarterly basis following the
format of Appendix B thereof.

In addition, the Annual Radioactive Effluent Release Report shall include an
assessment of the radiation doses due to the radioactive liquid and gaseous
effluents released from the unit during the previous calendar year. This report
also shall include an assessment of the radiation doses from radioactive effluents
to MEMBER(S) OF THE PUBLIC due to the allowed recreational activities inside
the SITE BOUNDARY (Figures 1-1 and 1-2) during the previous calendar year.
All assumptions used in making these assessments (e.g., specific activity,
exposure time, and location) shall be included in the report. Historical average
meteorological conditions shall be used for determining the gaseous pathway
doses. The assessment of radiation doses shall be performed in accordance
with the ODCM.

The Annual Radioactive Effluent Release Report also shall include an
assessment of radiation doses to the likely most exposed real MEMBER(S) OF
THE PUBLIC from reactor releases (including doses from primary effluent
pathways and direct radiation) for the previous calendar year to show
conformance with 40CFR190, “Environmental Radiation Protection Standards for
Nuclear Power Operation," if Control 3.2 has been exceeded during the calendar
year.
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Revision 13

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

The Annual Radioactive Effluent Release Report shall include any changes
made during the reporting period to the ODCM, as well as a listing of new
locations for dose calculations and/or environmental monitoring identified by the
land use census pursuant to Control 4.2.
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7.3 Major Changes to Liquid and Gaseous Radioactive Waste Treatment Systems

Control 7.3
systems:

a.

Revision 13

Licensee initiated major changes to the liquid and gaseous radioactive waste

Shall be reported to the Commission in the Annual Radioactive Effluent Release
Report for the period in which the evaluation was reviewed by the PORC. The
discussion of each change shall contain:

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

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

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

4. An evaluation of the change, which shows the predicted releases of
radioactive materials in liquid and gaseous effluents that differ from those
previously predicted in the license application and amendments thereto,

5. An evaluation of the change, which shows the expected maximum
exposures to MEMBER(S) OF THE PUBLIC at the SITE BOUNDARY
and to the general population that differ from those previously estimated
in the license application and amendments thereto,

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

7. An estimate of the exposure to plant operating personnel as a resuilt of
the change, and
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8. Documentation of the fact that the change was reviewed and found
acceptable by the PORC.

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

7.4 Special Reports

Control 7.4  Special Reports shall be submitted pursuant to 10CFR50.4 within the time period
specified for each report. These reports shall be submitted covering the activities identified
below pursuant to the requirements of the applicable reference controls:

a. Liquid Effluents, Controls 3.1 and 6.1.

b. Gaseous Effluents, Controls 3.4, 3.5, and 6.2.

c. Total Dose, Control 3.2.
d. Radiological Environmental Monitoring, Control 4.1.
Revision 15
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UNITED STATES

NUCLEAR REGULATORY COMMISSION ' i
' WASHINGTON, D, C. 20555

MAY 17 1990

Docket -No. 50-029

Mr. George Papanic, Jr.
Senior Project Engineer - Licensing
Yankee Atomic Electric Company L
580 Main Street
Bolton, Massachusetts 01740-1398
Dear Mr. Papanic:
SUBJECT: ODISPOSAL OF SEPTAGE - YANKEE NUCLEAR POWER STATION

By letter dated April 11, 1990, you requested NRC approval for a proposed
disposal of sewage sludge containing very low concentrations of radionuclide
according to 10 CFR 20.302. We have completed our review of your request and
our evaluation is enclosed. We have found that your proposed transfer of the

.sludge by a contracted vendor to a public owned treatment works is acceptabile.

Sincerely,

hid Seone |

Patrick Sears, Project Manager

" Project D1rectorate 1-3

Division of Reactor Projects - I/11
0ffice of Nuclear Reactor Regulation

Enclosed:
As stated

cc w/encl:
See next page
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Mr. George Papanic, Jr.

cc:

Dr. Andrew C. Kadak, President
and Chief Operating Officer

Yankee Atomic Electric Company

580 Main Street

Bolton, Massachusetts 01740-1398

Thomas Dignan, Esquire

Ropes and Gray

225 Franklin Street

Boston, Massachusetts 02110

Mr. T. K. Henderson .
Acting Plant Superintendent
Yankee Atomic Electric Company
Star Route

Rowe, Massachusetts 01367

Resident Inspector

Yankee Nuclear Power Station

U.S. Nuclear Regulatory Commission
Post Office Box 28

Monroe Bridge, Massachusetts 01350

Regional Administrator, Region I
U.S. Nuclear Regulatory Commission
475 Allendale Road :

King of Prussia, pennsylvania 19406

Robert M. Hallisey, Director

Radiation Control Program

Massachusetts Department of Public Health
150 Tremont Street, 7th Floor

Boston, Massachusetts 02111

Mr. George Sterzinger

Commissioner

Vermont Department of Public Service
120 State Street, 3rd floor
Montpelier, Vermont 05602

Ms. Jane M. Grant

Senior Engineer - PLEX Licensing
Yankee Atomic Electric Company
580 Main Street

Bolton, Massachusetts 01740-1398

Yankee Rowe

Approved By: ) 4’7[%//%-1\)



SAFETY ASSESSMENT BY THE OFFICE OF NUCLEAR REACTOR REGULATION

YANKEE ATOMIC ELECTRIC COMPANY

YANKEE NUCLEAR POWER STATION

DOCKET NO. 50-029

1.0 INTRODUCTION

By letter of April 11, 1990, the Yankee Atomic Electric Company (Yankee)
submitted, pursuent to 10 CFR 20.302(a), a method for the routine disposal

of septic tank waste containing very low levels of licensed material. Yankee
proposed to periodically dispose of accumulated septic waste solids from the
plant's sanitary system septic tank by transferring them to a public Sanitary . A
Waste-Water Treatment Faci1ity (Swa) where they will be mixed with, processed
with, and disposed as part of the samitary waste generated from many sources.
Yankee propesed to make such disposals every one to two years over a period of

30 years.

In the submittal, the licensee addressed speciffc information requested in
accordance with 10 CFR 20.302(a), provided a detailed description of the
1icensed material, thoroughly analyzed and evaluated the infcrﬁation pertinent
to the effects on the environment of the proposed disposal éf the Tlicensed
:materia1, and committed to follow specific procedures to minimize the risk of

unexpected or hazardous exposures.
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2.0 WASTE WATER. STREAM DESCRIPTION

2.1 Physical and-Chemical Properties

The waste involved consistslof residual septage (the accumulated settled and
suspended solids and scum) produced by the sanitary sewerage collection and

treatment system at the Yankee plant. To safely dispose of the plant's sanitary.
waste stream, the Yankee plant supplements the onsite septic system supplemented

with offsite treatment at a SHWTF.

The onsite septic system consists of a 7,000-gallon buried septic tank and a
subsurface soil-absorption leach field. In the overall system design, the
septic tank collects sludge and scum and partially separates liquids from the

incoming sanitary waste,

. The septage is retained in the septic tank, and the remaining conditioned

waste-water liquid flows into the underground leaching field for treatment.
The leach field ié the terminal point of the onsite portion of the plant

sanitary waste treatment process.

In the offsite portion of this process, the septage is removed from the septic

tagk and transported to a SWTF.
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2.2 Radiological Properties

The plant's sanitary system septic tank collects waste from the lavatories,

showers, and janitorial facilities outside the Radiological Control Area (RCA).

No radioactivity is intentionally discharged to the septic system. However,
plant investigations into ihe source of low levels of licensed material found
in septic tank waste have identified very small quantities of radioactive
materials, which are below detection limits for radioactivity releases from
the RCA. It is suspected that these materiails aré carried out of the control
area on individuals and spread to floor areas outside the RCA. Floor wash
water from tﬁese areas is poured through a filter bag to remove suspended
solids and dirt before the water is released into a janitorial sink. Although
the wash water is returned to the RCA for disposal, if it is known to contain
radioactivity, very small quantities can be released to, and accumulate in the
sceptic tank.

The following values are estimates of.the maximum total activity presently in
the septic tank based on measurements of radionuclide concentrations in the

liquid and solid phases:

Total Activity

Nuclide | ~(uCi)
Co-60 -1.94
Mn-54 - 0.057
Cs-134 0.082
Cs-137 0.248

TOTAL 2.33
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3.0 PROPOSED DISPOSAL METHOD

Yankee proposes to periodically dispose of accumulated septage from its septic
tank by contracting with a septic tank pumper that is approved by the Board of
Health, Rowe, Massachusetts and transfer the septage to a Massachusetts SWTF
for treatment. This septic tank pumper will transfer the septage to an SHWTF,
where it is mixed and diluted with othgr raw sewage and introduced either into
an anaerobic digester or an aerétion pond for biological treatment. The
resulting processed sludge from the SWTF is then mixed with sand and dispbsed
of in a sanitary landfill, where it will be covered by clean soil daily. An
alternafe disposal means could result in the processed sludge being spread as a
fertilizer, though generally for vegetation, such as sod, which is not consumed
by humans. None of the region's SWTFs that receive sewage from local septic

tank pumpers incinerate their sludge as a means of treatment.

This method of pumping the tank and transferring the septage to an SHTF s the’
same method normally applied to septic tank systems,.regardless of the presence

of licensed material.

3.1 Septic Tank Waste-Procedural Requirements and.Limits

The licensee will perform a gamma isotopic analysis on a representative sample
of waste from the éeptic tank no more than 48 hours before a contracted septic
tank pumper begins to pump the waste from the tank to transfer to-a SWTF.

The licensee will collect at least two septage samples from the p]ant‘sAseptic

tank by taking a volumetric column sample that will allow the licensee to
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determine the ratio of the solid content to the total content of the tank. By
determining the weight of the percentage of solid content of the collected
sample and applying this value to the gamma isotopic analysis, the licensee will

be able to estimate the total radioactivity of the contents of the tank.

To document the estimation of radiological effect of septage disposal, the
Ticensee will perform these gamma isotopic analyses of the representative samp]e§
at the Technical Sgecification Environmental Lower Limit of Detection (LLD)
requirements for liquids, as required in Technical Specification Table 4.12-1,

“Detection Capabilities for Environmental Sample Analysis,"

The radionuclide concentrations and total radioactivity identified in the
septage will be compared to the concentrafion and total curie limits established

herein before disposal. The following limits apply to these analyses:

1. The concentration of radionuclides ﬁetected in the volume of
septage to be pumped‘to a disposal truck shall be limited to a
combined sum of fractional Maximum Permissible Concentrations in
Water (MPC) (as listed in 10CFR Part 20, Appendix B, Table II, Column

2), summed over all nuclides present, of Igss than or equal to 1.0.

2. The total gamma activity that can be released during septage transfer
to any SHTF or combination of such facilities in one year (12 consecutive
months) is limited to not more than 20 microcuries (equivalent to a

maximum whole-body dose of 1 mrem to any individual in the public).
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3.2 Administrative Procedures

The licensee will maintain complete records of each disposal. In addition to
copies of invoices with approved septic tank pumpers, these records will
include the concentration of radionuclides in the septage, the total volume of
septic waste disposed, the total activity in each batch, and the total

accumulated activity of the septage pumped in any 12 consecutive months.

For periods in which disposal of septage occurs under this application, the
licensee shall report, to the-Nuclear Regulatory Commission (NRC) in the plant's
Semiannual Effluent Release Report, the volume, liquid, and solid mass fractions,
radionuclide concentrations in the liquid and solid fractions, and the total

activity disposed,

4.0 EVALUATION OF ENVIRONMENTAL IMPACT

The proposed method for disposal of septage is the same as currently used by
all facilities designed with septic tanks for the collection of septic waste.
No new structures or facilities need be built or modified, nor any existing
land uses changed. Seﬁtage from Yankee will be transported to an existing
SWTF, where it will make up a small fraction of the total volume of sanitary

waste treated each year. The normal method of septage handling and treatment
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would involve dilution of Yankee's septage with other wasté-water at a public
SHTF. The processed sludge from the SWTF is usually buried in a sanitary
landfili, ihus 1imfting the potential exposure pathways to man. Otherwise, the
sludge is widely dispersed in fertilizer, thereby preventing any buildup éf
activity from successive annual pumpouts from the plant's septic tank. This

method of dispesal will nct affect topegraphy, geology, meteorology, hydrology,

or nearby facilities.

5.0 RADIOLQGICAL IMPACTS

The licensee has evaluated the following potential exposure pathways to members

of the general public: (1) inhalation of resuspended radionuclides, (2) ingestion
of food grown on the dispcsal site, (3) external exposure to a truck driver or
SWTF worker, and (4) ‘external exposure caused by Tong-term buiidup and external
exposure from standing on the ground above the disposal site. The staff has
reviewed the licensee's ca]cujafiona] methods and assumpticns, and finds that

they are consistent with regulatory Guide 1.109.1 The staff finds the

assessment methodology acceptable.
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Doses calculated in this manner by the licensee for the maximum exposed member

of the public were as follows (based on a total activity awaiting disposal

of 2.3 uCi, more than 80% of which is Co-60):

Pathway

Ground Irradiation
Inhalation

Stored Vegetables
Leafy Vegetables
Milk Ingestion*

TOTAL

Maximally Exposed
Individual/Whole Body
(Child)

(mrem/year)

0.099
0.0001
0.0214
0.0011-

(0.0036)

0.12

The licensee then performed a similar calculation using a concervative upper

bound activity of 20 uCi to be discharged in any one year. Based on this

upper bound analysis, the dose to the maximally exposed individual member of

the general public was estimated to be 1.1 mrem/year, as shown-in the

?o]]owing table:
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Maximally Exposed

Individual/Whole Body

Pathway (mrem/year)
Ground Irradiation 0.980
inhalation 0.0004
Stored Vegetables 0.13
Leafy Vegetables 0.007

TOTAL 1.1

Based on this same total activity, the dose to truck drivers and SWIF workers
was estimated to be 0.01 mrem/yr. These doses are within the design objectives
of 10 CFR 50, Appendix I and well within the environmental standards for uranium

fuel cycle activities as stated in 40 CFR 190.10(a) and are therefore acceptable.

6.0- SUMMARY AND CONCLUSIONS .

The disposal of septage by tfansferrfng it to a public SWIF is in accordance
with standard practices for treatment of the type of waste material genérated

by a septic tank and leach field sanitary waéte system. Periodic pumping of the
septic tank is necessary for the maintenance and continued operation of Yankee's
sanitary waste system. Yankee requested approval for disposal of septic waste
from the Yankee sanitary sysfem to prevent failure of the sanitary system to

adéquate]y handle plant domestic waste.
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An alternate means of disposal would involve the treatment of the septage as
radwaste. Such a disposal would require that the licensee stabilize, solidify,
and dispose of the material at a licensed burial ground, requiring excessive

cost and valuable disposal ground.

The results of the radiological analysis indicate that the public health
effects of the biological aétivity and pathogenic constituents éf such sanitary
waste far outweigh the concerns related to any radioactivity that is present.
By setting release limits that restrict the exposure for an individual to a
maximum value of 1 millirem per year, Yankee ensured that'radio]ogica1 risks

from the proposed disposal method are insignificant.

The proposed release 1imits represent a small fraction of NRC limits permitted
for disposal of similar waste by licensed facilities who have their sanitary
systems connected directly to a public éaﬁiéary séwerage system. These proposed
limits are also well within the plant's allowable release limits for the discharge
of normal liquid waste to the environment. Any résu]ting dose to any individual

in the public is less than exposures caused by natural background radiation.

Based on our review of the proposed disposalfof septage, the staff makes the
following conclusions: (1) the radionuc]ide'concentrations in~disposed septage
will be a small percentage of permissible standards set forth in 10 CFR Part
20; (2) the radiation risk to workers inQo]ved in the disposal woufd be small
compared to the routine occupational eXposures at the Yankee Nuclear Power
Station; {3) because the proposed action involves such very low levels of

radioactivity, it will require no change in the decommissioning aspects of the
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facility and will require only insignificant changes in the handling or transport
of radioactive material (septage); and (4) the licensee's procedures with
commitments as documented in the submittal are acceptable, provided that the
submittal is permanently incorporated into the licensee's O0ffsite Dose Calculation
" Manual (ODCM) as an Appendix, and future modifications will be reported to NRC .
in accordance with licensee commitments regarding ODCM changes.

Contributors: J. Minns
P. Sears
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= YANKEE ATOMIC ELECTRIC COMPANY Telephone (508) 770211

— .——-—\‘
' _@ 580 Main S -
G L n Street, Bolton, Massachusetts 01740-1398

April 11, 1990

BYR #90-42

United States Nuclear Regulatory Commission
Attention: Document Control Desk
Washington, D.C. 20555

References: (A) License No. DPR-3 (Docker No. 50-29)

Subject: 10 CFR 20.302 Application

Dear Sirs:

Pursuant to 10 CFR 20.302, Yankee has prepared the attached

application for the routine disposal of septage from Yankee Nuclear
Power Station. This application utilizes guidance contained in NRC
regulation 10 CFR 20.303 for the disposal of licensed material into

a sanitary sewerage system.

We trust that you will find this submittal satisfactory, however,
if you have any questions please contact us.

Very truly yours,
YANKEE ATOMIC ELECTRIC COMPANY

George Papanic, Jri
Senior Project Engineer

Licensing

Enclosure

GP/emd

3 2
R nY gg! ’
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YANKEE NUCLEAR POWER STATION

lication r Approval

to Routinely Di f t nder FR20.302

1.0 INTRODUCTIQN

Yankee Atomic Electric Company (YANKEE) requests approval, pursuant to
10CFR20.302(a), of a method proposed herein for the routine disposal
(typically, once every one to two years) of septic tank waste containing very
low levels of licensed material over an extended period of time of 30 years.
Yankee proposes to periodically dispose of accumulated septic waste solids
from the plant's sanitary system septic tank by transferring it to a public
Sanitafy Waste-Water Treatment Facility (SWIF) where it will be mixed with,
processed, and disposed of, as part of sanitary waste generated from many
sources. This is analogous to other Nuclear Regulatory Commission (NRC)
licensed facilities who have their sanitary waste systems connected directly
to a municipal sewer line. Part 20.303 of Title 10 to the Code of Federal
Regulations already permits these NRC licensees to discharge licensed material

into a sanitary sewerage system.

Routine maintenance of Yankee's septic system is necessary to ensure
proper operation of the system. Periodic pumping of the septic tank to remove
accumulated solids is necessary to prevent the carryover of solids into the
subsurface leach field which would inhibit the soil absorption capabilities of
the field.

This application addresses specific information requested in
10CFR20.302(a), and demonstrates that the periodic disposal of septage from
Yankee's Sanitary Waste System over an extended periods of time (30 years),
under both normal and unexpected conditions, will not result in significant

impacts either to the environment or to individuals in the general public.

11 | a///aé«'
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2.0 WASTE WATER REAM DESCRIPTION
2.1 Phygical/Chemical Pr rti

The waste involved in this application consists of residual septage
(accumulated settled and suspended solids, and scum) associated with the
sanitary sewerage collection and treatment system at the Yankee plant. The
Yankee plant utilizes an on-site septic system supplemented with off-site
treatment at a SWIF for the safe disposal of the plant's sanitary waste
stream. Figure 1 is a schematic of the overall sanitary waste disposal

process.

The on-site septic system consists of a 7,000 gallon buried septic tank
and a subsurface soil absorption leach field. Sanitary sewage from the plant
flows (estimated 2,600 gallons/day) into the septic tank. The septic tank
function in the overall system design is for the collection of sludge and scum
and partial separation of liquids from the incoming sanitary waste. Some of
the solid particles settle to the bottom and form a layer 6f sludge, where

greases and oils float to the surface creating a scum layer.

The septage is retained in the septic tank and the remaining
conditioned waste-water liquid is permitted to flow into the underground
leaching field for treatment. The leach field is the terminal point of the
on—-site portion of the plant sanitary waste treatment process. Some of the
septage stored in the septic tank.is reduced to liquid by bacterial action in
the septic tank, but the rest of the septage remains essentially untreated.
This material must be pumped out at regular intervals to prevent it from
overflowing the tank and entering the leaching field (References 1, 2, 3, 4,
5 6, 75 8, 9, and 10) where it will clog the soil and eventually lead to

septic system failure.

In general, septage pumped from septic tanks is discharged to a SWTF
for treatment as part of the overall system design (Reference 10). The
septage is then co-treated with other sanitary wastes at the SWIF. The
septage pumped periodically from the Yankee plant has, in the past, been
treated and disposed of in this fashion when no licensed material was
determined to be present.

—2-
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The removal of the septage from the septic tank and subsequent
transportation to a SWTF constitutes the off-site portion of the Yankee plant

overall sanitary waste disposal process.

2.2 Radiological Properties

The plant's sanitary system septic tank collects waste from the
lavatories, showers, and janitorial facilities outside the Radiological
Control Area (RCA). No radiocactivity is intentionally discharged to the
septic system. However, plant investigations into the source of low levels of
licensed material found in septic tank waste have identified that very small
quantities of radioactive materials, which are below detection limits for
radioactivity releases from the RCA, appear to be carried out of the control
area on individuals and accumulate in the septic tank. The suspected primary
source of the radioactivity (i.e., floor wash water) is now either poured
through a filter bag to remove suspended solids and dirt before the water is
released into a janitorial sipk, or the wash water is returned to the RCA for

disposal.

An isotopic analysis, at environmental detection limits, of two _
composite volumetric sample columns of septage taken from the plant's septic

tank identified the following plant-related radionuclides:

Activity Concentration

Nuclide (pCi/kg wet +/— 1 sigma)
West Manhole East Manhole
Sample Location = Sample Location
Co-60 92.4 + 3.9 13.2 + 2.2
Cs-134 5.9 + 1.3 —
Cs-137 9.2 + 1.5 3.2 + 1.0

After the initial analysis of the composite samples noted above, the
samples were subsequently centrifuged into liquid and wet solids portions and
reanalyzed. There was no activation or fission products identified in any of
the liquid fraction samples indicating that the detected activity was in a
form that had been carried out of solution with the solid fraction of the

samples.

—3- -
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Analysis of the resulting solid fraction of the septage indicated the

following radionuclide concentrations:

Activity Concentration

Nuclide (pCi/kg wet 4/~ 1 gigma)
West Manhole East Manhole
Sample Location = Sample Location
Co-60 1,588 + 42 528 + 26
Mn—54 47 + 13 —_
Cs~134 67 + 11 —_—
Cs-137 203 +

17 100 + 13

The original septic tank samples were volumetric samples representative
of the distribution of solids and liquid from bottom to top of the tank. The
ratio of the weight of the solid fraction sample to the weight of the solid
fractién plus liquid fraction sample allows a determination of the percentage
of total solids content of the septic tank. For the waste sample from the
west manhoie, the solid fraction of the composite sample was found to be
0.024, or 2.4 wt. 4. For the east manhole, the solid fraction of the total
sample was 0.046, or 4.6 wt.%. The principle radionuclide is Cobalt-60, which
accounts for approximately 82%Z of all plant-related activity detected in the

septage.

The total radioactivity content of the septic tank can be estimated by
calculating the mass of solids present in the 7,000 gallon tank by taking the
higher (conservative) solids fraction determined from the sample data. This
is multiplied by the mass of septage in the tank aﬁd by the highest activity
concentration determined in the solids. As a result, the estimated maximum

total activity is:

Total Activity

Nuclide (pci)
Co—-60 1.94
Mn-54 0.057
Cs-134 0.082
Cs-137 0.248

TOTAL 2.33
b
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3.0 PROPOSED DISPOSAL METHOD

Upon approval from the U.S. Nuclear Regulatory Commission (NRC), Yankee
proposes to periodically dispose of accumulated septage from its septic tank
by contracting with a town-approved (Board of Health, Rowe, Massachusetts)
septic tank pumper for the removal and transfer by truck of the septage to a
Massachusetts SWTF for treatment. At the SWTF, the septage would typically be
mixed and diluted with other raw sewage and introduced either into an
anaerobic digester or aeration pond for biological treatment. The resulting
processed sludge from the SWIF is typically then mixed with sand in a ratio of
50/50 and disposed of in a sanitary landfill, where it would be covered by
clean soil daily. An alternate disposal means could potentially result in the
processed sludge being landspread as a fertilizer, though generally for
nonhuman—consumed vegetation, such as sod. None of the regions SWIFs which
would be used by local septic tank pumpers were identified as incinerating

their sludge as a means of treatment.

This method of tank pumping and transfer to an SWIF is identical to
that normally applied to septic tank systems, irrespective of the presence of
licensed material. Once the septage is pumped into the contract vendor's
transporting vehicle, the situation is analogous to the handling of licensed
material under 10CFR20.303. Part 20.303 of Title 10 to the Code of Federal
Regulations already permits these NRC licensees to discharge licensed material
into a sanitary sewerage system if certain conditions are met. Due to the
remoteness of the Yankee plant's location, it is impractical to directly
connect sewer lines to a facility to handle sanitary waste. In this case, a
tank truck acts as a sewer line in transferring septage to a SWIF. The
quantity and form (soluble or dispersable) of any licensed material contained
in our septage is not affected by the means employed to transfer it to a SWIF
for processing. Therefore, it would be the same whether the plant was
directly connected to a municipal sewerage system or trucked its septage on a

periodic basis to a SWTF.
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3.1 Septic Tank Waste Procedural Requirements and Limits

Gamma isotopic analysis of septic tank waste shall be made prior to
transfer of the waste by a contracted septic tank pumper to a SWIF by
obtaining a representative sample from the tank no more than 48 hours prior to
initiating pump-out. At least two septage samples shall be collected from the
plant's septic tank by taking a volumetric column sample which will allow for
analysis of the solid's content of the tank. The weight percent of solid
content of the collected sample will be determined and applied to the gamma
isotopic analysis in order to estimate the total radioactivity content of the

tank.

These gamma isotopic analyses of the representative samples will be
performed at the Technical Specification Environmental Lower Limit of
Detection (LLD) requirements for liquids (see Technical Specification
Table 4.12-1, "Detection Capabilities for Environmental Sample Analysis") in

order to document the estimation of radiological impact from septage disposal.

The radionuclide concentrations and total radioactivity identified in
the septage will be compared to the concentration and total curie limits

established herein prior to disposal. The limits to be applied are as follows:

1. The concentration of radionuclides detected in the volume of
septage to be pumped to a disposal truck shall be limited to a
combined Maximum Permissible Concentration of Water (MPC) (as
listed iﬁ 10CFR, Part 20, Appendix B, Table II, Column 2) ratio of

less than or equal to 1.0.

2. The total gamma activity which can be released via septage transfer
to any SWIF in one year (12 consecutive months) is limited to not
more than 20 microcuries (equivalent to a maximum whole body dose

of 1 mrem to any individual in the public).

—6—
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If the total activity limit is met, compliance with the self-imposed
dose criteria will have been demounstrated since the radiological impact
(Section 5) is based on evaluating the exposure to a maximally exposed
hypothetical individual such that his annual whole body dose would be limited

to approximately 1 mrem.

Both the concentration and total activity limits represent a small
fraction of the allowable limits permitted under 10CFR20.303 to other NRC
licensees who have their sanitary waste systems directly connected to a public
sewerage system. If not for the biological nature of sanitary waste, the
above release limits would also allow for the direct discharge of the waste
under the plant's existing Technical Specification requirements for release of

liquids to the environment.

3.2 Adminigtrative Procedures

Complete records of each disposal will be maintained. In addition to
copies of invoices with approved septic tank pumpers, these records will
include the concentration of radionuclides in the septage, the total volume of
septic waste disposed, the total activity in each batch, as well as total

accumulated activity pumped in any 12 consecutive months.

For periods in which disposal of septage occurs under this application,
the volume, total activity, and relative nuclide distribution, shall be

reported to the NRC in the plant's Semiannual Effluent Release Report.
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4.0 EVALUATION OF ENVIRONMENTAL IMPACT

The proposed method for disposal of septage is
used by all facilities designed with septic tanks for
waste. No new structures or facilities need be built
existing land uses changed. Septage from Yankee will
existing SWTF, where it will make up a small fraction

sanitary waste treated each year. As a result, there

the same as currently
the collection of septic
or modified, nor any

be trucked to an

of the total volume of

will be no impact on

topography, geology, meteorology, hydrology, or nearby facilities by the

proposed method of disposal.

-8—
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5.0 EVALUATION QOF RADIQLOGICAL IMPACT

Radiological evaluations have been performed for the purpose of
bounding the dose impact associated with the disposal of septage. The normal
method of septage handling and freatment would provide for dilution of
Yankee's septage with other waste-water at a public SWIF. The processed
sludge would typically be buried in a sanitary landfill, thus limiting the
potential exposure pathways to man, or widely dispersed if used as a
fertilizer, thereby preventing any build-up of activity from successive annual
pumpouts from the plant's septic tank. The dose assessments, however, did
consider the maximum potential impact of long~term buildup of activity
resulting from 30 years of placing septage waste in the same SWIF, with all

the processed sludge assumed to be buried in one landfill disposal cell.

5.1 Septic Tank Sample Analysis Data

The analysis of the septic tank's measured radioactivity, and its
distribution between liquid and solid fractions, provides the bases upon which
a dose assessment of disposal of septage can be made. The composition of the

septic tank waste determined from the sample analysis is:

Composite Sample East End Composite Sample West End
Manhole location Manhole Location
Wt. Liquid 3.502 kg 3.460 kg
Wt. Solid 0.087 kg 0.167 kg

Solid fraction of the composite sample és collected is equal to:
Solid fraction = Wt. solid/(Wt. solid + Wt. liquid)

The solid fraction for the East End sample was 0.0242, and 0.0460 for
the West End. The activity in the solid fraction was basically found to

contain all the detected radioactivity as noted below:

East End Solids Sample West End Solids Sample
(pCi/kg) Wet (pCi/kg) Wet
Mn-54 - 47
Cs-134 - 67
Cs-137 100 203
Co-60 528 ‘ 1,588

-9
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With the septic tank volume taken as approximately 7,000 gallons
(26,500 liters), and assuming the maximum solid fraction (0.046) and maximum
radionuclide concentration applies to the total tank's content, the total

maximum radicactivity content is estimated to be:

Isotope ~Lif Qe (Ci)

Mn-54 312.2 day 5.73 E-08

Co-60 5.272 yr 1.94 E-06

Cs-134 2.065 yr - 8.17 E-08

Cs-137 30.17 yr 2.48 E-Q7
5.2 Pathway Exposur nari

Radiological evaluations were performed for both the expected
activities associated with handling, processing, and disposal of septage waste
at a SWIF, and a hypothetical event causing undiluted septage release. The
bounding case was determined to be associated with a hypothetical event which
lead to the spreading of undiluted septage from Yankee's septic tank directly
on a garden area where food crops are grown. The contracts with town approved
septic tank pumpers will direct that septage be disposed of at a SWIF in
Massachusetts. It is not expected that any disposal will occur other than at
an SWIF. It is, therefore, not considered credible that successive bounding
case activities could occur which lead to a long~term buildup of activity on a

single minimum size garden plot.

In addition, since incineration of septic waste is not a current
practice in the local area, the potential exposures associated with
incineration are not of current concern. However, the establishment of a
conservative -total whole body dose criteria for release of sanitary waste, via
the above-noted garden scenario, assures that the potential resulting whole
body dose due to incineration would not be expected to result in significant
doses to any individual. This asséssment is further detailed in Section 5.3.4.

The contributing pathways of exposure for the normal SWIF disposal

process include:

1. External eiposure to a truck driver.
2. External exposure to a SWTF worker.
-10-
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3. External exposure to an individual standing on the SWIF landfill

after 30 years of buildup and decay.

The following garden exposure pathways were addressed for the maximally

exposed hypothetical individual:

1. Standing on the ground plane.

2. Inhalation of resuspended material.
3. 1Ingestion of leafy vegetables.

4., Ingestion of stored vegetables.

5. Ingestion of milk.

6. Liquid pathways.

It should be noted that the milk pathway is mutually exclusive to the
other food production pathways since it would be impossible to support the
grass—cow-milk-man exposure chain if the limited land area is utilized for the
growing of food crops for direct human consumption. The two sets of ingestion
pathways have been calculated so that the potential maximum impact can be
assessed. Similarly, radionuclide movement into the ground water pathway
would tend to reduce the impact of surface-related exposure paths and is,

therefore, considered independently.

5.3 Dose Assessments
5.3.1 External Exposure to _a Truck Driver/SWTF Worker

The external dose rate from a 3,500-ga116n tank truck filled with
septage containing the total measured activity in the septic tank (2.33 uCi)
was calculated for the purpose of estimating exposures associated with
shipping the waste to a SWIF. A three—-dimensional ﬁoint—kernel shielding code
for the determination of direct radiation from gamma radiatiﬁu emanating from
a self-attenuating cylindrical source (DIDOS-IV, Reference 1l4) was utilized to
calculate the external dose rate from the tank truck. The truck was modeled
as a cylindrical radiation source with a radius equal to 1.22 meters and a
length of 2.84 meters. A dose rate of 1.2E-0O4 mrem per hour for a point one
meter from the end of the cylinder along the axis was calculated. No credit
for shielding provided by the tank truck or cab was assumed. The dose to a

11—
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truck driver making a 100-mile trip to a treatment facility at an average of
20 miles per hour plus a three-hour waiting period at the SWIF, is estimated
to be 9.5E-04 mrem. It is concluded, based on the total activity limits
proposed, that this pathway will not lead to significant exposure of any
jndividual. It is also concluded that due to the sanitary properties of
septage handling, a SWIF employee's direct exposure time is kept to a

minimum. Using the dose rate estimated for the truck driver above, and
conservatively assuming that it requires an employee at the SWIF a full
eight-hour day to process each truckload of waste, and not taking any credit
for dilution or increased distance from the Qaste, a waste processing facility

employee's dose is also estimated to be 9.5E-04 mrem.

If the maximum activity content proposed to be disposed of each year
were assumed as the source term (20 puCi), the dose to the truck driver/SWTF
worker is estimated to be less than 1.0E-02 mrem using the same assumptions as

noted above.

5.3.2 External Exposure Due to long-Term Buildup

In order to assess the potential impact from the postulated buildup of
activity resulting from 30 years of septage disposed at the maximum annual
allowed aétivity content, it was conservatively assumed that the entire
quantity of accumulated activity at the end of 30 years was buried in a common
landfill disposal cell which was then available to the general public for

uncontrolled access (8,760 hours per year).

For regional SWIFs, waste sludge is typically mixed with sand and
placed in landfill disposal cells on a daily basis and covered by a layer of
at least six inches of composited material before the end of each working day,
as required by Massachusetts Department of Environmental Protection
regulations (Reference 16). The landfill disposal cells range in size from
about one acre up to about five acres. After a cell is full, a final layer of
compacted material is required to be placed over the entire surface of the

cell to a minimum depth of two feet (Reference 16).

~12-
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Analytically, if Q, is the amount of radioactivity per tank full of
septage for a give nuclide, then the total accumulated radioactivity Qe(max)
disposed of after 30 pumpouts is given by:

Qemax) = Q, (1 + E + E2 + E3 + E* + ..., + E29)

=q, (1 - E29)/(1 - E) ()

where:

E = exp(-AAt)

>
1

is the decay constant for the selected nuclide (1l/year), and

At

time interval between applications, assumed to be 1 year.

If the maximum total activity of 20 microcuries (with the same relative
distribution as determined in the current septic tank analysis) were assumed
to be released each year, then the accumulated activity at the end of 30 years §

is found in the following table:

A Q Qg (max)
Nuclide Half life (1/yvear) i tch uCi
Co-60 5.27 ¥ 0.1315 16.65 132.14
Co-134 2.07 y 0.3357 0.70 2.45
Co-137 30.2 y 0.023 2.15 46.04
Total 20 182 o

If the 20 microcuries per year limit is assumed to be all Co-60, then
the resulting accumulated total after 30 years would be 159 microcuries, and

result in a higher calculated dose than that from the above mix.

Assuming a minimum landfill disposal cell to be one acre in-area, and
that the 30-year accumulated activity (159 uCi; Co-60) was disposed of in one
year along with SWTF sludge that formed a minimum one foot layer which was
placed immediately below the two-foot disposal cap of the cell, the resulting

~13—
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dose rate one meter above the ground surface was calculated to be

6.4E-07 mrem/hour. If it is also assumed that an individual remained on the
landfill for a full year (8,760 hours) without taking any credit for shielding
by a residential structure, the total whole body dose would be 5.6E-03 mrem,

or about 56% of the truck driver's/SWTF workers calculated exposure.

Since the landfill cap (2' minimum) effectively isolates the vegetation
zone of the top 15 cm plow layer, no garden pathways of exposure are
included. However, it is noted that the 30-year accumulated activity
concentration spread over a one acre landfill disposal cell would result in an
area density of only 3.7E-03 microcuries per square foot. This is
approximately a factor of 11 below the surface area density of the garden
pathway scenario in Section 5.3.3 for the bounding case of placing
20 microcuries directly on a 500 ft2 garden. Therefore, even if it is
postulated that an individual were to dig a cellar hole for a new home on the
landfill site after closure, the resulting dose impact would still be bounded

by the garden scenario as described below.

It is, therefore, concluded that for normal handling, processing, and
disposal of septage at a SWIF, the maximum annual dose ié received by the
truck driver or SWTF worker handling the annual batches of septage pumped for
disposal, and not the result of accumulated activity buildup over extended

time periods.

5.3.3 Garden Pathway Scenario

The radiological impact associated with an event which place undiluted
septage directly on a garden was carried out using the dose assessment models
in Regulatory Guide 1.109 (Reference 13), and in a manner consistent with the
methodology employed by the plant's ODCM. Special consideration was given to
the following:

1. The computation of an effective self-shielding factor to account
for the effect provided by the soil after the waste is plowed or

mixed in the top 15 cm surface layer.

—14—

Revision 7 — Date: MAY 21 1829 A-33 Approved By: -’7?76;4%21/74235fé§;:t) .



2. The definition of an annual activity release rate, which following
a year's time of continuous release, would yield the ground
deposition expected to prevail after a tank pump-out and spreading

on the 500 ftZ garden.

3. The definition of an effective atmospheric dispersion factor to

represent the resuspended radioactivity.

4. The proper representation of partial occupancy factors and usage

data.

If it is assumed that the garden plot is limited to a surface area of
500 ftz, then the land deposited radiocactive material Se (Ci/m?) following

landspreading will be equal to:
Se = Qe (Ci)/(500 £t * 0.0929 m?/£t2) (B)
The denominator of this equation is equivalent to the (D/Q) deposition

factor normally employed in the airborne impact assessment of deposited

radionuclides; that is:

(D/Q) = 1/(500 ft2 % 0.0929 m2/ft2)

n

2.15E-02 (m™2) (c)

]

Following the application of undiluted septage on the garden, some of
the radioactivity may become airborne as a result of resuspension effects.
The model used to estimate the radionuclide concentration in air above the
disposal plot was taken from WASH-1400, Appendix VI. According to that model,
the relationship between the airborne concentration A, (Ci/m3) and the surface

deposition is:

A, = S, (Ci/mz) x K (1/m) D)

~15—
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where: K is the resuspension factor and is taken to be equal to 1.0E-06 (1/m)
(Reference 11) which is believed conservative due to the limited
surface area involved and the irrigation provided to a garden which

minimizes airborne dust.

The 500 ftZ garden size was selected based on the minimum surface area
necessary to include a garden as part of the land-use census as required by
Yankee's Technical Specification 3/4.12.2. This is the minimum area which
could be expected to produce sufficient food to support the uptake assumption

on food consumption noted below.

In addition, by limiting the garden surface area to 500 £t (a circle
with a 3.85 m radius) the concentration of radioactivity in the garden is
maximized since the concentration for any given surface area is physically
limited by the total activity available in the septage. For direct radiation
estimates from standing on the ground plane, a commonly used assumption of an
infinite plane source (which can be approximated by a circle with a radius of
15 m) would in fact undercalculate the surface dose rate from that of a
500 ft2 garden by a factor of about 8 due to the dispersal of the fixed
quantity of activity available to be spread. For use with the garden pathways
of exposure, it is assumed that the septage is mixed in the top cultivated

15 cm of so0il with no additional clean soil cover placéd over it.

As for the occupancy factors for direct exposure to the ground
deposition and for immersion in the resuspended radioactivity, 360 hours was
used for the radiological impact analysis. The 360—h6u£ interval is believed
to be a reasonably conservative time frame a gardener would spend each year on
a plot of land or garden during the growing season in the northeast (average

two hours a day for six months).

Garden pathway data and usage factors as applicable to the area in the
vicinity of the plant are shown below. These are the same factors as used in
the plant's ODCM assessment of the off-site radiological impacts due to

routine releases from the plant, with the following exceptions:

—16-
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1. The soil exposure time was changed from 15 years to 1 year to

account for the discrete application of septage on a garden plot.

2. The fraction of stored vegetables grown in the garden was

conservatively increased from 0.76 to 1.0.

3. The crop exposure time was changed from 2,160 hours to O hours to

reflect the condition that no radioactive material would be

dispersed directly on crops for human or animal consumption, the

deposition on crops of resuspended radioactivity being

insignificantly smallj that is, crop contamination is only through

root uptake.

GE FA R
Vegetables Leafy Veg. Milk Inhagation*
Individual (kg/yr) (kg/yr) (liters/yr) (m~ /yr)
Adult 520 64 310 329
Teen 630 42 400 32¢
Child 520 26 330 152
Infant _—  — _ 330 58

*#Inhalation rates have been modified to reflect an annual
occupancy factor of 360 hours.

VEGETABLE PATHWAY

Stored leafy
Vegetables = Vegetables
Agricultural productivity gkg/mz) 2.0 2.0
S0il surface density (kg/m*) 240.0 240.0
Transport time to user (hours), 0.0 0.0
Soil exposure time (hours) 8,766.0 8,766.0
Crop exposure time to plume (hours) .0 .0
Holdup after harvest (hours) 1,440.0 24.0
Fraction of stored vegetables
grown in garden 1.0
Fraction of leafy vegetables
grown in garden 1.0

Revision 7 - Date:
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COW-MILK PATHWAY

Pasture Feed tor Feed

— Agricultural productivity ékg/mz) .7 2.0
Soil surface density (kg/m“) 240.0 240.0
Transport time to user (hours) 48.0 48.0

_ Soil exposure time (hours) 8,766.0 8,766.0
Crop exposure time to plume (hours) .0 .0
Holdup after harvest (hours) .0 2,160.0
Animals daily feed (kg/day) 50.0 50.0

- Fraction of year on pasture .5
Fraction pasture when on pasture 1.0

— As noted above, liquid exposure pathways are considered independent
from those associated with garden exposures. Since the laboratory analysis
data of septic tank waste shows that all the activity is associated with the
suspended or settled solids fraction, and not dissolved in the liquid portion,
transport of activity through groundwater would not be expected to lead to
drinking water supplies being impacted by septage placed on farm lands. It
is, therefore, not anticipated that the groundwater pathway could result in
doses comparable to the direct surface exposure pathways. As confirmation of
this, however, a methodology for groundwater analysis, as developed by
— Kennedy, et al. (1990) (Reference 12), was used as a check. This model
assumes that the radionuclides on the ground are leached into the water table
with a leach rate based on continuously saturated soil. Once into the water
table, the radionuclides are immediately available for consumption. The
volume of water used for dilution is limited to the quantity used by one
person in one year (91,250 liters). No credit is taken by soil retardation of
the nuclides, either during the ieaching process or during groundwater
- movement. Consumption of water is assumed to be 2 liters/day. The resulting

dose factors, by radionuclide, are listed in Table 3.4 of Reference 12.

Of the radionuclides detected in the septage, Co—60 is the dominant
nuclide, and has the highest dose factors. The total effective dose
equivalent from drinking water is 4.4E-6 mrem/yr for 1 uCi of disposed Co-60.
The maximum organ dose is 1.9E-5 mrem/year per pCi, with the organ being the
LLI wall. These results are several orders of magnitude below the direct
surface exposure doses as detailed below. The groundwater pathway is,

therefore, not significant.
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Direct Ground Plane Exposure

To account for the gamma attenuation provided by the soil, it was
necessary to carry out an appropriate shielding calculation. This was
accomplished through use of the DIDOS computer code which computed the
radiation levels from a cylindrical volume source wigh a radius of 3.85 m and
a height of 0.15 m, with the receptor located along the axis, 1 m above the

source.

The source density was set equal to 1.6 g/cc, which is equivalent to
the Regulatory Guide 1.109 value of 240 kg/m2 for the effective surface
density of soil within a 15 cm plow layer. If the total activity content of
the septic tank, as listed earlier, were assumed to be uniformli distributed
in the source disk, the volume source dose rate is equivalent to a dose rate
of 2.8E-04 mrem/hr. The total dose from standing on the garden area for
360 hours each year is seen to be 0.099 mrem from the total activity content

measure in the septic tank (2.33 pCi) being placed on the garden.

Garden Pathway Total Dose

The maximum individual ingestion/inhalation exposure assessments
resulting from garden crops or pasture grass grown on a septage disposal plot
were added to the direct ground plane doses discussed above. This results in
a bounding estimate of dose to a hypothetical maximum exposed individual. The
whole body and critical—organ radiation exposures after a tank pump-out and
spreading on a garden at a concentration level equivalent to the measured

concentrations in septic waste are as follows:

Radiation Exposure Indivi 1/0r
Maximum Exposed Individual 0.122 mrem/yr Child/Whole Body
0.157 mrem/yr Child/Liver
—19—
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The individual pathway contributions to the total dose are as follows:

Pathway—-Dependent Critical Qrgan Doses

Maximally Exposed Maximally Exposed
Individual/Organ Individual/Whole Body
(Child/Liver) (Child)
Pathway _(mrem/year) , (mrem/year)
Ground Irradiation 0.099 0.099
Inhalation 0.0003 0.0001
Stored Vegetables 0.055 0.0214
Leafy Vegetables 0.0028 0.0011
Milk Ingestion* (0.019) (0.0036)
TOTAL 0.157 0.122

Tables 1 through 4 detail the internal dose breakdown by radionuclide
and pathway of exposure. As can be seen in the results, the whole body and
maximum exposed organ dose are appropriately equivalent. This is due to the
dominance of the external ground plane exposure pathway controlling the dose

to both the organs and whole body.

5.3.4 Incineration Pathway Scenario

At the present time, there are no known facilities for the incineration
of septage in the vicinity of the Yankee plant. For completéness, however, we
have addressed the radiological impact expected from incineration. This will
preclude the necessity of revising this application request if such a facility

becomes available in the future.

The basis for the radiological assessment of incineration is a report
by Murphy, et al. (1989) (Reference 15), in which they calculated individual
and population dose impacts from low level waste disposal scenarios. This

report used a radionuclide distribution that was based on extensive studies of

*As described above, the milk pathway is mutually exclusive to the vegetable
ingestion pathway; and, therefore, not added into the total.

—20—
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power reactor low level wastes. This distribution was similar to the measured
distribution in the Yankee septage in that Co-60 and Cs-137 were the

predominant gamma emitters.

The results of their analyses show that the transport worker receives
the highest dose from the incineration scenario. The transport worker dose is
approximately a factor of 5 higher than either the maximum incinerator worker
or the maximum disposal site operator, and is several orders of magnitude

higher than the maximum individual doses to the general public.

The dose to the transport worker has been discussed above
(Section 5.3.1) for the off-site disposal of septage from Yankee. This
transport worker dose will not change if thelseptage is incinerated, since it
was conservatively assumed that the worker spends 8 hours traveling to the
disposal site. Thefefore, the dose to the individual landowner, from the
garden scenario, will still be controlling for all disposal options, including

incineration.

5.4 Maximum Releasable Activity

The above analysis for landspreading on a garden the measured activity
levels detected in the septic tank indicates that over 80% of the.total whole
body dose received by the hypothetical individual is due to direct external
exposure to the ground plane. Of this direct dose component, Co-60 accounts
for about 96% of the exposure. In determining a practical means by which any
future detectable levels of licensed material can be limited to ensure that
the controlling hypothetical individual's annual dose is limited to
approximately 1 mrem or less, the sum of all measured gamma emitting nuclides
can be assessed as Co-60 to determine the quantity of gross activity that, if

released in septage, would limit the dose to 1 mrem.
Repeating the above controlling analysis for the event which placed the
septage shipment directly on a garden plot, and assuming that the activity

available is all Co-60, the total activity which relates to the annual dose
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limit criteria of 1 mrem is determined to be approximately 20 microcuries.
The breakdown by exposure pathway for this scenario, assuming an activity

release of 20 microcuries in the form of Co-60 is as follows:

Maximum Exposed
- Individual/Whole Body

Pathway (mrem/year)
- Ground Irradiation 0.980
Inhalation 0.0004
Stored Vegetables 0.13
Leafy Vegetables 0.0068
TOTAL 1.1

All other scenarios for the normal treatment and disposal of septage,
including postulated accumulation and build-up of activity at a single SWIF
for a 30-year period (at 20 microcuries/year), result in radiological impacts
to individuals which are approximately a factor of 100 or more below the whole

— body dose for the garden pathway.

The following summary compares the calculated whole body doses
associated with normal handling of septage with the 1 mrem bounding event
garden scenario. This demonstrates that by limiting the annual quantity of
activity in septage to 20 microcuries, the expected dose impact for disposing
of septage at a SWIF will in fact be well below a dose criterion of
1 mrem/year:

_—  Maximum Whole Body

Annual Dose

Scenario (mrem)
(a) Septic truck driver/SWIF worker. 1.0E-02
~ (20 uCi Co-60 per year)
(b) SWTF landfill after closure. 5.6E-03

. (30-year accumulation; 159 uCi Co-60)
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6.0 SUMMARY AND CONCLUSIONS

The disposal of septage by transferring it to a public SWIF is in
accordance with standard practices for treatment of the type of waste material
generated by a septic tank/leach field sanitary waste system. Periodic
pumping of the septic tank is necessary for the maintenance.and continued
operation of Yankee's sanitary waste system. Approval for dispdsal of.septic
waste from the Yankee sanitary system is requested to prevent failure of the

sanitary system to adequately handle plant domestic waste.

Alternate means of disposal of the septage would involve the treatment
of it as radwaste, with the subsequent need to stabilize, solidify, and
dispose of the material at a licensed burial ground at excessive cost and a

loss in valuable disposal ground volume.

The radiological analysis results indicate that the public health
effects due to the biological activity and infectious constituents of such
sanitary waste far outweigh the concerns due to any radioactivity which is
present. By setting release limits which restrict the exposure to a maximum
hypothetical individual of 1 mrem per year, it is ensured that radiological

risks from the proposed disposal method are of no significance.

The proposed release limits represent a small fraction of NRC limits
permitted for disposal of similar waste by licensed facilities who have their
sanitary systems connected directly to a public sanitary sewerage system.
Thesé proposed limits are also within the plant's current allowable release
limits for discharge of normal liquid waste to the environment, with any
resulting dose to any individual in the public being far less than committed

exposures due to natural background radiation.
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Massachusetts Department of Environmental Protection Regulations 310
CMR 19.15 (Disposal of Solid Waste in Sanitary Landfills).
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PATHWAY

IRHALATION
56 MM
&0 co

136 Cs
137 ¢s

TOTAL FOR PATHWAY

STORED VEGETABLES

54 MM
&0 Co
134. Cs
137 ¢s

TOTAL FOR PATHWAY

LEAFY VEGETABLES

S& MM
&0 <o
134 ¢s
137 Cs

TOTAL FOR PATHWAY

TOTAL FOR PATHWAY

BOKE

0.00E+00
0.00E+00
3.17e-05
1.07e-04

1.39e-04

0.00E+00
0.00E+00
2.248-03
9.25E-03

1.15e-02

0.00e+00
0.00E+00
2.91E-04
1.14E-03

| 1.43€-03

0.00E+00
0.00€+00
8.11E-04
3I.31e-03

4.12E-03

Revision 7 Date MAY 21 159

TABLE 1

~ LANDSPREADING INGESTION PATHWAYS

LIVER

2.93E-06
2.11e-05
7.228-05
1.39€-04

2.35E-04

3.10e-04
1.78e-03
$.33e-03

©1.27e-02

2.01€-02

& .34E-05
2.24E-04
6.92E-04
1.56E-03

2.526-03

2.39€-06
5.33e-05
1.93€-03
4.53e-03

6.51E-03

CADULT)
€2.33 UCI TOTAL ACTIVITY)
CHREM)
KIOKEY LUNG
7.286-07  1.04E-04
0.006+00  1.095-02
2.446-05  8.31E-06
4.986-05  1.68£-05
7.496-05  1.118-02
9.21€-05  0.008+00
0.00E+00  0.00E+00
1.726-03  5.726-04
4.296-03  1.43€-03
6.116-03  2.00E-03
1.296-05  0.00E+00
0.00E400  0.00E+00
2.246-04  7.44E-05
5.316-04  1.765-04
7.686-04  2.S1E-04
7.106-07  0.00E+00
0.006400  0.00E+00
6.256-04  2.07E-04
1.548-03  S.11€-04
2.166-03  7.185-04
25
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GI-LLI

5.72E-06
5.21E-04
8.85€-07
1.88e-06

5.30e-04

9.48€-04
3.34E-02
9.326-05
2.45E-04

3.47e-02

1.33e-04
4.20E-03
1.21E-05
3.03e-05

4.38e-03

7.31E-06
1.00€-03
3.38e-05
8.77e-05

1.13e-03

THYROID

0.00€+00
0.00E+00Q
0.00e+00
0.00€+00

0.00E+00

0.00€E+00
0.00E+00

0.00E+00

0.00e+00

0.00€+00

0.00E+00
0.00E+0Q
G.00E+00
0.00E+00

0.00E+00

0.00E+00
0.00E+Q0
0.00E+00
0.00E+00

0.00e+00

WHOLE 8OOY

4.66E-07
2.71E-05
6.19E-05
9.58£-05

1.85E-04

5.91E-05
3.92e-03
4.35E-03
8.29€-03

1.66E-02

8.29€-06
4.93e-04
5.66E-04
1.02€-03

2.09E-03

4.55E-Q7
1.18E-04
1.586-03
2.97e-03

4.66E-03

L




TABLE 2
LANDSPREADING INGESTION PATHWAYS

(TEEN)
(2.33 UCI TOTAL ACTIVITY)
(HREK)
PATHUAY BONE LIVER KIDNEY LUNG GI-LLI THYROID WHOLE BOOY -
INHALATION
S4 MN 0.00e+00 3.78e-06 9.41E-07 1.47E-04 4. 94E-06 0.00e+00 6.21e-07
66 co 0.00E+00 2.77E-05 0.00E+00 1.60€-02 4.T5E-04 0.00E+00 3.63e-05
134 Cs & .28e-05 9.60E-05 3.19€-05 1.25€-05 8.31E-07 0.00€+00 &.67TE-QS
137 ¢s 1.50e-04 1.90E-04 6.80E-05 2.70-05 1.90E-06 0.00E+00 6.96E-05
TOTAL FOR PATHWAY 1.93e-04 3.17e-04 1.01E-04 1.62E-02 4£.828-04 0.00E+00 1.53e-04
STORED VEGETABLES
56 MN ' 0.00e+00 4. BLE-04 1.44E-04 0.00E+00 9.93e-04 0.00E+00 9.60E-05
60 €O 0.00e+00 2.83e-03 0.00E+00 0.00€E+00 3.69e-02 0.00E+00 &6.37e-03
134 Cs 3.65€e-03 8.59€-03 2.73e-03 1.04E-03 1.07E-04 0.00E+C0 3.98e-03
137 ¢s. 1.57e-02 -2.10€-02 7.13e-03 2.77e-03 2.98E-04 0.00E+00 7.30e-03
TOTAL FOR PATHWAY 1.94E-02 3.29€-02 1.00g-02 3.81E-03 3.83e-02 0.00£+00 1.78e-02
LEAFY VEGETABLES
5S¢ M 0.00E+00 3.68E-05 1.10€-05 0.00E+00 7.55€-05 0.00e+00 7.30€-06
60 €O 0.00e+00 1.93-04 - 0.00E+00 0.00e+00 2.51e-03 0.00E+00 4 .34E-04
13 ¢s 2.57E-04 ° 6.05E-04 1.928-04 7.34E-05 7.52E-06 0.00E+00 2.81E-04
137 ¢s 1.05£-03 1.40E-03 L. TTE-04 1.858-04 1.99€-05 0.00E+00 4.88E-04
TOTAL FOR PATHWAY 1.316-03 2.24E-03 6.80E-04 2.59e-04 2.61E-03 0.00e+00 1.21€-03

CO¥ KILK
54 KN 0.00€+00 3.98e-06 1.198-06 0.006+00 8.15€-06 0.00E+00 7.88e-07
é0 €0 0.00E+00 9.036-05 . 0.00E+00 0.00E+00 1.18e-03 . 0.00E+00 2.03e-04
134 ¢s 1.41€-03 3.31E-03 1.05E-03 4.02E-04 4.12E-05 0.00E+00 1.54€-03
137 ¢s &6.008-03 7.99e-03 2.72e-03 1.06E-03 1.14E-04 0.00E+00 2.78e-03
TOTAL FOR PATHUAY 7.41E-03 1.14€-02 3.77e-03 1.46E-03 1.348-03 0.00E+00 4.52E-03

26
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PATHWAY

INHALATION
56 MmN
&0 Co

134 Cs
137 ¢s |

TOTAL FOR PATHWAY

STORED VEGETABLES
S4 MN
60 Co
134 Cs
137 ¢s

TOTAL FOR PATHWAY

LEAFY VEGETABLES
Sé M-
60 Co
134 €S
137 ¢s

TOTAL FOR PATHUAY

Cou KILK
54
60
134
137

RR8E

TOTAL FOR PATHWAY

Revision 7 Date

BONE LIVER
0.00E+00 3.17e-06
0.008+00 2.40E-05
5.54-05 8.63E-05
2.03E-04 1.85E-04
2.58E-04 2.98e-04
0.00E+00 7.25E-04
0.00e+00 4 .40E-03
8.42E-03 1.38e-02
3.80E-02 . 3.63e-02

 4.64E-02 5.53e-02
0.00e+00 4.13€-05
0.00€+00 2.25e-04
4 L5E-04 7.30E-04
1.90E-03 1.§2£-03
2.35e-03 2.82e-03
0.00E+00 5.95€-06
0.00E+00 1.408-04
3.25e-03 $.33e-03
1.45€-02 1.38€e-02
1.77e-02 1.93e-02

MAY 21 1990

TABLE 3

LANDSPREADING INGESTION PATHWAYS

CCHILD)

€2.33 UCI TOTAL ACTIVITY)

KIDKEY

7.41E-07
0.00€+00
2.81E-05
6.32€-05

9.20€-05

2.03E-04
0.00e+00
4.288-03
1.18g-02

1.63e-02

1.16€-05
0.00E+00
2.26E-04
S5.94E-04

8.32E-04

1.67TE-06
0.00E+00
1.656-03
4.51E-03

6.17e-03

27

(MREM)

LUNG

1.17E-04
1.298-02
1.03e-05
2.33e-05

1.318-02

0.00E+00
0.00e+00
1.54€-03
&4.26E-03

5.80e-03

0.00e+00
0.00E+00
8.11e-05
2.14E-04

2.95E-04

0.00€+00
0.00£+00
5.93e-04
1.62€-03

2.226-03

GI-LLY

1.69€-06
1.76E-04
3.27e-07
8.10e-07

1.79€-04

6.08E-04
2.44E-02
7.45E-05
2.27e-04

2.53e-02

3.47E-05
1.24€-03
3.93e-06
1.14€E-05

1.29€-03

4.99€-06
7.77e-04
2.87e-05
8.67€-05

8.97E-04

THYROID

0.00e+00
0.00e+00
0.00E+00
0.00E+Q0

0.00E+00

0.00E+C0
0.00E+00
0.00e+00
0.00e+00

0.00E+00

0.00E+00
0.00E+00
0.00€+00
0.00e+00

0.00+00

0.00E+00
0.00E+00
0.00e+00
0.00E+00

0.00E+00

WHOLE BOOY

7.03e-07
4.15e-05
1.91e-05
2.87E-05

$.00E-05

1.93e-04
1.30e-02
2.91E-03
5.36E-03

2.14E-02

1.10e-05
6.62E-04
1.54E-04
2.69E-04

1.10€-03

1.58€-06
4.13e-04
1.126-03
2.04E-03

3.588-03
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TABLE &
LANOSPREADING INGESTION PATHWAYS

CINEANT)
- €2.33 UCI TOTAL ACTIVITY)
(MREM)
PATHUAY BONE LIVER KIDNEY LUNG GI-LLI THYROID  WHOLE BOOY
INHALATION
54 N 0.00E+00 1.87E-06 3.69E-07 7.396-05 5.226-07 0.00E+00 3.69€-07
60 co 0.00E+00 1.47€-05 0.00E+00 8.25-03 5.84E-05 0.00E+00 2.16E-05
13 s 3.37E-05 5.982-05 . 1.62E-05 6.78E-06 1.14E-07 0.00E+00 6.34E-06
- 137 ¢s 1.23e-04 1.37e-04 X _85E-05 1.59€-05 2.99€-07 0.00E+Q0 1.02€-05
TOTAL FOR PATHWAY 1.57E-04 2.136-04 5.51E-05 8.35€-03 5.94E-05 0.00£+00 3.B4E-05
i STORED VEGETABLES
— 54 MM 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00£+00
6 co 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
134 s 0.00E+00 0.00E+00 0.00€E+00 0.00E+00 0.0CE+00 G.00E+00 0.00E+00
137 ¢s 0.00E+00 0.00E+00 0.00E+00 0.008+00 0.00€+00 0.00E+00 0.00E+00
TOTAL FOR PATHWAY 0.00E+00 0.00€+00 0.00E+00 0.00E+00 0.00E+00 6.00E+00 0.00E+00
. LEAFY VEGETABLES
- 54 MM 0.00E+00 0.00E+00 0.00E+0G . 0.00E+00 0.00E+00 0.COE+00 0.00E+00
ki 60 co 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
’ 134 cs 0.00E+00 0.00E+00 0.00£+00 0.00E+00 0.00£+00 0.00E+00 0.00£+00
,,,,, 137 ¢S 0.00e+00 0.00€+00 0.00E+00 0.00E+00 0.00e+00 0.00E+Q0 Q.00E+00
TOTAL (FOR PATHWAY 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 . 0.00£+00 0.00E+00

COW HILK .
— 56 wN 0.00£+00 1.11E-05 2.45E-06 0.00E+Q0 &.06E-06 0.00e+00 2.51E-06
& co 0.00E+00 2.86E-04 0.00e+00 0.00E+00 6.81E-04 °  0.00E+00 6.76E-04
134 ¢Cs 5.23e-03 9.76E-03 2.51e-03 1.03e-03 2.65E-05 0.00£+00 9.85€-04
137 ¢s 2.31e-02 2.70e-02 7.25e-03 2.94E-03 8.45E-05 0.00e+00 1.92e-03

‘ TOTAL FOR PATHWAY 2.83e-02 3.71e-02 9.77E-03 3.97€-03 7.96E-04 0.00€+00 3.58e-03

-
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Appendix B

Concentrations in Air and Water Above Natural Background
(10CFR20.1-20.602, Appendix B)

Revision 11
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Appendix B

APPENDIX B TO §§ 20.1—20.602—CONCENTRATIONS (N AIR AND WATER ABOVE NATURAL

BACKGROUND

(See footnotes at end of Appendix B]

{sotope ! Table { Table
Eiemeg( (atomic number) Col. 1—Aic Col. 2— Col. 1—Aic Cof, 2—
@Citmiy | Wate 17 cimy | Water
(:Cifml) (uCitmi
Actinium (89) Ac 227 S 2x10™% 6x10-3 8X 107 2x10°¢
{ 3x10~n 9x1073| 9x10-1 3X10-¢
AC 228.......connn] S 8x10°¢ 3x10°3 3x10°* 9x 103
f 2x10°¢ 3x10°3 6xX10~1 8x10™%
Americium (95) Am 241 S 6x10~1 1X10°¢ 2x10-u 4%x10°¢
{ 1X10~w 8x10°¢ 4xio~n 3x107*
Am 242 ..............] S 6X10-12 1x107¢ 2x10~8 4X10°¢
{ 3x10-%w 3x10°3| g9x10~© 9% 1073
Am242 ...} S 4x10°¢ 4x1073 1X10°* 1X10™¢
{ 5x10™¢ 4x1073 2x1077 1x10°¢
Am 243 ................] S 6x10- 1xX10™¢ 2x10" 4x10°¢
{ 1X10~° ex10-4 4x10~12 3x1073
Am244 ...} S 4x10°¢ 1x1071 1x10°7 5x10°3
t 2x10°% 1x10™t 8x10°7 §x10°3
Aatimony Sh 122 S 2x10”7 8Xx10~ 6X10™* 3x10-3
{ 1x10"7 8x10™¢ 5X10°% 3Ix10°s
Sh124...........l] S 2x10°7 7X107¢] . 5x10°* 2x10-%
{ 2x10°¢ X107 7X10™1 2x10°s
Sb 12S..nneen ) s Sx10-7 3x1073] \2x10~¢ 1X107¢
{ 3X10°¢ 3x1073 9x 10~ 1X107¢
Argon (18) A37 Sub? 6x10™3 V4 {1l ] U
Al -} Sub 2x10°¢ AX107 e
Arsenic (33) As 73 S 2X10°¢ 1x10™2 7X10"¢ 5X10°¢
1 4x10°7 1xX10°2 1X10™¢ 5x107¢
As74...eeed S 3x10°7 2X1073 1X10°¢ 5xX10°%
{ 1x10°7 2xX10™3 4x10°* §xX10™3
As 76 ...eeeeeend S 1IX10°7 €X10°¢ 4x10°* 2x10°%
- ( X107 6x1074 3x10°* 2x10™s
AS 7T e 48 §x1077 2x10™3 2x10"* 8x 107
, . { 4x10°7 2x10°3 1X10°¢ 8x10-3
Astatine (85) At 211 S 7X10™* §X10°%| 2x10~w 2x10°¢
' { 3x10-* 2x1073 1x10™? 7x10"3
Barium (56) Ba 131 s 1X10°¢ 5x1073 4x10°% 2x10™¢
{ 4%10°7 5x 1073 1xX10°¢ 2X107¢
Ba 140................. 1S 1x10°7 B8X1074 4x10°* 3x10~s
t 4x10°4 X104 1X10~* 2x107s
Berkelium (97) Bk 249 S gx 10~ 2X1072 Ixio-u 6X10-¢
]! 1x10°7 2x10°2 4%10°* 6x107¢
Bk 250................... s 1x10°7 6x1073 5x10°% 2107+
{ 1X10°¢ 6x10~3 4X107¢ 2x10°¢
Beryllium (4) Be 7 S 6Xx10°¢ Sx 10" 2x1077 2x1073
{ 1X10°¢ 5x10°2 4%x107¢ 2x 1072
Bismuth (83) Bi 206 S 2x10°% 1x10°3 61077 4%107%
{ 1x 1077 1x1073 5x10°° 4X107*
Bi 207, s 2x10°? 2x10™3 6x107* 6x107°
{ 1x107¢ 2x10°3 Sx10° 1 6x107%
Bi210............] S 6%107* 1x10-2 2x107 % 4x10°°

Revision 11
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Nuclear Regulatory Commission

Pt. 20 {§§ 20.1—20.602], App. 8

APPENDIX B TO §§ 20.1—20.602-—CONCENTRATIONS IN AIR AND WATER ABOVE NATURAL
BACKGROUND—Continued

(See footnotes at end of Appendix 81

Revision 11

jue}
'
W

tsotope ! Tabte | Table 1
Element (atomic number] . Col. 2— . Col. 2—
‘ | i’ | e | i | Bt
(uCi/ i) (uCizmi)
{ 6x107* 1x10°3 2x107 4%10°3
Bi212.. ... s 1x1077? IxX1072 Ix10°? 4x107
) | 2x1077 1x10°2 7x10°°* 4x 1074
Bromine (35) Br 82 S 1x10°¢ 8x10°3 41074 3x10™4
{ 2x107? 1x1072 6x107* 4X 1073
Cadmium (48) Cd 109.....eeeeee ] S 5x10°¢ 5x107? 2% 10°°* 2x107¢
| IxX10°¢ 5x10°3 3x10°* 2xX10°¢
Cd t15m............. 48 4x10°¢ 7x10-4 1x10°? 3x10™3
{ 4x10°¢ 7x10~4 1x107° 3Ix10-3
CA 115, S 2x10°7 1x1073 8x10°® 3x10°s
t 2x10°7 1x107? 6x10°* 4x107*
Calcium (20} Ca 45 S 3x10°¢ 3x107+ 1x10~* gx10-¢
1 1X10°7 S5x107? 4x10°° 2x10°¢
! Ca 47 S 2x10°7 1x10°3 6x10°* Sx10~3
{ 2x10"7 1x1073 6x107* 3x10°s
Californium (98) Cf 249 S 2x 10~ 1X107+ S5x107% 4x10™¢
i 1x10-w 7x107¢ 3x10~% 2x10°3
Cf250 e S S5x 1074 4x107¢ 2x10-9 1x 1075
| 1X10° % 7X107¢ Ix10-% 3x10-3
Cf 251 ceeeeveeee | S 2x10°1 1X107¢ 6Xx 10" 4%10-¢
) t 1X10°% 8x10™¢ 3x10-% 3x10-3
Cf 252 e S 6x10-1 2x107¢ 2x10~% 7x107¢
{ 3x10-u 2107 1x19- Tx10-¢
Cf253 e S 8x 10~ 41073 3Ix1ou 1x1074
{ 8x10"1¢ 4x1073 3x10~w 1x10™¢
Cta54 . S Sx10~n 4%10°¢ 2x10-13 1x1077
{ 5x 10~ 4%10°¢ 2x10-8 1x1077
Carbon (6) C 14 S 4x10°¢ 2x 102 1x1077 8x 1074
[(0. & T ] Sub §X10™% IR0 e
Cerium {58) Ce 141 e s 4x10°7 3x10™2 2x10°¢ gx10™3
' { 2x1077 3x1072 5x107° 9% 1073
Ce 143 . S 3Ix1077 1x10™2 9x10"° 4% 1073
( 2X10°7 1x1073 7x10°* 4x10™s
Ce 144 S 1xX10°¢ 3x10™¢ 3x107w 1%10°3
{ €x10~* 3x10- 2x10™ 1x107%
Cesium (55) Cs 131 S 1X10°* 7x10°2 4%10°7 2x10°3
: l 3X10°¢ 3x10-2 1X10°7 IxX10~¢
Cs 134M e d S 4x10°% 2x10°! 1x10°¢€ 6x10°3
| 6€X10™¢ 3Ix10-2 2x107? 1X10-3
Cs 134 icicanrsd S 4x10™¢ 3Ix10~¢ 1x10°° 9x10~¢
{ 1X107¢ 1x10°3 4107 4%10°%
CS 185ucrecracannned s §x10°7 3Ixi10-3 2x10°¢ 1X10~¢
| 9x10-¢ 7x10°3 3x10°° 2x10~¢
Cs 136unccccnecd S -4%X10~7 2x1073 1x10°¢ 9x10-%
| 2x1077 2x10-3 6x10™* 6x107%
Cs 137 vcicccecaenenn] S 6X10°* 4x107¢ 2x10°* 2x10°s
{ 1x10°° IxX1073 5X107%]  4x10-%
Chiorine (17). Ct 36 S 4x1077 2x1073 1X10°¢ 8X10-3
{ 2x10"¢ 2x10°3 8x10-w 6x10-3
CL3Bercvverrcreed S 3x10°¢ 1xX10-2 9x10-¢ 4% 1074
{ 2x10~¢ 1X10°2 7x107¢ 4X1074
Chromium (24) Cr 51 S 1X10°¢ %1072 4%10°7 2x10™3
: { 2x10"¢ $x10-2 8x10°* 2x1073
Cobalt (27) Co 57 S 3x10-¢ 2x10°2 1%x10°7 5x107¢
. t 2x10°7 1x10°2 6x10°* 4107+
Co 58m................... S 2%x10-3 8x 1072 6x1077 3Ix10-3
t 9x10-¢ 6x 1072 3x 1077 2x10-3
Co 58......eeeereeenennd S 8x10°7 4x%1073 3x10°® 1x107<
{ SX10™¢ Ix1073 2x107°? 9x10™*
C0 60......oercerramnn] S 3x10°7 1x10°3 1x10°¢ 5x 1073
f 9x10~* 1x 1073 3x107 3x107*
Copper (29) ........ Cu 64 S 2x10°¢ 1x1072 7x107% 3% 1074
{ 1x10°¢ 6103 4x10°% 2x107+
CUAUA (F6) e COV242 S 1% 10~ 7x 1074 4% 10”12 2% 1073
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APPENDIX B TO §§ 20.1—20.602—CONCENTRATIONS IN AIR AND WATER ABOVE NATURAL
BackGroundD—Continued

{See footnotes at end of Appendix B

{sotope ! Table { Table Ul
Element (atomic number) Col. 1—Air Col. 2— Col. 1—Air Col. 2—
Cifmi) Water WCi/ml) Water
(uCi/ml) (uCi/ml)
1 2X 107 7x107¢ 6x10°1 2x 1073
Cm 243 ...oeeend s 6xX10~% 1x10™¢ 2x10°% 5X10°¢
f 1x10™% 7x10°¢ Ix10-¢ 2x 1072
Cm 244 ... S 9x10~n 2x107¢ Ix10- 7X10°¢
{ 1xX10™% 8x10°+ Ix10-% 3x10°3
Cm 245 ......cueeeenne] s Sx10-12 IX1074 2x10-© 4x107¢
§ 1x107% 8x1074 4x 107 3x10-3
Cm 246 ....coueeee ] S 5x10~1 1x10~ 2x10~w 4 10™¢
H 1X 107t 8x 107+ 4% 10~ 3x10™3
Cm 247 .. S Sx10~1 1x107 2x 107 4x10°¢
{ 1X10- % 6x10~+ 4% 107 2x10°*
Cm 248......cceceeeeel] S 6x10~v 1Xx1073 2x107 4x1077
{ 1x10~n 4x10~* 4x 107 1X10°¢
Cm 248 e s 1x10™¢ 6x10°2 4x10°7 2x1073
{ 1Xx1073 6x10°2 4x 1077 2x107?
Oysprosium (66) Dy 165 s 3x107¢ 1x102 9x10"¢ 4x10™4
. | 2x10°¢ 1x10-2 7x10°¢ 4x10™+4
Dy 166..ucceceneneee 48 2x1077)  1x10-? 8x10~? 4x 10~
1 2x10°7 1x1073 7x10°* 4x107s
Einsteinium (99) Es 283.cercecaeenee S 8x10"1° 7X107+ 3x1o~ ¢ 2X1073
{ 6x10°1° TX107¢ 2x10~% 2X1073
Es 254m..cccceccee| S §$x10~* &5X1074 2x1Q- 2x10°3
1 6x10°* 5X10°¢ 2Xx10-% 2x10°%
Es 254 -1 S 2x10~ 4 4X107¢ 6x10~% 1X10°3
{ IX10™% 4%107¢ 4x102 1x10™¢
ES 255.vccieann] S 510~ 8x10°¢ 2x10-1 3x10°s
{ 4X10°% 8x10™¢ 1x10~u 3x10™s
Erbium (68) Er 169 .cccoeeveeeeeern | S 6x10-7 3x1073 2x10"¢ 9x10-3
: t 4% 10°7 3x10°3 1x10°¢ 9x10~3
Er 171 ceiecieeene S TxX107 3x1073 2x10°* 1x10~+
H 6x10™7 3x10°2 2x10°¢ 1x10°¢
Europium (63) Eu 152 S 4x10°7 2x1073 1x107¢ 6X10°%
(T/2=92 tws) ... | 3x1077? 2x1073 1X10°¢ X 1073
EU 152 e -4 S Ixt10°* 2x10°3 410" 8x10~*
(T/72=13 yr8).ccc.. § 2X107¢ 2X1073 6x 10~ 8x10~s
Eu 1654..ccceeen ' S 4x10"* 6X107¢ 1Xx10°1° 2x107s
{ 7X10°* 6X107+ 2x107 2x10°%
Eu 185 S ax 10~ 6x10~3 3x107* 2x10™¢
] t 7x107* 6x1073 3x107* 2x10°¢
Fermium (100} fm 264} S 6X10°¢ 4x1073 2x10°? 1X107¢
’ 1 7X10° 4X1073 2x10°* 1X107¢
Fm 256........... —d S T 2x10°¢ 1x10™? 6x10~" 3X10°%
i 1xX10°* 1x10-3 4%107% 3xX10°s
Fm 256...ueeeeed s 3x10-* Ix10-s 1X10°1° ax10~7
| - 2x10°* 3X10-% 6x10~1 9x10™7
Fluorine (9) F 18 S 5X10°¢ 2xX10°2]  2x10°7 8x107+4
’ ) { 3Ix10°¢ 1x10°2 9x10~* 5x107+
Gadoliniym (64) Gd 188 S 2xX 107 6x10°3 8x10°* 2x107¢
. 1 ax10-* 6x1073 3x107* 2x10-+
Gd 159 .ccicecaearnens % ) S$x10°7 2x1073 2x10°* 8x10°%
) { 410”7 2x1073 1x107¢ 8x 103
Gallium (31) G& 72 cerrenannn] s -2x1077 1x1073 8x107° 4% 1073
{ 2x1077 1x10°3 6x107* 4%1073
Geananium (32) T2 I s 1x10™3 5x 1072 4%1077 2x 1073
. H 6x10-¢ Sx1072 2x10°7 2x10°3
Gold (79) Au 196.................] S T1x107* Sx1073 4% 10°¢ 2107
t 6x10°7 4x1073 2x 107 1X 107+
AU 188 S 3Ix10™7 2x1073 TX107% Sx10™*
{ 2x 1077 1x1073 8x10~° Sx107*
Au 199 -4 S 1x107¢ 5x10°3 4% 107 2% 1071
t 8x 1077 4x10°? 3x107¢ 2X 1071
Hatnium (72) HI 1871 oo s 4x107° 2%10°? 1x10°° 7%107%
’ { 7x107%|  2x1071|  3x10°%] 7x10°®
HOIMIUM (67) e d HO 166 L S 2% 107 g9x 10~ 7x10°% 3x10"%

Revision 11




Nouclear Regulatory Commission

Pt. 20 [§§ 20.1-—20.602], App- B

APPENDIX B TO §§ 20.1—20.602-—CONCENTRATIONS (N AIR AND WATER ABOVE NATURAL
Backarouno—Continued

{See footnotes at end of Appendix 81

isotope * Table ( Table Ul
Etement (atomic number) Col. 1—Air Col.2— |~ A | Col2—
G/l Water Cifal) Water
wC/ml) 1 Cire) # (Ci/mt)
| 2x1077 9x 1074 6x107° 3x1073
Hydrogen (1) H3 S 5x107¢ 1x1071? 2x1077 3x10°?
{ 5x10°¢ 1x10°* 2x10°7 3x107?
Sub 2x107? 53 L AL IR
ndium (49) in 113m S 8x10~¢ 4x1072 3x10°7 1x107?
{ 7xX10°¢ 4x 1072 2x 1077 1x107?
o T1dma e S 1x10°7? SX107+ 4% 10°? 2x 1073
{ 2x10°¢ Sx 1074 7x10°% 2x10°3
I T15M ] S 2x10°¢ 1x107? 8x10™¢ 4% 1071
{ 2x10°¢ 1x10°2 6x107" 431074
n 115 eeeaeee JS 2x107? 3x 1073 9x 107" 9x 1073
t 3x10™¢ 3x 1073 1x10°° 9x 1073
lodine {53) 1125 S S5X10°* 4% 103 axi10- 2x 1077
{ 2x107? 6x 1073 6x 1071 2x107¢
{126 ccvecciceneracesanad S 8x10°* 5x107% 9x10-" 3x1077
1 3x10~? 3x1073 1xX10~* 9x10°3
129 e S 2x10°* 1x1073 2x10-% 6x10°*
{ 7X107¢ 6x1073 2x107° 2x107¢
LI B 2 OO S 9x1G~* 66X 107 1x10-% 3x107?
{ 3x1077 2x1073 1X10°¢ 6x107%
1132 cecceeaaanad S 2x10°7 2x10°3 3x10°° Bx10°¢
i 9x10~7 5§x10°3 3x10°¢ 2x107+
{ 133 crieireeeeeneeee S 3x10°¢ 2Xx107¢ 4% 10" % 1x10°¢
{ 2x10°7 1x1073 7x10°* 4x10°3
{134 eeecerneanns S 5x10~7 41073 6x10°° 2x1073
{ 3x10°-¢ 2x1072 1x107? 6x10°¢
1135 s s 1x10°7 7X1074 1x10°* 4% 10°¢
{ 4x10°7 2x1073 1X107¢ 7x10°3
Indium (77) fr 190 s 1x10™¢ 6x10~3 4x10°¢ 2x10°¢
{ 4X10°7 5x10°3 1x10™* 2x10°¢
10 192 e ecereieaaenad S 1x10°7 1X1073 4x10°° 410°*
I 3x10°¢ 1xX1073 9x 10~ 4x10°3
fr 184 o] S 2x10°7 1x10™? 8x10°* 3x10™*
| 2x10°7 9x10¢ 5x10°* 3x1073
lron (26} Fe 55 S 9x10-7 2x10"? 3x10°¢ 8x10™¢
. 1 1xX10°¢ 7x1072 3x10°¢ 2x1073
Fe B89 S 1x107? 2xX1072 Sx10~* 6X10°3
| 5X10™* 2x10°3 2x10-* 5x 1073
Kryptoa (36) Kr 85m Sub 6x10°¢ 1x10°?
I (G : T (=7 1X107% 3x1077?
Kr 87....... 4 Sub 1xX10°¢ 2x10°¢
) K 88.eieecacioncnenns] Sub 1X10°¢ 2X 107 {oeieceeeenene
Lanthanum (57) (a 140 S 2x10™7 7X10°¢ 5x10°? 2x10°3
{ 1xX10~7 7x10°¢ 4x10°° 2Xx10°3
Lead (82) Pb 203 s 3x10°¢ 1x10"2 9% 10~ 4%107¢
{ 2x10°¢€ 1X10°2 6X10™* 4x10™4
Pb 210y S 1X10-% 4%10°¢ 4x 10~ 1x 1077
{ 2X10°t° 5x10-3 8xi0o~ = 2X107¢
Pb 212 -4 S 2x10°¢ 6x107¢ 6X 107 2x10°3
) { 2Xx10™¢ §x 104 7X10"1° 2x10™*
Lutetium (71) (u 177 s 6x1077 3X10°3%. 2% 107 1x1074
' { 5%1077 ax10-* 2x107* 1x1074
Manganese (25} Ma 52 S 2x10°7 1xX10°2 7x10°° 3x10°s
1 1xX1077 9% 107+ 5x107° 3x 1073
MO S4 i S 4x10~7 4% 1073 1xX10°¢ 1x 10~
i 4x10"* 3x10°3 1x107* 1x 10~
Mn 56 S 8x10™7 41072 3x10°® 1x10™¢
{ 5x1077 3x10°* 2x10°¢ 1X1071
Mercury (80) Hg 197m . S 7x1077 6x1073 3x107* 2x107*
{ B8x10~7 5% 1072 3x107* 2x107¢
HQ 197 el S 1xX10™¢ 9x10°3 4x10°¢ 3X107¢
{ Ix10°¢ 1X 1072 9x107° Sx10™¢
Hg 203 ..ol S 7Xx10°* S 1074 2x10°% 2% 107*
{ 1x1077 3x1073 4%10°° 1Tx107*
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APPENDIX B TO §§ 20.1—20.602-—CONCENTRATIONS IN AIR AND WATER ABOVE NATURAL -
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(See footnotes at ead of Appendix B)

{sotope ! Table { Table
Element (atomic number) Col. 1—Aic Col. 2— Col. 1—Air Col. 2—
(uCirel) Water (@Cifeat) Water
@ Ci/mi) (pCifmi)
Molybdenum (42) MO 99 s 7x1077 5x1073 3x107* 2% 1074
1 2x10°? 1x10°3 7x10"* 4% 1073
Neodymium (60) Nd 144 ... S 8x 101t 2x1073 3x107 7x10°3
' { 3x107* 2x1073| 1x10~v 8x10°3 -
Nd 147 o, S 41077 2x10°3 1x10°* 6x107*
{ 2x1077]. 2x10°3 8x10°? 6x 1072
Nd 149 o] S 2X10°¢ 8x10°3 6x107¢ 3x10°¢
{ 1X10°¢ 8x107? Sx10°* Ix107¢ A
‘Neptunium (93) Np 237 e S 4104 9x 1072 1x10° 4 3Ix10°¢
l 1X10™ % 9x10°* 4x 10" Ix10-3
Np 239 .. S 8x1077 4%10°2 3x10°* 1x 107
{ 7xX1077 4% 103 2x107¢ 1x107¢
Nickel (28) Ni 59 S 5x10°7 6x107? 2x10°* 2% 107 -
) ( 8x 107 6x1072 3x10-¢ 2x 1073
Ni 63 S 6x10°¢ 8x10°¢ 2x10°3 3x10°3
| 3x1077 2x10°2 1x10°* Tx107+
Ni6S .., S 9x10~7 41073 3x10°¢ IX10°¢ B
{ 5x10°7 3x10°? 2x10"* 1Xx107+
Niobium (Columbium) (41).ccrerceeerecnceecanad Nb 93M e S 1xX10°7 1x10°2 4x107° 4x 107
1 2x10°7 1x10-2 5x 1077 4X10°¢
ND 95 e S 5x10°7) 3x10°* 2x10° 1X107¢
{ 1Xx10°7 3x10-3 3x10°? 1X107¢ -4
ND 97 . S 6x10~¢ 3x 102 2x 1077 9x10-¢
{ 5X10°¢ 3x10°2 2x1077 9x107¢
Osmium (76) Os 185 .ccuicneeee] S Sx10°7 2X1073 2x10°¢ 7X10°3
L 5x107¢ 2x1073 2x10°% 7x10°3
05 191M e s 2x10°% 7% 1072 6x10°7 3Ix1073 -
1 9x10~¢ 7x10"2 3Ix10~7 2x1073
Os 191 . S 1X10°¢ 5X1073 4x10°% 2x10°¢
1 4%10°7 5x 1073 1X10°¢ 2x10°¢
Os 193...ccceeeeeeeeend S 4x10°7 2x10°3 1x10°¢ 6x 1072
i 3IxX10°7 2X10°2 9x10°° 5x 1073
Palladium (46} Pd 103 S 1xX107¢ 1x10°2 5x10°¢ 3x 1074
1 7x10°7 8x 1073 3x10°* 3x107¢
Pd 109 S 6x10°7 3x107? 2x10°* 9x10~3
{ 4%10°7 2X10°? 1X10°¢ 7X10°3 e
Phosphorus (15) P32 S 7x10-¢ 5§x10°4 2x10"° 2x10™%
{ 8xt10—* 7X107¢ 3x107® 2%x1073
Platinum (78) - PLI9T . craaene 4S8 8x10°7 41072 3x10°* 1x10~+
’ { 6x10°7 3x10™? 2xX10°* 1x107¢
7X10-¢ 3x10-2 2x1077 1x10-3 :
5x10°¢ 3Ix10°2 2x10°? 1x107?
1X10°¢ 3Ix10°2 4%10°¢ IX1074
3x10°7 $x10~2 1X10°* 2x1073
6x10°¢ 3x10°2 2x10°7 1x1073 A1
5x10°¢ 3x107? 2x1077 9x 1074
8x10"? 4x1073 3x10°* 1X107+
6X10°7 3x10°3 2x10°* Ix10~+
Plutonium (94) Pu238........... J4S 2% 10~ 1x10™+ 7X10™ % 5x107¢
{ 3x10~1 8x1074 1x10~% 3x1073
Pu239....eeeeeees S 2x10-1 X107 6x10~% 5x107¢
t 4x10~n 8x 1074 1x10™% 3x107%
Pu 240.......coeeeenen S 2x10-12 11074 61071 5x10°¢
( 4x10"1{ ° 8x10°¢ 1x1071 3x1073
Pu 241 S 9x10-u 7x10-3 3x10~ % 2x10¢
t 43 10°¢ 4x 1072 1x 1079 1xX 1073
Pu 242, ... S 2x10" 1x1074 6107 5x10°%
i 410" 9x10~4 1x 10~ 3x107*
Pu243..........1S 2X107¢ 1%x1072 6x10°° 3Ix107¢ A
1 2x10-¢ 1x10-? 8x107¢ 3x107
Pu2dd ... S 2% 10" 1x107¢ 6x 1071 4% 10°¢
: i 3x10~ 1 3x10-¢ 110712 11073
POIOMIIT (B4) oo eeeereersrneeeneeen] PO 2100 S 5x10°1 2% 1073 2x1g-" 7Xx1077
! 2x107 8x 107« 7x 107" 3x 1073 4
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APPENDIX B TO §§ 20.1—20.602—CONCENTRATIONS IN AIR AND WATER ABOVE NATURAL
Backgrouno—Continued

{See {oolnotes at end of Appendix B)

isotlope ' Table { Table i
Element (atomic number) . Col. 2— . Col. 2—
| ot | el | e
{(uCi/el) & (uCi/mi)
Potassium (19) K42 S 2x10°¢ gx 1073 7x10°" 3Ix 107
{ 1x10°7 6x 10" 4%x107° 2x 1073
Praseodymium (59) Pr 142 e S 2x1077 Ix 104 7x10°* 3Ix10°3
{ 2x10°? 9x10°* 5x10°° 3x10°3
Pr 143. i1S 3x107? 1x10°3 1x10°* S5x10°*
{ 2x10°7 1x1073]  6x10°° Sx10°*
Promethium (61) P 147 S 6x 10" 6x10°? 2x107° 2x10°
{ 1x10°7 6x10°3 3x10°° 2%x 1074
P 149 S 3x10°7 tx 1073 1x10°* 4% 10°3
{ 2x 1077 1x 1072 8x10°° 4% 1073
Protoactinium (91) Pa 230.... ..ol S 2x10°° 7x10°3 6x10~ 2x10°
{ Bx 10" 7x10°3 3Ix10-¢ 2% 10~
Pa 23T e S 1x10™ 3x 10732 4x 107" ax 1077
{ 1x 10~ 8x 1074 4x10° % 2x10°*
Pa 233 S 6x1077 4% 1073 2x10°¢ 1x107¢
i 2x1077 3x10°3 6x10°? 1x10°¢
Radium (88) Ra 223 ...coveecenend S 2x10°° 2x10°3 6x10~ ¢ 7x 107
{ 2x107t° 1x10°* 8x10°" 4x10°¢
Ra 224 ... S 5x10°* 7x107* 2x10" W 2%x10°¢
{ 7xX10°% 2x107¢ 2x10°1 Sx10°¢
Ra 226 ..o S Ixi0~v 4% 1077 3x10-* 3x10°¢
r { §x10~ 1 9x 107 2x10~ 3x107s
Ra 228 ... S 7104 8x 107 2x10° 3Ix10°¢
{ 410~ IxX107¢ 1X 107 3x10°%
Radon (86) 3x10°7 IX10™ e
3x10"¢ IX107 e
Rhenium (75) 3x10°¢ 2x10°* 9x10-* 6x 104
2x10°7 8x10°3 5x10°* 3x107¢
6x 1077 3x10°3 2x10°* 9x10°%
2x10°* 1x1073 8x10°°* 51073
9x10-¢ Ix10°2 3x10°7 3x10°*
t 5x10~? 4x10°* 2x10°¢ 2x10°3
Re 188......coeeeee. S 4x 1077 2x10°3 1X10°¢ 6x10™3
{ 2x107? ax 10~ 6x10~? 3x10°3
Rhodium (45) Rh-103m................ S 8x10°% 4% 101 3x10°¢ 1x10°2
{ 6x10°3 3x107 2x10°¢ 1x1072
Rh 105..................] S 8x1077 4x10"3 3x10-* 1x10°¢
| 5x10°7 3x1073 2x10™¢ 1x10™4
Rubidium (37) Rb 86 S 3x10° 2x10°3 1x10°¢ 7x10°3
| 7x10°* 7x10™¢ 2x107* 2x10~%
Rb 87 .. S §X10°7 3Ix107? 2x10°* 1X10°¢
{ 7xX1{0°* 5x10°2 2x10°* 2x107*
Ruthenium (44) Ru 97 S 2x10°¢ 1x10°2 8x10-* 4x10°¢
{ 2x10°¢ 1xX10°* 6x10°¢ 3Ix10~¢
Ru 103 ... S SX10°7 2x10°2 2x10°¢ 8x1073
i 8x10°¢ 2x1073 3x10™? 8x10°°
Ru 105...........cne. S 7x10°7 3x10°3 2x10°¢ 1X107¢
t 5x10°7 3x 1073 2x10°* 1X107¢
Ru 106................... S 8x10°* 4X 107+ 3Ix107° 1x10°s
{ 6x10°° 3x107¢ 2x107° 1xX 1073
Samarium (62) S 147 eernad S 7x10-n 2x10°3 2x10-® 6x107*
1 3x10~ 1 2% 1073 9x 10~ 7X 1073
Sm 151 e S 6x10™¢ 1xX1072 2x107° 4%x10°¢
1 1x 1077 ix 1072 5x 1077 4% 107
Sm 153....ceeed S SxX 1077 2x10°? 2x10°° 8x 10"
( 4% 10”7 2x 1073 1x107¢ 8x10°3
Scandium (21) oo . SC A6 S 2x10°7 1x1073 8x 1073 4%x10°3°
H 2x10°¢ Ix1073 B8x 107 % 4x 1073
Sc 47 18 6x10°7 3x 1073 2x10°¢ 9x 103
{ Sx 1077 3x107? 2x10°¢ gx 10”3
Sc 48 1S 2x1077 8x107¢ 6x107° 3% 107
{ 1x 1077 8x107*¢ 5% 10°°? 3x10°°
Seteium 34) o S€ 75 S 1x10°¢ 9x 1073 4x107¢ 3x 107
{ 1x 1077 8x107? 4x10°° 3x10°¢
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Isotope ? Table | Table Ui A
Element (atomic number} Col. 1—aic | ©o-2— | oo 1—aic | GOl 2—
(uCirent) Water @WCizal) water.
(uCi/ml) (uCi i)
Sificon (14) Si 31 S 6x107¢ 3x1073 2% 1077 9x10™*
{ 1x10°¢ 6x 1073 3x10°* 2% 107
Sitver (47) Ag 105 S 6x10°7 3x1073 2x10°¢ Tx1074
' t 8x10~* 3x1073 3x10°* %107
Ag 110m ... S 2x10°7 9x107* 7x10°* 3x 1073 . -
( 1x10~* 9x10°* 3Ix 10~ 3x10°*
A Tl S 3ax107? 1x1073 1x10°* 4x10°*
i 2x10°7 1x10°3 8x107°? 41073
Sodium (11) Na 22 S 2x10°7 1x1072? 6x10°? 4% 1073
{ 9x10°° 9x10°¢ 3x 10~ 3x10°3
Na 24 ... S 1x10°¢ 6x10°2 4%x10°* 2x10°
| 1xX1077 8x10°* 5%x10°?* 3x10°%
Stroatium (38) Sr 85m S 4x10°* 2x10°? 1X107¢ 7x1073
{ 3x10™3 2X107? 1x10°¢ 7x10°3 -
BT - LT S 2x1077 3x107? 8x10°? 1xX10°¢
f 1x10°7 5x 1073 4x107° 2x107¢
SrB89...eeceenand S 3x10°° 3X107¢ 3x107 3x10°¢
[ 4%x10°¢ Bx 1074 1x10°? 3Ix10~3
S Q0. S 1x10°° 1x1073 3x10-u 3%x10”7 .
[ 5X10™°* 1x1073 2x10™1e 4x10°3
SO 9T S 4x107? 2%x1073 2%10°¢ 7x10°3
i 3x10°7 1x1073 9% 10°° 5x10°%
S92 S 4% 1077 2x10°3 2% 107¢ IX1073
{ 3x10~7 2x107? 1x10"¢ 6x10°3
Sulfur (16) S35 S 3x10°7 2x1073 9x10-? 6x 1075
t 3%x1077 8x 103 9x107* Ix10°¢
Taatalum (73) Ta 182 S 4x10™* 1x10°3 1X10°° 4% 107
I 2x10°¢ 1x10°? 7X10™% 4% 1072 -
Technetium (43) Tc 96m S 8x10°5 4x10-t 3x10°¢ 1x1072
{ 3x10°% 3x10°t 1x10°¢ 1x10°2
TC 6 S 6X10°7 3x10°3 2x10°¢ 1x10™¢
{ 2x10°7 1x10°3 8x 10" 5% 1073
Tc 87m....eeneanee.. 43S 2x10°¢ 1x10°2 8x10"* 4% 1071
{ 2x10°7 5x10°3 5x10°% 2x10°4
TC 7 e s 1x10°3 5%1072 4x1077 2x1073
{ 3Ix107 2x10°2 1x10°¢ 8x10°*
TC 99M.ereaeannnad] S 4X10~% 2x10°1 1X10°¢ 6x10°3 .
{ 1X10°% 8x 102 5X10°° 3x1073?
TC 99 ececrceaanend] S 2x10°¢ 1xX10°2 7x10°* 3x107¢
) i 6x10°¢ sEx10°3 2x10°* 2X107¢
Telludum (52) Te 125m s 41077 5x10°3 1xX10°¢ 2x10°¢
) { 1x10°7 3x10°3 4x10°? 1x10™¢
Te 127m................. s 1x10°7 2x10°3 5x107* 6x1073
: | 4x10°¢ 2x10°3 1x10°° 5x107=
Te 127 e S 2x10-¢ 8x10-3 6x10-¢ 3x 10~
t 9x10-7| 5x1073| 3x107*] 2x10°¢ 1
Te 129m................. S 8x10°¢ 1x10°3 3x107° 3x10~3
1 Ix10~* 6x10™¢ 1x10°° 2x10°3
Te 129 S §x107¢| 2x10°? 2x10~7? 8x107¢
{ 4x10°¢€ 2x 1072 1X10°7 8x10™+
Te 13 1M s 4% 10™7 2x1072 1x10°¢ 6x10°3
{ 2x1077 1x1072 6x 10°° 4%x10°%
Te 132.. e, S 2x1077 9x10741 7x10°% 3x10°3
i 1x1077 6x10°¢ 4x10°° 2%x10°3
Terbium (65) Tb 160 S 1x1077 1x107? 3x10°° 4%x10°°
1 3x10°* 1x1073 1x10°° 4x10°* -
Thatlium (81) TE200... e S 3x10°¢ 1x10°? 9x 107 4x107*
{ 1%x10°¢ 7x10-3 4% 10"* 2%107*
T201 ... S 2x10°¢ 9x 1073 7xX10°% 3x107*
[ 9x 1077 5% 103 3x10°¢ 2X107*
T202 ] S 8x1077 4x1073 3x 1078 IX107¢ -
{ 2%x107? 2x1073 8x10°° 7X107*
204 .., S 6% 1077 3x 1072 2x10°¢ IxX107*
{ 3x107* 2x1073 9x 10~ 6x1073
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APPENDIX B TO §§ 20.1—20.602—CONCENTRATIONS IN AIR AND WATER ABOVE NATURAL
BackGrouno—Continued

{See footnotes at end of Appendix B}

{sotope ! Table 1 Table
Element (atomic number) Col. 1—Air Cxair—- Col. 1—Air C&(( ér—
(uCi/ml) (uCifl) Ci/al) (.uC?/m()
Thorium (90) Th 227 S 3x 10w S5x 1074 1x10° 2x10°%
l 2% 10w 5x 1074 6x 10~ " 2x107*
Th 228 ) 9x 1071 2x 10~ 3x10™% 7x10°¢
{ 6x10-12 4x10°¢ 2x10™% 1x10°%
Th 230, S 2x10™% 5x1073 8x 10 2x10°¢
{ 110~ 9x 1074 3x107 3x10°3
Th 231..nnd S 1x10°¢ 7x10°3 5% 10" 2x107¢
{ 1x10°¢ 7x1073 4x107¢ 2x10°4
Th 232, i, S 3xi1o" SX10°° 1x10°42 2x107¢
| 3x1o0~% 1x107? 1xX10~ 4x 1073
Th natural .............. S 6X10~% 6x10°* 2X107% 2x10°¢
t 6x 101 6x 107 2% 10~ 2x10°°
Th 234.... 6X107" SX107¢ 2x10°° 2x1072
3x10™* SX10™¢ 1x10™* 2x 1073
Thulium (69) Tm 170 S 4% 10°¢ 1x10°3 1x10°* SxX10™3
) 1 3x10™¢ 1x10™3 1X107° 5x10-%
Tm 171 s 1x10°? 1x10™? 4x10°° 5x107¢
{ 2x10°7 1x1072 8x107? 5x10°4
Tin (50) Sa 113 S 4x1077 2x107? 1X107* 9x 107
{ 5x10°* 2x1073 2x107° 8x10~%
Sa 125 e S 1x10°7 S5x107¢ 4x10°° 2x10°%
{ 8x10°¢ 5x10™¢ 3x107* 2% 1073
Tungsten (Wotfram) (74) w 181 S 2X10°¢ 1x10°2 8x10-* 41074
f 1X10°7 1x10°2 4% 107° 3X10~4
W 185.. e ]S 8x10°7 4x10°3 3x10°* 1X1074
I 1xX1077? 3x 1073 4%10°° 1x10-¢
W 187 S 4x 10" 2x10™? -2%x10°* 7x10°3
{ 3x10°7 2x10°2 1x10°* 6x10™%
Uranium (92) U 230 s 3IX10-w 1x10°¢ 1x10-¢ 5x107¢
- PSSR, | | 1x1Q- 1X10-¢ 410712 S5x10°¢
U 232..evceeed S . IX10™w 8§xX10™¢ 3Ixto~w 3x10°%
{ 3x1o-n 8x 10~ gx10~v 3x10°3
U 233 S SX10~% 9x 107+ 2x10° 3x10°3
11 1X10°1° 9x 10~ 410"
U234 8¢ 6X10~% 99X 10-+ 2x10°%
{ 1X10~-1 9x10~* 4x10~1
U 235..cieceaevenne 4 5S¢ SX10~% 8x10-+ 2x10~u
{ 1X10-1e 8x10™4 4% 10"
U 236..ccccreccecena S 6x10~% 1X1073| 2xt10- % |’
{ 1x10-%w 1X10°3 4x10~
U 238 S¢ X1~ 1X10-3 3x10-w
{ 1X10™% 1x1073 S5X10™%
U 240.nn S 2x10"? 1xX10°3 8x10~*
{ 2x1077? 1x1073 6x10™*
U-natucal ............. -4 §4 1X10~w 1X1073 S5x10~w
{ IX10™% 1x10°3 5X10~%
Vanadium (23) V 48 S 2x10°7 9x 10~ 6x10°°
i 6x10~¢ 8x107¢ 2x10°°
Xenon (54) Xe 131 e Sub 2x1073 4%10-7
: Xe 133 Sub 1xX10°3 3IX1077 .
Xe 133mM .urnecnenens Sub 1X10°% 3x10774..
Xe 135.. e Sub 4x%10°¢ 1x1077
Ytterbium (70) Yb 175 S 71077 3x107* 2x10-¢
{ 6x10°7 3x10°3 2x10°*
Yttrium (39) Y 80 S 1x10°7 6x10°¢ 4% 107°*
{ 1x10°7 6Xx107¢ 3x10-*
Y 91Muee. S 2x 1073 IX107! 8x 10717
1 2x107% 1x10°¢ 6x10°7
Y9l S 4% 10 8x 107+ 1x10°°* 3x10°%
. { 3x107° 8x10°¢| - 1x10°° 3x10°s
Y 92 S 4% 1077 2x 1073 1x10°¢ 6x10°3
{ 3x10°? 2x10°3 1x10°° 6x10°%
Y 93 S 2X107? 8x 107 6x 1077 3x 1073
{ 1x10-7 8x 10+ 53 10°° 3x 1073
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APPENDIX B TO §§ 20.1—20.602—CONCENTRATIONS IN AIR AND WATER ABOVE NATURAL
BackGarouno—Continued

[See footnotes at end of Appendix B]

Isotope * Tabte § Table Il

Element (atomic number) Col. 1—Air Cv?l'at?-e-r— Cot._1—Air C\?V’étze:—
WC/ml) 1 Cirety | V@) Gy

Zinc (30) Zn 65 S 1x10°7 3Ix10°3 4% 1079 1Xx107¢
{ 6Xx10°¢ 5x1073 2x 1077 2x107¢

Zn 69m......coeueeenens S 4x10"7 2x107? 1x10-¢ 7%10°3

{ 3x10°7 2x107? 1xX10°¢ 6x107*

ZR 69 S 7x10-¢ 5x10°2 2x10"7 2x10°?

f 9x10~¢ 5x 1072 3x10°7 2x1073

Zirconium (40) Zr 93 S 1x10-7 2x1072 4x10°° 8X107¢
{ 3x10™7 2x10°2 1x10°¢ 8x107¢

Z0 95 S 1x10~7 2x107? 4x10°* 6x10°*

{ 3Ix10°* 2x1073 1x10°* 6x107*

2097 e s 1x1077 SX10¢ 4x10°* 2x1073

i 9x10~* 5X10°¢ 3x10°* 2x10°3

Any single radionuclide not fisted above {-..oeeooemcveeeerieennn Sub 1x107¢ X107 e

with decay mode cther than alpha
emission or spontaneous fission and
with radioactive hatf-life less than 2
houcs. :

Any single radionuciide not listed above |....oococereecererancccnaced 3x10°* 94x10°3 1x10"% 3x107¢
with decay mode other than alpha
emission or spontaneous fission and
with radioactive half-life greater than
2 hours.

Any single radionuclide not listed 6x10™8 4% 1077 2x 10~ 3x107¢
above, which decays by alpha emis-
sion or sportaneaus fission.

'Soluble (S); Insotuble (1).

2“Sub™ means that values given are for submersion in a semispherical infinite cloud of aibome materiat.

*These radon concemtrations are appropriate for protection from radon-222 combined with its shortdived daughters.
Altematively, the value in Table | may be replaced by one-third (15) “working level™ (A “working level” is defined as any
combination of shortived radon-222 daughters, polontum-218, tead-214, bismuth-214 and polonium-214, in one liter of air,
without regard 1o the degree of equilibrum, that will result in the ultimate emission of 1.3X 103 MeV of alpha particle energy.)
The Table i value may be replaced by one-thidieth (%) of a “working.level” The Emit on radon-222 concentrations in
restrcted areas may be based on an annual average. ]

‘For soluble mixtures of U-238, U-234 and U-235 in air chemical toxicity may be the fimiting factoc. {f the percent by
weight-endichment) of U-235 is iess than 6, the concentration value for a 40-hour workweek, Table 1, is 0.2 milligrams uranium

peraxbicme(erofairavetage.Foranyenfidlment.ﬂwepfoductofmeavetageconcentraﬁonandﬁmeofexposmedumga.

workweek shall not exceed 81073 SA uCi-hr/ml, where SA Is the specific activity of the uranium inhaled. The

concentration value foc Table I is 0.007 milligrams uranium pec cubic meter of air. The specific. activity for natural uranium is -

6.77 X 1077 cuties per gram U. The specific activity for other mixtures of U-238, U-235 and U-234, if not known, shail be:
SA=3.6x10"? curies/gram U U-depleted : .
SA=(0.4+0.38 E4+0.0034 £3) 10"¢ EZ0.72

where E is the percentage by weight of U-235, expressed as percent.

NOTE: In any case where there s a mixture in air or water of more than one radionuclide, the limiting values for purposes of
this Appendix should be deteamined as follows: . :

1. If the identity and concentration of each radionuctide in the mixture are known, the limiting values should be dedved as
follows: Determine, for each radionuclide in the mixture, the.ratio between the quantity present in the mixture and the lmit
otherwise- established in Appendix B for the specific radionuclide when not in a mixture. The sum of such ratios for all the
cadionuclides in the mixture may not exceed “1% (i.e., “unity") :

ExameLe: if radionuclides A, B, and C are present in concentrations C,, Ce, and Cc, and if the applicable MPC's, are MPC,,
and MPC, and MPC. respectively, then the conceatrations shall be limited so that the following relationship exists:

(CA/MPC) +4-(Co/MPC) +(C/MPCJ =1

-2. I either the identity oc the coacentration of any radionuclide in the mixture is not known, the limiting values for purposes
of Appendix 8 shall be:

a. For purposes of Table 1, Col. 1-——6x 10"

b. For pumposes of Table |, Col. 2—4x 107

c. For purposes of Table {f, Cot. 1—2x 10" ¢

d. For purposes of Table 1, Col. 2—3x 107

3. if any of the conditions specified below are met, the corresponding values specified below may be used in fieu of those
specified in paragraph 2 above.

a. I the identity of each radionuclide in the mixture is known but the concentration of one or more of the radionuclides in
the mixture is not known the concentration limit for the mixture is™ the fimit specified in Appendix “B" for the radionuclide in the
mixture having the lowest concentration limit; oc

b. i the ideatity of each radionuctide in the mixiure is not known, but @t is known that certain radionuclides specified in
Appendix “B™ are not present in the mixture, the conceatration fimit for the mixture is the lowest concentration kmit specified
in Appeandix “8" for any radionuclide which is not known to be absent from the mixiure; or
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Table Table it

c. Element (atomic number) and isotope CO‘A‘:— Col. 2— Col. 1— | Col. 2—
Water Aic (uCif Water

CEA | it ) (uCifmi)

if it s known that Sr 99, 1 125, 1 126, 128, 1 131 (I 133, Table Il oaly), Pb
210, Po 210, At 211, Ra 223, Ra 224, Ra 226, Ac 227, Ra 228, Th 230, Pa
231, Th 232, Th-nat, Cm 248, Cf 254, and Fm 256 are nol preseat 9x10°* 3x107¢
i # is known that S 90, § 125, 1 126, 1 129'(1 131, { 133, Table it only), Pb ’
210, Po 210, Ra 223, Ra 226, Ra 228, Pa 231, Th-nat, Cm 248, Cf 254,
and Fm 256 are not present 6x10°* 2x10°¢
tf it is known that Sc 90, | 129 (1 125, 1 126, | 131, Table l only), Pb 210, Ra
226, Ra 228, Cm 248, and Cf 254 are not present 2x10°* 6x1077
# it is known that (I 129, Table {l only), Ra 226, and Ra 228 are not present 3x10°¢ 1x1077
if &t is known that alpha-emitters and Sr 90, t 129, Pb 210, Ac 227, Ra 228, .
Pa 230, Pu 241, and Bk 249 are not present 3x10°°* TX107% e
if it is known that alpha-emitters and Pb 210, Ac 227, Ra 228, and Pu 241
are not present 3x10°* ITXI0~ W e
if it ts known that alpha-emitiers and Ac 227 are not presemt.ceeeeee] 3x1074 L4 1 O .
#f it is known that Ac 227, Th 230, Pa 231, Pu 238, Pu 239, Pu 240, Pu 242,
Pu 244, Cm 248, Cl 249 and Ct 251 are not present 3Ix10~% R4 [t Al S,

4. It a mixture of radionuclides consists of uranium and its daughters in ore dust prior to chemical separation of the uranium
from the ore, the values specified below may be used for uranium and its daughters through radium-226, instead of those from
paragraphs 1, 2, or 3 above. )

a For purposes of Table |, Cot. 1—1x 10" uCi/mi gross alpha activity; or 5x10°Y uCi/m! natural wanum or 75
micrograms per cubic meter of air natural uranium.

b. For purposes of Table {f, Col. 1—3x 10~ ** uCi/ml gross alpha activity; 2x 1072 uCifm! natural uranium; or 3 microgams
per cubic meter of air natural uranium.

S. For purposes of this note, arad‘oonud«demaybeeonsaderedasnotpc&eemnanuxtured(a)theratnoofthe
concentration of that radionuclide in the mixture (C,) to the concentration limit for that radionuclide specified in Table (Il of
Appendix “B™ (MPC,) does not exceed Yo, (i.e. C,\IMPCAfilm) and (b) the sum of such ratios for all the racﬂonudid&s
considered as not present in the mixture does not exceed % ie.

(C MPCy+ G MPCy......+ S YA).
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